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Abstract

Despite medical treatment, the lethality of severe acute
pancreatitis is still high (20-30%). Therefore, it is very
important to find good animal models to characterise the
events of this severe disease. In 1984, Mizunuma et al.
developed a new type of experimental necrotizing pancreatitis
by intraperitoneal administration of a high dose of L-arginine
in rats. This non-invasive model is highly reproducible and
produces selective, dose-dependent acinar cell necrosis.
Not only is this a good model to study the pathomechanisms
of acute necrotizing pancreatitis, but it is also excellent to
observe and influence the time course changes of the
disease. By writing this review we iluminate some new
aspects of cell physiology and pathology of acute necrotizing
pancreatitis. Unfortunately, the reviews about acute
experimental pancreatitis usually did not discuss this model.
Therefore, the aim of this manuscript was to summarise
the observations and address some challenges for the future
in L-arginine-induced pancreatitis.
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EFFECT OF EXCESSIVE DOSES OF L-ARGININE ON
DIFFERENT TISSUES

Mizinuma et al. were the first who studied the effect of an
excessive dose of L-arginine (Arg) on different tissuesin rats™.
After asingle intraperitoneal (ip.) injection of 500 mg/100 g
body mass (bm) Arg, the liver cells showed slight vacuolar
degeneration. The kidney contained eosinophilic compositions
in some proximal convoluted tubules, but showed no
degenerative changes. Adipose tissues around the pancreas
showed fat necrosis. There were no changes in the weight of
different organs (liver, kidney, spleen, thymus), except for the
pancreas. Due to the effect of pancreatitis the weight of the
pancreas nearly doubled by theend of thefirst 24 h. No evidence
of pathophysiological lesions was observed in the lung, heart,
intestine, testis, spleen and thymug¥. After thefirst observation
Kishino et al. examined the pancreas by el ectron microscopy!?.
They found that degeneration started with disorganization of
the rough endoplasmic reticulum. The main changes in acinar
cells after 24 h were partial distension of the endoplasmic

reticulum. At thistime large sequestered areasin the cytoplasm
contained disarranged rough endoplasmic reticulum and
degraded zymogen granules. Forty-eight hours after Arg-
injection, dissociation and necrosis of acinar cells were noted.
Subsequently, the necrotic cells were replaced by interstitial
tissue composed of leucocytes and fibroblasts. The early
morphological changes of the acinar cells may be related to
metabolic alterationsassociated with the endoplasmic reticulum.
The final conclusion was that an excessive dose of arginine
was toxic to the rat pancreas when injected intraperitoneal [y2.
Tani et al. continued thiswork by observing the effect of Arg
on the pancreas®. They clearly proved that excessive doses of
Arg could cause a severe acute necrotizing pancreatitis. On
the other hand, Delaney and Weaver showed that long term
administration of Arg caused pancreatic atrophy with
insufficiency, therefore high doses of Arg were also suitable
for the induction of chronic pancreatitig*®.

INDUCTION OF PANCREATITIS

Mizunuma et al. induced acute necrotizing pancreatitis by a
high dose of Argip. (500 mg/100 g bm), which evoked selective
pancreatic acinar cell damages without any morphological
changein the Langerhansidets¥. After thisfirst observation,
researchers investigating Arg-induced pancreatitis usually
modified the method of pancreatitisinduction. Tani et al. tried
to use higher doses of Arg, but found that Arg at the dose of
morethan 500 mg/100 g bm killed most of thetreated ratswithin
afew hourg¥. When asingle dose of 500 mg/100 g bm of Arg
was injected, 70-80% of the pancreatic acinar cells were
necrotized within 3 di¥. When rats were given additional 3
injections of 250 mg/100 g bm over 10 d, there was up to 90%
acinar destruction®, Thelongest treatment of Arg was performed
by Weaver et al. Daily administration of 350 mg/100 g bm of
Arg for 30 d resulted in severe pancreatic necrosis by wk 4,
only isolated single acinar cells remained within a fibrous
connective tissue matrix'®. Most of the authors, who studied
the pathomechanisms of this pancretitis used 250 mg/100 g bm
of Argtwice at an interval of one hour®8. On the other hand,
when the regenerative processes were studied after pancredtitis,
asmaller dose of Arg (200 mg/100 g bm of Argip. twiceat an
interval of 1 h) was used!®,

Allin al, the dose- and time-dependency of the effects of
Arg gives an excellent opportunity to study the different phases
of pancreatitis. A higher dose of Arg is suggested to study the
pathomechanism of acute pancredtitis, while a smaller dose of
Arg seems more suitable to characterize the regenerative
processes. Long-term administration of Arg is suggested to
study chronic pancrestitis (Table 1).

PATHOMECHANISM OF L-ARGININE INDUCED PANCREATITIS

The mechanism by which Arg causes pancreatitis is not fully
known. Accumulating evidence suggests that oxygen free
radicald”#1-13 nitric oxide (NO)*, inflammatory mediatorg®:21514
al have akey role in the development of the disease.

Changes in cytokine levels
We found that both serum tumor necrosis factor-a (TNF-a)
andinterleukin (1L)-6 level were aready significantly increased
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Table 1 Induction of pancreatitis: differences in methods

Dose of L-Arginine Reference

Single dose
500 mg/100 g bm ip.

Mizinuma et al. 1984, Kishino et al. 1984, Tani et al. 1990, Shields et al.

2000, Kihara et al. 2001, Tachibana et al. 1997, Tashiro et al. 2001

450 mg/100 g bm ip.
400 mg/100 g bm ip.
300 mg/100 g bm ip.
250 mg/100 g bm ip.
200 mg/100 g bm ip.
Double dose

2%250 mg/100 g bm ip.

Tashiro et al. 2001

Tashiro et al. 2001, Rakonczay et al. 2002
Tashiro et al. 2001, Rakonczay et al. 2002
Pozsar et al. 1997

Tashiro et al. 2001

Takacs et al. 1996, Varga |. et al. 1997, Toma et al. 2000, Czako et al. 2000,

Czako et al. 2000, Czako et al. 2000, Takacs et al. 2002, Toma et al. 2002

2%230 mg/100 g bm ip.

2%200 mg/100 g bm ip.

Multiple dose

350 mg/100 g bm ip. daily from 1 to 4 wk
a single 500 mg/100 g bm ip.

and triple 250 mg/100 gbm ip.

(d 4,7, 10)

Takacs et al. 2002
Hegyi et al. 1997, Hegyi et al. 1999, Hegyi et al. 2000, Takacs et al. 2001

Weaver et al. 1994

Delaney et al. 1993

Table 2 Changes of inflammatory mediator levels in Arg-induced acute pancreatitis

Pancreatic IL-1b
Pancreatic TNF-a

300 and 400 mg
300 and 400 mg

Rakonczay et al., 2003

Rakonczay et al., 2003
) Takacs et al., 2002

Takacs et al., 2002

Mediator Dose of Arg/100 g bm Effect Reference
MDA 2x250 mg t Czak® et al., 1998
NSG, MDA 300 mg t Rakonczay et al., 2003
Protein carbonyl 300 mg t Rakonczay et al., 2003
Mn-, Cu, Zn-SOD 2x250 mg ! Czako et al., 1998
Catalase 2x250 mg | Czako et al., 1998
glutathione peroxidase 2x250 mg Vot Czako et al., 1998
Serum TNF-a, IL-6 2x250 mg t Czako et al., 2000
Serum TNF-a, IL-1, IL-6 2x230 mg 1 Rakonczay et al., 2002
t
t
Pancreatic cNOS 2x250 mg !
Pancreatic iNOS 2x250 mg t
CCK 2x250 mg t

Czako et al., 2000

| : decreased activity, t:increased activity, Arg: L-arginine, MDA: malondialdehyde, NSG: nonprotein sulfhydryl group, SOD:
superoxide dismuthase, TNF: tumor necrosis factor, IL: interleukin, CCK: cholecystokinin-octapeptide.

at 12 h after administration of 2x250 mg/100 g bm Arg, and
remained elevated at 48 h in Arg-treated animals vs controls
(Table 2)512, Increased serum TNF-a, IL-6 and IL-1 levelswere
demonstrated at 24 h after the induction of pancreatitis with
2x230 mg/100 g bm Argi*® (Table 2).

Later on, we showed that the pancreatic IL-1b level
significantly decreased at 1 h after ip. administration of 300 or
400 g/100 g bm Argi*. ThelL-1b levelsincreased significantly
at 12 h after Arg injection, peaked at 24 h and decreased
thereafter (Table 2). The pancreatic TNF-a content increased
significantly at 6 h, peaked at 18 h, and then remained elevated
at arelatively constant level during pancreatitis (Table 2).
Pretreatment with antioxidant pyrrolidine dithiocarbamate
(PDTC) or methylprednisolone (MP) significantly decreased
the pancreatic levels of these proinflammatory cytokines,
ameliorated pancreatic oedemaand exerted abeneficial effect
on pancreatic morphological damage!™. It can be proposed
that these cytokines are involved in the pathogenesis of Arg-
induced acute pancreatitis.

Oxidative stress changes
In 1998, we demonstrated that the pancreatic malondial dehyde
(MDA) level wassignificantly elevated at 24 h, and peaked at

48 h after administration of 2x250 mg/100 g bw Argi®. Among
the endogenous scavengers Mn-superoxide dismutase (SOD)
and catalase activities decreased significantly throughout the
entire study vs the control. Cu, Zn-SOD activity decreased
only at 12 h, while the glutathione peroxidase activity decreased
at 6 and 12 h after Arginjection (Table 2). Pretreatment with the
xanthine oxidase inhibitor allopurinol (100 and 200 mg/kg)
prevented the generation of reactive oxygen metabolites and
amédliorated the severity of Arg-induced pancreatitis.

We also showed that 300 mg/100 g bm Arg significantly
increased the pancreatic non-protein sulfhydryl group content,
malondia dehyde and the protein carbonyl levels vsthe control
(Table 2)!*9. Pretreatment with PDTC or MP significantly
ameliorated these changes and reduced the severity of the
disease.

These results suggest that generation of freeradicalsisan
early and perhaps pivotal mechanism in the pathogenesis of
Arg-induced acute pancredtitis.

Role of nitric oxide

NO, ahighly reactivefreeradical, isgenerated from Arg by an
enzymeatic pathway (NO synthase: NOS) originally demonstrated
in vascular endothelial cell§*. Under physiologic conditions,
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congtitutive NO synthase (cNOS) resultsin alow level of NO,
while in different inflammatory processes inducible NO
synthase (iNOS) produces larger quantities of NO in various
cell types. The activity of NOS is specifically inhibited by
structura analogues of L-arginine such as N®-nitro-L-arginine
methyl ester (L-NAME)!*7,

It was demonstrated that the ctNOS activity was depleted at
6 h after onset of Arg-induced pancreatitis, it then gradually
increased to alevel significantly higher than that in controls
and decreased thereafter at 48 h'®l. The iINOS activity was
significantly increased at 24 and 48 h vs control (Table 2).
Treatment with L-NAME significantly reduced the amylase
activity, pancreatic oedema, pancreatic vascular permeability
and cNOS activity in the pancreas at 24 h after the onset of
pancreatitis as compared with those in the control.
L-NAME treatment reduced the iINOS activity, but not
significantly, and did not exert any beneficial effect on the
histological score*. It can be concluded that both cNOS and
iNOS play animportant rolein the development of Arg-induced
acute pancredtitisin rats.

Endogenous cholecystokinin

Endogenous cholecystokinin (CCK) and CCK-A receptorshave
been suspected to play arole in the development of acute
pancreatitis in ratg'®*%. No significant differencesin plasma
CCK bioactivity were found between the pancregtitic animals
and the control group during the course of Arg-induced
pancreatitis (Table 2). KSG-054, aCCK receptor antagonist did
not exert any beneficial effect on thelaboratory and morphologic
changes observed in Arg-induced pancreatitis*?. These results
suggest that endogenous CCK isnot involved in the pathogenesis
of Arg-induced pancreatitis.

Effect of nuclear factor-kappa B activation

Recent studies have established the critical role played by
inflammatory mediators in acute pancreatitis+?”. One of the
mostimportant transcription factorsthat control proinflammatory
geneexpression isnuclear factor kappaB (NF-kB)2!. Therefore,
we set out to investigate NF-kB activation and proinflammatory
cytokine synthesis in the pancreas during Arg-induced acute
pancreatitisin ratg®®. The dose-response (300 or 400 mg/ 1009 bm)
and time-effect (0.5-96 h) curvesrelated to the action of Argon
the pancreatic NF-kB activation and IL-1b, TNF-a, heat shock
theprotein (HSP) 60 and HSP72 synthesiswereevaluated. Also
wewanted to establish whether PDTC or M P pretreatment could
block the activation of pancreatic NF-kB and their effects on
the severity of Arg-induced acute pancreatitis. Our results
showed that pancreatic NF-kB and proinflammatory cytokine
expressions were activated dose-dependently during Arg-
induced acute pancreatitisin rats, although at a later stage as
compared with other models. We have established that PDTC
and MP pretreatment specifically and dose-dependently can
block this NF-kB activation in the pancreas. Furthermore, the
inhibition of NF-kB activation and proinflammatory cytokine
synthesis has been found to be clearly associated with a
protective effect against pancreatic damage*®.

Apoptosis and gene expression of pancreatitis-associated
protein

Pancreatitis-associated protein (PAP) is an acute phase
secretory protein known to be overexpressed in acute
pancreatitis?. Motoo et al. examined the effects of arginine
(1.25,2.5,50r 10mg/mL) oncdlular morphology, PAPexpression
and apoptosisin rat pancreatic acinar AR4-2J cell§%. Thisin
vitro experimental design allowed the study of acinar cells
without the confounding effects of other cell typesinvolved in
acute pancrestitis (e.g. inflammetory cdls). Thegrowth of AR4-2J

cellswasinhibited by Arg in a dose-dependent manner. This
inhibition was due to Arg-induced apoptosis of cells which
was shown by fluorescence staining, and DNA fragmentation
assay. The DNA fragmentation was most prominent at 24 h
when the PAP mRNA level was low, whereasit was not seen
when the level was high. The expression of PAP mRNA was
detected at 2 h and peaked at 6 h, it was highest at a dose of
2.5mg/mL Arg. Motoo et al. speculated that PAP might inhibit
the induction of apoptosig?,

Role of transforming growth factor beta 1

Mild acute pancreatitis is often followed by full recovery of
pancreati ¢ tissue structure and function once the primary cause
iseliminated®. Transforming growth factor beta (TGF-b) and
the extracellular matrix are believed to play animportant partin
this process®. TGF-b promotes regeneration in wounded
tissues by attracting monocytes and leukocytes and inducing
angiogenesis and fibroblast recruitment. Kihara et al. induced
acute necrotizing pancreatitis by intraperitoneal injection of
500 mg/ 100 g bm Arg, and examined theexpression of TGF-b1,
extracellular matrix proteinsand metalloproteinases (degradeing
a variety of extracellular matrix components). TGF-b,
protocollagentypesl, 111, IV, and fibronectin mRNA expression
reached a peak value on d 2.5-3 and gradually decreased
theregfter to reach control levelsond 7. Matrix metalloprotei nase-
2 mRNA levels peaked on d 5, whereas the immunoreactivity
wasmaxima ond 7. TGF-b immunoreactivity was detected in
disrupted acinar cells on d 3 and 5. Immunoreactivity for
fibronectin was detected around disrupted acinar cells and
interstitial spaces on d 3 and maximally on d 5. The authors
believe that the results suggest an important role of TGF-b in
extracellular matrix production during the early phase of acute
pancreatitis??.

Effect of endotoxaemia in Arg-induced pancreatitis

Systemic endotoxaemia is a common feature of severe acute
pancreatitis®!. The effect of E. coli endotoxin wasinvestigated
by Pozsar et al. on the mortality rates and pancreatic histology
of Arg-induced (250 mg/ 100 g bm) acute pancreatitisin ratd?.
Themortality ratesof ratstreated with 5 and 10 mg/kg endotoxin
were 10 % and 30%, respectively (no death was observed in
the group with only Arg-induced pancreatitis). The extent of
acinar cell necrosis, hemorrhage, oedema and leukocyte
infiltration was significantly greater in the endotoxin-treated
groups vs the control groups. The authors speculated that
systemic endotoxemiamight exert its effect by stimulating pro-
inflammatory cytokine synthesisin granulocytes. The animal
experiments were closely related to similar observations made
in humans. It was found that high serum endotoxin levels
showed a positive correlation with disease severity!?,

Expression of nerve growth factor

Nerve growth factor (NGF) is a known mediator of the
inflammatory response®. It is believed to play an important
role in the pathogenesis of pain. NGF expression was
investigated after injection of 250 mg/100 g bm Arg twice
intraperitoneal ly'?®. No significant differencesin NGF mRNA
levels were found between the Arg-injected and control rats
before3 d. However, NGF mRNA levelssignificantly increased
Ondays3 (10-18fold) and 5 (3.2-6 fold). NGF protein levels
were 2-fold higher than control levels on day 3, but this did
not reach statistical significance. On d 5 there was a 4-fold
increase in NGF protein levels. The cellular sites of increased
NGF production were investigated by immunohistochemistry.
In control rats NGF-immunoreactivity waslocalized totheidets
of Langerhans. In Arg-induced pancreatitis, NGF was detected
in the cytoplasm of exocrine pancresti ¢ tissues, including acinar
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and ductal cellsat 2 and 6 h. Ond of NGF was predominantely
found in ductal cells. It was possible that thischangein staining
pattern represented a release of stored NGF from the idets to
the parenchyma®!,

Effect of Arg-induced pancreatitis on the cytoskeleton
Disruption of the cytoskel eton seemsto be acommon prominent
early feature in acute pancreatitis. Actin cytoskeleton was
investigated using rhodamin phalloidin and epifluorescence
microscopy combined with Normanski images?!. In control
tissue actin was primarily localised as an intense fluorescent
band beneath the luminal membrane. Arg administration
(200-500 mg/100 g bm) resulted in changes of the actin
cytoskeleton, including reduced actin staning underneath
the luminal and basolateral membranes and increased
cytoplasmic staining in pancreatic acinar cells. Interestingly,
the total actin content of cells was increased twofold at 24 h.
The intermediate filaments were investigated by confocal
microscopy. A single large dose arginine also induced the
disruption of intermediate cytokeratin filaments, which were
replaced by a few focal deposits or small aggregates. Sub-
basolateral staining appeared with alower intensity whereas
cytoplasmic staining was not presenty'®,

Role of heat shock proteins

Heat shock proteins (HSPs) are highly conserved cytoprotective
proteins that are present in all species and have essential
functionsin protein folding, transport, translocation, assembly
and degradation. HSP families have been categorized by their
molecular mass. HSPs can be induced by a wide variety of
conditions. I nterestingly, cerulein pancreatitis has been reported
to increasel®-% or decreasel®* ! the synthesis of pancreatic
HSP60 and HSP72. Arg-induced pancreatitiswas accompanied
with largeincreasesin HSP27 and HSP70 levels, peaking at 24 h
and localized to acinar cell$%. Moreover, HSP27 shifted to the
phosphorylated forms during pancreatitis. There were smaller
increases in HSP60 and HSP90, and no effect on GRP78.
Interestingly, alower dose of Arg induced less pancredtitis,
but larger increases in HSP27 and HSP70 expression and
phosphorylation of HSP27. The results of Tashiro et al. arein
accordance with our findingd®. The smaller increasesin the
quantity of HSPsfollowing 400 mg/100 g bm Arg were probably
dueto tissue necrosis, protein degradation and decreased gene
activation. We believe that the increased levels of HSPs most
probably act to limit the severity of the disease. In a recent
study, Tashiro et al. have shown that hyperthermia and
possibly HSPs confer significant protection against Arg-
induced (400 mg/100 g bm) pancreatitis®!. More specificaly,
the degradation and disorganization of the actin cytoskeleton
were prevented. These previous findings are in contrast with
ours*®l, We could only demonstrate decreases in the serum
proinflammatory cytokine (TNF-a, IL-1, IL-6) levelsafter hot-
water (and also cold-water) immersion pretreatment of ratswith
Arg-induced pancreatitis (2x250 mg/100 g bm), but the
biochemica and morphologicd parametersof the pancreaswere
not significantly different. The explanation of the discrepancies
between the results of the two studies may lie in the different
types of pretreatment and the differences in the dose of Arg
and the strains of rats used.

Role of vacuole membrane protein 1

In vitro expression of vacuole membrane protein 1 (VMPL)
promoted formation of cytoplasmic vacuoles which was
followed by cell deatht®”. In order to test if VMPL1 expression
was related to the cytoplasmic vacuolization of acinar cells
during acute pancreatitis, Vaccaro et al. studied the in vivo
expression of theVMP1 geneduring Arg-induced (500 mg/100 g)

acute pancreatitig®!. Northern blot analysis showed that the
maximal induction of VMP1 after 24 h remained high after 48 h
of arginine adminigtration. Significant increasesin the number of
apoptotic cellswere found during those periods. Twenty-four and
48 h after arginine administration, light micrographs from thin
plastic toluidine blue sections revealed numerous vacuolesin
the cytoplasm of acinar cdls. In situ hybridization studiesshowed
a high expression of VMPL1 in acinar cells with cytoplasmic
vacuolization. VMP1L mRNA highly and significantly correlated
with vacuole formation. The results suggest that VMP1
expression might beinvolved in the cytoplasmic vacuolization
of acinar cells during the early stage of acute pancreatitig®!.

EXTRAPANCREATIC MANIFESTATIONS OF L-ARGININE

INDUCED PANCREATITIS

Whereas the mortality of interstitial pancreatitis was close to
zero, patients with necrotizing pancreatitis had a considerable
mortality. The extrapancreatic manifestations, such as
circulatory, pulmonary, rena and hepatic failure (multi-organ
failure) contributed significantly to the morbidity and mortality
of this disease®*Y. This model seems to be an appropriate
tool to study the extrapancreatic organ damage and its
pathomechanisms.

We found that oxidative stress developed not only in the
pancreas but also in remote organs during acute pancreatitis
induced by 2x250 mg/100 g bm Argi*Y, The MDA concentration
was significantly increased at 6 h after Arg treatment in the
liver and at 24 h in the kidney. Among the endogenous
scavengers, Mn-, and Cu, Zn-SOD and glutathione peroxidase
were significantly reduced both in the liver and in the kidney
during the course of Arg-induced pancrestitis. The catdl ase activity
wassignificantly increased intheliver, whereasit wassignificantly
decreased in thekidney. The prophylactic goplication of 200 mg/kg
alopurinol sgnificantly restrained the generation of freeradicals
intheliver. Histologic examination reveded vacuolar degeneration
within hepatic cells and eosinophilic componentsin proximal
convoluted tubules in the kidney.

Hypertonic saline (HTS) could restorethe circulating volume
in haemorrhagic shock by improving cardiac contractility and
peripheral tissue perfusioni*?. The aim of Shieldg*#! was to
investigate the effect of HT S resuscitation on the development
of end-organ damage in Arg-induced pancreatitis. They
demonstrated increased pulmonary endothdlia permeability and
increased myeloperoxidase activity at 72 h after pancreatitis
induction by asingle 500 mg/100 g bm Arginjection. Histological
examination of the lung revealed marked interstitial congestion
and hemorrhage. HTS injections (75 g/L NaCl, 2 mL/kg) were
applied at 24 and 48 h after theadministration of Arg. Pulmonary
oedema, endothelial leak, enhanced neutrophil activity wereall
attenuated and the pancreatic and pulmonary histological
scoreswereimproved in animalstreated with HTS.

REGENERATIVE PROCESS AFTER L-ARGININE-INDUCED

PANCREATITIS

Time course changes

Inthe early phase of acute pancrestitis evoked by 200 mg/100 g bm
Arg (d 1-3), thelaboratory sgnsof acute pancregtic inflammeation
predominated in the Arg-treated rats®. Pancreatitis revealed an
intercellular edemawith theinfiltration of leukocytes, dilatation
of the capillaries, and microfoca necrosesin the parenchymaon
d 1 after pancreatitis induction. Interestingly, acinar cells
surrounding the Langerhans idets remained intact (Figure 1).
Following the early acinar cdll necrogs, histologica examinations
revealed a marked adipose tissue deposition at the end of the
first week. Accumulation of adiposetissuewasasign of arophy.
The rest of the pancreas (not involved in Arg-induced cell
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destruction) could be the site of pancreatic hypertrophy and
hyperplasia. The pancreatic content of enzymes (amylase,
trypsinogen and lipase) was decreased by d 7 as a sign of
pancrestic acinar cell damage. After the first week regenerative
processes dominated. Furthermore, by the end of the fourth week
the pancrestic content of enzymeswas significantly elevated®.

The mortality of thistype of pancrestitis was 2.5%. Therats
died between days 1-5 after pancrestitisinduction. No mortality
was found in the control group.

Figure 1 Histologic alterations in the pancreas following Arg-
induced pancreatitis on d 3. The signs of acute inflammation
and tubular complexes are visible. Segmental fibroses with
blue stained fibroblast are observed. Intact pancreatic acinar
cells are presented mainly around the Langerhans islets
(Chrossmonn’s trichrome staining x100).

Effect of exogenous CCK on the regenerative process

In the early phase of pancreatitis, administration of low doses
of CCK-8 further deteriorated the laboratory and histologic
parameters of acute pancreatitis®. The mortality rate (15%)
also demonstrated the harmful effect of CCK-8 in the early
phase of this pancreatitis. Histologic sections demonstrated a
more intense mitotic activity dueto the effect of CCK-8 ond 7.
Moreover, histologic examination revealed that the bulk of
hypertrophized pancreatic acinar cellswere found surrounding
theenlarged Langerhansidetsfollowing CCK-8 administration.
It appears that the closeness of the Langerhansislets protects
acinar cells and accelerates the regenerative process during
Arg-evoked pancrestic tissue damage. Thereason for thismight
be the complex interaction of acinar and islet cells. The
laboratory changes (such as pancreatic DNA and enzymes
content) also proved the positive effect of CCK-8 during the
recovery phase®.

Secretory changes

Experimental studies have revealed that, suggesting that
pancreatic enzyme secretion is reduced after the induction of
acute pancrestitis“>#7. We characterized the secretory changes
in Arg-induced pancreatitison d 1, 3, 7 and 14 following
pancreatitis induction, when the rats were surgically prepared
with pancreatic duct and femoral vein cannulae under urethane
anesthesial*®,

In pancreatitic rats, both the basal and the maximal
pancreatic volumes were significantly increased vs controls
on d 1 following the induction of pancrestitis. The basal output
was gtill significantly higher vs controls on d 3 and 7, but the
maximal output was significantly decreased vsthe controlson
d 7. No changein basal pancrestic fluid secretion was observed
in pancreatitic rats, but the maximal output was significantly
decreased on d 14. These results proved that there was a
conversion from the acute inflammatory phase to the late
regenerative phase on d 7. As far as the pancreatic protein
secretion was concerned, in pancreatitis-group the basal
secretory protein level was significantly diminished throughout

the experiment. The maximal pancreatic protein secretion was
significantly decreased in a progressive manner on d 3, 7
and 14. In the pancreatitic rats, both the basal and the maximal
pancreatic amylase secretion were significantly increased ond 1.
The maximal output was significantly decreased only on d 14.
Taken together, the pancrestic secretion in the early phase of Arg-
induced pancrestitisis characterized by increasesin the secretory
volumeand amylaseleve, with asmultaneousdecreasein protein
output. A progressive decrease in pancrestic secretory capacity
was then detected confirming the acinar cell damage.

Effect of diabetes on Arg-induced pancreatitis
Theinteresting finding that periinsular acini remained intact
during Arg-induced-pancreatitis prompted us to continue
studies on the effects of diabetes in the process of pancreatic
remodeling®. An insulo-acinar correlation was also indicated
by the morphological evidence. Acinar cells around the islets
could be distinguished from teleinsular acini by their staining
characteristics. These periinsular cells were larger, contained
larger nuclei and nucleoli, and had more abundant zymogen
granules**%, To achieve our aims, we used streptozotocin
(STZ) to evoke diabetes™. STZ was specifically toxic to the b-
cells of the islets of Langerhans, which was irreversible and
dose-dependent!®. When pancreatitis was induced in diabetic
rats, the periinsular acini did not remain intact during Arg-
induced-pancreatitis. We also found that in diabetic rats, the
pancreatic regenerative processes (mitotic activity of acinar
cells) in response to low doses of CCK-8 were markedly
diminished. The lack of regenerative effect of CCK-8 may be
dueto thelow insulin level. Furthermore, histological sections
indicated no difference between the peri- and teleinsular acinar
cell damageindiabeticrats. Thisisamorphologica confirmation
of the pivotal role of insulin in the regulation of the exocrine
pancreatic structure. However, other islet cell hormones might
also be involved in this process.

When Arg-induced pancrestitiswas evoked in STZ-diabetic
rats, the significant elevation in serum amylase level was not
30 ohvious asthat observed in pancregtitic rats. The explanation
of this phenomenon is that a diabetic state (in rats without
pancreatitis) appeared to shift the normal pancreatic enzyme
content (decreased amylase and increased trypsinogen). These
data are in accordance with those of Sofrankovaet al., who
demonstrated asimilar pancregtic enzyme pattern in a secretory
study™3,

Early increases were observed in the basal pancreatic fluid
and amylase secretion in Arg-STZ-treated rats. However, no
CCK-8-stimulated fluid secretory peak following pancreatitis
induction was detected in diabetic animals, in contrast with the
situation in non-diabetic rats, suggesting that diabetes could
moderate the CCK -8-stimulated secretory changesin both the
early and late phases of Arg-induced pancreatitis.

In order to clearly prove the effect of b-cells during the
process of pancreatitis, we replaced the endogenous insulin
with mixed exogenousinsulin (2 U s.c. twice daily, 30% short-
acting and 70% intermediate-duration insulin), and found that
simultaneous administration of exogenousinsulin replaced the
hypertrophic effect of low-doses of CCK-84,

Late recovery in normal and diabetic rats

Six months after Arg-induced pancreatitis without diabetes, a
major restitution of the pancreatic enzyme content was found®,
The lipase and trypsinogen contents of the pancreas were
recovered, but amylase was significantly decreased vs the
controls. In spite of thislarge-scale restitution of the pancreatic
enzyme compositions, marked histologic alterations, periductal
fibroses, adipose tissue and tubular complexes, were detected
6 mo following pancreatitisinduction. No mitotic activity and
centroacinar hyperplasia were observed at this time. When
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pancreatitis was induced in STZ-diabetic rats, a very
considerable recovery of the enzyme content was noted 6 mo
following pancrestitis induction. Even at this time, however,
the amylase content remained significantly decreased. This
may be dueto the combined effect of STZ-evoked decrease on
amylase biosynthesis and the toxic damage caused by Arg to
pancreatic acinar cellg%. So far as the pancreatic histologic
structure was concerned, the morphol ogic changes were similar
to those seen in Arg-induced pancreatitic non-diabetic rats.

Effect of fibroblast growth factor-7 and fibroblast growth factor-
10, and role of keratinocyte growth factor receptor
Keratinocyte growth factor (KGF) is a member of the rapidly
growing fibroblast growth factor (FGF) family of mitogeng®”.
FGF-7 and FGF-10 show high structural homology and similar
biological characteristics. Both are mainly synthesized by
mesenchymal cellsand stimulateepithelial cellsviaK GF receptor
(KGFR) which isasplice variant of FGF receptor-21%3,

In normal pancreas, FGF-7 islocalized in alphaidet cells,
but FGF-10 isnot detected. KGFRisasolocalized inidet cells,
ductal cells, and centroacinar cellsin the normal pancreas. In
the pancreatic tissues of rats with Arg-induced pancreatitis,
FGF-7 was localized in alpha cells, whereas FGF-10 was
expressed in vascular smooth muscle cells (VSMCs). KGFR
was not expressed in centroacinar cells after Arg treatment.
These findings suggest that FGF-7 and FGF-10 contribute to
the regeneration and differentiation of acinar cells and
angiogenesisin acute pancreatitis through KGFR®,

Expression of lumican proteins
Lumican isa member of a small leucine-rich proteoglycan
family™. It has been reported that lumican mRNA and its
protein were ectopically and highly expressed in acinar cells
in chronic pancreatitis (CP)-like lesions close to pancreatic
cancer cellg®, CP-like lesions are characterized by acinar and
ductal-ductular cell proliferation with expanding fibrosis.
Immunohistochemically, the lumican proteins are localized in
ductulesand afew centroacinar cellsin normal pancress.
After administration of an excessive dose of Arg, an
immature fibrosis with fragmented and loose collagen fibers
was observed on d 4 after pancreatitis induction. Moreover,
lumican immunoreactivity was also detected in the collagen
fibersond 4. Lumican mRNA wasbarely detected inidet cellsin
the normal pancress, but it was strongly expressed in acinar and
idet cdllsond 1 following theinduction of pancrestitis. Lumican
MRNA was expressed in many proliferating fibroblasts on d 4.
These findings indicate that lumican is transiently synthesized
by acinar cells and fibroblasts during Arg-induced acute
pancrestitis. Lumican proteins may contribute to immature and
transent fibrosis of acute pancrestitis.

CONCLUSIONS AND PERSPECTIVES

We are just starting to understand the pathophysiology of
acute necrotizing pancreatitis. By this review we tried to
illuminate new aspects of cell physiology and pathology of
acute necrotizing pancrestitis. Firstly, we explored the effects
of high dosesof Arg on different tissues. Then, we concentrated
on the pancreas showing that Arg could cause a necrotizing
acute pancreatitis. Finally we characterized the early and late
phases of thismodel of acute experimental pancreatitis.

We beleivethat thisreview confirmsthe value of Arg-induced
pancredtitis. In the past plenty of excellent observations were
published on this necrotizing pancreatitis model. Many questions
were answered concerning acute necrotizing pancrestitis using
high doses of Arg. On the other hand, authors usually left the
endocrine status of the pancreas unexamined. Using thismodel,
we could highlight the importance of theinsul o-acinar axis.

Despite our current knowledge, many hypotheses and
guestions remain unanswered concerning the effects of Arg.
Therefore, it seemsto bewell worthwhile to continueto explore
the pathomechanism of Arg-induced pancredtitis.
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Abstract

AIM: To evaluate the effect of aclacinomycin A-loaded
magnetic polybutylcyanoacrylate nanoparticles on gastric
tumor growth in vivo and in vitro.

METHODS: Magnetic polybutylcyanoacrylate (PBCA)
nanospheres encapsulated with aclacinomycin A (MPNS-
ACM) were prepared by interfacial polymerization. Particle
size, shape and drug content were examined. Female
BABL/c nude mice were implanted with MKN-45 gastric
carcinoma tissues subcutaneously to establish human
gastric carcinoma model. The mice were randomly divided
into 5 groups of 6 each: ACM group (8 mg/kg bm); group
of high dosage of MPNS-ACM (8 mg/kg bm); group of
low dosage of MPNS-ACM (1.6 mg/kg bm); group of
magnetic PBCA nanosphere (MPNS) and control group
(normal saline). Magnets (2.5 T) were implanted into the
tumor masses in all of the mice one day before the therapy.
Above-mentioned drugs were administered intravenously
to the mice of every group on the first day and sixth day.
When the mice were sacrificed, tumor weight was
measured, and the assay of granulocyte- macrophage
colony forming-unit (CFU-GM) was performed on semi-
solid culture. White blood cell, alanine aminotransferase
and creatine were examined. 3-[4-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT) was used to
examine the viability of MKN-45 cells after incubation with
different concentrations of ACM, MPNS and MPNS-ACM
suspension respectively for 48 h.

RESULTS: Content of ACM in MPNS-ACM was 12.0% and
the average diameter of the particles was 210 nm. The
inhibitory rates of ACM (8 mg/kg bm), high dosage of MPNS-
ACM (8 mg/kg bm), low dosage of MPNS-ACM (1.6 mg/kg bm)
and MPNS on human gastric carcinoma in nude mice were
22.63%, 52.55%, 30.66% and 10.22%, respectively. There
was a significant decrease in the number of CFU-GM of
bone marrow in ACM group compared with control group,
whereas no obvious change was observed in that of the
nanosphere groups. The values of 50% inhibition
concentration (IC50) of ACM, MPNS and MPNS-ACM were
0.09, 97.78 and 1.07 ng/mL, respectively.

CONCLUSION: The tumor inhibitory rate of MPNS-ACM
was much higher than that of ACM under magnetic field
and the inhibition on bone marrow was alleviated
significantly compared with ACM group.

Gao H, Wang JY, Shen XZ, Deng YH, Zhang W. Preparation
of magnetic polybutylcyanoacrylate nanospheres encapsulated
with aclacinomycin A and its effect on gastric tumor. World J
Gastroenterol 2004; 10(14): 2010-2013
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INTRODUCTION

Cytotoxic medicine has extensively been employed in cancer
chemotherapy. However, the usage of these drugs has been
limited by the non-targeting towards cancer and serioustoxicity
to normal cellsin the body. To enhance the therapeutic efficacy
of anticancer drugs and reduce the toxicity to normal tissue of
the body, targeted drug delivery systems at solid tumors have
been developed.

Magnetic targeted drugs are the fourth generation of targeted
reagents. The advantage of the magnetic targeted drug delivery
systems over other drug targeting techniquesis their ability to
minimize the uptake by reticuloendothelial system (RES)™.
Some investigators have reported successful tumor remission
in animal experiments upon the use of magnetically responsive
anticancer drug carriers under magnetic fields, but in previous
studies the majority of magnetically responsive drug carriers,
which included magnetic a bumin microspheres and magnetic
liposomes had been administered intra-arterially to obtain highly
efficient localized targeting during thefirst circulation passing
through a strong magnetic field?3. However intra-arterial
administration of these carriersis not considered to be suitable
for the treatment of multiple systemic lesions and is
inconvenient to apply. Accordingly, the treatment of solid
tumors requires the development of magnetically responsive
carriersthat can be effectively delivered to any systemic site
viaintravenous administration. Yet the therapeutic efficacy of
intravenously administered magnetically responsive carriers
has not been estalished maturely to date.

Polyalkylcyanoacrylates (PACAS) were not employed as
polymers until the early 1980s. However the corresponding
monomers, alkylcyanoacrylates, have been extensively used
as tissue adhesives for the closure of skin wounds“. More
recently, one application of the polymersisthe use of PACASs
as nanoparticulate drug carrierd>9. This very exciting area of
research has gained increasing interest in therapeutics,
especially for cancer treatments. Other molecules of interest,
including poorly stable compounds such as peptides and
nucleic acids, have been combined with PACAS nanoparticles
for targeting purposes!*®. Today, PACAs nanoparticles
are considered the most promising polymer colloidal for
drug delivery system and are aready in clinical development
for cancer therapy®**®, The main attraction of PACAs
nanoparticlesistheir ability of tissue targeting and enhanceing
intracellular penetration of drugsi*®l. Among the species,
polybutylcyanoacrylate (PBCA), as a polymer with medium-
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length alkyl side chain, is of lower toxicity, proper degradation
time. PBCA carrying drugs could increase the antibacterial
efficacy!, elevate the anti-cancer effect*®, enhance the
relative bioavailability of insulin*® etc. So PBCA hasrecently
been regarded as a kind of widely used, biocompatible,
degradable, low-toxic drug carrier.

Employing supermagnetic iron oxide as the ferromagnetic
material, aclacinomycin A (ACM) as the targeted fat soluble
model drug and PBCA asthe carrier, akind of magnetically
targeted polymer encapsulated with an anticancer drug,
magnetic PBCA nanospheres encapsulated with ACM were
designed and successfully prepared. The antiancer efficacy of
the magnetically targeted system was investigated on gastric
cancer in vivo and in vitro.

MATERIALS AND METHODS

Materials

Butylcyanoacrylate was supplied by Zhejiang Golden Roc.
Chemicals Co. Inc. ACM was obtained from Shenzhen Main
Luck Pharmaceutical s Inc. Human gastric cancer MKN-45 cell
lineand BALB/c nude mice (SPF, female) werekindly supplied
by Shanghai Cancer Institute. Column NdFeB permanent
magnets (surface field strength 2.5 T, diameter 1 mm, length
10 mm) were supplied by Shanghai Jieling Magnetic & Device
Co. Ltd. Semi-solid methylcellulose M3545 and Iscove’ s
Modified Dulbecco’ s Medium (IMDM) were purchased from
Stemcell Company, Canada.

Methods

Synthesis of magnetic colloidal nanoparticles Magnetic
colloidal iron oxide nanoparticleswere prepared with the method
of coprecipitation as described before®!. Briefly, 10 mol/L
sodium hydroxide was added into the mixture of solution of
FeCl, and FeCl; (Fe**/Fe* molar ratio 1/2) in a nitrogen
atmosphere. The solution was stirred for 1 hat 20 °C, and heated
at 90 °C for 1 h. The obtained iron oxide suspension was then
stirred for 30 minat 90 “C with the addition of 200 mL trisodium
citrate solution (0.3 mol/L). Subsequently, the iron oxide
dispersion was cooled down to room temperature with
continuous stir. The magnetic particles were washed with
double digtilled deionized water and collected with the help of
a magnet. Finally, the ultrafine magnetic particles were
redispersed in water and the suspensions were adjusted to
2.0% (w/w) for further use.

Preparation of ACM encapsulated magnetic PBCA
nanoparticles(MPNS-ACM) Interfacial polymerization was
applied to synthesize MPNS-ACM based on the methods used
beforel?22, Briefly, 20 mg ACM dispersed in diluted
hydrochloric acid and 2 mL magnetic fluid were mingled, then
the mixture was added to 100 g hexane including 2 g Span
80 and 0.6 g polysorbate 80 which was stirred at 600 r/min. The
fluid was stirred for 0.5-1 hto makeit uniform and emulsive.
Then 2 mL butylcyanoacrylate was added dropwise with
congtant stir at room temperature. After 6 h polymerization the
particles were separated with the help of a magnet and washed
with methanol for several times. Then the particleswerewashed
with deionized water for several times. The particles were
lyophilized and ®Co irradiation (15 kGy) was performed to
sterilize them. The preparation of magnetic PBCA nanoparticles
(MPNS) issimilar to the synthesis of MPNS-ACM except no
ACM in HCI solution.

Characterization and measurements Transmission electron
microscopy (TEM) wasperformed for MPNS (Hitachi HU-11B).
Scanning electron microscopy (SEM, Philips XL 30) was used
to determinethe size and morphology of MPNS. Dynamic light
scattering (DLS, Malvern 4700) was used to measure the

hydrodynamic diameter of nanoparticles. The particles were
treated with ammoniaand then ACM was extracted with ethyl
acetate. ACM concentration was determined with UV
spectrophotometer at 259 nm. And then drug contents were
calculated.

Human gastric car cinomamodel of nude mice Human gastric
carcinoma MKN-45 cells during exponential growth phase
were adjusted to 5x107 /mL with RPMI 1640. Then 0.2 mL
suspension of MKN-45 cells was inoculated subcutaneously
near right forefoot in female BAL B/c nude mice. Two weeks
later, the solid tumors were taken out from the mice in which
thetumorswere well growing without necrosis. Tumor masses
were cut into small pieces with the diameter of about 2 mm.
Onetiny piece wasimplanted into one mouse subcutaneoudly
near right forefoot with aneedle. The modelswere successfully
produced after about 2 wk when the tumor grew upto 1 cmin
diameter.

Tumor inhibition ratein vivo Thirty nude mice modelswere
randomly divided into 5 groups of six each: ACM group
(8 mg/kg bm), high dose of MPNS-ACM group (equivaent to
ACM 8 mg/kg bm), low dose of MPNS-ACM group (equivaent
to ACM 1.6 mg/kg bm), MPNS carrier group (equivalent to
MPNS-ACM loaded with ACM 8 mg/kg bm) and control group
(normal saline). Magnets (with surfacia field strength 2.5 T)
wereimplanted into the center of the tumors one day beforethe
administration. Above-mentioned agents were administrated
intravenoudy onthefirst day and sixth day. Thelargest diameter
(LD) anditsvertical diameter (VD) of thetumorswere measured
with calipersevery two daysafter the beginning of administration.
The volume of tumor was equal to LDxVD?%2. The mice were
sacrificed on the eleventh day after treatment. The tumorswere
taken out, weighed and the tumor inhibition rate (TIR) was
calculated withthefollowing formula: TIR(%)=(1-averagetumor
weight of experimental group/average tumor weight of control
group)x100%.

Stem cells colony-forming unit assay of bone marrow was
performed. White blood cell, serum alanine aminotransferase
(ALT) and creatine of the mice were examined.

Assay of granulocyte-macrophage colony-forming unit
(CFU-GM) of bone marrow The assay of CFU-GM was
performed with semi-solid methylcellulose culture. The
femoras of the mice were taken out under sterile condition.
Both extremities of them were cut and the boneswereimmersed
into Iscove’ smodified Dulbecco’ smedium (IMDM). Thebone
marrow was washed out and the concentration of the cells
with nuclei was adjusted with IMDM to 2x10%mL. Cell
suspension 0.2 mL wasadded to 2 mL M 3534 semi-solid culture.
Themixturewasadded to a 12-well cell culture plate. Thecells
wereculturedfor 7d a 37 “C with50mL/L CO,inar and >95%
humidity. The number of colonies (>30 cells) were counted
under inverted microscope®.
Anticarcinoma effect on gastric cancer cell linein vitro
Gastric cancer cell line MKN-45 cells were trypsinized and
suspended in RPMI 1640 with the concentration of 2x10%/mL.
The cells were seeded onto 96-well culture plates with 190 pL
per well and then were cultured at 37 “C with 50 ml/L CO,inair
and >95% humidity for 24 h. Different concentrationsof ACM,
MPNSand MPNS-ACM in RPMI 1640 were added to thewells
and the final concentrations were 0.001, 0.01, 0.1, 1.0, 10 and
100 pg/mL, respectively. The cells were cultured for another
48 h. Then, 10 pL of 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenylterazolium bromide (MTT) was added to each well
and the cellswere cultured for 4 h at 37 “C. Then the culture
mediumwasdiscarded, and 150 uL dimethylsulfoxidewasadded
to each well and the absorbance at 570 nm (As7) was measured
with microplate reader.

Inhibition rate=(1-As; in treatment group/Asy in control
group) x100%.
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Statistical analysis

The data were presented as mean+SD. One-Way ANOVA
analysis was used to perform single factor multiple
comparison in animal tests. The level of significance was
set at P<0.05. Logistic regression was applied to analyze the
inhibition rate of ACM, MPNS and MPNS-ACM in thein
vitro study.

RESULTS

Characteristics of MPNS-ACM

The average particle size was 210 nm and the size distribution
rangewas 100-400 nm with the most frequent sizearound 210 nm
(Figure1). A typical core-shell structure is shown under TEM
(Figure 2), it indicated black Fe;O, was surrounded by white
polymer. SEM photograph shows uniform sphere. The drug
content of MPNS-ACM was 12.0%.

Size distribution (s)
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Figure 1 Size distribution of MPNS -ACM.
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Figure 2 TEM photograph of MPNS-ACM.

Antitumor effect on human gastric carcinoma model of nude mice
The tumor mass and volume were significantly decreased in
both ACM group and MPNS-ACM group than control group
at the end of the therapy (P<0.05). The anti-tumor activity of
high dosage of MPNS-ACM was higher than those of the other
agents (Table 1).

Table 1 Tumor mass on the 11th day and TIR of the five
groups (n=6, meanSD)

Group Tumor mass (g) TIR (%)

ACM 1.06+0.272 22.63
High dosage of MPNS-ACM 0.65+0.263¢ 52.55

Low dosage of MPNS-ACM 0.95+0.15% 30.66
MPNS 1.23%0.25 10.22
Control 1.37+0.21 //

3P<0.05 vs control group; °P<0.05 vs ACM group; ¢P<0.05 vs
group of low dosage MPNS-ACM,; 9P<0.05 vs MPNS group.

The TIR of ACM was 22.63%. The tumor mass of ACM
group on the eleventh day (1.06+0.27 g) was much lower than
that of control group (1.37+0.21 g) (P<0.05).

The TIR of high dosage of MPNS-ACM was 52.55%. The
tumor mass on the eleventh day (0.65+0.26 g) was much lower
than those of the same dosage of ACM group, low dosage of
MPNS-ACM group(0.95+0.15g), MPNScarrier group (1.23+0.25 g)
and control group.

The TIR of low dosage of MPNS-ACM (1.6 mg/kg bm)
group was 30.66%, which was higher than that of ACM group
(8 mg/kg bm), but there was no statistical difference asto the
tumor mass between thetwo groups (P>0.05). The tumor weight
of low dosage of MPNS-ACM group was lower than those of
MPNS group, and control group (P<0.05).

The TIR of MPNS carrier was 10.22%. The tumor weight
(1.23+0.25g) wassmilar tothat of control group (1.37+0.21, P>0.05).

Side effects of the agents

The white blood cell counts, serum ALT and creatine of the
mice in all the groups were similar (P<0.05) (Table 2). The
number of CFU-GM of ACM group was much lower than those
of the other four groups (P<0.001). The white blood cell counts
in ACM group was lower than that in control group, yet the
onesin MNPS carrier and MNPS-ACM groupswere similar to
that in control group (P>0.05, Table 2).

Anti-tumor effect on gastric cancer cell line in vitro
ThelC50 of ACM, MPNSand MPNS-ACM was0.09, 97.78 and
1.07 (Table3).

Table 3 Inhibition concentration of the drugs (ug/mL)

Group IC10 IC50 1C90
ACM 0.006 0.09 1.53
MPNS 10.34 97.8 925
MPNS-ACM 0.19 1.07 6.03
DISCUSSION

Selective targeting agents are the trend of antineoplastic
chemotherapy. However the production of the biodegradable
agents of proper size, high targeting ability and good

Table 2 White blood cells, marrow CFU-GM, serum ALT and creatine(n=6, meanzSD)

Group White blood cells (x10°/L) CFU-GM number (/10%) ALT (U/L) Creatine (nmmol/L)
ACM 76.67+17.32 74.75+21.91° 30.67+16.51 12.17+1.17
High dosage of MPNS-ACM 70.00+8.74 107.83114.75 29.17+14.36 12.50+1.05
Low dosage of MPNS-ACM 74.67+9.71 115.25+12.53 23.83+3.55 13.00£2.19
MPNS 79.00+11.23 117.50£12.75 20.83+4.71 12.00+£1.55
Control 74.83+6.08 117.00£12.48 37.83+35.13 12.67+1.51

5P<0.001 vs control group.
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bioconsistency is an ongoing challenge. Small-sized magnetic
particles(<400 nm) can be extravasated into the tumor
interstitium and retained there, owing to the enhanced
permeability and retention effect of the tumort?!. Polymer
carriers encapsulated with magnetite are difficult to prepare
because of the different solubility of magnetite and polymers.
Here, akind of modified superparamagneticiron oxide particles
was introduced to prepare the magnetic targeting agents and
the particle size could be controlled to 210 nm also, which was
very important for the tolerance and efficacy of the agents.
There were two steps for preparation of MPNS-ACM: the
preparation and modification of superparamagnetic iron oxide
nanoparticles and the synthesis of magnetic polymer loaded with
drug. Chemical coprecipitation was applied to synthesize theiron
oxide nanoparticles. After modification with acid, well-suspended
and stable magnetite fluid was successfully made. It can be stored
assuspensonfor over oneyear a roomtemperature. Themagnetite
can be localized under magnetic field and redispersed when the
magnetic force disappears. Interfacial polymerization was applied
tothe sacond step wherethe biodegradable macromol ecular materia
butylcyanoacrylate reacted at the interface between oil and water.
Magnetic nanoparticlesand fat soluble ACM were encapsul ated
during the polymerization. Theencapsulated ACM wasmorestable
than the one by attachment. Thelyophilization agent can be stored
long-term at room temperature. After complete ultrasonication,
the nanoparticles intravenoudy administered could locate at the
tumor by magnetic force. ACM was dowly released to produce
high efficacy and low toxicity with the degradation of ploymer.
The results showed that the anti-tumor effect of MPNS-
ACM in vitro without magnetic field was similar to that of
MPNS carrier group (considering the drug content was 12%
approximately ), yet the anti-tumor test in vivo showed higher
inhibitory efficacy of themagnetic carrier encapsulated with ACM
on the gastric cancer model under magnetic field, which was
based on the high targeting capacity of the system. TIR of
targeted agent was higher than that of five-fold dosage of non-
targeted drug. On the other hand, no toxicity to marrow, liver
function and kidney function was found from targeted agents.
The results show the high therapeutic efficacy on the tumor and
the low toxicity to other organs of the magnetic targeted drug
delivery system. It isakind of safe chemotherapeutic agent.
Due to the difference between fat soluble drugs and water
soluble drugs, different methods have been applied to
encapsul ate the drugs to the biopolymer carrier system with or
without magnetite. The attempt to load ACM in to the carrier
benefits the studies on other drugs including fat soluble drugs
and water soluble drugs.
In conclusion, the magnetic targeted chemotherapy using
MPNS-ACM has better tumor targeting, therapeutic efficacy
and lower toxicity.
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Abstract

AlIM: To evaluate the correlation between serum vascular
cellular adhesion molecule-1 (VCAM-1) levels and
clinicopathological features in patients with hepatocellular
carcinoma (HCC).

METHODS: Ninety-six patients who underwent HCC
resection were recruited in the study. Preoperative serum
levels of soluble VCAM-1 were measured by enzyme-linked
immunosorbent assay.

RESULTS: Serum VCAM-1 level in HCC patients was
inversely correlated with platelet count (r=-0.431, P<0.001)
and serum albumin level (r=-0.279, P<0.001), and positively
correlated with serum bilirubin level (r=0.379, P<0.001).
Serum VCAM-1 level was not associated with tumor
characteristics such as tumor size, venous invasion,
presence of microsatellite nodules, tumor grade and tumor
stage. Serum VCAM-1 level was significantly higher in HCC
patients with cirrhosis compared with those without cirrhosis
(median 704 vs 546 ng/mL, P<0.001). Furthermore, a
significantly better disease-free survival was observed in
HCC patients with low VCAM-1 level (P=0.019).

CONCLUSION: Serum VCAM-1 level appears to reflect
the severity of underlying chronic liver disease rather than
the tumor status in HCC patients, and low preoperative
serum VCAM-1 level is predictive of better disease-free
survival after surgery.

Ho JW, Poon RT, Tong CS, Fan ST. Clinical significance of
serum vascular cell adhesion molecule-1 levels in patients with
hepatocellular carcinoma. World J Gastroenterol 2004; 10
(14): 2014-2018
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INTRODUCTION

Hepatocel lular carcinoma (HCC) isatumor characterized by a
rich vasculature. The formation of rich vasculature depends on
angiogenesis, which is a process that plays an important role
in tumor progression, growth, and metastasis. Many angiogenic
factorsand mediatorsareinvolved inthe control of angiogenesis.

Vascular cell adhesion molecule-1 (VCAM-1) isone of the
adhesion molecules that have been implicated as amediator of
angiogenesigY. As one of the cell adhesion moleculesin the
immunogl obulin superfamily, human VCAM-1is M, 100 000-
110 000, type 1 transmembrane glycoprotein4, VCAM-1 is
transiently expressed on activated vascular endothelial cellsin
response to vascular endothelial growth factor (VEGF) and
other cytokines, such as tumor necrosis factor a, interleukin
1b, and interferon g257. Functionally, its expression plays a
major role in adhesion of leukocytes to the endothelium in
inflammed tissue and in the tumor sitel?. It also plays an
important role in providing attachment to the developing
endothelium during angiogenesig®19. Furthermore, it may also
exertitsfunction as an adhesion moleculeto facilitate metatasig?.
A previous study showed that VCAM-1 expression was
associated with the metastasis of melanoma*®.

VCAM-1 isasoluble molecule that can be detected in the
circulation. Although the exact mechanism by which VCAM-1
is shredded into the bloodstream is unknown, it may involve
both proteolytic processing and alternative splicing!*2*,
Because VCAM-1 can be identified in bloodstream, it is
potentially useful asanon-invasive biomarker for the monitoring
of disease progression in cancer and other diseased*®, |t
has been reported that VCAM-1 is over-expressed in various
diseases and cancers. Recent studies have demonstrated high
serum levels of VCAM-1 in patients with colorectal cancer and
gastric cancer’®, One study demonstrated that a high serum
VCAM-1 level was significantly associated with advanced
disease stage and the presence of distant metastasisin gastric
cancer*, A high serum VCAM-1 level has been shown to be
associated with angiogenesis and poor prognosis in breast
cancer®, A study has also found that serum VCAM-1 was an
independent prognostic marker in patients with Hodgkin’ s
lymphomal*,

Up-regulated VCAM-1 expression in chronic liver disease
has also been reported, suggesting that VCAM-1 may play a
rolein the pathogenesis of chronic hepatitis or cirrhosig-2,
Serum VCAM-1 levels higher than normal have been
consistently reported in several studies of chronic liver disease
of various etiologied'*?7, However, the clinical significance of
serum VCAM-1 in HCC patients has not yet been reported
before. The majority of HCC patients have associated chronic
hepatitis or cirrhosis. It isof interest to study serum VCAM-1
in HCC patients because VCAM-1 may be involved in the
progression of both the tumor and the underlying chronic liver
disease.

The objective of this study was to evaluate the levels of
serum solubleVCAM-1in HCC patientscompared with cirrhotic
patients without HCC and normal controls, and to analyze the
correlation of serum VCAM-1 level with clinicopathol ogical
featuresin HCC patients.

MATERIALS AND METHODS

Patients

Ninety-sx patients (71 menand 25 women; median age55.5years,
range 16-79 years) who underwent resection of HCC in the
Department of Surgery of the University of Hong Kong at Queen
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Mary Hospital were studied. In the majority of cases (81%,
n=78), HCC wasrelated to hepatitis B viral infection. None of
the 96 patients had received any preoperative treatment. The
study was approved by the Ethics Committee of our institution
and informed consent was obtained from the patients.
Preoperative serum was collected from the patients. Venous
blood samples were drawn into a serum separator tube and
centrifuged at 3 000 r/min for 10 min, then stored at -80 °C until
VCAM-1 levels were determined. Serum samples were also
obtained from 19 healthy controls without evidence of any
active disease and 23 patients with cirrhosis but no evidence
of HCC on ultrasonography and alpha fetoprotein (AFP)
surveillance. The majority of the 23 cirrhotic patients (74%,
n=17) had cirrhosis related to hepatitis B viral infection.

Measurement of serum VCAM-1 level

Serum VCAM-1 levelswere quantified using an enzyme-linked
immunosorbent assay kit designed to quantitatively measure
human soluble VCAM-1 concentration in serum (Human
SVCAM-1 Immunoassay; R& D systems, Minneapolis, MN).
This assay contains recombinant human VCAM-1 and
antibodies against the recombinant factor. The assay can
recognize both recombinant and natural human VCAM-1.
Briefly, 100 ni of diluted VCAM-1 conjugate (antibody to
recombinant VCAM-1 conjugated to horse-radish peroxidase)
was added to each well that was pre-coated with monoclonal
antibody specific for VCAM-1, after which, 100 m_ of serialy
diluted recombinant VCAM-1 standards and serum samples
were added to the wells and incubated at room temperature for
1.5 h. After the wellswere washed with wash buffer 6 timesto
clear any unbound substances, tetramethyl benzidine was added
to the wells for color development. The intensity of the
developed color was measured by reading absorbance at
450 nm. Each measurement was madein duplicate and the serum
VCAM-1level was determined by extrapolation from astandard
curve generated for each set of samples assayed. The sensitivity
of the assay was 2 ng/mL, and the coefficients of variation of
intraassay and interassay determination werein the range given
by the manufacturer (4.3-5.9% and 8.5-10.2%, respectively).

Clinicopathologic and follow-up data

All clinicopathologic and follow-up data were prospectively
collected and entered into a computerized database. Detailed
preoperative blood tests such as complete blood count,
coagulation profile, liver biochemistry, indocyanine green
retention at 15 min (ICG;s), serum AFPlevel, and hepatitisviral
serology were assessed for al patients. Histopathologic data
including Edmonson grade® (1-2 or 3-4), any venousinvasion,
tumor capsule, microsatellite lesion and pTNM stage’® (1/11 or
[11/IVA) were collected. All patientshad acomputed tomography
(CT) scan 1 mo after the hepatic resection to detect any tumor,
which was considered aresidual disease. Patients who had a
positive margin or residual tumorsin the 1-month CT scanwere
considered having a palliative resection.

Postoperative follow-up included monitoring for tumor
recurrence by monthly serum AFP level and chest X-ray
detection together with ultrasonography or computed
tomography (CT) scan every 3 mo. Recurrence of disease was
diagnosed by the detection of any intrahepatic or extrahepatic
tumor with atypical enhancement pattern of HCC in contrast
CT scan and elevation of serum AFP level on serial
measurements. Percutaneous fine-needle aspiration cytology
was performed to confirm the diagnosis of recurrence in
uncertain cases. Disease-free survival was calculated from the
date of hepatic resection to the date when recurrence was
diagnosed or, in the absence of detectable recurrence, to the
date of death or last follow-up.

Statistical analysis

Continuous data were expressed as median with range in
parenthesis. For comparison between groups, Mann-Whitney
U test was used for analysis of continuous variables, and Chi-
sguare test (or the Fisher’ s exact test, where appropriate) was
used for analysis of discrete variables. Correlation analysis
was performed using the Spearman rank correlation test.
Cumulative disease-free survival was computed using the
Kaplan-Meier method and compared between groups by the
log-rank test. SerumVCAM leve wasentered into amultivariate
Cox regression analysis together with 7 other variables that
were demonstrated to be of prognostic importance in previous
studies from our center and others, namely, serum AFP level,
tumor size, presence of venous invasion, presence of
microsatellite nodules, presence of underlying cirrhosis and
PTNM stagel®34, All statistical analyses were performed using
the SPSS datistical software (SPSS/PC+, SPSS Inc., Chicago,
I1linois). P<0.05 was considered statistically significant.

RESULTS

Serum VCAM-1 levels

Figure 1 showsthedigtribution of serum VCAM levelsin normal
controls (n=19), patients with cirrhosis only (n=23) and HCC
patients (n=96). The median serum VCAM-1 level in hedthy
individuals, patientswith cirrhosis only, and patientswith HCC
was631ng/mL (449-1103), 780ng/mL (509-4 120), and 621 ng/mL
(179-3199), respectively. Therewas no significant differencein
serum VCAM-1 levels between HCC patients and normal
individuals (P=0.447). However, there were significant
differencesin serum VCAM-1 levels between cirrhotic patients
without HCC and normal individuals (P=0.010), and between
cirrhotic patientswith and without HCC (P<0.001).

N
o
o
7
[

3 000

2 000

Serum VCAM-1 (ng/mL)

1 000

- e

I I
Control (19) Cirrhosis (23) HCC(96)

Figure 1 Scatter plot to illustrate the distribution of serum
VCAM-1 level (hg/mL) in healthy control subjects (n=19), cir-
rhosis subjects without HCC (n=23), and HCC patients (n=96).

Correlationbetween serumVCAM-1 levels and clinicopathological
features in HCC patients

Preoperative serum levels of VCAM-1 in the 96 patients with
HCC were analyzed to identify any relationship with the
clinicopathological parameters. When analyzed in relation to
preoperative clinical parameters categorized asbinary variables
(Table 1), serum VCAM-1leve had no significant relationship
with patients sex, age, hepatitis B surface antigen status, serum
AFP level or serum albumin level. However, serum VCAM-1
levels were significantly higher in patients with high ICG;s
(>10%), which signifiesimpaired liver function, and in patients
with thrombocytopenia, which signifies the presence of
significant hypersplenism. When correlated as continuous
variables, serumVCAM-1levelswere positively correlated with
serum bilirubin level (r=0.379, P<0.001) and negatively
correlated with white cell count (r=-0.226, P=0.027), platelet
count (r=-0.431, P<0.001) and serum albumin level (r=-0.279,
P<0.001).
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Table 1 Preoperative serum VCAM-1 levels categorized by
clinical and laboratory variables

Variables Median serum VCAM-1 (ng/mL) p?

Gender
Male (n=71) 623 0.381
Female (n=25) 594

Age (yr)
<60 (n=56) 615 0.460
>60 (n=40) 639

HBsAg
Positive (n=78) 623 0.266
Negative (n=18) 592

Serum AFP
<20 ng/mL (n=29) 608 0.737
>20 ng/mL (n=67) 623

Serum albumin
<40 g/L (n=59) 614 0.228
>40 g/L (n=37) 634

ICGys
<10% (n=45) 531 <0.001
>10% (n=51) 667

Platelet count
<150 x10° /L (n=44) 728 <0.001
>150 x10° /L (n=52) 547

HBsAg: Hepatitis B surface antigen; AFP: alpha-fetoprotein;
ICG;s: indocyanine green retention at 15 min. !By Mann-
Whitney U test.

Table 2 Preoperative serum VCAM-1 levels categorized by
pathological variables

Variables Median serum VCAM-1 p?
(ng/mL)

Background liver disease

Normal (n=7) 462

Chronic hepatitis (n=39) 548 0.0842

Cirrhosis (n=50) 704 <0.001°

Cirrhotic liver

Absent (n=46) 546 <0.001

Present (n=50) 704

Tumor size

<5 cm (n=35) 686 0.158

>5 cm (n=61) 609

Tumor capsule

Absent (n=66) 597 0.015

Present (n=30) 736

Venous invasion

Absent (n=49) 643 0.248

Present (n=47) 574

Microsatellite nodules

Absent (n=50) 643 0.359

Present (n=46) 626

Edmonson grade

1711 (n=49) 634 0.629

HI/1V (n=47) 642

PTNM stage

1711 (n=43) 649 0.134

H/1V (n=53) 592

pTNM: Pathological tumor-node-metastasis. !By Mann-
Whitney U test; 2Compared with normal nontumorous liver;
P<0.001 compared with both normal liver and chronic hepatitis.

Table 2 shows the relationship of serum VCAM-1 levels
and histopathologic features of the resected HCC. There was
no significant relationship with the tumor size (P=0.185), the
presence of microsatellite tumor nodules (P=0.359) or venous
invasion (P=0.248). Significantly higher serum VCAM-1levels
were observed with the presence of tumor capsule (P=0.015)
and the presence of cirrhosisin adjacent non-tumor liver tissues
(P<0.001). When categorized according to tumor pTNM staging
or Edmonsongrading, no significant differencesin serum VCAM-
1 levelswere observed between different tumor stagesor grades.

Serum VCAM-1 levels in HCC patients with or without cirrhosis
Fifty out of the 96 HCC patients had cirrhotic liver adjacent to
the resected tumor. The median level of serum VCAM-1in
these cases of HCC with cirrhosiswas 704 ng/mL (179-3 199),
which was significantly higher than that in the HCC cases
without cirrhosis(median 546 ng/mL, range 207-1 248, P<0.001),
but it was significantly lower than that in the 23 patients with
cirrhosis only (P=0.034). All patientswith HCC and cirrhosis
had Child’ sA liver function status, whereasamong the 23 patients
with cirrhosis only, 8 patientswere Child’ s A, 7 patients were
Child' sB and 8 patientswere Child’ s C. When compared with
the healthy individuals, although the median level of serum
VCAM-1 in HCC patients with cirrhosis was higher, the
difference was not statisticaly different (P=0.271). In contrast,
HCC patients without cirrhosis (n=46) had asignificantly lower
level of VCAM-1 when compared with healthy individuals
(P=0.008). HCC patients with chronic hepatitis (n=39) had a
higher serum VCAM-1 level than HCC patients with normal
liver, but the differencewas not setigticdly significant (P=0.084).

100
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VCAM-1<467 ng/mL (n=21)

60
¥

40 ‘\‘"-
L T

201 VCAM-1>467 ng/mL (n=67)

Disease-free survival (%)

0 . . . . . :
0 10 20 30 40 50 60
Month after resection

Figure 2 Disease-free survival analysis of HCC patients segre-
gated into low (<467 ng/mL, n=21) and high (>467 ng/mL,
n=67) preoperative serum VCAM-1 levels (P=0.019).

Prognostic value of serum VCAM-1 levels on disease-free survival
Excluding 8 patients with hospital mortality or palliative
resection, 88 patients were available for survival analysisto
determine the prognostic influence of serum VCAM-1 levels.
Themedian follow-up of the patientswas 33 mo (range 15-52 mo).
Because of the skewed distribution of serum VCAM-1 levels
among the 88 patients, the 25 th percentile of VCAM-1 levels
(467 ng/mL) was used as a cut-off point of high and low values
of serum VCAM-1 levelsin these patients®2. At the time of
analysis, 52 of the 88 HCC patients had postoperative
recurrence. The disease-free survival was compared between
two groups of patients who were segregated in low (n=21) and
high (n=67) serum VCAM-1 levels. Patientswith low levels of
VCAM-1 had significantly better disease-free survival than
thosewith high levelsof VCAM-1 (3-year disease-free survival
66.7% vs 32.8%, P=0.019, Figure 2). The overall surviva was
also better in the group with low serum VCAM-1 levelsthanin
the group with high levels, but the difference was not
statistically significant (3-year overal surviva 75.0% vs54.2%,
P=0.406).



Ho JW et al. VCAM-1 in hepatocellular carcinoma

2017

Serum VCAM-1 wasentered into a Cox regression analysis
of disease-freesurviva together with sssum AFP (> or <20 ng/mL),
tumor size (> or <5 cm), presence of venousinvason, presence
of microsatellitelesions, presence of cirrhosisand tumor pTNM
stage. Only pTNM stage (risk ratio 1.409, 95% confidence
interval 1.080-1.840, P=0.012) and serum VCAM-1 (risk ratio
2.329, 95% confidence interval 1.045-5.191, P=0.039) were
significant prognostic factors for disease-free survival.

DISCUSSION

Evaluation of angiogenic factors has shown important clinical
implications in many types of cancer. In particular, the
measurement of various circulating angiogenic factors might
provide important prognostic values independent of
conventional pathological factorsin cancer patientd®. HCC is
ahighly vascularized malignancy, and angiogenesis has been
known to be important for its development and metastasi g*4.
Hence, it isof great interest to evaluate the clinical significance
of circulating angiogenesis-related markers in HCC patients.
Serum VCAM-1 appearsto be a promising circulating marker
that might have a prognostic valuein severa types of cancer*619,
To our knowledge, thisis the first study that evaluated the
clinical significance of serum VCAM-1levelsin HCC patients.

Although the median level of VCAM-1 in HCC patients
appeared to be similar to that in normal subjects, within the
group of HCC patients, those with underlying cirrhosis had a
significantly higher VCAM-1 level than those with chronic
hepatitis or normal nontumorousliver. Furthermore, high serum
VCAM-1 levelsin HCC patients correlated positively with
serum bilirubin level and inversely with serum albumin level
and platelet count. These findings suggested that high serum
VCAM-1 levels were related to the severity of underlying
chronic liver diseases. In contrast, there was no significant
relationship between serum VCAM-1 levels and tumor size,
pathological features of invasiveness or tumor stage. This
finding in HCC patients was contrary to the findings of higher
serum VCAM-1 levels associated with more advanced stage
tumorsin other cancerg'®*9. Analysisof sertumVCAM-1levels
in HCC patients is complicated by the fact that most cases of
HCC are associated with chronic liver disease, which could
also contribute to the serum VCAM-1 levels. The source of
VCAM-1in thecirculation of HCC patients could come from
activated endothelial cells in both the tumor and chronic
hepatitis or cirrhosis in the nontumorous liver. Our study
suggested that serum VCAM-1 level in HCC patients could
reflect the severity of underlying chronic liver disease rather
than the tumor status. Unlike the case of some other cancers,
VCAM-1 may play alessimportant role as a mediator of
angiogenesis or related pathologica processesin HCC. One of
the main functions of endothelial adhesion moleculesin tumor
is to facilitate the adhesion of leukocytes into tumor
endothelium, which in turn could promote angiogenesi %',
Yoong et al.l* demonstrated that vascular adhesion protein-1
and intercellular adhesion molecule-1, rather than VCAM-1,
supported adhesion of tumor infiltrating lymphocytesto tumor
endothelium in HCC. In fact, the serum VCAM-1 levels of the
46 patients with HCC and noncirrhotic liver were significantly
lower than those of normal controls, suggesting that VCAM-1
expression may be down-regulated in HCC patients. While most
studies in other types of cancer reported the expression of
serum VCAM-1 levelswas up-regulated, down-regulation of
VCAM-1 has also been reported in node positive breast cancer
patients®,

The serum VCAM-1 levelsin the 96 HCC patientsin this
study were significantly lower than those of 23 patients with
cirrhosis only. Even when the 50 patients with HCC and
background cirrhosis were separately analyzed, their serum

VCAM-1 levelswere ill significantly lower than those of the
23 patients with cirrhosisonly. Thisis probably attributable to
the fact that all cirrhotic patients with HCC who underwent
hepatic resection had Child’ s A cirrhosis, whereas the majority
of patientsin the group with cirrhosis only had Child’ sB or C
cirrhosis. Several previous studies have demonstrated that
serum VCAM-1 levels were elevated in cirrhotic patients
compared with normal controls, and that serum VCAM-1 level
washigher with more severeimpairment of liver function or more
severe portal hypertension?22226271, Two studies demonstrated
that serum VCAM-1 levels reflected the degree of fibrosisin
hepatitis C related cirrhotic patientg®2, Our study suggested
asimilar relationship between serum V CAM-1 level and severity
of cirrhosisin agroup of patientswith predominantly hepatitis
B virusrelated cirrhosis. VCAM-1 appearsto play an important
rolein liver inflammation and fibrosis, probably by mediating
interaction between lymphocytes and endothelium. Further
studiesto clarify therole of VCAM-1 in chronic liver disease
may lead to a better understanding of the pathogenesis of
cirrhosis and may provide a novel target of intervention to
prevent progression of cirrhosis.

Although serum VCAM-1 level was not related to tumor
invasiveness or stage, we observed a significantly better
disease-free survival in HCC patients with low level of serum
VCAM-1. Our study demonstrated that preoperative circulating
level of VCAM-1 had aprognostic valuein patients undergoing
resection of HCC independent of conventional prognostic
factors. The exact mechanism underlying the survival
differences between patients with low and high serum VCAM-
1 levelsisunclear. In view of the relationship between serum
VCAM-1 levels and the severity of underlying chronic liver
disease or cirrhosis found in this study and other studied?*27,
we speculate that the unfavorable prognostic influence of high
serum VCAM-1 level islikely to be related to the underlying
cirrhotic or fibrotic condition. The presence of cirrhosis or a
higher degree of liver fibrosis has been shown to predispose to
multicentric hepatocarcinogenesis and hence postoperative
recurrence of HCC!®2U, An alternative possibility isthat HCC
with significantly down-regulated VCAM-1 expression may be
associated with more favorable prognosis after resection.
However, the exact mechanism for the reduction in serum
VCAM-1level inthe presence of HCC observedin some patients
isfar from clear, and such apossibility seemslesslikely in view
of thelack of association between serum VCAM-1 and tumor
characteristics. Further studies that correlate serum VCAM-1
level with theexpression of VCAM-1in HCC tumor tissuesand
adjacent nontumorous liver may help clarify the mechanism
underlying the prognostic significance of serum VCAM-1levels
in HCC patients. I rrespective of the underlying mechanism, the
predictive value of serum VCAM-1 level might have potential
clinical application in selecting patients with a higher risk of
postoperative recurrence for some adjuvant therapy to reduce
recurrence.

In conclusion, our data demonstrated that serum VCAM-1
levelsin HCC patients correlated with the impairment of liver
function and the presence of cirrhosis but not tumor size or
features of tumor invasiveness. Hence, serum VCAM-1 levels
appear to reflect the severity of underlying liver disease rather
than the tumor status in HCC patients. A low serum VCAM-1
level predicts better disease-free survival after tumor resection
in HCC patients. Further studies are merited to investigate the
exact mechanismsinvolved in these observations and to explore
the potential use of serum VCAM-1 level asanovel prognostic
marker in HCC patients.
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Abstract

AIM: To study the effects of sense and antisense KAI1
genes on the growth and invasion of human hepatocellular
carcinoma (HCC) cell line MHCC97-H.

METHODS: KAI1 sense and antisense eukaryotic
expression plasmids were constructed using subclone
technique and transfected into MHCC97-H cells respectively
by DOTAP liposome. After successful transfection was
confirmed, in vitro growth curve, cell cycles, plate clone
formation efficiency, invasive ability in Boyden Chamber
assay and ultrastructural morphology were studied.

RESULTS: KAI1 sense and antisense genes had no
significant effects on the cell growth curve and cell cycles.
After transfection with sense KAI1 gene, decreased invasive
ability in Boyden Chamber assay and decreased amount of
mitochondria, but no significant changes of plate clone
formation efficiency were observed in MHCC97-H-S cells.
The plate clone formation efficiency and invasive ability in
Boyden Chamber assay were significantly increased in
MHCC97-H-AS cells, after transfection with antisense KAI1
gene. Furthermore, increased amount of mitochondria,
rough endoplasmic reticulum, Golgi apparatus and
expanded endoplasmic reticulum were also noted in
MHCC97-H-AS cells.

CONCLUSION: Changes of KAI1 expression in HCC cells
may alter their invasive and metastasis ability of the tumor.

Si SH, Yang JM, Peng ZH, Luo YH, Zhou P. Effects of KAI1
gene on growth and invasion of human hepatocellular
carcinoma MHCC97-H cells. World J Gastroenterol 2004; 10
(14): 2019-2023
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant tumors in China. Metastasis and recurrence are the
most principal factors for the prognosis of patients with the
tumort™, KAI1 gene, isolated from human metastatic prostate
tumor in 1995, was regarded as a new metastasis suppressor
gene. Up to now, many researches on the relationship between

KAI1 gene and invasion, metastasis of malignant tumors
have been reported, but most of them were made by
histopathological and molecular pathological methods?¢,
In the present research, we studied the effects of KAI1 gene
on the growth and invasion of human hepatocellular carcinoma
(HCC) by subclone, gene transfection and antisense
technology.

MATERIALS AND METHODS

Plasmid and vector

Plasmid pCMV-KALI 1, with afull length of 8.2 kb, containing
human a full-length of KAI1 structural cDNA gene, was a
generous gift from Professor J.Carl Barrett and Dr. Dong of
Nationa Institute of Health of USA?. Eukaryotic expression
plasmid vector pCl-neo, with a full length of 4.7 kb, was
purchased from Promega Corporation.

Gene recombination and identification

Sense and antisense KAI1 eukaryotic expression plasmids
constructed by subclone technique, were confirmed and
identified by restriction endonuclease Sal | and Xba |
analysis.

Cell line and culture

MHCC97-H, a hepatocellular carcinomacell line with highly
metastatic potential™?, purchased from Liver Cancer Intitute,
Zhongshan Hospital,Shanghai Fudan University, was used as
target cells of gene transfection in the present study. The cell
line was cultured in Dulbecco minimum essential medium
(Hyclone, USA) containing 100 mL/L fetal calf serum (Hyclone,
USA), 100 kU/L penicillinand 100 kU/L streptomycinat 37 °C in
a50 mL/L CO,incubator.

Gene transfection

Sense and antisense KA1 eukaryotic expression plasmidswere
transfected into MHCC97-H cells respectively by DOTAP
(Roche, USA) liposome transfection system similar to our
previousreport*®, Forty-eight hours after transfection, the cells
were transfer-selection-cultured for two weeks under the
pressureof 800mg/L G418 (Pierces, USA) inthe culturemedium.
Then the positive cell clones were mixed and the resistance
cells were expanded to be cultured under the pressure of
250-600 mg/L G418. Enhanced culture, passaging and storage
were performed until few cellswerekilled by G418.

Integration and expression of transfected genes

Gene integration was identified with amplification of neo
genes ¥ by polymerase chain reaction (PCR). The primers,
designed to amplify the neo genesin vector pCl-neo: forward
(P1):5 -CAAGATGGATTGCACGCA GG-3 ,reverse(P2):5' -
CCCGCT CAGAAGAACTCGTC-3' , were synthesized by
Shanghai Bioenginering Company, China. Theoretical length
of PCR product was 790 bp. Western blot and immunocytochemigtry
were also performed to understand whether transfection was
successful and the effects of transfected genes on KAI1
expressonin MHCC97-H cdlls.
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Ultrastructural morphology

Ultrastructural changes of the cells transfected with sense or
antisense KAI 1 gene were observed with transmission electron
microscope.

Cell growth curve

Cellsin exponentia growth phase were trypsinized to develop
single-cell suspension. Four x10* viable cellsin 1 mL of medium
were added to each well of the 24-well culture plates, which
wereincubated at 37 'C with 50 mL/L CO,. Cell numbersin
4 wells were counted and averaged with blood counting
chamber every 24 h for 10 consecutive days, and cell growth
curve was plotted based on these results.

Cellcycles
Cdll cycle analyses were performed by flow cytometry, and
each group was examined for 3 times.

Plate clone formation test

Cellscultured (2x10% for 48 hwereadded to eachwell containing
ImL of culture medium of a6-well culture plate, each cell group
contained 4 wells. Then the culture plate was gently swayed to
disperse cells. The cellswere incubated at 37 °C with 50 mL/L
CO,for 12 d. Then the cellswere washed twice with warm PBS,
and stained with Giemsa solution. The number of colonies
containing 50 cells or more was counted under a microscope.

Invitro invasion assay

In vitro invasive ability was tested by Boyden Chamber
assay!?24 according to the kit directions. Invasion Chamber
inserts (BD Biosciences, USA) with 8 mm-poresin their PET
membrane had been coated by matrigel. Beforeinvasion assay,
the invasion chambers were rehydrated with DMEM (serum-
free) for 2 hin ahumidified tissue culture incubator at 37 °C
with50mL/L CO,atmosphere. DMEM with 100 mL/L fetd bovine
serum was added to the lower compartment, and 1.5x10° tumor
cellsin serum-free DMEM were added to the upper compartment
of the chamber. Each cell group wasplated in 3 duplicate wells.
After 48 hiincubation, the matrigel was removed, and thefilter
was washed, cellswere fixed and stained in Giemsa solution.
Then the cells having migrated to the lower sides of the PET
membranein 5 random visua fields (200x) were counted under
alight microscope.

Statistical analysis

Statistical analysis software package SPSS (V10.0) was used
for data processing, and P<0.05 was considered statistically
significant.

RESULTS

KAI1 gene recombination and identification

Two fragments of 3 kb and 5.2 kb appeared after pPCMV-KAI1
was digested by Xba I. According to the plasmid pCMV-KAI1
map, the 3 kb fragment containing human full-length structural
KAI1 cDNA genewas extracted. The cleaved vector pCl-neo
after digestion by Xba | and dephosphorylation by CIP was
linked up with the 3 kb fragment. Two recombinant plasmids
were extracted and digested by Sal |, the plasmid appearing
2 fragmentsof 2.25 kb and 6.22 kb after digestion was cond stent
with the expected sense KAI1 expression plasmid, and the
other appearing two fragments of 0.75 kb and 7.72 kb was
consi stent with the expected antisense KAl 1 expression plasmid
(Figure 1A). Then the 2 recombinants were digested by Xba |
to further confirm theinsertion of target fragment into the vector.
The results showed the two recombinants were respectively
cleaved into the same two fragments 3kb, 5.4 kb (Figure 1B),

and suggested subclone reconstruction was successfully
performed.

A

M 1 2 3 4 M 1 2 3 4

Figure 1 Identification of KAI1 recombinant plasmids digested
by Sal I and Xba I. M: | DNA/Hind Il marker (23.13, 9.42, 6.56,
4.36,2.32 and 2.02 kb), 1, 2: pCI-KAI1, 3, 4: pCl-anti-KAI1.

KAI1 gene transfection and identification

The recombinants containing sense or antisense KAI1 cDNA
wererespectively transfected into MHCC97-H cellsby DOTAP
liposome system. After stable cell clones were screened by
(G418, the cellstransfected with sense KAI 1 gene were renamed
as MHCC97-H-S, the cells transfected with antisense KAI1
genewererenamed asMHCC97-H-AS, and the cell stransfected
with vector pCl-neo (vacant vector) wererenamed asMHCC97-
H-pClI. With amplification of the neo genes by PCR, a specific
fragment with a length of 790 bp could be produced from
MHCC97-H-S, MHCC97-H-ASand MHCC97-H-pCl cells, but
none from MHCC97-H cells (Figure 2). It suggested that the
recombinant genes were integrated into genomes of the target
cellsrespectively.

Figure 2 Identifications of gene integration by neo gene
amplification. M: Ladder marker (1.0, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4
and 0.3 kb), 1: MHCC97-H-S (790 bp), 2: MHCC97-H-AS (790 bp),
3: MHCC97-H-pCl (790 bp), 4: MHCC97-H.

Western blot and immunocytochemistry staining showed
KAI1 protein expression was enhanced in MHCC97-H-S, but
decreased in MHCC97-H-AS, and no obvious differencein
MHCC97-H-pCl ascompared withMHCC97-H cells(Figures3, 4).

1 2 3 4

Figure 3 KAI1 protein expressions in different cells revealed
by Western blot. 1: MHCC97-H, 2: MHCC97-H-pCl, 3:
MHCC97-H-S, 4: MHCC97-H-AS.
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Ultrastrucrtural changes in transfected cells

Under electron microscope, the amount of mitochondria was 1000007 s ihcco7-H-s
decreased inMHCC97-H-Scdlls, but increased in MHCC97-H- 500 000-

AScells. Furthermore, increased amount of rough endoplasmic < W MHCCO7-H-AS
reticulum (RER), Golgi apparatus, expanded endoplasmic 3300 000 —<— MHCCO7-H
reticulum and myelin-sheath-like changes of mitochondriawere =

also noted in MHCC97-H-AS cells (Figure 5). However, there © 100 000

were no obviousdifferencesin cell shape, superficial microvilli,

karyotype and karyokinesisamong MHCC97-H-S, MHCC97- e ———

H-ASand MHCC97-H cdlls. 2 4 6 8 10
t/d

Table 1 Cell cycle distribution of different cells revealed by
flow cytometer (%) Figure 6 Growth curves of different cells.
cell /Gy 3 G/M Growth curve and cell cycles

No significant differencesin growth curve and cell cycleswere
MHCC97-H-S 69.846.7 19.746.4 10.5%0.9 o edamongMHCC97-H-S, MHCC7-H-AS, and MHCCO7-
MHCC97-H-AS 72.127.2 19.0£6.3 8.910.9 H cellsin 10 consecutive days (Figure 6, Table 1). Theresults
MHCC97-H 73.142.0 16.4+1.4 10.5+1.5 demonstrated that KAI1 gene had no obvious effect on cell

proliferation ability.

-
=
s

-

Figure 4 KAI1 protein expression in different cells revealed by immunocytochemistry (SPx400). A: MHCC97-H-S, B: MHCC97-H,
C: MHCC97-H-AS.

Figure 5 Ultrastrucrtural changes in transfected cells. x6 200. A: MHCC97-H-S cells, fewer RER and mitochondria, B: MHCC97-
H-AS cells, more mitochondria, expanded endoplasmic reticulum, C: MHCC97-H-AS cells, myelin-sheath-like changes of
mitochondria.

Figure 7 Penetrated cells (blue) in Boyden Chamber test. Giemsax400. A: MHCC97-S, B: MHCC97-H, C: MHCC97-H-AS.
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Plate clone formation efficiency

After two weeks of culture, the results of plate cloneformation
test showed no statistical differencein clone formation number
between MHCC97-H-S (36.2+3.3) and MHCC97-H (38.5+1.9)
(P>0.05). However, MHCC97-H-A S (132.5+2.9) showed more
cloneformation number (P<0.01).

Cellinvasive ability

Boyden Chamber assay showed that the cells penetrated the
artificial basement membranein MHCC97-H-S (59.7+3.5) were
fewer thanin MHCC97-H (92.7+1.5) (P<0.01). However, more
penetrated cellsin MHCC97-H-AS (188.00+4.5) werenoted as
compared with those in MHCC97-H (P<0.01). These results
suggested that sense KAI1 gene could decrease the invasive
ability of MHCC97-H, while, antisense KAl 1 genecouldincrease
theinvasive ability of MHCC97-H (Figure 7).

DISCUSSION

KAI1 is anewly discovered metastasis suppressor gene in
human prostate cancer, which was mapped to chromosome
11p11.2 by Dr. Dong et al.? of National Institute of Health,
USA in 1995. KAI1 specifies aleukocyte surface glycoprotein
of 267 aminoacidswithmolecular massof 29610u. KAI1 protein
has been recognized as a structurally distinct family of
membrane glycoproteins, transmembrane 4 superfamily?,
Recent researches showed the expression of KAI1 was down-
regulated not only in human prostate cancer but alsoin avariety
of human malignant tumors®¢, and these suggested KAI1
might be a broad-spectrum metastasis suppressor gene for
human tumors.

Previous studies on the relationship between KAI1 gene
and tumor invasion, metastasis were mostly based on the
detection of KAI1 protein, DNA or RNA in tissue samplesfrom
surgical resections with immunopathological and molecular
pathological methods in combination with analysis of clinical
data. In the present study, we transfected full-length structural
sense and antisense KA1 genes from subclone recombinants
into hepatocellular carcinomaMHCC97-H cell linewith highly
metastatic potential respectively. By observation of the changes
of cell growth, invasion and ultrastructures of MHCC97-H
before and after KAI1 transfection, we hoped to understand
the effects of KAI1 gene on the capability of growth and
invasion of hepatocellular carcinoma and to provide
experimental evidences for the prevention and treatment of
invasion and metastasis of this malignant tumor.

Restriction endonuclease analysis showed KAI 1 full-length
cDNA was respectively inserted into plasmid vector pCl-neo
by two different directions, indicating that sense and antisense
KAI1 genes eukaryon expression plasmids were successfully
reconstructed. After KAI1 gene transfected into MHCC97-H
by DOTAP liposome system, amplification of the neo genein
transfected cells was performed by PCR to confirm whether
KAI1 genewasintegrated into genomes of target MHCC97-H
cells. Neo isascreening marker genein the vector pCl-neo, and
no sequence of this gene exists in the genomes of mammal
cells, but it could stably exist in the genomes of mammal cells
after transfection. Therefore, if the sequence could be amplified
from the genomes of transfected cellsby PCR, it could confirm
the exogenous geneswereintegrated into genomes of MHCC97-
H cells. PCR results showed sense and antisense KAI1 genes
eukaryon expression plasmidswere successfully integrated into
genomesof MHCC97-H. Western blot and immunocytochemical
staining were made to determine if the recombinant plasmids
could expectantly expressin the transfected cells. The results
showed that sense KAI1 could up regulate the expression of
KAI1 protein in MHCC97-H as compared with the control
parental cells, but antisense KAI1 could down regulate the

expression of KAI1 protein, and no obvious difference between
the cellstransfected with pCl-neo and the control parental cells
was noted. These results showed the transfected genes could
produce expected effects, and vector pCl-neo itself had no
obvious effects on the expression of KAI1.These suggested
that the above cells transfected with genes could be used to
explorethe effects of KAI1 on the biologica behaviorsof HCC
cells.

In the present study, our data indicated that KAI1 gene had
no obvious effects on the in vitro cell growth and proliferation
of hepatocellular carcinomaMHCC97-H cell line. Theseresults
were cond stent with the studiesin prostatic cancer, colon cancer
cellsby Dong and Takaokaet al.2%. In contrast with MHCC97-
H control parent cells, the plate clone formation ability had no
obvious reduction in MHCC97-H-S, but had obvious
enhancement in MHCC97-H-AS cells. These data suggested
down regulated expression of KAI1 could enhance motoricity
and aggregative abilities of MHCC97-H. Though the cells
transfected with sense KAI1 expressed more KAI1 protein
revealed by Western blot and immunocytochemical staining,
their plate clone formation ability had no obvious reduction.
This may be attributed to the small amount of KAI1 protein
expressonin MHCC97-H cells.

Invasion has been found to be one of the important and
necessary properties for tumor metastasis formation(2+2°,
Boyden chamber assay, which imitates the invasion process of
in vivo tumor cells, has also been found to be an ideal method
for evaluating the invasive and metastatic abilities of tumor
cell§?°22, Our data suggested that the invasive ability of HCC
cells transfected with antisense KAI1 gene was increased, but
theinvasive ability of HCC cellstransfected with sense KAI1
genewas partly inhibited. These indicated that different levels
of KAI1 protein expression in HCC cells could affect their
invasive and metastatic ability and that it might be an effective
route to up regulate KAI1 expression for inhibiting the
metastasis of HCC.

Under transmission electron microscope, we found that
though KAI1 gene had no obvious effects on cell shape,
superficia microvillus, karyotypeand karyokinesisof MHCC97-
H, sense KAI1 gene transfected into MHCC97-H resulted in
reduction of the amount of mitochondria, however antisense
KAI1 gene transfection resulted in increase of the amount of
mitochondria, RER and Golgi apparatus with expanded
endoplasmic reticulum and myelin-sheath-like changes of
mitochondria. The biological function of these changes was
unknown. Itisstill necessary to further study whether increased
expression of KAI1 caninhibit invasion and metastasis of tumor
cells by decreasing products of some organelles.

Though present researches have suggested KAI1 geneis
important in preventing the development of metastasesin a
widevariety of humantumors, the mechanism of KAl1-mediated
metastasis suppression remains unclear. The molecular
structure of KAI1 protein indicates KAI1 functionsin cell-cell
interactions and cell-extracellular matrix interactions. These
suggest that KAI1 may affect cell-cell adhesion and cell-
extracellular matrix adhesion through some signaling pathways
to inhibit tumor metastasi g1,
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Abstract

AlIM: To evaluate the effects of tanshinone I1-A on inducing
growth inhibition and apoptosis of human hepatocellular
carcinoma (HCC) cells.

METHODS: The human hepatocellular carcinoma cell line
SMMC-7721 was used for the study. The cells were treated
with tanshinone 11-A at different doses and different times.
Cell growth and proliferation were measured by MTT assay,
cell count and colony-forming assay. Apoptosis induction
was detected by microscopy, DNA ladder electrophoresis
and flow cytometry.

RESULTS: In MTT assay, the inhibitory effect became
gradually stronger with the passage of time, 24, 48, 72
and 96 h after treatment with tanshinone I1-A, and the
most significant effect was observed at 72 h. On the other
hand, the increase of doses (0.125, 0.25, 0.5, 1.0 mg/L
tanshinone 11-A) resulted in enhanced inhibitory effect.
The growth and proliferation of SMMC-7721 cells were
obviously suppressed in a dose- and time-dependent
manner. The results of cell count were similar to that of
MTT assay. In colony-forming assay, the colony-forming
rates were obviously inhibited by tanshinone II-A. In
tanshinone 11-A group, the morphology of cellular growth
inhibition and characteristics of apoptosis such as chromatin
condensation, crescent formation, margination and apoptotic
body were observed under light and transmission electron
microscopes. DNA ladder of cells was presented in
electrophoresis. The apoptosis index (Al) was 16.9% (the
control group was 4.6%) in flow cytometry. The cells were
arrested in Go/G; phase, and the expressions of apoptosis-
related genes bcl-2 and c-myc were down-regulated and
fas, bax, p53 up-regulated.

CONCLUSION: Tanshinone I1-A could inhibit the growth and
proliferation of HCC cell effectively in vitro by apoptosis induction,
which was associated with up-regulation of fas, p53, bax,
expression and down-regulation of bcl-2 and c-myc.
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INTRODUCTION

Hepatocarcinoma is one of the most common causes of
malignancy-related death in China. Itstherapy in clinicisabig
challenge. New remedial method would possibly depend on
advances in basic research!¥. Recent evidence suggests that
apoptosis of cell isclosely related to occurrence, progress and
metastasis of tumor@. Study on induced apoptosis of tumor
cellsisanimportant field of tumor therapy and tumor molecular
biology at present. Inducing apoptosis is a new therapeutic
target of cancer research. New and promising anticancer drugs
could be discovered by studies on apoptosisinductiont®®,
Tanshinone I1-A is an alcohol-extracted product from the root
of the traditional Chinese medicine-Salvia miltiorrhiza Bunge,
which isknown to have anti-inflammatory, anti-oxidative and
cytotoxic activitied®?., Traditional Chinese medicinesconsidered
aspotentia drug in cancer treatment. Previous studies confirmed
that tanshinone I1-A could induce differentiation of human
cervicd carcinomacell line (ME180) and leukemiacells(NB4,
HL60 and K562), reverse malignant phenotype of human
hepatocarcinomacell line (SMMC-7721)**18, However, there
were no studies about growth inhibition and apoptosis
induction of tanshinone I1-A in hepatocarcinomacell. In thisin
vitro study, human hepatocarcinomacell line SMMC-7721 was
used. The growth inhibition and apoptosis induction of
tanshinone [1-A on SMMC-7721 cell were obvioudy exhibited.
We conclude that the effect of growth inhibition of tanshinone
I1-A on hepatocarcinomamight berelated to induction of cellular
apoptosis through regulation of apoptosis-associated genes.

MATERIALS AND METHODS

Cell line culture and reagents

Human hepatocellular carcinoma SMMC-7721 cell line was
provided by Shanghai Institute of Cancer Researchi*’. The
cellswere grown in RPMI 1640 (Gibco) supplemented with
100 ml/L fetal bovineserum (Huamei, Chengdu, China), penicillin
(100 mg/L) and streptomycin (100 mg/L) in a humidified
amosphere of 50 mg/L CO, at 37 ‘C. Anti-p53, fas, c-myc, bax
and bcl-2 antibodies were obtained from Sigma. Other special
chemicalswere purchased from Sigma (St Louis, MO, USA).

Drugs and treatment

Tanshinone I1-A (Tan I1-A) was provided by Institute of
Traditional Chinese Medicine (concentration 96%). It was
dissolved in DM SO (final concentration 0.2 mL/L). The
solution was filtered through a 0.22 pm micropore filter and
storedat 4 °C.

SMMC-7721 cellswere seeded in flasks or dishes. The Tan
I1-A group wastreated with Tan 11-A of different doses (0.125,
0.25, 0.5, 1.0 mg/L) for 24, 48, 72 and 96 h, respectively. The
control group was added with equal concentration of DM SO
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for negative control. The cellswere measured after successive
96-h treatment.

MTT assay

SMMC-7721 cellswere seeded in 96-well microtitre plateswith
1x10° per well and incubated for 24 hin 100 L culture media.
Thenthe cellsweretreated with 0.125, 0.25, 0.5, 1.0 mg/L of Tan
[1-A intheexperimental groupfor 24, 48, 72, and 96 hrespectively.
MTT 100 nL (5 g/L) was added to the cells and cultivated for
another 4 h. After the supernatant fluid was removed, DM SO
100 . per well was added to the cells and shaken for 15 min.
The absorbance at 570 nm was measured by an ELISA reader.
At thesametime, the SMMC-7721 cellswithout trestment were
served as control. Each assay was repeated three times.

Cell count

SMMC-7721 cellsweretreated with Tan |1-A (0.125, 0.25, 0.5,
1.0mg/L) for 96 h, respectively, then condition of thecell growth
was observed under an inverse and light microscope. Number
and viability of the cellswere assessed by trypan blue exclusion.

Cell colony-forming assay

Cellswere seeded in a6-well plate with 300 cells per well. After
24h,thecdlsweretreated with Tan|1-A (0.125,0.25,0.5,1.0mg/L),
and cultured in routine medium for 10 days continually. Then
the cellswere fixed by methanol, Giemsa staining. Finally, the
sum of colony per group was counted. The inhibiting rate of
colony-formation was cal cul ated.

Lightand transmission electron microscopy

SMMC-7721 cellsweretreated with DM SO (control group) or
0.5, 1.0mg/L Tan II-A for 48 h. The cellswere gently washed
with serum-free medium, and observed by inverse and light
microscopy after Giemsa staining. On the other hand, some
other cellswerefixed with 25 g/L glutaraldehydein 0.1 mol/L of
sodium cacodylate buffer, osmicated with 10 g/L osmium
tetroxide. then cell block was stained, dehydrated in graded
ethanol, infiltrated with propylene oxide, and embedded
overnight and incubatedina60 ‘C ovenfor 48 h. Silver sections
were cut with an Ultracut E microtome, collected on aformvar and
carbon-coated grid, stained with uranyl acetate and Reynold' s
lead citrate, and examined under a transmission electron
microscopeto identify the morphological changes of apoptosis.

DNA ladder detection

After induction of apoptosis, the cells (1x10%group, both
attached and detached cells) were washed by PBS, and fixed in
ice-cold 700mg/L ethanol for 24 h. After the ethanol wasremoved,
the cellswererinsed in 0.2 mol/L Na,HPO,and 0.1 mol/L citric
acid (192:8, pH 7.8) for 60 min at room temperature. After being
centrifuged (10 000 g), the supernatant was collected in
Eppendorf tubes, 2.5 g/lL NP-40 and 10 g/L RNase A were added
at 37 °C for 30 min, then Protein K (1 g/L, Promega) was added
at 50 °C for 30 min. Equal quantity of DNA was el ectrophoresed
in 15 g/L agarose gels and stained with ethidium bromide
(5mL/L)for2hat 80V . Ladder formation of oligonucleosomal
DNA fragmentation was detected under ultraviolet light.

Flow cytometry measurement

The sample preparation and measurement followed the method
described in referencel®®. The cells were harvested, counted
and fixed. The cell concentration was adjusted to 105/mL.
According to the routine method, cell frequency distribution
of each phase in cell cycle was measured. Cellular fas, p53,
bax, bcl-2 and myc gene expressions were detected by
immunohistochemical method on FACS-420 FCM. Theresults
were shown with scanning figure and date.

Statistical analysis

Data were presented as the mean+SD error of the mean.
Student’ st test was used for comparison among different
groups. A P value of lessthan 0.05 is considered statistically
significant.

RESULTS

Cell growth and proliferation

Tan I1-A exhibited a statistically significant dose-dependent
growth-inhibitory effecton SMMC-7721 cell evaluatedby MTT
assay. Theinhibiting rates of cell growth were 12.2%, 30.6%,
52.4% and 82.5%, respectively when treated with Tan I11-A of
different doses(0.125, 0.25, 0.5, 1.0 mg/L) for 96 h (Figure 1A).
Moreover, the growth-inhibitory effect of Tan 11-A onthe cells
wasfoundto betime-dependent. Theinhibiting rateswere 12.5%,
38.2%, 47.6% and 58.7%, respectively when treated separately
for 24,48, 72 and 96 hwith 0.5 mg/L of TanIl-A (Figure2B). The
inhibitory effect became gradually stronger with the passage
of time after treatment, and the most significant effect was
observed at 72 h. The cell growth and proliferation were
obviously inhibited in a dose- and time-dependent manner.
The sameinhibitory effect wasfound by cell count. In colony-
forming assay, the colony-forming rates of SMMC-7721 cell
were 11.6%, 22.5%, 38.5%, 42.2%in Tan |1-A group and 68.2%
in control group, respectively, suggesting the obviously
inhibiting effect of Tan 11-A on cell proliferation.
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2 20 H
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Figure 1 Growth-inhibitory effect of Tan 1I-A on SMMC-7721
cells detected by MTT. A: In a dose-dependent manner detected
by MTT; B: In a time-dependent manner detected by MTT.

Morphological changes of apoptosis

Asshown inFigure 2, Tan I1-A-induced morphologica changes
wereevident by 72 hof treatmentin SMMC-7721 cdll. Roundish,
large and serried cells (in control group, Figure 2A) became
polygonal, small, detached or sparse, membranous frothed and
wizened (Tan I1-A group, Figure 2B) in thedishes under light
microscope. The ultrastructural characteristics of apoptosis
such as chromatin condensation, crescent formation, margination
and apoptotic bodies were observed by electron microscopy in
the Tan I1-A group (Figure 3), which were more obviousin the
given experimentd period than that in the control group.

DNA fragments

Agarose gel electrophoresis exhibited DNA ladder formation
in SMMC-7721 cell after exposed to different concentration of
Tan 11-A for 96 h. Compared with control, the DNA ladder was
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Figure 2 Morphological characteristics of SMMC-7721 cells before and after Tan II-A treatment. A: Roundish, large and serried
SMMC-7721cells (in control group); B: Polygonal, small, detached or sparse, membranous frothed and wizened SMMC-7721cells

(in Tan Il A group).

more clearly observed by treatment with 0.5, 1.0 and 2.0 mg/L
TanI1-A, whilethe DNA fragment induced by 0.125, 0.25 mg/L
Tan 11-A wasnot clear (Figure 4).

Figure 3 Ultrastructural changes of SMMC-7721 cells with
1.0 mg/L Tan lI-A treatment for 96 hunder TEM (x10 000). The
chromatin condensation, original margination were observed.

Figure 4 DNA agarose gel electrophoresis of SMMC-7721 cells
with Tan II-A treatment for 96 h. Lane 1: Marker, Lane 2: Control,
Lane 3: 2.0 mg.L?, Lane 4: 1.0 mg.L*%, Lane 5: 0.5 mg.L™.
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0 | M,
\ \ T
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Cell cycle effect

In order to determinethe effect of Tan 11-A on proliferation and
apoptosisin SMMC-7721 cell, the cells were exposed to
0.5 mg/L Tan II-A for 96 h. Cell cycle distribution, cell
proliferation and apoptotic damage of DNA were determined
on aflow cytometer. The result showed the accumulation of
cellsin Gy/G; and a corresponding reductionin percentages of
cellsin Sand G/M phase, and decreased proliferation index
(P1). The cellsin sub-G; phase were increased. An apoptotic
peak was detected (Table 1, Figure 5)

Table 1 Effectof Tan 1I-A on cell cycle distribution and apoptosis
in SMMC-7721

Cell cycle distribution (%)

Group Pl % Al %
Go/G; S G,/M

Control 71.3t2.3  9.8+0.6  18.9+1.6 28.742.6  4.9+0.4

Tan II-A  77.8+3.8° 7.240.5° 15.0+1.2° 22.2+2.2° 16.9+1.2

c2test. °P<0.01 vs control group.

Table 2 Effect of Tan II-A on apoptosis associated gene expres-
sion of SMMC-7721

Positive rate of protein expression (%)

Group

fas p53 bax bcl-2 c-myc
Control 19.740.5 21.4+1.6 20.2+1.6 27.9+2.4 23.8+1.8
Tan Il A 28.4+2.5> 39.1#3.1° 31.5+2.7° 16.3%x1.3° 14.6+1.1°

c2test, "P<0.01 vs control group.

Apoptosis-associated genes expression
The expressions of apoptosis associated genes fas, bax, p53
were up-regulated. The expressions of bcl-2 and c-myc were

B 1450

N B.Control group

Cell number

0 T T f T
0 100 200

DNA content

Figure 5 Flow cytometry analysis of apoptosis in SMMC-7721 cells treated with Tan II-A (A) and DMSO (B).
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down-regulated (Table 2). The tabulated percentages were an
average calculated on the results of three separate experiments.
The values were presented as mean+SE (n=3).

DISCUSSION

Cellular proliferation and apoptosisin normal tissue maintain a
balance. Unlimited growth and proliferation, but blocked
apoptosis are main characteristics of malignant tumor cell. So
inhibiting proliferation by apoptosisinduction of cancer cell is
anew method for cancer control and therapy!&2%,

On the basis of previous studies, we chose different
concentrations of non-cytotoxic Tan II-A to study Tan I1-A
induced-apoptosisin vitro. MTT, cell count assay and colony-
forming assay showed that 0.25, 0.5, 1.0 mg/L Tan II-A
obviously inhibited the growth and proliferation of SMMC-
7721, and theinhibiting effect wasin adose- and time-dependent
manner. The most significant effect was observed at 72 h by
1.0 mg/L Tan Il-A. Flow cytometer showed that Tan I1-A
produced significant cell cycle arrest in Go/G,, decreased
proliferation index (PI) asevidence of anantiproliferation effect.
The cellular growth and inhibition could be observed by
morphology. The morphological characteristics of cellular
growth inhibition were also observed under light microscope.
Our results demonstrated that Tan 11-A inhibited growth and
proliferation of SMMC-7721 cellg?#,

Apoptosis, or programmed cell death, has an essential role
in controlling cell number in many developmental and
physiologica settings and in chemotherapy-induced tumour-
cell killing. The execution of apoptosis may be initiated by
many different signals, either from within or outside the cell
involving ligand-receptor interactions, as has been shown for
Fas/Fas-ligand, or potentially by more unspecific signals such
as DNA damage. During the modulation phase of apoptosis
many different genes such as p53, c-myc or Bcl-2/Bax have
been shown to be able to shift the balance either to cellular
proliferation or death. Cellular growth and proliferation are
closely related to apoptosis® 2,

The detection of apoptotic cell by microscopy is based on
several well-established morphological features. Thesefeatures
include condensation of chromatin and cytoplasm as well as
fragmentation of the cells that lead to the appearance of
membrane bound apoptotic bodies?. Those ultrastructural
characteristics apoptosis, the DNA ladder and increased cells
in sub-G; phase were observed in SMMC-7721 cells treated
with0.5,1.0mg/L TanlI-A.

Apoptosis-associated genes play amajor rolein apoptosis,
participating in the initiation and progress of programmed cell
death. Bcl-2 has been identified as an apoptosis inhibitor, and
shown to cooperate with c-myc in immortalizing cells. Under
certain conditions, constitutive expression of c-myc induces
apoptosis and can be suppressed by bcl-2. It appears that the
C-myc cooperating oncogenic activity of bcl-2 isrelated to its
inhibition of apoptotic pathways?!. Bax protein inhibits the
function of bcl-2 leading to increased apoptosis.

The tumor suppressor gene p53, atranscription factor, has
been identified as a participant in the cellular DNA damage
response. Upon DNA damage, p53 up-regulation causes G1
arrest. The apoptosis promoting capacity of p53 is presumably
duetoitsability to activate bax, agene that encodesan inhibitor
of bcl-2. Fas (CD95/APO-1) is adeath-promoting receptor that
belongs to the tumor necrosis factor (TNF) receptor family,
and induces apoptosis through different ways".

In the present study, we observed down-regulation of bcl-
2 and c-myc expression, which isin keeping with the role of
bcl-2 in blocking apoptosis and c-myc in promoting
proliferation. At the same time, the expressions of apoptosis

associated genes fas, bax, p53 were up-regulated. These
suggested that Bcl-2, c-myc, fas, bax and p53 wereinvolved in
apoptosis of hepatocarcinomacellsinduced by Tan |1-A. Parts
of these mechanismswere related to inhibition of cell growth.
Some results of our study on inducing apoptosis in human
hepatocellular carcinoma cell are consistent with other
researches®!,

Tan 11-A inhibits growth and proliferation of hepatocarcinoma
cells by inducing apoptosis. Tan I1-A might have different
mechanismsin inducing apoptosis and inhibiting proliferation
of cancer cdlls. Other possible mechanisms of the action of Tan
I1-A need to be further investigated. We consider that Tan I1-A
could be a new prospective, highly effective and low toxic
anticancer drug.
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Abstract

AlM: To express chimeric Fd (cFd) and chimeric light chain
(cL) in E.coli respectively and refold them into chimeric
Fab (cFab) antibody.

METHODS: cFd and cL genes were respectively inserted
into the prokaryotic expression vector pET32a to construct
recombinant vectors pET32a/cFd and pET32a/cL. Then,
the competent E.coli cells were transformed by the
recombinant vectors and induced by IPTG. Moreover, a
large quantity of cFd and cL expression products were
prepared and mixed with equal molar to refold into cFab
by gradient dialysis. The refolded products were identified
and analyzed by sodium SDS-PAGE, Western blotting,
ELISA and HPLC.

RESULTS: High efficient prokaryotic expressions of both
cFd and cL in the form of non-fusion protein were obtained
with the expression levels of 28.3% and 32.3% of total
bacteria proteins, respectively. Their relative molecular
masses were all 24 ku or so, and both of them mainly
existed in the form of inclusion bodies. In addition, cFd
and cL were successfully refolded into cFab by gradient
dialysis, with about 59.45% of recovery when the starting
total protein concentration was 100 nmg/mL. The renatured
cFab could specifically bind to related antigen with high
affinity.

CONCLUSION: The cFab antibody against human
hepatoma was highly and efficiently expressed and
refolded, which laid a solid foundation for studying its
application in the treatment of hepatoma.

Xing JL, Yang XM, Yao XY, Song F, Chen ZN. Prokaryotic
expression and renaturation of engineering chimeric Fab
antibody against human hepatoma. World J Gastroenterol
2004; 10(14): 2029-2033
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INTRODUCTION
The advent of monoclonal antibody (mAb) greatly promotes

application of antibodiesin various fielddY. However, dueto
immunogenicity and comparatively high molecular mass, mouse
derived complete antibody was more or less limited in the
application of disease diagnosis and treatment!?. The cFab
antibody isabout 50 ku, only 1/3 of full-length 1gG. Because of
good penetrating ability, better characteristicsof pharmaceutical
kinetics and good antigen-binding activity, cFab antibody has
been used more and more widely!*¥. Compared with complete
antibody, the cFab has no Fc fragment so that non-specific
binding is decreased greatly. In addition, the cFab could not
produce antibody-dependent cellular cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC), so it was mostly
used asthe carrier for targeted delivery of drugd?. It could dso
be further reconstructed into engineering cF(ab), antibody!™. In
this paper, based on cloned V,, and V. genes of mAb HAb18
against human hepatoma®, we expressed cFd and cL in E.coli
in the form of non-fusion protein and refolded them into cFab
antibody. It was expected that a practical protocol could be
established for the preparation of alarge quantity of cFab
against human hepatoma, which would lay a solid foundation
for further studies of its application in hepatoma treatment.

MATERIALS AND METHODS

Materials

The pComb3/cFab vector containing cFd and cL genes of mAb
HADb18 was previously constructed in our laboratory.
Prokaryotic expression vector pET32a (+) and competent
E. coli IM109(DE3) were purchased from Novagen Inc (USA).
T vector, PCR reagents, restriction endonucleasesand T4 DNA
ligasewerefrom Takaralnc. (DaLian, Ching). ThemAbHAD18,
chimeric 1gG antibody chHAb18 and HRP-HAb18 were
previoudy prepared in our laboratory. IPTG, FITC-labeled and
HRP-labeled goat anti-human IgG were from SABC Inc. (Luo
Yang, China). Protein G affinity column was purchased from
Pharmacialnc (USA). Hepatomacdl lineHHCC wasfrom ATCC
(Shanghai, China).

Primer design and synthesis

According to gene sequences of HAb18 cFd and cL which
were previously constructed in our laboratory, PCR primers
were designed by computer software Primer Premier 5.0, and
relative restriction endonuclease sites were introduced into
primersfor the congtruction of prokaryotic non-fusion expresson
vectors of cFd and cL. All PCR primers were synthesized by
Shenggong Inc. (Shanghai, China), and their sequences were
as follows: cFd back: 5 GCGGAATTCATATGGTTAAG
CTTGAAGAGTCTGGAGGAGGCTT 3'; cFd forward:
5 GGGGTCGACTCATTAACTAGTTTTGTCACAAGATTT
GGGCT3'; cL back: 5 GCGGAATTCATATGAGTATTGTGA
TGACCCAGACTCCCAZT ; cL forward: 5 GGGCCTCGAG
TCATTAACATTCACCTCTGTTGAAGCTCT3' . Underlined
sequences arerestriction sitesNde |, Sal | and Xho 1.

Construction of expression vectors
With the vector pComb3/cFab as template, cFd and cL genes
were amplified using related primers. The PCR products were
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purified by gel extraction. Then, the plasmid pET32a(+) and
PCR amplified cFd or cL gene were digested by a pair of
restriction endonucleases Nde | and Sal | or Nde | and Xho I.
After the corresponding target fragments were purified by gel
extraction, ligation, transformation and screening of the positive
clones containing the recombinant vector pET32a/cFd or
PET32a/cL were sequentially conducted. Finally, recombinant
vectorswere identified by restriction endonucleases digestion
and DNA sequencing was completed by Shenggong Inc.
(Shanghai, China).

Small-scale expression by IPTG induction

TheE.coali cellscontaining pET32a/cFd or pET32a/cL or pET32a
(+) wererespectively inoculated with 1:100into5mL LB medium
containing ampicillin (100 pg/mL). When absorbance of Asynm
was up to 0.8 or so, 1 mL E.coli cultures were obtained for
further assay. Then, IPTG was added to left cultures with
1 mmol/L of final concentration and another 10 h induction of
expression (250 r/min, 37 'C) wasconducted. After being treated
by boiling and centrifugation, al E.coli samplesafter and before
induction were loaded onto 120 g/L. SDS-PAGE gel for further
analysis. At the same time, Western blotting was done by HRP-
labeled goat anti-human IgG (H+L). In addition, E.coli cells
containing pET32a/cFd and pET32a/cL after induction were
collected and treated by repeated freezing and thawing. Then,
the location of expression products was investigated by SDS-
PAGE.

Renaturation of cFab antibody

A total of 500 mL cultures of E.coli containing pET32a/cFd or
pET32a/cL were induced for the protein expression under the
same condition as mentioned above. Inclusion body was
isolated and solubilized by 8 mol/L ured®. Thetotal protein
concentration was determined by bicinchoninic acid (BCA)
assay!™® and the expression percentages of cFd and cL were
evaluated by SDS-PAGE. cFd and cL dissolved in urea were
mixed with equal molar, and thetotal protein concentration was
adjusted to 100 pg/mL by adding thelysis solution. Renaturation
was conducted by gradient dialysis as described by Lee et al.[*Y,
The renatured products were centrifuged, and the supernatant
was collected, then the precipitation was dissolved in the lysis
solution again. Protein recovery was determined by BCA assay.
Singleckd and singleclL were set ascontrol a the samerefolding
condition when cFab was renatured. All samples above were
detected by SDS-PAGE, Western blotting and HPLC.

Effect of total protein concentration on renaturation of cFab
antibody

After the total protein concentration was respectively adjusted
to 200 pg/mL and 400 pg/mL, cFab antibody was renatured
according to the method described above. The protein
concentration of all samples was detected by BCA assay and
protein recovery was evaluated. In addition, all samples were
loaded onto SDS-PAGE gd for further analysis.

Purification of renatured cFab antibody

After dialysisin PBS overnight at 4 ‘C, renatured cFab was
purified by protein G affinity chromatography according to
manufacturer’ sprotocol.

Detection of antigen-bindingactivity of purified cFab antibody
Indirect EL I SA GST-HAb18GE, GST-fusonexpressionproduct
of extracellular region of HAb18G*? was the antigen of mAb
HAD18, and the purified GST expression products were coated
on the ELISA platesfor detecting the antigen-binding activity
of purified cFab antibody. Detailed protocol was described by
Yan et al.l*3,

Competitive binding assay GST-HADb18GE was coated on

ELISA platesovernight at 4 °C. After blocking, the mixture of
HRP-HAb18 (0.1 mg/L) and gradiently diluted cFab was added
into ELISA plates. After incubation for 1 ha 37 °C, the unbound
antibody waswashed away by PBST, followed by TMB staining.
Finally, Aso Was detected by an ELISA plate reader (Bio-Rad,
USA), and inhibition rate and comparative affinity were
determined according to the following method: Inhibition rate
(%0)=[(Auso Of control group-Ass, of experimental group)/Aus, of
control group] x100%; comparative affinity (%)=[concentration
of cFab when inhibition rate is 50%/concentration of HRP-
HADb18(0.1mg/L )] x100%.

FACSdetection Thesingle-cdll suspenson of hepatomacell line
HHCC overexpressng HAb18G was prepared. The cell density
was adjusted to 5x10°-1x10'/L. HAb18 cFab diluted with horse
serumwasadded into 50 n. HHCC single-cell suspension. Then,
the mixturewasincubated for 30 minat 4 °C . After washed twice
by PBS, FITC-labeled rabbit anti-human 1gG was added and the
reaction mixture wasincubated for 30 minat 4 °C. Then, washing
and detecting were performed. In thisassay, human 1gG was set
as negative control and PBS was set as blank control.

RESULTS

Construction of recombinant expression vectors

cFd and cL genes were successfully amplified using designed
primers. Agarose gel electrophoresis showed that the sizes of
cFd and cL geneswere about 700 bp and 680 bp, respectively
(lanes 2,5, Figure 1), which was in accordance with their
expected sizes. The recombinant vectors pET32a/cFd and
pET32a/cL digested by restrictive endonucleases (Figure 1)
indicated that cFd and cL genes were correctly inserted into
corresponding cloning sites. The results of DNA sequencing
(results not provided) proved that cFd and cL genes inserted
in expression vector had no base mutation and the codon
reading frame was completely exact.

bp 1 2 3 4 5 6 7 8

2000

1000
750
500
250
100

Figure 1 Analysis of recombinant non-fusion expression vec-
tors pET32a/cFd and pET32a/cL digested by restrictive
endonucleases. 1: DNA marker; 2: cFd; 3: pET32a/ Nde I+ Sal I;
4: pET32a/ cFd/ Nde I+Sal [; 5: cL; 6: pET32a/Nde I+Xho I; 7:
pET32a/ cL /Nde I+ Xho I; 8: DNA marker.

Expression induction and identification of cFd and cL

SDS-PAGE (Lanes1-7, Figure2) showed that a21-ku new protein
was expressed in E.coli transformed by control vector after
induction, which is in accordance with the expression
characteristics of the control vector, and that the recombinant
cFd and cL with the same molecular weight of 24 ku were also
successfully expressed after induced by IPTG. Scanning
analysisby Smartview software indicated that the quantities of
expressed cFd and cL were about 28.3% and 32.3% of thetotal
bacterial protein, respectively. Western blotting (Lanes A-D,
Figure 2) identified that both expressed cFd and cL. wereableto
bind to anti-human 1gG and the staining bandswere at 24 ku. In
addition, SDS-PAGE showed that the interested expression
productsexisted intheform of insolubleincluson body (Figure 3).



Xing JL et al. Expression and renaturation of cFab

2031

Figure 2 SDS-PAGE and Western blotting of the expressed
products of cFd and cL. 1: High molecular mass marker; 2:
Uninduced pET32a; 3: Induced pET32a; 4: Uninduced pET32a/cFd;
5: Induced pET32a/cFd; 6: Uninduced pET32a/cL; 7: Induced
pET32a/cL; A: Uninduced pET32a/cFd; B: Induced pET32a/cFd;
C: Uninduced pET32a/cL; D: Induced pET32a/cL.

Figure 3 Location analysis of cFd and cL expression products
on SDS-PAGE. 1: High molecular mass marker; 2: Supernatant
of induced pET32a/cFd; 3: Inclusion body of induced pET32a/
cFd; 4: Supernatant of induced pET32a/cL; 5: Inclusion body of
induced pET32a/cL.

Renaturation of cFab antibody

The total protein concentrations of inclusion body solution in
8 mol/L ureacontaining cFd or cL determined by BCA assay
were respectively 12.04 mg/mL and 9.66 mg/mL. The results
(not provided) of SDS-PAGE analysis indicated that cFd and
cL were up to 49.8% and 58.3% in thetotal protein of inclusion
body solution, respectively. SDS-PAGE (Figure 4, lanes 1-7)
also showed that the new 45-ku protein band appeared under
nonreduced condition after cFd and cL were mixed to refold.
Western blotting (lanes A, B, Figure 4) also identified that the
new protein bands could bind to anti-human 1gG under reduced
and nonreduced conditions. The recovery rate was about 75%
when the starting concentration of total protein was 100 pg/mL.
In addition, when the starting total protein concentration was
separately increased to 200 pg/mL and 400 pg/mL, recovery
rate was respectively decreased to 70.5% and 61%. SDS-PAGE
(Figure 5) demongtrated that precipitation roserapidly with the
increase of starting total protein concentration, and the
percentage of elevated precipitation was more than that of
increased starting total protein concentration. HPLC analysis
(Figure 6) showed that two new elution peaks(1) and (2) emerged
after cFd and cL were mixed to refold in comparison with single
refolded cFd and cL. The largest absorbance value of elution
peak (2) was at 260 nm, so it was possible that elution peak (2)
was not protein peak. In addition, the position of elution peak
(3) wasthe same as elution peak (4) of refolded cFd and elution
pesk (5) of refolded cL. ELI SA (result not provided) demonstrated
that only elution peak (1) had specific antigen-binding activity.
The peak areas of elution peak (1) and (3) were 33.49% and
17.75%, respectively. Renaturation yield of cFab antibody was
about 49% determined by the method described previoudly.
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Figure 4 SDS-PAGE and Western blotting of renaturation of
cFab antibody. 1: High molecular mass marker; 2: Reduced
cFd; 3: Reduced cL; 4: Reduced cFab; 5: Unreduced cFd; 6: Un-
reduced cL; 7: Unreduced cFab; A: Western blotting of reduced
cFab; B: Western blotting of unreduced cFab.
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Figure 5 Relationship between the starting total protein con-
centration and denaturation analyzed by SDS-PAGE. 1: High
molecular mass marker; 2, 3, 4. Precipitated proteins under
reduced condition at starting total protein concentrations of
100, 200, 400 pg/mL, respectively; 5, 6, 7: Precipitated proteins
under unreduced condition at starting total protein concentra-
tions of 100, 200, 400 pg/mL, respectively.
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Figure 6 HPLC of cFd, cL and cFab after renaturation.

Analysis of antigen-binding activity of purified cFab antibody
cFab 1 mL (80 pg/mL) was purified by protein G affinity
chromatography. Indirect ELISA (Figure 7) showed that cFab
was capable of specific binding to HAb18GE and the antigen-
binding activity became higher with increasing concentration
of cFab antibody. Competitive ELISA (Figure 8) indicated that
therefolded cFab could competitively bind to the same antigen
epitope as parental mouse antibody HAb18 and the binding
ability improved with the increase of cFab antibody
concentration. The affinity of cFab was evaluated to be 10% of
parental mouse antibody HAb18 according to the concentration
ratio of cFab and HAb18 when inhibition rate was 50%. FACS
detection (Figure 9) demonstrated that cFab could bind
specifically to hepatomacell lineHHCC and the binding capacity
increased with the elevation of cFab antibody concentration.
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1.2 bacterium, etc!*. But high efficient expression of antibody
Lol ® HAD18GE-GST genes was relatively easy to be obtained using prokaryotic

‘ —®—GST expression vector. We successfully constructed recombinant
0.8+ vectors pET32a/cFd and pET32a/cL by cloning cFd and cL
g 06l genesinto the pET32a expression vector, and achieved high
g expression level of cFd and cL in E.coli. The expression
< 0.4r products mainly existed in the form of the inclusion body, with
02- 28.3% and 32.3% of expression percentages of total bacterial
protein, respectively. Expression proteinsin inclusion body

0.0

12525 5 10 20 40 80 160
cFab concentration (ng/mL)

Figure 7 Detection of antigen-binding specificity of cFab by
indirect ELISA.
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Figure 8 Detection of antigen-binding activity of cFab and
HAb18 by competitive ELISA.
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Figure 9 Detection of antigen-binding activity of cFab by FACS.
002: Negative control; 003: 0.008 ug/mL; 004: 0.04 pg/mL; 005:
0.2 pg/mL; 006: 1 pg/mL; 007: 5 pg/mL.

DISCUSSION

In a previous study, we successfully expressed cFab antibody
gene in the periplasmic compartment of E.coli. However, the
productivity was rather low. So, we tried to improve the
expression level of cFab. We separately expressed cFd and cL
without signal peptide in cytoplasm of E.coli in the form of
inclusion body. The expression levels of different fragment of
antibody genesin E.coli were greatly diverse, which mainly
depended on the design of trandation initiation site, the type
of antibody fragment, antibody gene sequence, sensitivity to
proteases of expression products and the class of host

could avoid being digested by proteases and were easy to be
isolated and purified. cFd and cL must be refolded together in
order to get active cFab.

Aswe know, effectively promoting the correct formation
of intramolecular or intermolecular disulfidebond andinhibiting
the formation of aggregation were key to protein renaturation',
In order to promote the refolded protein to form the correct
disulfide bond, some reducers, such as b-sulfhydryl ethanol
and DTT, were added into detergent solution to unfold wrong
disulfide bonds of expression proteinsin inclusion body. These
wrong disulfide bonds might be formed during the lysis of host
bacterium or during the resolving process of expression protein.
When the protein was renatured, correct disulfide bonds could
be reformed only by air oxidation*®. In most cases, iron can
promote the process of air oxidation!*”. In addition, the repeated
formation and unclosing of the disulfide bonds may increase
the probability of obtaining protein with correct conformation.
This process could be facilitated by some enzymes (such as
disulfide isomerase)!*® or oxidation-reduction response caused
by the oxidation- and reduction-type sulfhydryl mixturel*” (such
as glutathione). During the renaturation, the formation of
aggregation was the most common reason resulting in lower
renaturation efficiency. However, the mechanism of aggregation
formationisdtill unclear. De Bern ardez Clark et al ¥ suggested
that the hydrophabic action among protein molecules was the
mogt likely explanation for the aggregation formation facilitated
by theformation of wrong disulfide bonds. In the experiment of
mixed protein renaturation involving two or more proteins, small
aggregation was first caused by the hydrophobic action, and
then by the disulfide bonds formation from unpaired cystines
that resulted in the formation of big heterogeneous aggregation.
The formation of large quantities of aggregation would result
in more protein precipitation, therefore, renaturation efficiency
decreased greatly™. The previous study on renaturation also
showed that arginine, akind of stable reagent promoting protein
dissolving during renaturation, could facilitate the correct
folding of proteins possibly by inhibiting theformation of bigger
aggregation'®,

In this study, we mixed cFd and cL with equal molar. The
detergent was slowly removed from the mixture by gradient
dialysisin the presence of a given concentration of arginine,
while glutathi one was added into the mixture to delete wrong
reduced disulfide bonds. The results showed that this strategy
for renaturation was successful. At the starting total protein
concentration of 100 pg/mL, cFd and cL were refolded into
cFab with 75% of protein recovery rate. Protein losswas mainly
due to protein precipitation and adsorption onto dialysis belt.
Replacing dialysis materials could reduce the latter loss. We
identified the renatured cFab by SDS-PAGE, Western blotting
and ELISA. The results proved that cFd and cL were
successfully refolded into cFab. SDS-PAGE indicated that the
molecular weight of renatured cFab was about 45 ku under the
unreduced condition, lessthan 48 ku (cFd+cL ), which revealed
that the formation of intramolecular disulfide bond happened
in the renatured protein*®, HPLC of renatured products
revealed that the renatured cFab produced two very different
elution peaks. ELISA demonstrated that only elution peak (1)
had antigen-binding activity. In addition, the biggest
absorbance value of elution peak (2) was at 260 nm, which
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revealed that €lution peak (2) might be nuclear acid existing in
inclusion body. It was estimated by HPL C that the renaturation
efficiency was up to 49%, which was quite desirable in
comparison with the generally 10-40% of renaturation efficiency
for antibody protein. The desirable renaturation efficiency was
mainly explained by good renaturation strategy and special
antibody sequences, which arein accordance with the viewpoint
of Wibbenmeyer et al.[?¥, It was also estimated that dozens of
milligrams of active cFab could be gained from 1 L of E.coli
cultures under the experimental condition described above.
Therefore, further optimizing the preparation protocol can
increase theyield.

When preparing alarge quantity of active protein by diaysis
renaturation method, another important influence factor must
be taken into consideration, namely the volume of renaturation
protein solution. The speed of protein aggregating and
precipitating was positively correlated with the protein
concentration, so protein precipitation would be predominant
course when protein concentration was up to the highest point.
Asaresult, the starting total protein concentration was generdly
very low, which would inevitably result in excessively large
sample volume to be dealt with otherwise more troubleswould
arise. Inthis study, in order to explore the optimal renaturation
condition of preparing alarge quantity of cFab antibody, we
increased the starting total protein concentration for
renaturation to 200 pg/mL and 400 pg/mL, respectively, and
investigated the renaturation efficiency after the protein
concentration was increased. The results revealed that protein
precipitation promptly increased with the increase of starting
protein concentration, and increased percentage was more than
that of protein concentration increase, which indicated that a
part of renaturation efficiency was surely sacrificed in order to
reduce the treatment volume and increase the speed of
preparation during the large-scale production of cFab.

In conclusion, we successfully obtained cFab antibody with
good activity by prokaryotic expression technique, followed
by dialysis, which laid asolid foundation for further application
in hepatoma treatment. I n addition, based on this achievement,
we are planning to modify cFab genesto produce another kind
of more useful engineering antibody, bivalent chimeric F (ab’ ) /2.
It is expected to replace murine-derived F (ab’ ) , antibody
produced by protease digestion, and reduce clinical cost and
improve therapeutic efficacy.
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Abstract

AlIM: To investigate the expression of cancer-testis (CT)
antigens MAGE-1, SSX-1 ,CTpll and HCA587 genes in
hepatocellular carcinoma (HCC) and the possibility of
applying these antigens as targets for specific immunotherapy
for HCC.

METHODS: Expression levels of MAGE-1, SSX-1, CTpl1l
and HCA587 mRNA were detected with reverse transcription
polymerase chain reaction (RT-PCR) in HCC tissues and
corresponding adjacent non-cancerous tissues from 105
HCC patients, 40 samples of cirrhosis and normal liver tissues.
Genes of five samples with positive PCR results were
sequenced.

RESULTS: Of 105 HCC tissues, MAGE1, SSX-1 ,CTpll and
HCA587 mRNA expressions were detectable in 75.2%(79/105),
72.4%(76/105), 62.9%(66/105) and 56.2%(59/105) of HCC
samples, respectively. About 93.3%(98/105), 72.4%(76/105),
48.6%(51/105) and 37.1%(39/105) of HCC tissues positively
expressed at least one, two, three, and four members of CT
antigens, respectively. Conversely, only SSX-1 could be
detectable in 2.9%(3/105) of the corresponding adjacent
non-HCC tissues in which no metastatic lesion was found.
Of the latter 3 patients, biopsy samples far from tumor
were obtained in 2 patients and RT-PCR indicated no
expression of SSX-1 mRNA in these two samples. In addition,
none of 40 samples of cirrhotic and normal liver tissues
expressed CT antigen gene mRNA. DNA sequences
confirmed that the RT-PCR products were true target
cDNA. No relationship was found between expression of CT
antigens and clinico pathological indicators such as age,
gender, tumor size, degree of tumor differentiation, serum
a-fetoprotein level and infection of hepatitis B virus or hepatitis
C virus (P>0.05).

CONCLUSION: CT antigens genes (MAGE-1, SSX-1, CTp11
and HCA587) are expressed with high percentage and
specificity in HCC and their products are promising targets
for antigen-specific immunotherapy of HCC. High frequent
co-expression of multiple members of CT antigens in HCC

provides possibility of polyvalent vaccinations for HCC.

Zhao L, Mou DC, Leng XS, Peng JR, Wang WX, Huang L, Li S,
Zhu JY. Expression of cancer-testis antigens in hepatocellular
carcinoma. World J Gastroenterol 2004; 10(14): 2034-2038

http://www.wjgnet.com/1007-9327/10/2034.asp

INTRODUCTION

Hepatocellular carcinoma (HCC) isa common tumor with a
poor prognosis, irrespective of avariety of treatment optiong*?.
So, thereisaneed to devel op additional therapeutic approaches
for the management of this disease. A proposed strategy is
immunotherapy, which has the potency to eradicate systemic
tumor cellsin multiple sites in the body and the specificity to
discriminate between neoplastic and non-neoplastic cell 4.
Genesor antigens, which are either exclusively or preferentialy
expressed in malignant tissues, are a prerequisite for antigen-
specific cancer immunotherapy!“S.

Recently, the integration of molecular and immunological
techniques has led to the identification of a new category of
tumor-specific antigens called cancer-testis (CT) antigens, such
as MAGE superfamily, SSX family, GAGE, BAGE, SCP-1,
NY-ESO-1, CTpll and HCA587!57. The CT antigens share
several distinct featuresincluding: (1) CT antigen mRNA is
expressed predominantly in tumors of different origins with
various frequencies but not in normal tissues except for testis;
and (2) the genes encoding CT antigens locate at the X
chromosome'®®, The combination of CT antigen peptides and
human leukocyte antigen (HLA), when efficiently presented
by antigen presenting cellsto cytotoxic T lymphocytes (CTL),
is capable of eliciting cellular immune responses in cancer
patientg*1, Also, some members of CT antigens are capable
of inducing humoral immunity!*2*3, Both cellular and humoral
immune response can Kill tumor cells specifically. The testis
isan immune privileged organ because spermatogenic cells
do not express HLA class | antigen at their surface.
Concomitantly, the testis has a so-called blood-testis barrier,
which limits contact between testicular and immune cells, in
the seminiferous tubuli generated by the Sertoli cells”4,
Because of these features, CT antigens have the potential to
provide specific antitumor immunity directly to malignant cells
without harm to normal cells. At present, the application of
tumor antigenic peptide vaccine based on CT antigens for
cancer immunotherapy has become a hot spot!*>1€,

The screening of tumor antigens recognized by autologous
cytotoxic T cellsled to the isolation of MAGE-1, which has
beenidentified asamember of MAGE-A genesfamily!*”. Clinical
trialstargeting MAGE-1 antigen are in progress for malignant
melanoma and have shown favorable curative effect!*819, SSX
genes and HCA genes were originally identified using
serological analysis of recombinant cDNA expression libraries
(SERAX). SEREX was to define B cell epitopesin antigens
that were specifically recognized by antibodiesin cancer sera,
suggesting that SSX and HCA antigens were immunogenic
and capable of inducing an antibody response®?, In a recent
report, Li et al. have proved HCC patients were able to develop
humoral immune response to HCA587 antigen. Based on
representational difference analysisof cDNA, Zendman et al 2!
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firgt identified the expression of CTp11in melanomacell lines.
In another study (unpublished data), our group predicted HLA-
A2-restricted CTL epitopes of CTpll by peptide supermotif
prediction combined with quantitative motif ?>% and found
the potential HLA-A2-restricted CTL epitopes of CTpll
antigen (HLA-A2 is the most common HLA-A alelein Asian
population, especially in Chinese, with an estimated frequency
of more than 50%2*%), suggesting the possibility of CTP11
antigen to trigger cellular immunity and anew potential vaccine
candidate for HCC immunotherapy.

Several studies reported high freguent expression of CT
antigensin the HCC tissues, such asMAGE-1%21 gnd SSX-11428,
However, the expression of CT antigensis heterogenousin a
variety of human tumors, which may be a way for malignant
cellsto evadefrom immunosurveillance”?%. Screening highly
and specifically expressed multiple CT antigensin tumorsand
using them as targets for immunotherapy are promising means
to overcome the heterogenous expression of tumor cells, thus
expanding patients’ opportunities for cancer specific
immunotherapy and establishing the basis of polyvalent
vaccinationg?®.,

In an effort to improve the efficiency of tumour vaccines
and prevent immune escape, we investigated the expression
of CT antigensMAGEL, SSX-1, CTpl11 and HCA587 in HCC
tissues.

MATERIALS AND METHODS

Data of patients

From October 2000 to September 2003, 105 patients receiving
operation for HCC, including hepatectomy or orthotopic liver
trangplantation, at the 2nd Hospital of Peking University Health
Science Center, were enrolled in this study. There were 90
men and 15 women with a mean age of 47.248.4 years (range
18-75). The hepatitis B surface antigen was positive in 98 cases.
Among 105 cases, anti-HCV waspositivein 5 cases. The serum
a-fetoprotein (a-FP) level wasnormal (<20 ng/mL) or elevated
slightly (<40 ng/mL) in 35 patients. Histopathological
examination indicated that 18 HCC samples were well
differentiated, 61 moderately and 26 samples poorly
differentiated, respectively. According to TNM classification
of the International Union Against Cancer®?, there were 13
casesat stagel, 30 at stagell, 12 a stage |11 and 50 at stage 1V,
respectively. Seventy-nine patients had large-sized tumors
(>5 cm), while the tumor size of the other 26 patients was
equa to or lessthan 5 cm (<5 cm). The control samplesincluded
20 tissues from cirrhosis patients and 20 normal liver tissues
from patients without liver disease by surgical biopsy. Testis
tissues (kindly provided by Urological Department of the 2nd
Hospital of Peking University Health Science Centre) were used
asthe positive control. Each sample wasimmediately frozen in
liquid nitrogen after a surgical resection and stored at -80 C
until the extraction of total RNA. Informed consent was obtained
from each patient before the study was conducted. The Ethic
Committee of Peking University approved the study protocol.

Total RNA extraction and synthesis of cDNA

Total RNA was extracted from frozen tissue specimens
(50-100 mg) using TRIzol reagent (GIBCOL BRL) according to
the protocol provided by the manufacturer. Total RNA (2.5 ng)
was primed with an Oligo (dT) 15 oligonucleotide (Promega)
and reverse-transcribed according to manufacturer’ singtructions.

PCR amplification of CT antigens

The amplification reaction contained 5 ni. of a1:5 dilution of
reverse-transcribed products, 1 ni each of 10 nmol/L specific
primers, 1 mi. 10 mmol/L dNTP mixture (AATP, dGTP, dCTP,
dTTP), 2.5 U Taqg DNA polymerase (Gibco BRL) and PCR-

buffer solution. The total volume was brought to 50 ni. using
water. The PCR amplifications were performed in a UNO |1
thermocycler (Perkin-Elmer, USA) under the following
conditions: After an initial denaturation for 5 min at 94 °C,
sampleswere subjected to 35 cycles of amplification, followed
by afinal extension of 8 min at 72 ‘C. The length of PCR
products was 421 base pair (bp) (MAGE-1), 422 bp (SSX-1),
297 bp (CTpl1l) and 238 bp (HCAS87), respectively. To verify
that the RNA had not degraded, a PCR assay with specific
primers for the gene b,-microglobin (B,-MG) was performed
on each cDNA sample under the following conditions: After
aninitial heating for 2 min at 94 "C, sampleswere subjected to
30 cycles of amplification, followed by afinal extension of
8 min at 72 C. The product size was 335 bp. The PCR
conditions and specific primer sets for MAGE-1, SSX-114,
CTp1121, HCA5874 and B,-MG!?! used in this study are
shownin Table 1.

At last, 10 L of reaction product was analyzed by
electrophoresis on a 20 g/L agarose gel (Promega, USA),
followed by ethidium bromide staining and digital camera
photographing (Korda D3.5, USA).

Sequence analysis of PCR products

To confirm the specificity of the RT-PCR products of the CT
antigen genes, we performed the sequence analysis. In brief,
purified PCR products were cloned into pGEM-T Easy Vector
(Promega) by T4 DNA ligase and amplified in E. coli, M 109.
Five cases of positive colonieswere selected and assessed using
EcoRI digestion of mini-prepared DNA. The putative MAGE-1,
SSX-1, CTpll and HCA587 cDNA samples were sequenced
with T7 sequencing primersin Sangon Co, Shanghai, China.

Statistical analysis

The statistical analysis was assessed using the chi-squaretest
and the Fisher’ s exact test, and the significant level was set at
P<0.05.

RESULTS

Expression of CT antigen genes

Among the 105 HCC tissues investigated, MAGE1, SSX-1,
CTp11 and HCA587 mRNA was expressed in 75.2%(79/105),
72.4%(76/105), 62.9%(66/105) and 56.2%(59/105) of tumor
samples from HCC patients, respectively. At least one CT
antigen mRNA was positivein 93.3%(98/105) of HCC tissues.
Conversely, only SSX-1 could be detected in 2.9%(3/105) of
the corresponding adjacent non-HCC tissues in which no
metastatic lesions were found. Of the latter 3 patients, biopsy
samples far from tumor were obtained in 2 patients and RT-
PCR indicated no expression of SSX-1 mRNA was detectable
in these 2 samples. No expression of MAGE-1, CTP11 and
HCAG87 was detected in the samples of corresponding adjacent
non-cancerous tissues. In addition, none of 40 samples of
cirrhosis and normal liver tissue expressed each CT antigen
MRNA. In consistent with Chen et al.’ s findings¥, the
electrophoretogram analysis revealed the intensities of PCR
products varied considerably among different samples,
indicating HCC cellsexpressing tumor antigensat mRNA level
are heterogeneous. The typical electrophoresis of RT-PCR
products amplified from cDNA of tissue samples of some HCC
patientsis shown in Figure 1.

Highly synchronous expression of multiple CT antigens in
HCC samples

Highly frequent co-expression of multiple members of CT
antigens was observed in HCC samples, with synchronous
expression of at least two, three, and four of these genein



2036 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

July 15, 2004 Volume 10 Number 14

Table 1 PCR amplification program

Gene Temperature, duration of denaturation,
annealing, extension

Primer sequence

Product size (bp)

MAGE-1 94°C, 455
65 °C, 455
72°C, 455
SSX-1 94°C,60s
57°C,60s
72°C,60s
CTpll 94°C, 455
57°C,60s
72°C,90s
HCA587 94°C,30s
60 °C,30s
72°C,30s
B-MG 94°C, 455
55°C, 455
72°C, 455

f:5’-CGGCCGAAGGAACCTGACCCAG-3’
sr:5”-GCTGGAACCCTCACTGGGTTGCC-3” 421

f:5’-CTAAAGCATCAGAGAAGAGAAGC-3”
r:5’-AGATCTCTTATTAATCTTCTCAGAAA-3’ 422

f:5”-CTGCCCCAGACATTGAAGAA-3’
r:5’-TCCATGAATTCCTCCTCCTC-3” 297

f:5’-AGGCGCGAATCA AGTTAG-3’
r:5’-CTCCTCTGCTGTGCTGAC-3” 238

f:5’-CTCGCGCTACTCTCTCTTTCTGG -3’
r:5”-GCTTACATGTCTCGATCCCACTTA-3” 335

f: Forward primer, r: Reverse primers.

Table 2 Expression of CT antigens and clinico pathological indicators

MAGE-1 SSX-1 CTpil HCAB587 CT(+)
Group nt I - -

+ - + - + - + - + -
Total number 105 79 26 76 29 66 39 59 46 98 7
Gender
Male 90 70 20 66 24 57 33 48 42 85 5
Female 15 9 6 10 5 9 6 11 4 13 2
Tumor diameter
<5cm 26 18 8 16 10 14 12 15 11 22 4
>5cm 79 61 18 60 19 52 27 44 35 76 3
TNM stage
1+l 43 29 14 31 12 27 16 22 21 39 4
HI+IV 62 50 12 45 17 39 23 37 25 59 3
Hepatitis B virus
HBV (+) 98 74 24 71 27 62 36 55 43 91 7
HBV (-) 7 5 2 5 2 4 3 4 3 7
Hepatitis C virus
HCV (+) 5 5 0 4 1 4 1 4 1 5 0
HCV (-) 100 74 26 72 28 62 38 55 45 93 7
AFP (ng/mL)
<40 35 28 7 22 13 20 15 18 17 32 3
=40 70 51 19 54 16 46 24 41 29 66
Differentiation
Well 18 13 5 12 6 12 6 9 9 16 2
Moderately 61 44 17 44 17 39 22 34 27 58
Poorly 26 22 4 20 6 15 11 16 10 24 2

n': Number of samples ; CT% At least one of these 4 CT antigen genes; No relationship is found between the expression of CT
antigens and clinical indicators such as age, gender, degree of tumour differentiation, serum a-FP level, TNM classification, tumor

size, infection of hepatitis B virus or hepatitis C virus (P>0.05).

72.4%(76/105), 48.6%(51/105) and 37.1%(39/105) of HCC
tissues, respectively. We also analysed the cases with expression
of neither MAGE-1 nor SSX-1 genes to determine targets for
cancer immunotherapy other than MAGE-1 and/or SSX-1.
Among 18 HCC patients with expression of neither MAGE-1
nor SSX-1, 61.1% (11/18) of HCC samples expressed CTp11
and/or HCAS87.

Sequence analysis of PCR products
Sequence analysis of PCR products verified the nucleotide

segquences of MAGE-1, SSX-1, CTp11 and HCA587 cDNA
fragmentswereidentical to that in the database of the GenBank.
It confirmed that the RT-PCR products were true MAGE-1,
SSX-1, CTpll and HCA587 cDNA (data not shown).

Expression of CT antigens and clinical indicators

No relationship was found between the expression of CT
antigensand clinico pathological indicators such asage, gender,
differentiation degree of tumour, serum a-FP level, TNM
classification, tumor size, infection of hepatitis B virus or
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hepatitis C virus (P>0.05). However, among 35 patients with
thenormal (<20 ng/mL) or dightly elevated (<40 ng/mL) serum
a-FPlevel, 32 patientshad MAGE-1, SSX1, CTp11 or HCA587
gene transcripts detected in their HCC tissues. The resultsare
demonstrated in Table 2.

MPNeNTNTNTNTNTNTNT

MAGE-1 421 bp

SSX-1 422 bp

CTP1L 297 bp

HCA587 238 bp

B>-MG 335 bp

Figure 1 Electrophoresis of RT-PCR products amplified from
cDNA of HCC tissues. M: Molecular marker, 100-bp DNA lad-
der (Gibco); P: Positive control, testis tissues; Ne: Negative
control, PCR amplification in the absence of template; B,-MG:
335-bp cDNA quality control; T: HCC tissues, arrows indicate
the RT-PCR products of CT antigens; N: Corresponding adja-
cent non-tumor tissues. All the samples shown here except for
the negative control are positive.

DISCUSSION

Tumor antigens should demonstrate high frequency expression
in the tumor tissues and restricted expression in normal tissues,
which isthe prerequisite for being an ideal candidate antigen
for antigen-specific cancer immunotherapy®™!. The growing
class of CT antigens is of particular interest for antitumor
immunotherapy because of their specific expression on tumor
cells. It has demonstrated high frequent expression of MAGE-1
and SSX-1 in HCC tissues, but little in nontumor tissues!“2-23,
However, the heterogeneous expression of MAGE-1 and SSX-
1 antigens may cause problems for immunotherapy targeting
these antigens, astumor caseswith alow percentage or negative
expression of MAGE-1 and/or SSX-1 antigens may be less
suitable for immunotherapy targeting these antigens.
Furthermore, to our knowledge, so far little information is
available on the CTpl1l and HCAS587 expression in HCC
tissues. Therefore, we investigated the expression of CT
antigegnsMAGEL, SSX-1, CTp11 and HCA587 in HCC tissues.

In the present study, we found highly positive rate of
MAGE-1, SSX-1, CTpl11 and HCA587 transcriptsin HCC
tissues (56.2-75.2%). No expression of MAGE-1, CTP11 and
HCAS87 was detected in the samples of corresponding adjacent
non-cancerous tissues, while SSX-1 mRNA could be detected
in 2.9%(3/105) of the corresponding adjacent non-HCC tissues
where no metastatic lesionswere found, similar to Chenetal.” s
findingg4. Of these 3 patients, biopsy samplesfar from tumor
were obtained in 2 patients and RT-PCR indicated expression
of SSX-1 mRNA was not detectable in these two samples.
The sensitivity of RT-PCR assay was much higher than that of
conventional methods®, such as histochemistry and cytology,
so we speculate that there might be micrometastasis in the
adjacent non-tumor liver tissue. In addition, none of 40 samples
of cirrhosis and normal liver tissues expressed each of these 4
CT antigen mMRNAs. AsMAGE-1, SSX-1, CTpl11 and HCA587

were expressed with a high percentage and specificity in HCC,
their products might be ideal antigen targets for HCC
immunotherapy. A high proportion (93.3%, 98/105) of the
HCC tissue sampleswas positive for at least one of these 4 CT
antigen genes, indicating using multiple CT antigens astargets
will greatly increase the number of candidatesfor CT antigen-
based HCC immunotherapy.

In the present study, we found relatively high frequency of
expression of CTp11 and HCA587 mRNA, being 62.9%(66/105)
and 56.2%(59/105) of tumor samples from HCC patients,
respectively, while no expression of CTP11 and HCA587 was
detected in the samples of corresponding adjacent non-
canceroustissuesand control liver tissues, indicating their products
may also be ideal antigen targets for HCC immunotherapy.
Though frequency of expression of CTpll and HCA587
MRNA was relative lower than that of MAGE-1 and SSX-1,
being 75.2%(79/105) and 72.4%(76/105), respectively, we
found that samples with negative expression of MAGE-1 and
SSX-1 showed expression of CTp11 and HCAS87. With respect
to these HCC patients, vaccines based on CTpll and HCAS87
should be a desirable choice.

We a so found ahigh frequency of synchronous expression
of multiple CT antigens in HCC samples, with synchronous
expression of at least two, three, and four of these genesin
72.4%(76/105), 48.6%(51/105) and 37.1%(39/105) of HCC
tissues, respectively. High frequent co-expression of multiple
members of CT antigens in HCC provides possibility of
polyvaent vaccinationsfor HCC. The polyvalent vaccinations
with multiple antigens, which avoid the heterogenous expression
of tumor cells, might obtain better clinical resultsthan asingle
antigen-based vaccination in cancer immunotherapy. Patients
opportunities for cancer specific immunotherapy can thus be
expanded®’. However, our results showed no expression of
CT antigensin 6.7%(7/105) of HCC tissues. For these patients,
it is necessary to screen other CT antigens or tumor specific
antigens serving asimmune targets for HCC immunotherapy.

Concerning the issues of heterogenous expression of CT
antigens and possibility of polyvalent vaccinations for HCC,
Taharaet al.[” investigated the 10 CT antigens expression in
HCC with RT-PCR and found that 86%(19/22) of HCC tissue
samples expressed at least one CT antigen gene. Comparably,
Luo et al.”® showed that 81%(17/21) of HCC tissue samples
expressed at least one of the 10 CT genes. Whilein our present
study, selecting just 4 CT antigens, we proved that 93.3%(98/105)
of HCC patients were detectable of at least one positive CT
antigen expression. Notably, the sample number of our study
is 105, which is much more than the case number in the study
of Taharaet al.?" (22 cases) or Luo et al ¥ (22 cases), therefore
our results should be more convincing.

Our previous report showed the prognostic value of
MAGE-1 and MAGE-3 as tumor specific markers to detect
blood dissemination of HCC cells after hepatectomy. In this
study, our results indicated SSX-1, CTp11 and HCAS87 were
also expressed in HCC tissues with high percentage and
sensitivity, and some cases with negative MAGE expression
were positive for SSX-1, CTpl1 and/or HCAS87 transcripts.
Therefore, we can combine SSX-1, CTpl1l and HCAS87 genes
with MAGE genesand apply them asmultiple-markersto detect
hepatoma cells in circulation, which may improve the
sensitivity of the assay.

In this study, the serum a-FP was normal (<20 ng/mL) or
slightly elevated (<40 ng/mL) in 30.0%(35/105) of HCC
patients. In these 35 patients, 32 had MAGE-1, SSX1, CTpl1l
or HCA587 transcripts in their HCC tissues, suggesting
applying their mRNASs as tumour-specific markers to detect
HCC cellsin circulation might be an adjuvant diagnostic tool.
Thisassay combined with the examination of serum a-FPlevel
may improve the diagnosis of HCC patients.
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Abstract

AIM: To construct a DNA vaccine against extracellular
domains 1-3 of fetal liver kinase-1 (flk-1), and to investigate
its preventive and therapeutic effect against H22 cell in vivo.

METHODS: Flk-1 DNA vaccine was produced by cloning
extracellular domains 1-3 of flk-1 and by inserting the cloned
gene into pcDNA3.1 (+). Fifteen mice were divided into
3 groups and inoculated by vaccine, plasmid and saline
respectively to detect specific T lymphocyte response. Thirty
Mice were equally divided into preventive group and
therapeutic group. Preventive group was further divided
into V, P, and S subgroups, namely immunized by vaccine,
pcDNA3.1 (+) and saline, respectively, and attacked by
H22 cell. Therapeutical group was divided into 3 subgroups
of V, P and S, and attacked by H22, then treated with
vaccine, pcDNA3.1 (+) and saline, respectively. The tumor
size, tumor weight, mice survival time and tumor latency
period were compared within these groups. Furthermore,
intratumoral microvessel density (MVD) was assessed by
immunohistochemistry.

RESULTS: DNA vaccine pcDNA3.1 (+) flk-1-domains 1-3
was successfully constructed and could raise specific CTL
activity. In the preventive group and therapeutic group,
tumor latency period and survival time were significantly
longer in vaccine subgroup than that in P and S subgroups
(P<0.05); the tumor size, weight and MVD were significantly
less in vaccine subgroup than that in P and S subgroups
(P<0.05). The survival time of therapeutic vaccine subgroup
was significantly shorter than that of preventive vaccine
subgroup (P<0.05); the tumor size, and MVD of therapeutic
vaccine subgroup were significantly greater than that of
preventive vaccine subgroup (P<0.05).

CONCLUSION: DNA vaccine against flk-1 domains 1-3 can
stimulate potent specific CTL activity; and has distinctive
prophylactic effect on tumor H22; and also can inhibit the
tumor growth in vivo. This vaccine may be used as an adjuvant
therapy because it is less effective on detectable tumor.

LG F, Qin ZY, Yang WB, Qi YX, Li YM. A DNA vaccine against
extracellular domains 1-3 of flk-1 and its immune preventive
and therapeutic effects against H22 tumor cell in vivo. World

J Gastroenterol 2004; 10(14): 2039-2044
http://www.wjgnet.com/1007-9327/10/2039.asp

INTRODUCTION

Extensive studies by many investigators established that
angiogenesis has a central role in the invasion, growth and
metastasis of solid tumorg*3, The inhibition of tumor growth
by attacking thetumor’ svascular supply offersaprimary target
for anti-angiogenic intervention. There are several advantages
of targeting proliferating endothelial cells in the tumor
vasculature rather than directly to tumor cells. First, endothelial
cells are genetically stable and do not down regulate MHC-
class| and |1 antigens. Second, the therapeutic target istumor-
independent. Thus, killing of proliferating endothelial cellsin
the tumor microenvironment can be effective against avariety
of malignancies and clones®4. Vascular endothelial growth
factor (VEGF) playsacenter rolein tumor angiogenesis, while
fetal liver kinase-1 (fIk-1), which expressed exclusively on the
endothelial cells, is the key receptor that binds VEGF®®,
Blocking the VEGF-flk-1 pathway may inhibit tumor
angiogenesis. Hence, we constructed a DNA vaccine to target
the extracellular domain 1-3 of flk-1 and tested its preventive
and therapeutic effect against H22 cell in vivo with the hope
that the vaccine might be able to inhibit angiogenesis via
targeting flk-1 and flk-1 expressing endothelial cell. This
research has no parallel reports at home.

MATERIALS AND METHODS

Materials

Cdlline Tumor cell H22 cell line, constructed by DalianMedica
University from the mouse ascite, was heterogeneous cells
with higher declination to spread by lymph vessel. COS7 cell is
derived from African green monkey kidney and preserved by
our laboratory. Endothelia cellswere primarily cultured from
mouse vessel by our laboratory.

Animal BALB/c micewere bought from Laboratory Animal
Center of the Fourth Military Medical University. All micewere
male, specific pathogen free animals, with age of 6-8 wk and
weight of 15-20g.

Main reagents pcDNA3.1(+) was purchased from Invitrogen
(U.S). CD31 antibody was a product of Santa Cruz (U.S).
pMDT- 18 Vector, T4 DNA ligase, Tag™ DNA polymerase, Hind
I11, EcroR I, and dNTP were products of TaKaRa (Japan).
M- MLV reverse transcriptase was purchased from Promega
(U.S). E.Z.N.AR gd extraction kit was purchased from Omega
Bio-tek (U.S). Trizol, lipofectamine2000, DMEM and G418 were
purchased from Gibco (U.S). Western blot luminescence kit
was purchased from NEN (Britain). Micro BCA protein assay
was purchased from Pierce (U.S).

Methods
Cultureof cells H22 cell wastransferred in abdomen cavity of



2040 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

July 15, 2004 Volume 10 Number 14

BALB/c mouse. The ascites were taken from the mousein the
super clean bench and then diluted with DMEM to 1x107/mL.
A total of 0.2 mL of 1x107 H22 cells were inoculated
subcutaneously at the right armpit of mouse to establish a
tumor model. The interval between the ascites taking and the
last mouseinoculation waslessthan 2 h. COS7 cell was cultured
inDMEM containing 100 mL/L FCSand 50mL /L CO,at 37 C.
Primary culture of endothelial cells (ECs) were performed as
follow: the mouse thoracic aorta was sterile dissociated, and
sheared into small pieces about 0.5 cmx0.5 cm, washed with
Hank’ sfluid, its EC surface was sticked to 1.5% gelatin culture
medium, and then DMEM containing 100 mL/L FCS and
benzylpenicillin (100 U/mL) and streptomycin (100 U/mL) was
slowly added, then cultured at 37 ‘C under humidified
atmosphere containing 50 mL/L CO, until thecellsformasingle
layer. Transfer of cell culture was performed (< 3 generations).
Congtruction of theexpression vector encoding murineflk-1
domain 1-3 Total cellular RNA of mouse liver tissue was
extracted using TRIZOL reagent and cDNA was prepared by
random priming from 2 g of total RNA using M-MLYV according
to the manufacturers’ instructions. PCR was performed for
35 cyclesasfollows denaturation at 94 °C for 30's, annealing at
60 C for 30 sand extension at 72 "C for 80 s. Oligonucleotide
primersto amplify fIk-1 domain 1-3 transcripts were designed
on the mouse sequence: upstream primer:5° -CGGATAACC
TGGCTGACC-3' ; and downstream primer 5° -AGGGATT
CGGACTTGACTGC-3. Then thecloned genewasinserted into
the pMDT-18 vector, followed by cut out from pMDT-18 by
EcoR | and Hind 111 and insertion into the pcDNA3.1 vector
between the restriction sites EcoR | and Hind 111 generating
pcDNA3.1 (+)-flk-1-Domainl-3. Reading frame and sequence
were proved right by DNA sequencing.

Expresson of thepcDNA3.1 (+)-flk-1-domain 1-3in the COS7
cell COS7 cellswere plated in antibiotic free growth medium
and cultured until about 90% confluence at the time of
transfection. A 4 pg of pcDNA3.1 (+)-flk-1-Domain1-3 was
diluted and mixed in 250 uL. of DMEM, 10 pL of lipofectamine™
2000 wasdiluted and mixed in 250 L of DMEM respectively.
They were mixed together after 5 min of incubation at room
temperature, and incubated for 20 min then poured into 35 mm
wellsplated with COS7. Mixed gently and incubated at 37 C in
50 mL/L CO, incubator for 48 h. Cultured cellswereincubated
for 20 min and sonicated twicefor 5 sin cold lysisbuffer. Tota
extracts were cleared by centrifugation for 30minat 4 C at
14 000 g. Proteinlevelswere quantified with Micro BCA protein
assay. Sampleswereresolved by 120 g/L SDS-polyacrylamide
gel electrophoresis (SDS-PAGE). In all gels, 80 pg of protein
dissolved in sample buffer wasloaded per lane. Immunablotting
was performed by electroblotting onto nitrocellulose membrane
(0.2 mm) at 32 mA for 1 h using a semidry immunoblotter.
Membranes were blocked for 2 h a room temperature with
blocking buffer and subsequently incubated for 1 h at room
temperature with anti-flk-1 polyclonal antibody at a 1:200
dilution with blocking buffer. The enhanced chemiluminescence
system was used for the detection of bound antibody. Primary
antibody-antibody-bound membranes were incubated for 1 h
at room temperature with horseradish peroxidase conjugated
antirabbit or antimouse IgG at a 1:1 000 dilution with blocking
buffer. After washing with TBS and TBST, the membraneswere
treated with enhanced chemiluminescence reagents according
to the manufacturer’ s protocol. The membranes were exposed
to X-ray filmfor 2 min.

Analysis of specific cytolytic T lymphocyte (CTL) activity
Fifteen mice were classified to three groups: vaccine group,
plasmid group, and saline group, each group had 5 mice. Mice
were injected with 100 pg of vaccine, 100 pg of plasmid, and
100 pg of saline respectively, at the concentration of 1 ug/uL
once every 10 d. All themicewerekilled on day 10 &fter thelast

immunization and the spleen lymphocytes were separated and
culturedin completeculturemediumwithinterleukin-2 (1x10°U/L)
and 100 mL/L FCS at saturated humidified atmosphere
containing 50 mL/L CO, at 37 'C toinducethe CTL. CTL and
mouse ECs was mixed at 100:1 and 50:1 effector/target rate,
respectively. In addition, there were a CTL control group, an
ECs control group and a culture medium control group. The
gpecimensof each group had 3 parallel wellsona96-wdl culture
plate and were cultured under conditions of saturated humidity
at 37 C containing 50 mL/L CO, for 48 h. Cell-mediated
cytotoxicity was determined by using a standard 5'Cr release
assay. Briefly, target cells were pelleted and resuspended in
3.7 GBq of *'Cr per 10°cells and incubated at 37 C in a
humidified 50 mL/L CO, incubator for 1 h. They were washed
three times with media, resuspended to 5x10%mL, and 0.1 mL
was added to round-bottomed microtiter wells. Varying numbers
of effector cellswere added in 0.1-mL volume to achieve the
desired E/T ratios. For a spontaneous 5Cr-release control,
0.1 mL of mediawas substituted for effector cells. Maximum
release was determined by adding 0.1 mL of 1% NP-40 to the
target cells. After 6 hat 37 °C, the plates were centrifuged at
1200r /minfor 5min, and 0.1 mL of supernatant wastaken from
each well and counted on agamma counter. Data are presented
as percent specific 51Cr-release=100x[ (experimental group
counts per minute (cpm)-spontaneous group cpm)/(maximum
release cpm - spontaneous cpm)].

Preventive effect of p)cDNA3.1 (+)-flk-1-domain1-3 against
H22 Thirty BALB/c micewererandomly dividedintoV, P,and S
subgroups, 10 micein each subgroup, and immunized by 100 pg
vaccine, plasmid, and saline, respectively, at concentration of
100 pg /UL, once every 10 d by intramuscular injection at left
hip. Fivedaysafter thelast immunization, all mice wereinjected
with 1x107of H22 cellsat the right armpit subcutaneously. The
miceweight, tumor formation, tumor sizeand micesurvival time
were recorded. Tumor volume was measured in 2 dimensions
and calculated as follows: length/2xwidth?. After mice death,
tumor tissue was routindly fixed and embedded in paraffin and
then performed CD31 staining. All mice were kept observation
until death.

Ther apeutic effect of pcDNA3.1 (+)-flk-1-domain1-3 against
H22 Thirty BALB/c micewererandomly dividedintoV, P, and
Ssubgroups, ten mice in each subgroup. All micewereinjected
with 1x107 of H22 tumor cell subcutaneoudly at right armpit.
Four days later, tumor was formed in all mice, which
demonstrated the successful construction of tumor model.
Micein different groups were treated with 100 g of vaccine,
plasmid, and saline, respectively, at the concentration of 1 pg/pL,
two times every 5 d by intramuscular injection at I&ft hip. The
tumor weight and size wererecorded each day. The miceweight,
tumor formation, tumor size and survival period of mice were
recorded. After mice death, tumor tissue was routinely fixed
and embedded in paraffin for CD31 staining. All mice were kept
observation until death.

Counting of microvessel density in H22 solid tumor Tumor
tissue was washed with cold PBS, then fixed in 40 g/L buffered
fomal dehyde solution and embedded in paraffin. Tissue sections
(4 mm thick) were preincubated for 30 min with PBS containing
3 mL/L hydrogen peroxide and then blocked with blocking
solution containing 50 mL/L goat serum. CD3 staining was
performed with a polyclonal rabbit anti-rat CD31 antibody
diluted in PBS (1:50) supplemented with blocking solution for
24 h at 4 'C. Finally, sections were incubated with the
biotinylated secondary antibody followed by streptavidin-
horse-radi sh-peroxidase complex. Antibody binding was
visuaized with diaminobenzidine (DAB). Vessal countswithin
the tumor were assessed by light microscopy after CD31
staining. Based on the criteria of Weidner et al.l", a vessel
lumen was not required for the identification of amicrovessel.
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Thefive areaswith the highest number of discrete microvessels
in each didewereidentified by scanning tumor sectionsat low
power. Then the number of microvesselswere counted in these
areas at 200 magnification (0.75 mm? area) to obtain accurate
microvessel density. The average value of the five areas was
counted asMVD.

Statistical analysis

Results were expressed as mean+SD. Data were analyzed by
the method of ANOVA using SPSS 10.0 software. P<0.05was
considered statistically significant.

RESULTS

Cloning of flk-1 domainl-3 and construction of pcDNA3.1 (+)-
flk-1-domain1-3

A 1 250 bp gene part was cloned from mouse liver tissue
using RT-PCR technique (Figure 1). DNA sequencing showed
that pcDNA3.1 (+) flk-1-domainl-3 wastheright reading frame
and sequence. Western blotting of the lipotransfected COS7
cell showed that the expression of a M, 44 000 protein in the
cell after transfection of the pcDNA3.1 (+)-flk-1-domainl-3
(Figures2, 3).

100 bp
250 bp
500 bp
750 bp
1 000 bp

2 000 bp flk1-domain1-3

pcDNA3.1(+)

Figure 1 Clone of flk-1-domainl-3 and construction of ex-
pressing vector. A: DNA marker; B: PCR results.

Activity of spleen CTL

CTL activity of micein vaccine subgroup was significantly
higher than that of plasmid and saline subgroup (Figure 4,
P<0.05).

Protective effect of pcDNA3.1 (+)-flk-1-domain 1-3 against H22

in different subgroup

Observation of carcinogenesis Mice of different subgroupsin
immune preventive group were injected with H22 cells after
3 times inoculation, the tumor latent time, survival time of the
vaccine subgroup were longer than that of plasmid subgroup
and saline subgroup (P<0.05); The tumor weight and tumor
volume of vaccine subgroup was the lowest among the 3
subgroups (P<0.05, Tablel, Figure 5). The tumor latent time,
survival time, tumor volume and tumor weight of plasmid
subgroup and saline subgroup have no statistical significance
compared with each other.

A B C

43 kDa

Figure 2 Functionality of the flk-1-domain 1-3 expressing
vector. A: Western blotting of protein extracted from COS7
cell; B: Western blotting of protein from COS7 transfected with
vaccine; C: Western blotting of protein from COS7 transfected
with pcDNA3.1 (+).

701 [ISaline
60| T CPlasmid
50
40 [
30
20
10 — ’+’L _
0 |
100:1 50:1
Effector/target rate

Bvaccine

Killing rate (%)

Figure 4 CTL activity of each group at different effector/target
rate.

Figure 3 COS 7 cell before and after transfection with vaccine, plasmid and saline, respectively. A, D: One day before and 2 wk after
transfection with vaccine; B, E: One day before and 2 wk after transfection with plasmid; C, F: One day before and 2 wk after
transfection with saline.
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Table 1 Protective effect of DNA vaccine against H22 tumor cell in vivo (meanzSD)

Group n Tumor latency time (d) Survival time (d) Microvessel density Tumor weight (g)
Vaccine 10 5.20+0.862 24.47+3.23° 10.10+1.66° 1.41+0.13¢
Plasmid 10 4.00+0.67 14.70+2.63 27.30+3.34 1.79+0.16
Saline 10 3.80+0.63 14.30£2.00 25.30+4.64 1.82+0.16

2P<0.05, °P<0.05, ®P<0.05, 9P<0.05 vs plasmid group and saline group.

Figure 5 Curve of tumor growth in preventive group.
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MVD of different subgroups Macroscopic structure showed
the tumor tissue was hard and adhered to the surrounding
tissue. MV D of vaccine subgroup was the lowest among the
three subgroups (P<0.05). MVD of the plasmid subgroup and
saline subgroup have no statistical significance compared with
each other (P>0.05). This indicates that V subgroup has the
lowest micro vessel density (Figure 6).

Therapeutic effect of pcDNA3.1 (+)-flk-1-domain1-3 against H22
Inhibitory effect of pcDNA3.1 (+)-flk-1-domain1-3in
car cinogenesis Treated with DNA vaccine pcDNA3.1 (+)-flk-
1-domainl-3, plasmid and saline, Thesurviva timeof thevaccine
subgroup were longer than that of plasmid subgroup and saline
subgroup (P<0.05); The tumor weight and tumor volume of
vaccine subgroup was the lowest among the 3 subgroups

A, !

L

(P<0.05, Table 2, Figure 7). The survival time, tumor volume
and tumor weight of plasmid subgroup and saline subgroup
have no statistical significance compared with each other. But
the survival times of therapeutic vaccine subgroup were
significantly shorter than that of preventive vaccine subgroup
(P<0.05); the tumor size, and MVD of therapeutic vaccine
subgroup were significantly greater than that of preventive
vaccine subgroup (Table 3).

MVD of different subgroups Macroscopic structure showed
the tumor tissue was hard and adhered to the surrounding
tissue. MV D of vaccine subgroup was the lowest among the
3 subgroups (P<0.05). MVD of the plasmid subgroup and
saline subgroup had no statistical significance compared with
each other (Figure 8).

1.4
1.2
1.0

—<— Vaccine

—#®— Plasmid
—&— Saline
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Tumor volume (cm?)

Figure 7 Curve of tumor growth in therapeutic group.

8 C

Figure 6 Microvessel staining by anti-CD31 antibody in preventive Group (Original magnification: x200). A: Vaccine subgroup; B:

Plasmid control group; C: Saline control group.
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Figure 8 Microvessel staining by anti-CD31 antibody in therapeutic group. A:

Saline control group.

Vaccine subgroup; B: Plasmid control group; C:
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Table 2 Therapeutic effects of DNA vaccine against H22 tumor
cell in vivo (mean£SD)

Group n Survival Microvessel Tumor
time (d) density weight (g)
Vaccine 10 19.17+1.722 18.60+3.47¢ 1.57+0.12¢
Saline 10 13.52+1.89 26.90+3.41 1.85+0.09
Plasmid 10 13.67+2.94 25.50+4.43 1.82+0.06

2P<0.05, °P<0.05, *P<0.05 vs plasmid group and saline group.

Table 3 Comparison of therapeutic and preventive effects of
DNA vaccine (meanzSD)

Group n Survival Microvessel Tumor
time (d) density weight (g)

Protective 10 24.47+3.23*  10.10£1.66° 1.41+0.13¢°

vaccine subgroup

Therapeutic 10 19.17+1.72 18.60+3.47  1.5740.12

vaccine subgroup

3P<0.05, °P<0.05,°P<0.05 vs therapeutic vaccine subgroup.

DISCUSSION

We successfully cloned the domains 1-3 of extracellular parts
of flk-1, constructed the DNA vaccine pcDNA3.1 (+) flk-1-
domains 1-3, which induced the immune response against
endothelial cell, and finally blocked the growth of H22 tumor
cells by blocking angiogenesis.

DNA sequencing and blast showed that the cloned gene
completely matched the DNA sequence listed in GenBank.
Western blot of lipotransfected COS7 showed that the cell
transfected with vaccine could express a M, 44 000 specific
protein, which had no corresponding band in the control group,
indicating that flk-1 could be expressed by the vaccine in
eukaryotic cells. Standard 4-h 5'Cr rel ease test showed that the
vaccine against domains 1-3 could generate specific immune
response in mice through breaking tolerance to self-flk-1
antigen.

In theimmune preventive group, mice were first inocul ated
with the vaccine and then challenged with tumor cells. The
results showed that compared with the control group, the
inoculated mice had alonger survival time, longer tumor latent
period, lower tumor weight at death time and slower tumor
growth rate. Furthermore, tumor in inoculated mice had low
MVD. So we concluded that the vaccine inhibited tumor growth
by its anti-angiogenic effects. In the therapeutic group, effects
of the vaccine were supposed to investigate in the clinical
conditions. The H22 cells were first injected to the mice and
waited until tumor was well constructed, then the mice were
treated with thevaccine. We found that, similar to the preventive
group, the survival time, tumor weight a death time of miceand
tumor growth rate all had significant difference compared with
the control group. But compared with that of the preventive
group, the vaccine was less effective in the therapeutic group,
TheMVD, survival time had significant difference between the
vaccine subgroup of these groups, indicating that the vaccine
might be less effective against well-structured tumors.

Recent advances in the understanding of the molecular
control of angiogenesis have shown that this process is
essential for tumor development and spread. VEGF isahighly
specific mitogen for vascular endothelial cells, which caninduce
endothelial cell proliferation, promotes cell migration, and
inhibits cell apoptosis and immune response against cancert®Y,
and plays a central role in the tumor angiogenesig!#,

Hk-1isthemain receptor thoughwhich VEGF could modulate
tumor growth and metastasis*>#. FIk-1 belongs to receptor

tyrosine kinases (RTKs) family and are expressed almost
exclusively in endothelia cellsand on various types of tumor
cellg*2, Fk-1 hasatypical tyrosine kinase receptor structure
with 7 immunoglobulin (1g)-like domains in the extracellular
region, as well as along kinase insert in the tyrosine kinase
domain?, Evidence shows that 1gG-like domains 2-3 are
sufficient for tight binding, domain 1 is necessary for tight
binding and domains 4-7 are not essential for signaling, and
theresidueswithin thisregion of domain 3 are critical for VEGF
binding® 23, Various studies have shown that VEGF and flk-1
expression are significantly associated with advanced stage,
high incidence of distant metastases after surgery, and less
favorable prognosisin a number of malignancies®?¥, Asit
directly involved in tumor angiogenesis, flk-1 isan appropriate
target for suppression of solid tumor growtht®.,

Several approaches have been used to block flk-1, including
dominant-negative receptor mutants, germ-line disruption of
VEGFR genes, monoclonal antibodies, dendritic cell vaccine,
and aseries of synthetic RTK inhibitord?3, They al achieved
the goal of blocking VEGF-flk-1 signaling pathway and
inhibiting angiogenesis, but they all have some common defects,
such asrequiring constant drug injection, only blocking VEGF
pathway and high cost. Our strategy was to construct DNA
vaccinetarget flk-1in order to inhibit angiogenesis by blocking
VEGF-flk-1 pathway and destructing endothelial cell that
expresses flk-1. Compared with strategies mentioned above,
DNA vaccines against flk-1 could achieve similar results and
are simpler and cheaper to produce and can induce very long-
lasting immune responses’®®!, Furthermore, the immune
response not only blocks VEGF-fIk-1 pathway, but aso blocks
other angiogenesis pathway by destruction of endothelial
cell$%, Also it has been reported that liver cancer cells and
various types of other tumor cells could expressflk-1 receptor,
but in our study we could not amplify flk-1 gene from cultured
H22 tumor cells, so we could not evaluate whether or not the
vaccine had direct effect on the tumor cells. Our research
showed that the vaccine was less effective against well-formed
tumors. This may be contributed to the immune escaping
capacity of well-structured tumors. Thisresult wasin consi stent
with previous reports at home and abroad'® %%, So we propose
that the vaccine should be combined with other therapies, such
assurgery, to prevent primary stefrom recurring and metestasis.
Further research is needed in this direction.

In short, we constructed DNA vaccine against extracellular
domainl-3 of flk-1, and evaluated itsimmune preventive and
immune therapeutic effects against H22 tumor cell, suggesting
that the vaccine could inhibit tumor growth through its anti-
angiogenic effect. Further research is needed to increase the
effectiveness of thisvaccine.
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Abstract

AlIM: To examine 5” and 3” terminal sequences of hepatitis
E virus (HEV) isolated from Morocco, to confirm 5” methylated
cap structure of the genome, and to investigate whether
the 3” UTR can be used to distinguish HEV genotypes instead
of HEV complete genome sequence.

METHODS: RNA ligase-mediated rapid amplification of
cDNA ends (RLM-RACE) was employed to obtain the 5” and
3’ terminal sequences of HEV Morocco strain. The 3” UTR
sequence of the Morocco strain was compared with that of
the other 29 HEV strains using the DNAStar software.

RESULTS: The 5” PCR product was obtained only from the
RLM-RACE based on the capped RNA template. The 5 UTR
of the Morocco strain had 26 nucleotides, and the 3 UTR
had 65 nucleotides upstream to the polyA. The 5 UTR
between HEV strains had only point mutations of nucleotides.
The phylogenetic tree based on the sequences of 3” UTR
was not the same as that based on the complete sequences.

CONCLUSION: The genome of HEV Morocco strain was
methylated cap structure. The 3” terminal sequence can not
be used for distinguishing HEV genotype for all HEV strains
in place of the whole HEV genome sequence.

Chen GB, Meng JH. Identification of 5> capped structure and 3”
terminal sequence of hepatitis E virus isolated from Morocco.
World J Gastroenterol 2004; 10(14): 2045-2049
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INTRODUCTION

Hepatitis E virus (HEV) isan enterically transmitted agent that
causes epidemic and sporadic cases of hepatitis predominantly
in developing countries of Asia, Africaand North Americal.
The disease generally affects young adults and has a high
mortality rate, up to 20%, in infected pregnant women. Success
in cloning and sequencing of the HEV genome alowed the
elucidation of the HEV genetic organization?. The HEV
genome is a positive-sense, single-stranded, polyadenylated
RNA of approximately 7.2 kb containing three open reading
frames (ORFs). ORFL, located at the 5 end of the genome, is

about 5 kb in length and encodes for a putative nonstructural
polyprotein that contains motifs characteristic for
methyltransferase, papain-like protease, RNA helicase, and
RNA-dependent RNA polymerase domains. ORF2 is about
2 kb in length and encodes for the structural protein(s). The
small ORF3 of only 369 nucleotides overlaps ORF1 and ORF2
and encodes for a protein of unknown function.

The genomes of several HEV strainsfrom Asiaand North
America have been sequenced in their entirety!™. Partial
seguences are also available for other strains from some of
these geographic regions. In Africa, the HEV virus has been
identified from Morocco, Tunis, Algeria, Chad, Egypt, Nigeria
and Namibid>*. However, only afew short isolated nucleotide
sequences from African strains of HEV were available for
anaysis. In 1997, Chatterjee et al. isolated an HEV strainin
Morocco®. In 1999, Meng et al. obtained the nucleotide
sequences of HEV Morocco strain that spanned the extreme
3’ terminal region of ORF1, full length ORF2 and ORF3, and
apart of the 3" noncoding region*2, Although more similar
to the Asian strains than to the Mexico strain, partial HEV
sequences from Morocco strainswere, nonetheless, distinct from
al known Adan grains. It isurgent to obtain the complete sequence
of the Morocco strain to elucidate its biological function.

Although the genomic coding regions of several HEV
strains have been sequenced completely, the sequence of the
5 UTR has been reported only for alimited number of HEV
sraind®¥. The5 UTR of HEV strainswere usually determined
either by cDNA cloning and sequencing or by classical 5’ rapid
amplification of cDNA ends (RACE)!*3. However, there till
exists the possibility that the 5 UTR sequences are not
complete because neither method has a control to detect
premature termination of cDNA synthesis. Furthermore, by
coupling a reverse transcription polymerase chain reaction
(RT-PCR) assay withimmune-capture of genomic RNA based
on the ability of a monoclonal antibody to recognize 7-
methylguanosine showed that the genomic RNA of HEV is
capped*¥. It is not clear how this structure will have affected
previous assays used to determine the 5’ terminal nucleotides.
For getting the complete sequence of HEV Morocco strain,
we employed aRLM-RACE techniqueto obtainthe5' and 3’
terminal sequencesin our study, and confirmed that the genome
of Morocco strain was capped.

Furthermore, how to distinguish the genotypes of HEV is
still an issue. Based on the complete sequence analysis, Burma-
1, Burma-2, China-1 to -6, Pak-1, Pak-2, India-1 to -4, Nepal
and Morocco strains are included in genotype I; Mexico strain
belongs to genotype I1; Genotype Il holdsUS-1, US-2, US-
SW, Japan-1 to -7, Japan-SW and Canada-SW; China-T1
belongs to genotype 1VI*517, Considering the difficultiesin
obtaining the complete sequences of each strain, we attempted
to evaluate whether the 3 UTR can be used to analyze the
HEV genotype in this study.

MATERIALS AND METHODS

Sample
The sample was obtained from Professor Pillot, Pasteur
Ingtitute, France, and treated as described in references 16 and
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17. Aliquots of virus stock were prepared and stored at -70 °C.

Reagents

HEV RNA was extracted with TRIzol (GIBCO, USA). The 5’
and 3 RLM-RACE was carried out with the GeneRacer kit
(Invitrogen, USA). The nested PCR was carried out with high
fidelity system DNA polymerase (Roche, USA). PCR products
were purified with QIAquick PCR purification kit (Qiagen,
German).

Primers
5 RACE primers: Two RNA 5’ -adaptor primers supplied in
the GenRacer kit were used asforward primers. The sequences
of the reverse primerswere: 5’ -AGA AAA GGC CTA ACC
ACCACA GCATTCG-3 (outer reverseprimer) and5 -CTA
AAG CAG CCT GCT CAATAG CAGTAG-3 (inner reverse
primer).

3 RACE primers: Sequences of the forward primerswere:
5 -GTT GTCTCA GCC AAT GGC GAG C-3' (outer forward
primer) and 5 -AAG ATG AAG GTG GGT AAA ACT CGG
GAG-3' (inner forward primer). Two RNA 3’ -adaptor primers
supplied in the GenRacer kit were used as reverse primers.

GenBank accession number and software

The GenBank accession number of 3' UTR sequence of HEV
Morocco strain was AY 220474. The5 and 3' UTR sequence
of Morocco strain were compared with that of other 29 strains,
respectively, by the MegAlign in DNAStar software
(DNASTAR Inc, USA). The phylogenetic trees of 3' and
complete HEV sequences were also made with MegAlign in
DNASTAR. The GenBank accession numbers of these
sequenceswere: Jap-SW (AB073912)1%#, Japan-1 (AB074918),
Japan-2 (AB074920)1*%, Japan-3 (AB089824)?%, Japan-4
(AP003430)2, Japan-5 (AB074915), Japan-6 (AB074917)1%9,
Japan-7 (AB080575)?2, Nepal (AF051830)(, US-1
(AF060668), US-2 (AF060669) >+, US-SW (AF082843)1%,
Canada-SW (AY 115488)1?", India-1 (X98292), India-2
(AF459438)1%8, India-3 (AF076239)', India-4 (X99441), Pak-
1 (M80581)%, Pak-2 (AF185822)kY, Burma-1 (M73218),
Burma-2 (D10330)1¥?, China-1 (L 25547), China-2 (L 25595)1,
China-3 (L08816), China-4 (M94177)!*, China-5 (D11092)*,
China-6 (D11093), Mexico (M74506)!* and China-T1
(AJ272108), The RNA secondary structure was reconstructed
with RNAstructure software (Isis Pharmaceuticals).

Extraction of HEV RNAs

One hundred microliters of the filtered supernatant of the
Morocco strain was mixed with 400 pL of TRIzol reagent.
The mixture was homogenized and incubated for 5 minat room
temperature. One hundred microliters of chloroform was added
and the mixture was vigorously shaken for 15 sand incubated
at room temperature for 3 min. After centrifugation at 12 000 g
for 15 min at 4 °C, the agueous phase was transferred to a
fresh microfuge tube. The RNA from the aqueous phase was
precipitated by incubating with an equal volume of isopropy!
alcohol and 1 L of glycogen (20 mg/mL) at room temperature
for 15 min, and centrifuging at 12 000 g at 4 “C for 15 min.
After removing the supernatant, the RNA pellet was washed
once with 800 pL of 750 mL/L ethanol and centrifuged again,
dried, and then dissolved in 20 pL of diethylpyrocarbonate
treated water.

57 RLM-RACE

The5 RACE wascarried out with the GeneRacer kit following
the manufacture’ sinstructions. Briefly, 14 pL of extracted
RNA was treated with calf intestinal phosphatase (CIP) in a
total 20 pL reaction mixture containing 2 pL of 10x CIP buffer

and 2 pL of CIPfor 1 hat 50 C. After extracted with phenol/
chloroform, RNA was resuspended in 6 pL of nuclease-free
water. The 6 pL of ClP-treated RNA was treated with tobacco
acid pyrophosphatase (TAP) in a 10 pL of reaction mixture
containing 1 uL of 10x TAP buffer and 2 L of TAPfor 1 h at
37 C. Again after extracted with phenol/chloroform, the
CIP/ITAP-treated RNA wasresuspended in 6 L of nuclease-free
water and ligated to 250 ng of RNA adaptor by T4 RNA ligase
inal0 pL reaction mixturefor L hat 37 ‘C. Thenthe CIPITAP/
Ligated-RNA was extracted with phenol/chloroform and
resugpended in 20 L nuclease-free water and reserved at -70 C.
Another 6 pL non-treated RNA was ligated to 250 ng of RNA
adaptor directly by T4 RNA ligase asacontrol. Ten microliters
of theligated RNA or control RNA was used as atemplate to
synthesize cONA with AMV reverse transcriptase for 1 h at
42 °C. The outer reverse primer was used to prime the cDNA
synthesis. The cDNA was then amplified by nested PCR with
high fidelity system DNA polymerase. The PCR reaction
mixture was incubated for 2 min at 94 °C followed by 35
amplification cycles, comprising denaturation at 94 “C for 30 s,
annealing at 65 ‘C for 30 sand extension at 72 °C for 30s. The
reaction was extended for another 7 min at 72 °C to insure the
full extension. Based on our former work (data not shown),
the expected size of the final PCR product was 100 bp or
greater. PCR products were analyzed on 20 g/L agarose gel.

3”RACE

The3 RACE wascarried out with the GeneRacer kit following
the manufacture’ s instructions. Ten microliters of the HEV
RNA was used as a template to synthesize cDNA with AMV
reverse transcriptase for 1 h at 42 °C. The oligo (dT)-adaptor
primer supplied with the kit was used to prime the cDNA
synthesis. The cDNA was then amplified by nested PCR with
high fidelity system DNA polymerase. The PCR reaction
mixture was incubated for 2 min at 94 °C, followed by 35
amplification cycles comprising denaturation at 94 °C for 30 s,
annealing at 65 °C for 30 s, and extension at 72 °C for 30 s.
The reaction was extended for another 7 min at 72 °C to ensure
the full extension. Based on our former work (data not shown),
the expected size of thefinal PCR product was 98 bp or greater.
PCR products were analyzed on 20 g/L agarose gel.

Sequence analysis and comparison

PCR products were purified with QIAquick PCR purification
kit and sequenced. The5' and 3 UTR sequence of Morocco
strain were compared with that of other 29 strains, respectively,
using DNAStar software. The RNA secondary structure was
reconstructed with RNAstructure software. The phylogenetic
treesof 3' and complete HEV sequences were also made with
DNASTAR.

RESULTS

57UTR

As shown in Figure 1A, bands of the expected size were
obtained. The band was obtainedin 5 RLM-RACE reactions
only when the template was CIP/TAP treated RNA.

The5' terminus of Morocco had 26 nucleotides preceding
the predicted start codon, including the 7-methylguanosine.
The sequence of PCR product was: GGC AGA CCA CAT
ATG TGG TCG ATG CC. A comparison of the 5 UTR
sequence of 30 HEV strains was made as shown in Figure 2:
therewasa“T" at the position 4 preceding the predicted start
codon in Morocco and other 25 strainswhilea® C” wasfound
in other four strains; a“G” at the position 9 in the Morocco
and other 28 strainsturn out to bea“ T” in US-SW strain; an
“A” at the position 16 in Morocco and other 20 strains was
replaced by a“G” or “C” in other nine strains; an additional
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“A” at the terminus of eight strains except Morocco strain;
and additional 9 nucleotides in the US-2 terminus.

As shown in Figure 3, the 26 nucleotides of 5’ terminus
could form aputative stem-loop structure. All single-nucleotide
differences occurred within that loop structure.

A123MM BlZMM

=
500 bp
300 bp 100 bp

100 bp

Figure 1 RT-PCR products of 5” and 3” RNA of HEV Morocco
strain. A: Products of 5 RLM-RACE; Lane 1: negative control
without template RNA; Lane 2: RNA template without CIP/TAP
treated; Lane 3: RNA template treated with CIP and TAP. B:
Products of 37 RACE; Lane 1: negative control without template
RNA; Lane 2: products of 3> RACE; MM: 100 bp ladder.

Sequence < Pos =
Name 35 30 25 20 15 10 5 1
Burma-1 [y ff-------- Blri=C AFACCACAT AT 5T 55T CGAT FCCAT &
Burma-2 [y ff-------- B0 AGACCAC AT AT 5T 55T C GAT FCCAT &
Canada-3W [3] |--------- GECAGADCAJET AT 6T 56T L HAT GOCAT &
China-1 [1] ||---------¢GCAGACCACATATFTFETCGAT FCCAT G
China-2 [1] [|---------FGCaGACCACATATETFETCGAT FCCAT G
China-3 [INH st e e e FCCATE
China-4 [ |f------- A GCAGACCAC AT AT 6T 56T 0 FAT GOCAT &
China-5 [ |f------- AP FCAGACCAC AT AT 6T 56T CFAT FCCAT &
China-6 [ |f------- G FCAFAD AL AT AT 5T 56T C FAT FCCAT &
China-T1 [4] ||--=-------- GLAGACCACET AT CTGET GO CAT
India-1 [ (f--------- G50 AFACCACK AT 6T 56T CEAT GCCATE |
India-2 [ |f------- A ECAGAC CAC AT AT 6T 56T CHAT GOCAT &
India-3 [ |f------- JEFFCAFACCAC AT AT 6T 56T CFAT FCCAT &
India-4 [ |f------- JHFErARACCACAT AT FT GET CEAT FOCAT G
Japan-1 [3] |[========-- GLAFACCACET AT FTEETC AT GLCAT &
Japan-2 [3] |[============mmmmmmmmmmeeo GTCGATGCCATE
Japan-3 [381 |---------- GLAFACCAMHT AT FT GET CEAT FCCAT &
Japan-4 381 |[--------- GEOAGADCATEN AT 5T 55T 0 GAT FCCAT G|
Japan-5 [4] i |=smmnsmsormsnsmsnsrionmn s GTOGHCFCCAT G
Japan-6 [4] ||-=========mmmmmmmmmm oo GTCGACFCCATE
Japan-7 4 (---------- GrAGACCAQET AT 6T 55T £ 6 4CHC CAT G|
Jap-3W [38 (|---------- GLAGACCANHN AT GTEET CEAT FCCAT G|
Mexico [21 |---------- GOAGACCACATN GTEET CEAT RO C AT |
MOROCCO  [1] |f--------= FECAFACCACATAT FTEET CGAT FCCAT R
Nepal [ |f------- JHrerasaccaAn AT AT ST GET CEAT FOCATE
Pak-1 [ f---------- GCAFACCAD AT AT 6T GET CGAT GCCAT &
Pak-2 [1] |f--=----==="=== e~ AT G
Us-1 (o [ | R R e S i L S o S SR L AT
us-2 [B] |[rreacacesssearancadEr AT 6T HET C AT FOCATE
US-3wW [38] [|--==--=======m o= CGATGOCATE

Figure 2 Comparison of sequence in the 5 UTR of different
HEV strains. The translation initiation codon is underlined. The
number in brackets following the strain name is the genotype
designation. Changes from the consensus sequence are boxed.

A
@T] T

=S

A”TG/ 10

c
G
20-C2T
AGfC\

ENERGY
=-11.4 \ A
: Amm(T]
Cc™=G
G ™=C
G—C
\ |
5 3

Figure 3 RNA secondary structure of HEV 5’ terminal
sequence. Changes among HEYV strains are boxed.

3’UTR

Asshown in Figure 1B, 3 RACE bands of the expected size
were obtained. The3' terminusof Morocco had 65 nucleotides
upstream of the polyA (the GenBank accessionisAY 220474).
Thesequenceof 3 UTRwas. TTT ATT TGC TTG TGC CCT
CCTTCTTTCTGT TGCTTATTT CTCTTT TCT GCG
TTT CGC GCT CCC TG. The comparison of the 3 UTR
sequence with the corresponding regions of other 29 HEV
strains from different parts of the world revealed that the
Morocco strain was most similar to the genotype 1 strains
(92.3-97.4%) (Table 1). The3' UTR nucleotide sequences of
the HEV genotypes I, 111 and 1V strains shared a lower
similarity with that of Morocco strain: 80%, 65.6-83.1% and
84.6-89.2%, respectively. The phylogenetic trees a so showed
that the HEV Morocco strain was grouped together with all
genotype | strains asa separate branch (Figures4 and 5). Based
onthe3 UTR analysis, Japan-5, -6, -7 belonged to genotype
I11. But according to the complete sequence analysis, they were
included in genotype IV.

Table 1 Percent identity of 3 UTR of HEV genotypes (%)

| I 11 v
Mor  92.3-97.4 80 65.6-83.1 84.6-89.2
| 92.3-100 74.4-81.5 25.6-84.6 79.5-90.8
1 - 100 37.5-71.8 55.1-83.8
11 - - 75.9-94.4 41.4-80.0
v - - - 77.9-94.3

I, 11, 11, IV: HEV Genotype; Mor: HEV Morocco strain; -: blank
well.

DISCUSSION

Variations in the length of the 5 UTR have been observed.
The Burma strain was reported to have 27 nucleotidesinits 5’
UTR, compared with 35 nucleotidesin the 5 UTR of US-2
and 26 nucleotidesin the most of other straingd®. It remainsto
be determined if the extra nucleotides are really present in
functional genomes. Maybe they just represented artifacts
generated because the presence of a cap structure was not
recognized at the time some of those strains were segquenced,
or because of the additional “ A” with the non-proofreading
DNA polymerase in the PCR action. What was more
interesting, the US-2 strain had additional nine nucleotides at
the5' terminus. They wereincluded in the GenBank sequence
but had not been discussed elsewhere, so they were difficult to
evaluate. Except the US-2, all HEV strains had a comparable
5 UTR sequence with only point change from each other, and
the single-nucleotide differences occurred within the loop
structure. Thisstructure may play avery important role either in
replication or trandation. It needs to be verified experimentally.
The5 UTR sequences obtained by the methods of cDNA
cloning/sequencing or classical 5’ rapid amplification of cDNA
ends (RACE) may be incomplete because neither method has
acontrol to detect premature termination of cDNA synthesis.
The finding of a 7mGpppG cap alowed reevaluation of 5'
UTR sequences with amodified RACE technique caled RNA
ligase-mediated RACE (RLM-RACE). In RLM-RACE, an
RNA sample wasfirst treated with calf intestinal phosphatase
(CIP) toremovethe 5 -phosphate from all RNA species except
those with a cap structure. Tobacco acid pyrophosphatase
(TAP) was then used to remove the cap structure from RNA,
leaving a5’ -phosphate. Next, a synthetic RNA adaptor was
ligated to the CIP/TAP treated RNA. Because the adaptor
ligates only to RNA containing a5’ -phosphate, RLM-RACE
ensures that cDNA was amplified from decapped RNA
predominantly, starting at the ultimate 5’ terminus. In 2001,
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Figure 4 Proposed phylogenetic trees using 3” UTR sequences of Morocco and other 29 HEV strains. The Roman number in the
tree represents the genotype designation based on the 3 UTR sequence. The number in brackets following the strain name repre-
sents the genotype designation based on the full genome sequence.
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Figure 5 Proposed phylogenetic trees using full sequences of 30 HEV strains. The Roman number in the tree represents the

genotype designation.

Zhang et al. used the RLM-RACE method to confirm the
capped HEV genome and extended the 5' terminal sequence
of Mexico and Pak-1 straind®®. In the current study to obtain
the complete sequence of HEV Morocco strain, we used a
seguence amplification procedure that required the presence
of an internal pyrophosphatase sensitive linkage in the 5’
termini of HEV genome. The resultsindicated that the Morocco
strain was capped.

Thecomparisonof the3' UTR sequencewith thecorresponding
regions of other 29 HEV strains and the phylogenetic trees of
those complete sequences of 30 HEV strains revealed that the
HEV Morocco strain was grouped together with all genotype

| strains as a separate branch. The distribution of 3' UTR of
genotypes |, Il and IV was as same as that obtained by the
comparison of the complete genome sequence. However, three
strainsisolated from Japan, Japan-5, -6, -7, which wereincluded
in genotype 1V according to complete sequences analysis,
clustered together with the genotype |11 strains based onthe 3'

UTR sequences analysis. This suggests that the comparison of
HEV 3 UTR sequence can not represent the divergence of
complete genome sequence perfectly, although thisregion is
regarded as containing the majority of genotype-specific
nucleotide positions, and easily and efficiently to amplify. So,
the 3’ terminal sequence upstream the polyA can not be used
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for phylogenetic genotyping analysis of the HEV genome
optionally. Because of the difficulties to get the complete
sequences, many scientists preferred to analyze the HEV
genotypes based on the partial sequences they obtained. It
remains uncertain whether the partial sequences can replace
the complete genome in distinguishing the HEV genotypes.
So, it is prudent to analyze the HEV genotypes based on
complete sequencesto date.
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Abstract

AlIM: To investigate the role of human La protein in HBV
mMRNA expression.

METHODS: Three human La protein (hLa) specific SiRNA
expression cassettes (SECs) containing U6+1 promoter were
prepared via one-step overlapping extension PCR. After
transfection with SECs into HepG2 cells, inhibition effects
on hLa expression were analyzed by semi-quantitative RT-
PCR and Western blotting. Then, effective SECs were
screened out and transfected into 2.2.15 cells, a stable HBV-
producing cell line. HBV surface antigen (HBsAg) and e antigen
(HBeAg) secretions into culture media were detected by
microparticle enzyme immunoassay (MEIA) and HBs and HBe
mRNA levels were analyzed by semi-quantitative RT-PCR.

RESULTS: SEC products containing U6+1 snRNA promoter,
and 3 sites of hLa mRNA specific siRNA were obtained
successfully by one-step overlapping extension PCR and
could be directly transfected into HepG2 cells, resulting in
inhibition of La protein expression in both mRNA and protein
levels, among which U6+1-hLa833 was the most efficient,
which reduced 18.6-fold mRNA and 89% protein level
respectively. In 2.2.15 cells, U6+1-hLa833 was also efficient
on inhibition of hLa expression. Furthermore, semi-quantitative
RT-PCR showed that HBs and HBe mRNA levels were significantly
decreased by 8- and 66-fold in U6+1-hLa833 transfected
cells compared to control. Accordingly, HBsAg and HBeAg
secretions were decreased partly posttransfection with SECs.

CONCLUSION: PCR-based SECs can be used to mediate RNAI
in mammalian cells and provide a novel approach to study the
function of La protein. The inhibition of La protein expression
can result in a significant decrease of HBV mRNA, which implies
that the hLa protein is also involved HBV RNA metabolism as
one of the HBV RNA-stabilizing factors in human cells.

Ni Q, Chen Z, Yao HP, Yang ZG, Liu KZ, Wu LL. Inhibition of human
La protein by RNA interference downregulates hepatitis B virus mRNA
in 2.2.15 cells. World J Gastroenterol 2004; 10(14): 2050-2054

http://www.wjgnet.com/1007-9327/10/2050.asp

INTRODUCTION

Human La protein is a 47-ku phosphoprotein predominantly
localized in nuclei. La protein isa member of RNA-binding
proteins containing RNA recognition motifs (RRM) and
interactswith RNA polymeraselll transcripts such aspre-tRNA
by binding to asmall stretch of uridines at the 3' -end common
to these transcripts and might be necessary for proper
processing of these precursorg®?., In addition, La protein is
known to interact with avariety of viral RNAsfor stabilizing
various RNAS*7, and is required for viral internal ribosomal
entry site (IRES) -mediated translation®*2,

La protein has been identified as a host factor potentialy
involved in the cytokine-induced post-transcriptional down-
regulation of hepatitis B virus (HBV) RNAI3, A strong
correlation between cytokine-mediated disappearance of HBV
RNA and cytokine-induced processing of full-length mouse
La protein (mLa) was observed. The mLa binding site was
mapped to a predicted stem-loop structure within a region
located at the 5’ -end of the post-transcriptional regulatory
element of HBV shared by all HBV RNAS®S., In addition,
HBV RNA wasaccessibleto endoribonucleolytic cleavage near
this mLa binding site and HBV RNA substrates were more
efficiently cleaved after induction of mLa processing!”. All
these findings indicate that La protein might be an HBV RNA-
stabilizing factor. Determination of the high affinity interaction
between human La protein (hLa) and HBV RNA in vitrol*4,
whichissimilar tothat of mLa-HBV RNA interaction, implied
that hLamight beinvolved in HBV RNA metabolism. But the
role of human La protein (hLa) in HBV RNA metabolismin
vivo is still unknown at present.

RNA interference (RNAI) isaprocess of sequence-specific
post-transcriptional gene silencing via double-stranded RNA
(dsRNA) present in plants and invertebrates®®. With the
increasing findings that 21-23 nt RNA duplexes known as
small interfering RNA (siRNA) can also specifically and
effectively knock down target gene expression in mammalian
cells but short enough to evade host response®, RNAi has
been promptly developed into a powerful tool for studying
protein function.

In this report, we utilized PCR-based SIRNA strategy!*
to obtain several hLa-specific SIRNA expression cassettes
(SECs) containing U6+1 snRNA promoter and to deplete the
hLaexpression by transfection with SECsinto human cells. In
astable HBV-producing cell line 2.2.15 cell§?, theinhibition
of hLa expression resulted in a significant decrease of HBV
mMRNA and partly reduction of HBV antigen secretion. This
result suggests that human La protein also plays an important
rolein HBV expression.

MATERIALS AND METHODS

Reagents and materials

Pyrobest DNA polymerase was obtained from Takara Biotech
(Japan). TagPlus DNA polymerase was purchased from
Dingguo (China). QIAquick PCR purification kit was obtained
from Qiagen (Germany). M-MuLV reverse transcriptase was
obtained from MBI fermentas (Lithuania). G418 was from
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Clontech (USA). Fetal calf serum was from Hyclone (USA).
Trizol reagent and Lipofectamine 2000 were obtained from
Invitrogen Lifetechnology (USA). Mouse monoclonal antibody
against human Laprotein was purchased from BD Biosciences
(USA). Rabbit polyclonal antibody against actin was from
Wuhan Boster Biological Technology (China). Donkey anti-
mouse and goat anti-rabbit horseradish peroxidase (HRP)-1gG
were from SantaCruz (USA). Re-Blot Plus Western blot
recycling kit was obtained from Chemicon (USA). SuperSignal
west duraextended duration substrate ECL kit and CL-Xposure
film were obtained from Pierce Biotech (USA). AXSYM and
detective kits of HBsAg and HBeAg were purchased from
ABBOTT (USA). Polyvinylidene difluoride (PV DF) membranes
were obtained from Millipore (USA). All PCR primers were
synthesized by Shanghai Sangon Biological Company (China).

Plasmids and cell lines

Plasmid pAVUG6+27 was a gift of Dr. Paul D. Good (Engelke
Laboratory, Department of Biological Chemistry). Plasmid
pcDNA3.1 was obtained from Clontech (USA). HepG2, a
human hepatoblastoma cell line, and 2.2.15 cells derived from
HepG2 cells and stably transfected with HBV DNA? were
maintained in our laboratory.

Selection of siRNA and shRNA design

Target sites of SSIRNA were determined by using on-line tool
from Ambion Company. Threestesfor hLalocated downstream
of the start codon were selected, their sequencesare asfollows:
coding region 347-357 (5 -AAGGCTTCCC AACTGATGC
AA-3') for hLa347, 833-843 (5" -AAGCCAAG GAAGCAT
TGGGTA-3") for hLa833, 911-921 (5 -AAGTACTAGAA
GGAGAGGTGG-3') for hLa911. 5 -AAGGGCGAGG
AGCTGTTCACC-3 for EGFP10 siRNA site was used as
control for studying the effect of hLa siRNA. Using 5’ -
TTCAAGAGA-3' as 9-nt loop, all short hairpin RNAs
(shRNA) were designed according to the structure of SRNA
sense strand-loop-siRNA antisense strand.

Preparation of SECs

U6+1 promoter was obtained from plasmid pAVU6+27
containing human U6 promoter. Oligonucleotides coding
hairpin shRNA antisense were synthesized and used for PCR
reactionas3' specific extension primers. All extension primers
havethe5 end 21-nt containing additional adaptor sequence
and a stretch of 6 deoxyadenosines as transcription terminator.
The5' universd primer iscomplementary to 18 nt at the5' end
of the U6 snRNA promoter (bold italics) 5" -GGAAGA
TCTGGATCCAAGGTCGGG-3' andthe 3’ universal primer
iscomplementary tothefirst 21-nt at the 5" end of all extension
primers 5" -CGGCT CTAGAGTTCAAAAAAG-3' . Both
universal primers were 5’ -phosphorylated and could be used
for all PCR reactions. SEC was constructed by using one
specific extension primer and two universal primers via
overlapping extension one-step PCR as depicted in Figure 1.

Table 1 PCR primers for amplification

Using Pyrobest polymerase 30 cycles of PCR reactions were
carried out, each at 94 °C for 30s,a 58 'C for 30s, andat 72 'C
for 30 s. The PCR productswere purified using QIAquick PCR
purification kit (Qiagen) and stored at -20 °C prior to use.

Promoter | _ - . .
3”specific extension primer

Extension ~ L

5”universal primer i
g

Amplification

B

i 3”universal primer

PCR production | Promoter |Sense—|oop—antisense |Ter—Add |

Figure 1 Schematic representation of one-step overlapping
extension PCR strategy used to yield SECs.

Cell culture and cotransfection

HepG2 cellswere maintained in Dulbecco’ smodified Eagle’ s
minimal essential medium (DM EM) supplemented with 100 mL/L
FCS, streptomycin (100 ng/mL) and penicillin (100 IU/mL) at
37 °C inahumidified amosphere containing 50 mL/L CO.. 2.2.15
cellswere grown in DMEM with 100 mL/L FCS, 400 ng/mL
G418. HepG2 and 2.2.15 cells were seeded into 24-well plates
24 hor 48 h prior to transfection. HepG2 cells at 50% confluence
and 2.2.15 cells at 70% were prepared for transfection. For al
co-transfections, atotal of 0.05 ng pcDNA3.1+ (used ascarrier
DNA) and 0.2 mg SEC was delivered using Lipofectamine
2 000 according to the manufacturer’ s instructions. HepG2
cells were harvested for analysis of La mRNA and protein
expression. 2.2.15 cells and supernatants were harvested for
detection of HBV mRNA and antigen.

RNA extraction and semi-quantitative RT-PCR analysis

Total RNA was extracted from cells with Trizol reagent
according to the manufacturer’ sinstructions, 1.0 nyg of total
RNA was reverse transcribed to cDNA using oligo (dT) 18 as
primer and Mu-MLYV reverse transcriptase, and 0.5 ni of the
cDNA template was separately used to amplify different
MRNA. Information of primersisshown in Table 1. The PCR
conditions for different target were as follows. A total of 28
cyclesfor GAPDH were performed, each at 94 °C for 30 s, at
60 C for 30 s, and at 72 °C for 30 s. A total of 26 cyclesfor
hLawere performed, each at 94 °C for 30 s, at 58 °C for 30 s,
and at 72 °C for 30 s. A total of 26 cycles for HBs were
performed, each at 94 °C for 30s,a 56 C for30s, anda 72 C
for 30 s. A total of 30 cyclesfor HBe were performed, each at
94 °C for 30 s, at 46 'C for 30 s, and at 72 °C for 45 s. After
electrophoresis and scanning, all PCR product bands were
analyzed by using the software Gel Pro analyzer32 and relative
MRNA expression was estimated by normalization with GAPDH.

Primer GenBank accession No Sequence of primer pair

GAPDH BC023632 (26-260) Sense: 5”-TGGGGAAGGTGAAGGTCGGA -3”
Antisense: 5”- GGGATCTCGCTGCTCGAAGA-3”

hLa BC001289 (871-1313) Sense: 5’-GGATAGACTTCGTCAGAGGAGCA -3’
Antisense: 5’-CTGGTCTCCAGCACCATTTTCTG -3’

HBs U95551 (232-681) Sense: 5”-CTCACAATACCGCAGAGTC-3”
Antisense: 5-TAAACTGAGCCAGGAGAAA-3”

HBe U95551 (1816-2452) Sense:5”-ATGCAACTTTTTCACCTC-3”

Antisense: 5”-AACATTGAGGTTCCCGAG-3”
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Western blot analysis

Cdlswere harvested and lysed in lysis buffer (0.1 mol/L Tris,
pH 7.6, containing 0.15 mol/L NaCl, 2 mmol/L EDTA, 5g/L
Nonidet P-40, 5 g/L Triton X-100, 100 nmol/L sodium
vanadate, 10 ng/mL aprotinin, and 20 ng/mL soybean trypsin
inhibitor). The cell lysate (10-15 ng protein) was separated by
sodium dodecy! sulfate-polyacrylamide (SDS-PAGE) gel
electrophoresis and electrophoretically transferred onto PV DF
membrane. After non-specific binding siteswere blocked with
50 g/L non-fat milk, the membrane was incubated with mouse
anti-hLamonoclond antibody (1:600 dilution) overnight at 4 °C.
After washed, the blot was incubated with HRP-conjugated
anti-mouse1gG for 1 h a room temperature, and immunoreactive
bands were visualized with the ECL reagent. After the blot
was stripped with stripping solution, the blot was reprobed
with rabbit anti-actin polyclonal antibody for comparison of
protein load in each lane. Densitometric scanning of the X-ray
film following chemiluminescence was done and La protein
expression level was estimated after normalization with actin.

Microparticle enzyme immunoassay (MEIA) analysis
Supernatants of 2.2.15 cellswere harvested on days 1, 2, 3, 6
and 9 postransfection respectively in same wells. Each
experiment well was performed in triplicate. A microparticle
enzyme immunoassay (MEIA) method was applied for the
detection of HBsAg and HBeAg according to the kit' s
instructions. Sample with S/N values great than or equal to
2.0for HBsAg, and S/CO vaues great than or equal to 2.1 for
HBeAg were considered reactive as described previously?!.

RESULTS

RNAiI inhibited hLa protein expression in cultured HepG2 cells
To determine whether SRNA specific to the hLagene sequence
could inhibit hLa expression, we screened the activity of three
sitesof hLa-specific SRNA by semi-quantitated RT-PCR of hLa
MRNA in HepG2 cells 36 h posttransfection with SECs. Two
of them, SEC U6+1-hLa347 and U6+1-hLa833 siginificantly
decreased hLa mRNA levels by about 8.8- and 17.6-fold
respectively as compared with the control (Figure 2A).
However, SEC U6+1-hLa911 only dightly affected hLamRNA
expression (1.3-fold reduction). No significant inhibition of
hLa mRNA expression was detected in cells transfected with
SEC U6+1-EGFP10 (Figure 2A). Furthermore, we performed
Western blot analysis to verify the inhibitory effects on hLa
protein expression levels 72 h posttransfection with SEC U6+1-
hLa347 and U6+1-hLa333. Asshownin Figure 2B, hLaprotein
expression almost could not be detected in cells transfected
with U6+1-hLa333. After normalized to actin, thelevel of hLa
protein expression was reduced to approximately 11% and
49% of the control cells for U6+1-hLa833 and U6+1-hLa347
respectively, and no reduction was found for U6+1-EGFP10.
These data demonstrated that SEC-mediated RNAi could
effectively inhibit human La protein expression in cultured
HepG2 cells and the down-regulation in hLa was sequence-
specific and highly site-dependant.

RNAI inhibited hLa mRNA expression in cultured 2.2.15 cells
As SEC U6+1-hLaB833 could greatly specific inhibit hLa
MRNA and protein expressions in HepG2 cells, we then
assessed its inhibitory effects on 2.2.15 cells derived from
HepG2. Asshownin Figure3A, inhibition of hLamRNA levels
was detected with the reduction of about 22- and 3.4-fold on
days 1 and 2 posttransfection, but no inhibitory effects were
observed from days 3 to 9 posttransfection. In addition, no
significant inhibition of hLamRNA levelswasdetected in cells
posttransfection with the SEC U6+1-EGFP-10 (Figure 3A).

This result indicates that SEC-mediated RNAi could also
effectively inhibit hLa mRNA expression in cultured 2.2.15
cdlls, but the inhibitory effects could last only for a short time.

GAPDH

hLa
GAPDH/hLa

B
- - - actin

ey &5

& hLa

100 49 11 95 hLa/actin (%)
Figure 2 Effect of RNAIi on hLa expression in HepG2 cells. A:
Total RNA isolated from HepG2 cells transfected with various
SECs for hLa and EGFP. The number was the ratio between
the signal intensity for GAPDH and hLa mRNA amplified in
parallel. B: Western blotting of total cell lysates harvested from
SECs-transfected HepG2 cells 72 h posttransfection. Actin was
used as loading control. The number was the percentage of
the signal intensity of hLa and actin protein (%).

Inhibition of hLa expression led to reduction of HBY mRNA
levels in cultured 2.2.15 cells

In order to investigate the relationship between hLa mRNA
and HBV RNA expression, using the same samples, the levels
of HBsand HBe mRNA expression in SEC-transfected 2.2.15
cells were detected by semi-quantitative RT-PCR. The HBs
MRNA levels were also decreased about 8- and 2.8-fold in the
first 2 d posttransfection, which were associated with aparallel
reduction of hLa mRNA levels (Figure 3B). Moreover, HBe
MRNA decreased dramatically, and almost could not be
detected in the first 2 d and the inhibitory effect could last for
at least 9 d (Figure 3C). In contrast, no significant changes
in HBs and HBe mRNA levels were observed in cells
posttransfection with SEC U6+1-EGFP-10 (Figures 3B and
3C). These results demonstrated that RNAi against hLa could
lead to reduction of HBV mRNA levelsin 2.2.15 cells.

U6+1-hLa833 U6+1-EGFP10 Contr
1d 2d 3d 6d 9d 1d 2d 3d 6d 9d

Time posttransfection
GAPDH

hLa (A)

233409 109 1 GAPDH/hLa

HBs (B)
1 11 1 09 1 0.9 GAPDH/HBs

8 281 09 1

HBe (C)
66 28 6.7 4.2 48 09 1 0.9 0.9 0.9 0.87 GAPDH/HBe

Figure 3 Effect of RNAi on hLa mRNA expression and levels
of HBV mRNA expression in 2.2.15 cells. The number was the
ratio between the signal intensity for hLa, HBs, HBe, and
GAPDH mRNA amplified in parallel.

Inhibition of hLa expression affected HBsAg and HBeAg
secretion in 2.2.15 cells
If theinhibition of hLa expression could affect HBsand HBe
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MRNA expressions in 2.2.15 cells, HBsAg and HBeAg
secretion would be affected accordingly. Supernatant of SEC-
transfected and control cells was harvested in the same period
of posttransfection, HBsAg and HBeAg concentrations in the
culture media were measured by MEIA method. Figure 4A
showsthat transfection with SEC U6+1-hLa833 inhibited the
secretion of HBsAgin2.2.15 cdlsfrom days3to 9 podttransfection
in comparison with that of SEC U6+1-EGFP10 (P<0.05). The
maximal inhibitory effect on day 6 posttransfection was 40%,
and returned to 26% on d 9. HBeA(g secretion was inhibited
38% on d 3 posttransfection with SEC U6+1-hLa833 and
remained 46% and 51% on d 6 and 9 respectively (Figure 4B).
Therewasasdignificant difference (P<0.05) in HBeAg secretion
between SEC U6+1-hLa833- and U6+1-EGFP10-transfected
cellsond 3, 6 and 9 posttransfection.

~
o
1

—<4— U6+1-hLa-833
607 —m— UB+1-EGFP-10

A

HBsAg inhibition rate (%)

B N W b O
o O O © o o
| | | | |
|

123 4567829
Time post-transfection (d)

—<&— U6+1-hLa-833
—®&— U6+1-EGFP-10

HBeAg inhibition rate (%)

123 4567829
Time post-transfection (d)

Figure 4 Time-efficiency inhibition course of SECs on HBsAg
and HBeAg in 2.2.15 cells. The inhibition rate (IR) was calcu-
lated according to the following formula:

X of wells for control- X of wells for thansfection
IR= x100%
X of wells for control-N

X represents S/N or S/CO for HBsAg or HBeAg, and n=2.0
for HBsAg and 2.1 for HBeAg respectively.

DISCUSSION

Results showed here from studiesin 2.2.15 cellsusing SsSRNA
against human La protein revealed a significant reduction in
hLa expression, that resulted in HBV mRNA level reduction
simultaneously, especially the expression of HBe mRNA,
which was markedly decreased in the first 3 d and maintained
at alower level on the 9th d after inhibition of hLaexpression.
Following HBV mRNA reduction, HBsAg and HBeAg
secretions were decreased accordingly though reduction of
HBYV antigen was less significant than that of corresponding
MRNA. The relevance of RNAi-mediated knockdown of hLa
towards reduction of HBV mRNA level suggested that human
La protein might also be involved in HBV RNA metabolism.
Based on the previous findings of the high affinity interaction
between human La protein (hLa) and HBV RNA in vitro™,
and mouse Laprotein might be an HBV RNA-gtabilizing factor
in HBV-transgenic mouse model!>™. Our results invited a

presumption that La protein might also play arolein stabilizing
HBV RNA in human cells. However, HBsAg and HBeAg
secretions could be affected dightly by hLa expression level,
indicating that La protein is not a uniquefactor, and additional
factorscould contributeto viral RNA stability or HBV expression
regulation. Therefore, using only hLa as targets for a novel
antiviral strategy™ would not be practical. Experiments to
investigate the role of other RNA-binding proteinsin HBV
RNA metabolism might gain better insghtsinto this problem.

We a0 observed that downregul ation of HBe seemed more
significant than HBs, implying more abundant HBs mRNA
could generate HBsAg than HBe in 2.2.15 cells, which wasin
accord with the redundant HBsAg expression and secretion
from patients with HBV infection. So HBs might be poorly
susceptible to interfering factors. In addition, the feature of
overlapping reading frames made entire 2.1-kb mRNA
seguence encode HBs that was contained in 3.5-kb mRNA
sequence encoding Hbe??, |n fact, HBsmRNA level detected
by RT-PCR in our experiments represented the total transcript
level containing HBe and HBs. Therefore, instead of RT-PCR,
Northern blot analysis should reflect the truth of all HBV
transcripts in more detail.

Asto siRNA application in RNAi technology, besides
chemically synthesized 21-nt sSiRNA duplexes®, some
approaches could generate siRNA for various needs, such as
in vitro transcribed siRNAP+? plasmid DNA expression
vector-based siRNA% 27 viral vector-based sSIRNAZ¥ and
PCR-based siRNA expression cassette (SEC)*"* which was
proved to be arapid, facile and cheap approach for identification
of optimal siRNA-targets. In this report, we attempted to
simplify the commonly used two-step PCR into overlapping-
extension one-step PCR reaction by using three primers: along
specific extension primer and two universal primers, and also
successfully prepared SECstargeting three sitesof hLamRNA.
After transfection with these SECs into HepG2 cells, SEC
U6+1-hLa833 demonstrated that strong RNAI effect was
promptly screened out as optimal SEC to be used for further
study. Asa347-bp inlength of SEC DNA, it is often difficult
to transfect them into mammalian cells, but using plasmid as
carrier DNA, the efficiency of transfection seemed to be
improved significantly (data not shown). On the other hand,
stability of SEC DNA in cells should be considered. Despite
SECswere phosphorylated for enhancing resistance to nuclease
in cells, but target MRNA level still returned to normal on day
3 posttransfection, which maintained RNAI effect not aslong
asreported in application of vector—based SRNA?, indicating
that SEC strategy should be just adapted to transient gene
silencing at present and the better modification strategies should
be developed for its stability.

To our knowledge, thisisthefirst report that describes the
role of human Laproteinin HBV expression in cultured human
cells. Elucidating the mechanism of human Laprotein affecting
HBV expressionand replication will allow adeeper understanding
of the interaction between host factors and HBV during HBV
infection and clearance, and will provide useful clues for
controlling HBV infection.
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Abstract

AIM: To determine the biological activity of Helicobacter pylori
(H pylori) lipopolysaccharide (H-LPS) and understand
pathological correlation between H-LPS and human chronic
gastritis and peptic ulcer.

METHODS: H-LPS of a clinical H pylori strain and LPS of
Escherichia coli strain 055:B5 (E-LPS) were extracted by
phenol-water method. Biological activities of H-LPS and
E-LPS were detected by limulus lysate assay, pyrogen assay,
blood pressure test and PBMC induction test in rabbits,
cytotoxicity test in NIH 3T3 fibroblast cells and lethality
test in NIH mice. By using self-prepared rabbit anti-H-LPS
serum as the first antibody and commercial HRP-labeled
sheep anti-rabbit sera as the second antibody, H-LPS in
biopsy specimens from 126 patients with chronic gastritis
(68 cases) or gastric ulcer (58 cases) were examined by
immunohistochemistry.

RESULTS: Fibroblast cytotoxicity and mouse lethality of
H-LPS were weaker than those of E-LPS. But the ability of
coagulating limulus lysate of the two LPSs was similar
(+/0.5 ng/mL). At 0.5 h after H-LPS injection, the blood
pressures of the 3 rabbits rapidly declined. At 1.0 h after
H-LPS injection, the blood pressures in 2 of the 3 rabbits fell
to zero causing death of the 2 animals. For the other one
rabbit in the same group, its blood pressure gradually
elevated. At 0.5 h after E-LPS injection, the blood pressures
of the three rabbits also quickly declined and then
maintained at low level for approximately 1.0 h. At 0.5 h
after injection with H-LPS or E-LPS, PBMC numbers of
the rabbits showed a remarkable increase. The total
positivity rate of H-LPS from 126 biopsy specimens was
60.3%(76/126). H-LPS positivity rate in the biopsy specimens
from chronic gastritis (50/68, 73.5%) was significantly higher
than that from gastric ulcer (26/58, 44.8%) (c?=10.77,
P<0.01). H-LPS positivity rates in biopsy specimens from
chronic superficial gastritis (38/48, 79.2%) and chronic
active gastritis (9/10, 90.0%) were significantly higher than
that of the patients with atrophic gastritis (3/10, 30.0%)
(c*=7.50-9.66, P<0.01).

CONCLUSION: The biological activities of H-LPS were

weaker than those of E-LPS, the activities of H-LPS of
lowering rabbit blood pressure and inducing rabbit PBMC
were relatively stronger. H-LPS may play a critical role in
inducing inflammatory reaction in human gastritis.

Luo YH, Yan J, Mao YF. Helicobacter pylori lipopolysaccharide:
Biological activities in vitro and in vivo, pathological correlation
to human chronic gastritis and peptic ulcer. World J Gastroenterol
2004; 10(14): 2055-2059
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INTRODUCTION

Gadtritisand peptic ulcer arethe most prevalent gastric diseases.
Gastric cancer is one of the malignant tumors with high
morbidities in China¥. Helicobacter pylori (H pylori) is
recogni zed as a human-specific gastric pathogen that colonizes
the stomachs of at least half of theworld’ s populations?. Most
infected individual s are asymptomatic. However, in some
subjects, the infection causes acute, chronic gastritis or peptic
ulceration, and plays an important role in the devel opment of
peptic ulcer and gastric adenocarcinoma, mucosa-associated
lymphoid tissue lymphomaand primary gastric non-Hodgkin' s
lymphoma®.

H pylori isamicroaerophilic Gram-negative bacillus. Itis
well known that lipopolysaccharide (LPS) is a common and
essential component in outer membrane of most Gram-negative
bacteria responsible for the toxicity of endotoxin. Some
literatures revealed H pylori possesses LPS (H-LPS) with a
lower virulence compared to the typical bacterial endotoxins
such as Escherichia coli LPS (E-LPS)®#3, However, some
biological activities such as regulating blood pressure and
inducing periphera blood mononuclear cell (PBMC), which
areclinically important in local tissue inflammation and injury,
and pathological importance of H-LPS in human gastric
diseases are till little understood. Besides, some previousy
published data demonstrated that different strains of the same
bacterium and different extraction methodswould significantly
affect the biological activity of L PS4,

For measurement of the biological activities of H-LPSin
vivo and in vitro compared to atypical LPS from E. coli, we
used phenol-water method to extract LPS from a clinical
isolated H pylori strain and applied routine assays for
determining the endotoxin activity of H-LPS such aslimulus
lysate agglutination, rabbit pyrogenicity and mouse lethality.
Furthermore, we also examined H-LPS activities on blood
pressure regulation and PBM C inducement. To obtain direct
evidence for the correlation of H-LPS and human chronic
gastritisand peptic ulcer, we detected H-LPS in gastric biopsy
specimens from patients with different gastric diseases.

MATERIALS AND METHODS

Bacterial strains and culture
A clinical H pylori strain named as Y06 wasisolated from a
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biopsy specimen of a male patient with chronic superficial
gastritis and duodenal ulcer by using selected Columbia agar
(bioMérieux) supplemented with 80 mL/L sheep blood, 5 g/L
cyclodextrin, 5 mg/L trimethoprime, 10 mg/L vancomycin,
2.5mg/L amphotericin B and 2 500 U/L cefsulodin. Thisstrain
was identified as H pylori based on itstypical Gram staining
morphology, positivity for both urease and oxidase, and
agglutination with acommercial rabbit antibody against whole
cell of H pylori (DAKO). E. coli strain O55:B5 was offered by
the National Institute for the Control of Pharmaceuticals
and Biological Products of China (NICPBP) and cultured with
BL agar.

LPS extraction

H-LPSfrom H pylori strain Y06 and E-LPS from E. coli strain
055:B5 were extracted by phenol-water method. Briefly,
the two bacteria collected from Columbia agar and BL agar
were ultrasonically broken, respectively. Each of the broken
bacterial solutions was added with an equal volume of pre-
warmed phenol-water (9:1, V:V) and then vibrated for 30 min
at 68-70 ‘C. The aqueous phase was collected after
centrifugation at 3 000 r/min for 30 min. This extraction step
was repeated for 3 times. All the aqueous phases were
combined and then dialyzed against distilled water for 48 h.
Thisrough LPS extract was concentrated to 1/6 of the original
volume and then digested with RNase H and DNase | (Sigma)
to both the final concentration of 50 pg/mL at 37 °C for 4 h.
The digested extract was bathed in boiling-water for 15 min
and then placed at 4 “C overnight. The supernatant obtained
after centrifugation at 3 000 r/min for 30 min was dialyzed
against distilled water for 48 h and then precipitated with
6-fold volumes of anhydrous alcohol at 4 °C for 12 h. The
precipitate was collected by centrifugation at 5 000 r/min for
30 min and then re-suspended with distilled water and dialyzed
against distilled water for 24 h to remove residua acohol. The
LPS extract was ultra-centrifuged at 110 000 g for 3h (4 'C)
and the pellet was dialysed in distilled water and freeze-dried.
The purified H-LPS and E-LPS were dissolved in pyrogen-
free water or normal saline prepared with pyrogen-free water
just before different uses.

Limulus lysate assay

Limulus lysate assay was applied by using E-TOXATE
Reagent Kit (Sigma) to detect the H-LPS and E-LPS
preparations according to the manufacturer’ s instruction
(Sensitivity = +, 1 ng/mL E. coli O55:B5 LPS). In this assay,
E. coli O55:B5 LPS(Sigma) and pyrogen-free water were used
as the positive and negative controls, respectively.

Rabbit pyrogen assay

Anal temperatures of normal New Zealand rabbits with
3.0£0.2 kg of body mass were detected for3 times at an
interval of 30 min before performing the test. A rabbit was
suitable for thetest if the fluctuant range of the three detected
temperatures was <0.2 ‘C. The qualified rabbits were
randomly divided into three groups and each group contained
three animals. Each of the three rabbits in one group was
injected with 0.5 mL normal saline containing H-LPS or E-
LPS at the same dosage of 100 pg/kg through ear vein. Each
of the three rabbitsin the 3rd group wasinjected with an equal
volume of pyrogen-free normal saline as a negative control.
Anal temperature in each of the tested rabbits was detected at
an interval of 30 min for 5 h after injection. The positive
standard for rabbit pyrogen assay was described as following:
body temperature for any one of the three rabbitsin one group
showed =0.6 ‘C elevation, or the total elevated body
temperature for the three rabbitsin one group was =1.4 °C.

Rabbit blood pressure regulation test

Normal New Zealand rabbits with 3.0+0.2 kg of body mass
were ear-intravenously injected with 0.5 mL pyrogen-free
normal saline. Then blood pressures of the animals were
observed for three times at an interval of 30 min. A rabbit was
suitable for thistest if its blood pressure fluctuation waswithin
0.2 kPa. The qualified rabbits were divided into three groups
and each contained three animals. Each of the three rabbitsin
one group was ear-intravenously injected with pyrogen-free
sdine containing H-LPS or E-LPS at the ssame dosage of 100 pg/kg
and each of the three rabbits in the 3rd group were ear-
intravenously injected with an equal volume of pyrogen-free
saline as a negative control. The changes of blood pressurein
the tested rabbits were observed.

PBMC inducement test

PBMC numbersin blood from ear vein of normal New Zealand
rabbits with 3.0£0.2 kg of body mass were counted with
hemacytometer twice at an interval of 30 min before
performing the test. These rabbits were randomly divided into
three groups and each contained 5 animals. Each of the five
rabbits in one group was ear-intravenously injected with
pyrogen-free saline containing H-LPS or E-LPS at the same
dosage of 100 pg/kg and each of the five rabbits in the 3rd
group were ear-intravenously injected with an equal volume
of pyrogen-free saline as a negative control. The change of
PBMC numbers for each of the tested rabbits was counted at
aninterval of 30 min after injection.

Cytotoxicity test

Microtiter plates were inoculated with 1x10* mouse 3T3
fibroblast cellsin RPMI 1640 medium containing 100 mL/L
bovine serum per well and then incubated at 37 'C overnight
in 50 mL/L CO, atmosphere. The medium in the plates was
discarded and then added with 200 pL of fresh medium
containing H-LPS or E-LPS with different double dilutions.
For each of the dilutions, 3 wells were repeated and then
incubated for 48 h under the same conditions as mentioned
above. Inthistest, the other 5 wells added with the samevolume
of LPS-free medium were set up as a negative control. °*H-TdR
per well (37 kBg) was added and then continuously incubated
for 24 h. CPM value for each of the wells was detected by
using *H-TdR incorporation method to compare the cytotoxicity
of H-LPS and E-LPS.

Mouse lethality test

NIH mice weighing 20+2 g were randomly divided into
7 groups and each contained 8 animals. For 6 of the 7 groups,
each of the mice in one group was intraperitoneally injected
with 0.2 mL pyrogen-free normal saline containing H-LPS
or E-LPS at the different dosages of 0.25, 0.50 and 1.0 mg,
respectively. Each of the mice in the last group was
intraperitoneally injected with 0.2 mL pyrogen-free sdlineasa
negative control. All the tested animals were observed for 7 d.

Detection of H-LPS in biopsy specimens from patients with
chronic gastritis and gastric ulcer

Biopsy specimens with positive urease from 126 patients
(86 male, 40 female, mean age: 40+18 years) with gastric
diseases during January to September of 2003 were collected
from three hospitals in Hangzhou. Among these patients,
68 suffered from chronic gastritis (48 cases with chronic
superficial, 10 active and 10 atrophic gastritis) and 58 cases
suffered from gastric ulcer (12 caseswith gastric, 40 duodenal
and 6 complex ulcer). The biopsy specimens were fixed with
50 g/L glutaraldehyde. Rabbit anti-H-L PS serum was prepared
by using routine subcutaneous immunization. By using the
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rabbit anti-H-L PS serum (1:200 dilution, self-prepared) asthe
first antibody and HRP-labeled sheep anti-rabbit serum
(1:3 000 dilution, ImmunoResearch) as the second antibody,
H-LPS in the biopsy specimens was detected by routine
immunohistochemistry. Cells with at least one whole gastric
gland in abiopsy section showing exactly brown color could
be considered as positive.

RESULTS

Limulus lysate coagulation
The ability of coagulating limulus lysate of H-L PS was as low
as 0.5 ng/mL, which was similar to E-LPS (Table 1).

Table 1 Results of limulus lysate assay of H-LPS and E-LPS

LPS (ng/mL)

Group

100 50 25 10 05 025 0.1 0.05
H-LPS + + + + +
E-LPS + + + + +

Pyrogen-free water negative in two repeated samples

Pyrogenic response

The rabbits injected with H-LPS or E-LPS showed a similar
biphasic fever but E-LPS could induce a stronger pyrogenic
response. The animal temperature reached apeak at 1.5 h after
injection and then showed a dight fall. At 3 h after injection,
the second fever peak occurred (Figure 1).

43.0 r
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© 41.0
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Figure 1 Fever curves of rabbits after injection with H-LPS or
E-LPS.

Regulation of rabbit blood pressure

At 0.5 h after H-LPSinjection, the blood pressures of the three
rabbits rapidly declined from originally 11.331+0.152 kPato
5.999+1.855 kPa. At 1.0 h after H-LPS injection, the blood
pressuresin two of the three rabbitsfell to zero causing death
of the two animals. For the other one rabbit in the same group,
its blood pressure gradually elevated. At 0.5 h after E-LPS
injection, the blood pressures of the three rabbits also quickly
declined from originally 11.197+0.163 kPato 8.531+2.424 kPa
and then maintained the similar low blood pressure levels for
approximately 1.0 h. At 2.5 h after injection, the blood pressures
in al the three rabbits began to rise and returned to the original
levels gradually.

PBMC inducement

At 0.5 h after injection with H-LPS or E-LPS, PBMC numbers
of the rabbits showed aremarkable increase. From 1.0 h after
injection with H-LPS or E-L PS, the PBMC numbers gradually
and continuously decreased to low levels (Table 2).

Cytotoxicity to mouse fibroblast
Very low dosage of H-LPS or E-LPS (1 pg/mL) could show

an obvious cytotoxicity to NIH 3T3 fibroblast. According to
the counting per minute (CPM) of scintillation at the same
concentrations, cytotoxicity of H-LPS seemed to be alittle
weaker than that of E-LPS (Table 3).

Table 2 PBMC number changes in the rabbits injected with H-
LPS or E-LPS

PBMC (mean£SD, x10°/L)

Time (h)
H-LPS E-LPS Saline

Before injection 4.52+1.28 4.38+1.35 4.05+1.42
After injection

0.5 12.51+0.54 8.22+0.68 4.25+1.28
1.0 2.55+0.87 2.23+1.32 4.40+1.19
15 1.56+1.33 1.58+1.27 4.08+1.24
2.0 1.62+0.93 1.64+0.89 4.05+1.06
25 1.65+1.12 1.60+1.34 4.35+1.17
3.0 1.56+1.45 1.52+1.10 4.16+1.22

Table 3 Cytotoxicity of H-LPS and E-LPS to mice fibroblast

Group LPS CPM t P
(ug/mL) (mean+SD)
H-LPS 1.0 77224819 3.74 <0.05
5.0 47244726 7.29 <0.01
10.0 4 328+1 194 6.56 <0.01
50.0 3618+434 9.27 <0.001
100.0 29631764 9.20 <0.001
E-LPS 1.0 6 813+1 183 4.17 <0.05
5.0 42904474 8.37 <0.005
10.0 35164645 8.96 <0.001
50.0 32244534 9.55 <0.001
100.0 2 513+630 10.72 <0.001
Control 0 11 083+1 324

Mouse lethality

H-LPS showed a significantly weaker virulence to mice than
E-LPS. Although the injecting dosage was as high as 1 mg H-
LPS per mouse, 2 of the 8 mice survived (Table 4).

Table 4 Toxicity test results in mice injected with H-LPS or
E-LPS

Group Number Dosage Death/Survival Mortality

(n) (mg/mouse) (n/n) (%)
H-LPS 8 0.25 0/8 0

8 0.50 4/4 50.0

8 1.00 6/2 75.0
E-LPS 8 0.25 2/6 25.0

8 0.50 7/1 87.5

8 1.00 8/0 100

8 / 0/8 0

Positivity rate of H-LPS in biopsy specimens

Thetotal positivity rate of H-LPSin the 126 biopsy specimens
was 60.3% (Table 5). Totally 73.5% of the biopsy specimens
from chronic gastritis patients (50/68) were H-LPS positive,
which was significantly higher than that (44.8%) from gastric
ulcer patients (26/58) (c?=10.77, P<0.01). H-L PS positivity
ratein biopsy specimens of the patientswith chronic superficial
gastritis (38/48, 79.2%) was similar to that of the patientswith
chronic active gastritis (9/10, 90.0%) (c?=0.63, P>0.05), but
both positivity rates were much higher than that of the patients
with atrophic gastritis (3/10, 30.0%) (c?=7.50-9.66, P<0.01).
Among the biopsy specimens from patients with any one of
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the three types of gastric ulcer, the H-LPS positive rates were
similar to each other (c=0.11-1.25, P>0.05). A H-LPSpositive
biopsy specimen is shown in Figure 2.

s S
o 1‘ .
S o, rﬁﬁ';q

Figure 2 H-LPS positive biopsy specimen (Original magnification:
x600).

Table 5 H-LPS detection rates in the biopsy specimens from
patients with chronic gastritis and gastric ulcer

Group Number Positivity Positive rate
(n) (n) (%)
Chronic gastritis
Superficial 48 38 79.2
Active 10 9 90.0
Atrophic 10 3 30.0
Gastric ulcer
Gastric 12 7 58.3
Duodenal 40 16 40.0
Complex 6 3 50.0
Total 126 76 60.3
DISCUSSION

Bacterial endotoxin possesses broad biological activities and
its toxicity is mainly dependent on lipid A%, Among the
biological activities of LPS, limulus amoebocyte lysate
coagulation, rabbit pyrogen and mouse lethality are most
typical and important*517, In some of the previously published
data, H-LPS showed much lower activities of coagulating
limuluslysate, pyrogenic responsein rabbit and lethal potential
in mice®d, In our study, we found that the effect of H-LPS on
causing fever in rabbits, death in mice and its cytotoxicity to
NIH 3T3 fibroblast were less compared to the LPS from
E. coli. However, the ability of coagulating limulus lysate of
H-LPS (+/0.5 ng/mL) was similar to that of E-LPS based on
several repeated results. As mentioned in Introduction, LPS
preparations might have various biological activitiesif different
extraction methods were used***4, The result in limulus lysate
assay of this study differed from the previously reported
probably dueto H-L PSfrom different strainsand the distinction
in LPS extraction methods.

Salgado et al. revealed that H-LPS from different strains
could be divided into two types: One of low biological activity
and one of high biological activity of inducing the mitogenicity
and TNF-a synthesis of cells. And the strains with the high
activity were demonstrated belonging to the low virulence
genotypes with cagA™ and s1bm2 or 2m2 for vacAl*8. To our
surprise, at the same injected dosage (100 pg/kg- b.w.) in our
study, H-L PS caused death in two of the three tested rabbitsin
blood pressure regulation test but E-LPS did not. In addition,
the ability of H-LPS of inducing PBMC at 0.5 h after injection
(12.51+0.54x10°%L) was also stronger than that of E-LPS
[(8.22+0.68)x10%/L]. These data, including the results reported

by Salgado et al ., indicated that therole of the LPSasavirulence
factor from some H pylori strains should be re-evaluated.

It was reported that H-L PS acted as a modulator of host-
dependent gastritisthrough inducing both gastric epithelial cells
and macrophages to secrete IL-1, TNF and IL-81*24, |n this
study, a high frequency of H-LPS in the biopsy specimens
from chronic gastritis patients (73.5%) was found. However,
the positivity rate of H-LPS in the biopsy specimens from
gastric ulcer patients (44.8%) was relatively lower (c?=10.77,
P<0.01). Furthermore, the biopsy specimens from chronic
superficial gastritis (79.2%) and chronic active gastritis
(90.0%) showed significantly higher H-LPS positive rates
compared to those from chronic atrophic gastritis (30.0%)
(c?=7.50-9.66, P<0.01). These data indicated that H-LPS
might play a more important role in inducing human gastric
inflammation than previoudy considered. It iswell known that
PBM C are amixture of neutrophilic granul ocytes, mononuclear
macrophages and lymphocytes?24, Mononuclear macrophages
and lymphocytes are the major cellsto produce IL-1, TNF and
IL-812527, The result from our study showed that H-LPS had a
stronger ability of inducing PBMC than E-LPS, suggesting
thecritical effect of H-LPS on inducing inflammatory reaction
in human gastritis.
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Abstract

AlIM: To determine the prevalence of genotypes of cagll in
Helicobacter pylori (H pylori)-infected patients in Zhejiang
Province and investigate the relationship between these
genotypes and the types of gastroduodenal diseases.

METHODS: One hundred and seventy one clinical isolates
were collected from 70 chronic superficial gastritis, 31 chronic
atrophic gastritis, 41 gastric ulcer, 21 duodenal ulcer, 3
gastric and duodenal ulcer, and 5 gastric adenocarcinoma
patients. Polymerase chain reaction assays were
performed for analysis of cagT, ORF13 and ORF10 genes
in the cagll region.

RESULTS: Of 171 H pylori isolates from Zhejiang patients,
159(93.0%) were positive for all the three loci. One isolate
(0.6%) was negative for all the three loci, and 11(6.4%)
were partially deleted in cagll. The positive rates of cagT,
ORF13 and ORF10 genes were 97.1%, 94.7% and 99.4%,
respectively. In the strains isolated from the patients with
diseases including chronic superficial gastritis, chronic
atrophic gastritis, gastric ulcer and duodenal ulcer, the
sitive rates of cagT were 95.7%, 100.0%, 95.1% and
100.0%, respectively. The positive rates of ORF13 were
94.3%, 93.5%, 95.1% and 100.0%, respectively. The
sitive rates of ORF10 were 98.6%, 100.0%, 100.0% and
100.0%, respectively. The three genes were all positive
in the three H pylori strains isolated from the patients
with both gastric and duodenal ulcer. In the five strains
isolated from the patients with gastric adenocarcinoma,
only one isolate was negative for ORF13. There were no
significant differences of the cagT, ORF13 and ORF10 genes
among the different gastroduodenal diseases including
chronic superficial gastritis, chronic atrophic gastritis,
gastric ulcer, duodenal ulcer, both gastric and duodenal
ulcer and gastric adenocarcinoma (c?=3.098, P>0.05 for
cagT; ¢?=3.935, P>0.05 for ORF13 and ¢?=6.328, P>0.05
for ORF10).

CONCLUSION: The cagll is not a uniform and conserved
entity. Although the genes in cagll are highly associated
with the gastroduodenal diseases, the clinical outcome of
H pylori infection is not reliably predicted by the three genes
in cagll in patients from Zhejiang Province.

Liu HY, Fang PC, Jiang YS, Tao R, Chen J. Gene distribution
of cagll in Helicobacter pylori-infected patients of Zhejiang
Province. World J Gastroenterol 2004; 10(14): 2060-2062
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INTRODUCTION

Although more than 50% of the world population are infected
with Helicobacter pylori (H pylori), most of the carriers are
asymptomatict*@. Only a minority of infected persons may
develop serious gastroduodenal diseases. Though the
pathogenesisof H pylori infection isnot well understood, there
are several putative virulence factors that may contribute to
mucosal damage by H pylori infection such as the cytotoxin
associated gene (cag) pathogenicity island (PAI)E. The cag
PAI was reported to be amajor virulence factor of H pylorit®,
The cagll islocated on the left of cag PAl. Thereis growing
evidence that genetic differences among strains determine the
clinical outcome of infection’® 7. Some of the genesin cagll are
believed to encode proteinsthat have similaritiesto recognized
virulencefactorsin other bacteria. However in mainland China
the distribution of these genesin cagll of H pylori and their
relationship with gastroduodenal diseases remain unclear. In
thiswork, we attempted to determine the structure of cagl| of
H pylori isolated from Zhejiang Province and the relationship
between the genes in cagll and the types of the gastroduodenal
diseases. The genes of cagT, ORF13 and ORF10 that have
representative spacing sequences aong the cagll were selected
and amplified by polymerase chain reaction (PCR) to evaluate the
cagll digributionin 171 isolatesfromH pylori-infected patients
with different gastroduodenal diseasesin Zhejiang Province.

MATERIALS AND METHODS

H pyloriisolates

A total of 171 H pylori isolates were obtained fromH pylori-
infected adults who had undergone upper gastrointestinal
endoscopy at the Second Affiliated Hospital of Zhejiang
University and the Hospital of Daishan County in Zhejiang
Province. The patients consisted of 115 men and 56 women
with amean age of 42.9 years(ranging from 16 to 71 years).
The patientswere classified into 6 groups of chronic superficial
gastritis (n=70), chronic atrophic gastritis (n=31), gastric ulcer
(n=41), duodena ulcer (n=21), both gastric and duodenal ulcer
(n=3) and gastric adenocarcinoma (n=5). The classification of
patients was based on the results of endoscopic and histological
examinations.

Culture of H pylori

Biopsy specimens were cultured on ECY -selective agar plates
a 37 °C for 5dunder 100% humidity and microaerophilicconditions
(50 mL/L O,, 100 mL/L CO,, and 850 mL/L N,). H pylori was
identified by thefollowing criteria: characterigtic of colony, rapid
urease test, catalase test and morphology on Gram staining.

Genomic DNA extraction
H pylori genomic DNA wasextracted by phenol/chloroformmethod.
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Detection of cagT, ORF13 and ORF10 with PCR

For the detection of cagT, ORF13 and ORF10 genes, PCR was
performed in avolume of 25 ni. containing 2.5 mL of 10xbuffer,
2 of 25 mmol/L MgCl,, 2.5 of 2mmol/L dNTPs, 0.2 il of
Tag DNA polymerase, 0.5 . of 20 nmol/L primer sets(Table 1),
1 of genomic DNA, 15.8 i of water. The primersfor cagT,
ORF13 and ORF10 were synthesized as described in Table 1.
The PCR amplification of cagT, ORF13 and ORF10 geneswasas
follows initia denaturationat 95 °C for 3min; 30 cyclesof &t 94 'C
for30s @56 C for30sandat72°C for45s andafind extenson
a 72 °C for 7min. PCRwaspeformedinathermd cycle(GeneAmp
PCR system 9 600; Perkin-Elmer, Norwalk, Conn, USA). After
amplification, 5 L. of PCR products was electrophoresed on
17 g/L agarose gel and examined under UV illumination.

Table 1 PCR primers for amplification of cagT, ORF13 and ORF10

Gene Strand Primer sequence Length (bp)

cagT + 5" TCTAAAAAGATTACGCTCATAGGCG 3”490
- 5" CTTTGGCTTGCATGTTCAAGTTGCC 3”
ORF13 + 5" CGTTCATGTTCCATACATCTTTGGC 3” 617
- 5" GATTTATAGCGATCTAAGAAACCGC 3~
ORF10 + 5" AATAGTGCTTTCTTTAGGATTAGCG3” 658
5" CCGATTTAATCCTTTCGCTTATGTG 3”

Statistical analysis
Statistical analysis was performed using the c? test. Values of
P<0.05 were considered to be statistically significant.

RESULTS

Amplification of cagT, ORF13 and ORF10 genes

After PCR amplification of the cagT, ORF13 and ORF10 genes,
the products were electrophoresed on 1.7% agarose gels, and
stained with ethidium bromide (Figure 1).

1 2 3 4

750 bp
500 bp
250 bp
100 bp

Figure 1 Electrophoresis of cagT, ORF13 and ORF10 after PCR.
Lane 1:100 bp DNA ladder; Lane 2: cagT (490 bp); Lane 3:
ORF13(617 bp); Lane 4: ORF10(658 bp).

Distribution of selected genes within cagll in H pylori isolates
from patients with gastroduodenal diseases
Of 171 H pylori isolates from Zhejiang Province, 159(93.0%)

were positive for al the threeloci. Oneisolate (0.6%) from a
patient with chronic superficial gastritis was negative for all
the three loci, and 11(6.4%) were partially deleted in cagll.
Among the latter 11 isolates, 6 were from chronic superficial
gastritis, 2 from chronic atrophic gastritis, 3 from gastric ulcer
and 1 from gastric adenocarcinoma. The positivity ratesof cagT,
ORF13 and ORF10 gene expression and their relationship with
gastroduodenal diseases are listed in Table 2. There were no
significant differences among the three selected genes in
different gastroduodenal diseases (¢>=3.098, P>0.05 for cagT;
€2=3.935, P>0.05 for ORF13 and ¢*=6.328, P>0.05 for ORF10).

DISCUSSION

H pylori is a Gram-negative, spiral-shaped, microaerophilic
bacterium that infects human gastric mucosaand is recognized
as amajor cause of chronic active gastritis and most peptic
ulcer diseases’®?. It is also closely related with gastric
adenocarcinoma, gastric mucosa-associated lymphoid tissue
lymphoma and primary gastric non-Hodgkin' s lymphoma*®,
The cag PAI isan approximately 40-kb cluster of geneson the
H. pylori chromosome®*¥ and divided into two regions, cagl
and cagll. Thereare 14 open reading framesin cagll. Some of
the genes within cagll are believed to encode proteins, which
have homologue of recognized virulencefactorsin other bacteria
by amino acid database search and analysis. The protein
encoded by cagT geneis similar to Shigella flexnerii 42-kDa
surface antigen IPAC. It was reported that IPAC of Shigella
was essential for initial bacterial entry into epithelial cells by
interacting with beta-catenin and destabilizing the cadherin-
mediated cell adhesion complex!*Z, thusthe epithelial cell-cell
tight adhesion was disrupted. These events might facilitate the
further basolateral invasion of bacteria through the disrupted
space and/or modulate the cell-to-cell spread of Shigella. We
propose that cagT may play asimilar role in the pathogenesis
of H pylori. Moreover the proteins encoded by cagT, ORF13
and ORF10 are similar to virB7, virB10 and virD4 of
Agrobacterium tumefaciensthat are needed for the transferring
of the Ti plasmid DNA from the bacterium to the nucleus of the
plant cell**3, The products of the virB7, virB10 and virD4
genes are considered to be important componentsin type IV
secretion system!*, Several lines of evidence suggest that the
type IV secretion system encoded by the cag PAI of H pylori is
recognized as a mgjor virulence determinant, governing the
translocation of the CagA protein to eukaryotic cells and
inducing strongly the expression and secretion of IL-8 in
gastric epithelial cellg2>, Deletion of the cagll segment
from strain 26695 reduced 1L-8 synthesis to about 10-20% of
the wild-type control. Inactivation of ORF13 or cagT also
caused similar reduction in IL-8 synthesis after infection. In
addition, the products of cagT, ORF13 and ORF10 were
absolutely essential for the translocation of CagA and tyrosine
phosphorylation!*31718_ -8, a potent neutrophil and T-cell
chemoattractant and activator, is believed to play akey rolein
the pathogenesis of H pylori-induced tissue damage***?. These

Table 2 Relationship between cagT, ORF13, ORF10 gene expression and clinical diagnosis in patients of Zhejiang Province

Group n cagT n % ORF13n % ORF10n %
Chronic superficial gastritis 70 67 95.7 66 94.3 69 98.6
Chronic atrophic gastritis 31 31 100.0 29 93.5 31 100.0
Gastric ulcer 41 39 95.1 39 95.1 41 100.0
Duodenal ulcer 21 21 100.0 21 100.0 21 100.0
Both gastric and duodenal ulcer 3 3 - 3 - 3 -

Gastric adenocarcinoma 5 5 - 4 - 5 -

Total 171 166 97.1 162 94.7 170 99.4
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results indicate that the genes in cagll participate in the
translocation of CagA and induction of IL-8 synthesis and
then aresultant severe inflammatory response. The presence
of cagll is highly associated with the gastroduodenal diseased?!.

In the present study, we have shown that the overall
prevalence of the cagT, ORF13 and ORF10 is 97.1%, 94.7%
and 99.4%, respectively. Although the genesin cagll arehighly
associated with the gastroduodenal diseases, the clinical
outcome of H pylori infection is not reliably predicted by the
genes of cagT, ORF13 and ORF10 in the cag Il in Zhejiang
Province. These results are in agreement with those of studies
in Japanese and Taiwanese. The distribution of presence of
cagT, ORF13 and ORF10 in Japan has been shown to be about
94%, 98.4% and 98.4%, respectively*d, In Taiwanese, dl strains
were positive for cagT and ORF13 genes?. However, in South
Africatheoverall positivity rate of cagT in clinical isolateswas
81.7%, lower than our report. And the prevalence of cagT in
patients with peptic ulceration and gastric adenocarcinomawas
significantly higher than that in gastritis?!. In Europe the
prevalenceof cagT, ORF13 and ORF10in clinical isolateswas
79.5%, also lower than the one of our report!?®. These results
indicate that H pylori isolated from Asiais different from the
ones isolated from South Africa and Europe. In the present
sudy, of 171 H pylori isolatesfrom Zhejiang patients, 159(93.0%)
were positive for all the three loci. Oneisolate (0.6%) from a
patient with chronic superficial gastritis was negative for all
thethreeloci, and 11(6.4%) were partially deleted in cagll. It
appears that the cagll is not a uniform, conserved entity.

In conclusion, we speculate that the distribution of cagT,
ORF13 and ORF10in Zhgjiang Province isin accordance with
thosein other Asian countries. The clinical outcomeof H pylori
infection can not be reliably predicted by the genes of cagT,
ORF13 and ORF10in cag Il. Many factors such asthe genetic
factors of both H pylori and the host cell and the circumstance
may contribute to the clinical outcome of H pylori infection.
Nevertheless, Further work isrequired to illustrate pathogenesis
of cagll in H pylori associated gastroduodenal diseases.
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Abstract

AIM: To evaluate the effects of animal milk containing
fucosylated antigens on Helicobacter pylori (H pylori) binding
to Lewis b antigen.

METHODS: A mammary gland expression vector
containing human al-3/4-fucosyltransferase cDNA
seguences was constructed. Transient expression of human
al-3/4-fucosyltransferase cDNA in goat mammary cell and
establishment of transgenic mice were performed. The
adhesion inhibitory properties of milk samples were
analyzed by using H pylori.

RESULTS: Goat milk samples were found to inhibit bacterial
binding to Lewis b antigen. The highest inhibition was
observed 42 h after injection of the plasmid. The binding
activity of H pylori to Lewis b antigen reduced mostly, by
83%, however milk samples from transgenic mice did not
inhibit H pylori binding to Lewis b antigen.

CONCLUSION: The use of “humanized” animal milk
produced by the transgenic introduction of fucosylated
antigen can perhaps provide an alternative therapy and
preventive measure for H pylori infection.

Xu HT, Zhao YF, Lian ZX, Fan BL, Zhao ZH, Yu SY, Dai YP,
Wang LL, Niu HL, Li N, Hammarstrom L, Borén T, Sjostréom R.
Effects of fucosylated milk of goat and mouse on Helicobacter
pylori binding to Lewis b antigen. World J Gastroenterol 2004;
10(14): 2063-2066
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INTRODUCTION

Helicobacter pylori (H pylori), ahuman specific gagtric pathogen,
wasfirst isolated in 198314, Twenty years of research hasfound
that H pylori infection is one of the major causes of upper
gastrointestinal tract diseases, such as chronic active gagtritis

and peptic ulcer disease®. In chronic active gastritis, gastric
ulcer and gastroduodenal ulcer, the incidences of H pylori
infection are 71-94%, 72-100% and 73-100% respectively. In
addition, H pylori infection has been linked with the
development of gastric adenocarcinomaand mucosa-associated
lymphoid tissue (MALT)!™3, It has been defined as a Class |
carcinogen by WHOR419,

H pylori colonize human gastric mucosa by adhering both
to the mucousepithelia cellsand to the mucuslayer™®. Specific
receptor structures in combination with the unique tissue-
specific distribution of receptors can restrict microbial
colonization to a limited number of hosts, tissues and cell
lineages'”. H pylori can bind tightly to epithelia cells using
variousbacterial surface components'®?, The best characterized
adhesin, BabA, isa 78-kD outer-membrane protein that bindsto
the fucosylated Lewis b (L€”) blood group antigent?Y,
Accumulating evidence in animal models suggests that BabA
isrelevant to H pylori-associated diseased??. LeP antigen is
one of the most important receptors, governing adhesion of
H pylori to gastric mucosa. Boren et al. found that the fucosylated
Lewis blood group antigens Le” and H-1 were the carbohydrate
structures that specifically mediated the adherence of H pylori
to human gastric epithelia cellsin situ.

Le° antigen is a human blood group antigen. In human
cells, the synthesis of Lewis antigensis regulated by a series
of glycosyltransferases that act sequentially upon a precursor
molecule. The fucosyltransferases are responsible for the final
step in this process. Their function isto add a fucose residue
to precursor moleculesto form human blood antigens, such as
Le?, LeP and H1 antigen (Figurel). Addition of fucose to the
terminal galactose residue of the lacto series core chain
oligosaccharide resultsin the H1 antigen. Le” antigen isformed
by the addition of a“branched” fucose residue to H1-antigen,
catalyzed by a1-3/4-fucosyltransferase. The fucosylated blood
group antigens, typically found on erythrocytes, are also
expressed on the gastro-intestinal epithelium. Le° is the
dominant fucosylated blood group antigen expressed on the
gadtric surface mucous cellsin the gastric epithelia lining. The
fucosylated blood group antigens are also present in the
mucins of the gastric mucus layer and, in addition, as natural
“scavengers’ or clearance factorsin secretions such as saliva,
tears, and human milk.

LNT Le?

Galb1.3GIcNAcb1.3Galb1.4Glc —mm= GalbGIcNAcbhGalb1.4Glc
HI Leb

Galb1.3GIcNAcb1.3Galb1.4Glc —m= GalbGIcNAcbGalb1.4Glc
A I2 A-LeP 2 4

Fucal Fuca‘l Fuclal
GalNAcal.3Galb1.3GIcNAcb1.3Galb1.4Glc —=  GalNAcal.3GalbGlcNAcbGalb1.4Glc
2 2 4

| | |
Fucal Fucal Fucal

Figure 1 Formation of fucosylated blood group antigens.
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H pylori infection is one of the most common infectionsin
humans. Epidemiological datashow that it affects about half of
the human population. Without specific therapy, H pylori
infection can persist for decades or even the host’ s lifetime.
But only about 15% of H pylori-infected individuals actually
have H pylori-associated diseases. It islikely to be associated
with other additional factors such as genetic predisposition,
age of infection, and the genotype of infective strain. The
prevalence varies greatly among countries and among
population groups within the same country. The overall
prevalence of H pylori infectionis strongly correlated with
socioeconomic conditions. Eighty-five percent of H pylori can
be eradicated by combination therapy in clinic, however, using
antibiotics for several weeks may bring about other problems
such as bacterial resistance. So many researchers are looking
for other methods to prevent H pylori infection, such as
preventing H pylori binding to or colonizing the gastric mucosa.

If we can add some H pylori specific receptor, for example,
Le” blood antigen or its analog to food, then H pylori binding
to the human gastric mucosa may be prevented or reduced,
and the bacteria will be excreted by the alimentary tract or
destroyed by human antibody. Flak et al. reported that the a 1-
3/4-fucosyltransferase was expressed in the gastric mucosa of
mice and that H pylori could bind to the mice gastric mucosa. At
present, there are no reports of a1-3/4-fucosyltransferase being
expressed in animal galactophore. Therefore, our aim wasfirst
to introduce human a1-3/4-fucosyltransferase into animalsand
get them expressed in the animal mammary gland and thus
produce Le® antigen in milk. Thiskind of milk does not only
have nutritional value, it is also a natural source of lectin, a
molecule that can block H pylori binding to the human gastric
mucosa, and therefore prevent H pylori infection and reduce
the severity of the infectious process. In thisway, people can
prevent H pylori infection by drinking thiskind of milk daily.

This paper describes the transient expression of human
al-3/4-fucosyltransferase gene in goat mammary gland and
the establishment of transgenic mouse model. A new test to
prevent and cure H pylori infection and gastrointestinal
diseases associated with H pylori infection is put forward in
our study.

MATERIALS AND METHODS

Experimental animals

Kunming white mice were purchased from Beijing Laboratory
Animal Research Center. Laoshan goats were provided by
Beijing Sangao Corporation.

Xho I Xho |
1VS1 1VS7-1VS
El —  fut e E7 | —.ﬂ
. u

P b-casein b-casein
3”genomic DNA
2% b-lobi pBC1-fut
-globin
insulator 227725 bp ~ Not |
Sal |
pMB1 ori Ampicillin

Figure 2 Map of expression vector: pBC1-fut.

Construction of expression vectors

A 1115-bp al-3/4-fucosyltransferase cDNA encompassing
the entire 1 086-nt coding region specifying the 361-AA
transmembrane glycoprotein, containing an upstream Kozak
consensus sequence and Xhol site, a downstream Xhol site,

was generated by PCR from a Fut/pCDM8 plasmid. The PCR
product was then purified and digested by Xhol, and the
digestion product was subcloned into pBC1 vector, which had
been treated previously with Xhol, and transformed into E.
coli DH5a. pBC1 is a specific milk expression vector which
containsthe goat b-casein promoter and other proprietary DNA
sequences. The positive transfected clone containing the
properly oriented al-3/4-fucosyltransferase cONA was
screened by colony PCR. The expression vector, named pBC1-
fut, allowed the a1-3/4-fucosyltransferase cDNA to be placed
initsdownstream of the b-casein promoter (Figure 2).

Transientexpression

pBC1-fut was purified using Qiagen Plasmid Maxi kit. About 1
mg pBC1-fut was injected into alactating goat’ sright and | eft
mammary glands from the goat glandular duct. Milk samplesat
different times were then collected over a 100-h (4 d) period
from both right (R) and left (L) udders. Then, milk sampleswere
analyzed in adilution series (25-, 50-, 100- and 200-fold) for
adhesion inhibition properties.

Transgenic mice production

The 16-kb DNA fragment inserted was isolated by agarose gel
electrophoresis and recovered by electro-elution. To remove
any contamination, products were spot dialyzed against 40 mL
TE (10 mmol/L Tris, 0.1 mmol/L EDTA, pH7.4) for 30 min
(VSWP02 500 membrane, Millipore). Purified DNAswerediluted
to 2-3 ng/ni in TE buffer and microinjected into the pronuclel
of fertilized eggs of Kunming white mice.

Genomic DNAs were isolated from the tails of transgenic
mice using a standard method. A pair of primers was designed
to screen for transgenic mice: upper primer: 5 - GATTGACAA
GTAATACGCTGTTTCCTC-3' and downstream primer: 5’ -
CATCAGAAGTTAAACAGCACAGTTAG-3 . PCRreactions
using genomic DNAs as template were performed under the
following condition; 30 cyclesof 94 °C for 1 min, 58 °C for 1 min,
and 74 °C for 1 min. After PCR screening, transgenic micewere
confirmed by Southern hybridization. The probe was created
by *Plabeling a 1-3/4-fucosyltransferase cDNA. Genomic DNA
from transgenic mice and negative mouse aswell asexpression
vector DNA were digested by BamHI. Copies of the transgene
were estimated by comparing the band density of the vector
control with that in transgenic mice. Hybridizationswere a 65 ‘C
in Church (10g/L BSA, 70g/L SDS, 1 mmol/L EDTA, 0.5 mol/L
sodium phosphate, pH 7.2). Final washes were in 2xSSC, 0.
5xSDSat 65 C. Signal from the membrane was detected using
aPhosphor Screen (Molecular Dynamics, US).

Analysis of adhesion inhibitory properties of the milk

Goat milk was collected at different time pointsfor 100 h from
both right (R) and left (L) udders. The transgenic milk was
collected at the 7 th day of lactation. The milk was centrifuged
at 18 000 r/min for 1 h at 4 'C. The fat on the surface was
removed and the clear part of the supernatant was put in anew
tube and used as the sample. Le” antigen was labeled with
125 by the chloramine T method. Milk sampleswereanalyzedin
dilution series (25-, 50-, 100- and 200-fold). The sampleswere
mixed with an H pylori strain (CCUG17875), which bound bind
Le® antigen efficiently, onacradlefor 17 h at room temperature.
After this period, **°| radioactivity in bacterial pellet was
measured with a gamma counter.

Western blotting

After electrophoresis on 80 g/L SDS-PAGE, proteins were
transferred to a nitrocellulose extra blotting membrane
(Sartorius, Germany). Le® monoclonal antibodies(Immucor, GA)
and HRP-conjugated goat anti-rabbit-1gG (Cappel Laboratories,
US) were used to detect L€’ antigen.
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Table 1 Blocking effect on H pylori binding to Lewis b antigen by goat milk

Bind/Free Le® (%)

Bind/Free Le” (%)

Time Sample

25x 50x 100x 200x 25x 50x 100x 200x
R6h 32.5 43.4 49.6 53.9 L6h 36.9 47.1 52.1 55.1
R 12h 28.2 41.7 49.4 53.0 L12h 34.7 45.3 51.3 53.4
R 18 h 25.5 40.5 49.4 53.1 L18h 29.4 42.3 49.2 53.2
R23h 16.8 32.3 43.9 50.6 L23h 22.1 37.3 46.5 51.7
R30h 15.0 31.0 43.1 49.4 L30h 25.6 37.1 46.3 51.9
R 36 h 11.9 28.7 41.2 48.3 L36h 20.0 35.4 45.1 50.8
R42h 11.2 27.0 40.1 48.0 L42h 17.2 33.3 43.6 49.7
R54 h 16.6 32.3 43.4 49.5 L 54 h 20.3 35.1 44.9 50.4
R 60 h 20.2 35.9 45.1 50.5 L 60 h 25.9 38.7 47.6 51.7
R 66 h 24.6 38.3 45.8 51.0 L 66 h 22.6 36.2 44.9 50.6
R78h 35.2 45.6 51.6 54.2 L78h 31.9 43.1 50.2 53.3
R84 h 37.8 46.2 51.7 56.0 L 84 h 36.3 45.9 51.1 54.0
R90 h 37.1 46.5 51.9 54.8 L 90 h 38.5 46.3 51.3 54.8
R102h 426 49.4 54.1 57.1 L 102 h 38.8 46.3 51.3 55.0
Control 1 61.2 61.2 61.5 61.5 Control 2 61.0 60.8 61.1 61.2

R: Right udders; L: Left udders; Control 1: Milk from right udders of unimmunized goats; Control 2: Milk from left udders of

unimmunized goats.

RESULTS

Transientexpression

Asshownin Table1and Figure3, milk samplesfrom experimenta
goatsinhibited H pylori binding to L€’ antigen, and the time of
the highest inhibition efficacy was at 42 h after DNA
immunization. Furthermore, milk collected from both right (R)
and left (L) udders had inhibitory effect on H pylori binding to
LeP. Unimmunized goat (the negative controls) did not inhibit
bacteria binding. The binding activity of H pylori to L€ antigen
reduced mostly, 83 % in the 25-fold diluted milk samples.

Goat milk/CCUG 17 875 and lewis b antigen (Leb)
70 025x  0b0x m=100x ®m200x

% bound Leb
w
o

Figure 3 Blocking effect on H pylori binding to Lewis b antigen
by goat milk. Abscissa: Goat milk collected at different time
points and control milk. Ordinate: Rate of H pylori binding to
Lewis b antigen.

Production of transgenic mice

Fiveof 84 miceincluding 2 malesand 3 femaleswereidentified
asbeing transgenic mice by PCR (Figure 4). The serial numbers
of the positive mice were 15, 42, 47, 63 and 71. Efficiency of
microinjection was about 6%, within the usual range of 5-20%.
These transgenic mice were confirmed by using human a1-3/4-
fucosyltransferase cDNA as a probe in Southern blotting
(Figure 5). Transgene copy humbers were also determined by
Southern blotting. We analyzed three female’ s milk for the
blocking effect on binding of H pylori to Le® antigen, but no
inhibitory activity was detected by our experimental system.

1Kb

Figure 4 PCR results of transgenic mice. M: DNA ladder; P:
pBC1-fut plasmid; CK: Non-transgenic mouse. 15, 42, 47, 62
and 71: Serial numbers of gene positive mice.

M M 15 42 47 62 71 CK P2 P5 P1 P10

1.0 Kb

Figure 5 Southern blotting of transgenic mice. M: DNA ladder;
CK: Non-transgenic mouse; P1, P2, P5 and P10: pBC1-fut plas-
mid equivalent to 1, 2, 5 and 10 gene copies, respectively. 15,
42,47, 62 and 71: Serial numbers of gene positive mice.

Western blotting

We performed Western blotting and stained the membranes of
the goat and transgenic mice milk protein with Le® monoclonal
antibody. The goat milk sample blot showed a beautiful, time-
dependent induction of the blood group antigens secreted into
milk (Figure 6). Theband densitiesat different time pointswere
consistent with the results of the transient expression described
above. The band density was strongest at the 42 h after DNA
immunization. But thetransgenic micemilk did not giveapostive
signal, suggesting that this milk did not contain Le’ antigen or
its analog.
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Figure 6 Western blotting of the transient expression milk of
goat. Lanes 1-8: Milk collected at different time points of 6, 18,
30, 42, 60, 78, 90, 100 h postinjection, respectively.

DISCUSSION

In our experiment, goat milk could block H pylori bindingto Le?
antigen, which isone of the most important receptors governing
adhesion of H pylori to gastric mucosa. The activity of H pylori
binding to L€’ antigen reduced asmuch as83% in some samples.
Theresult showed that some milk proteins might be fucosylated
and structurally similar to human Le® blood group antigen, so
they wereableto bind the bacteria. Goat milk fucosylated protein
can bind H pylori invitro. So“ humanized” goat milk, inwhich
human a 1-3/4-fucosyltransferase has been introduced into goat
mammary gland, may be an aternative therapy and aprevention
method for H pylori infection.

Unfortunately, the transgenic mice milk collected did not
block H pylori binding to L €” antigen. The reasons might be as
follows: (1) Leve of a1-3/4-fucosyltransferase gene expression
in mammary gland of mice was very low. Thusthe quantity of
Le® antigen in the milk was so low that the milk could not
effectively block H pylori binding to Le® antigen. One way to
increase the expression of al1-3/4-fucosyltransferase would be
to introduce the complete genomic sequence of the al-3/4-
fucosyltransferase geneto mammary gland of mice. (2) Thereis
no precursor of Le® antigen in mice milk, so, even if al-3/4-
fucosyltransferase was expressed in mouse galactophore, the
transgenic glycosylation patterns that were generated by the
activity of a1-3/4-fucosyltransferase did not form epitopesthat
were recognized by the H pylori Le”binding adhesions.
Therefore the milk could not block H pylori binding to Le?
antigen. Since other results have shown that al-3/4-
fucosyltransferase expression in the gastric mucosa of mice
can block the binding of H pylori to mouse gastric mucosa, it is
possible that there might be differences between the
carbohydrate core chains of the Le” antigen in milk glandsand
gastric mucosain mice.

Although the results for the transgenic mice were not
positive, the successful introduction of a1-3/4-fucosyltransferase
cDNA into goat mammary cell and expression of Le° antigen
anaog were an important finding. The* humanized” milk by the
transgenic introduction of fucosylated antigens can be an
dternaivetherapy and aprevention method for H pylori infection.
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Abstract

AIM: To confirm the xenotransplantation of microencapsulated
hepatocytes and islets as a temporary bioartificial liver
support system for mice with acute liver failure (ALF).

METHODS: Mice were rendered ALF by a single intra-
peritoneal injection of D-galactosamine (D-gal) and their
tail blood was sampled to examine differences in blood ALT,
albumin (ALB), total bilirubin (TB) and glucose (GLU) between
4 experimental groups. Rat hepatocytes and islets were
collected and microencapsulated referring to both Sun’s and
Fritschy”s methods. Mice were grouped into control group
(CG), free hepatocyte group (FHG), microencapsulated
hepatocyte group (MHG) and microencapsulated hepatocyte
plus islet group (HIG). Tissue samples were subjected to
microscopic and electron microscopic (EM) examinations.

RESULTS: The highest survival was observed in HIG,
surprisingly at 100%(16/16), while the lowest was in CG at
12.5%(2/16), with inter-group statistical difference P<0.05.
ALT levels revealed no statistical difference between groups
but the ALB level of HIG descended by the slightest margin
{g=(0.54, 0.24, 1.33), P<0.05} at the time when it reached
the lowest point in all groups. TB of HIG returned to normal
reference range (NRR) statistically sooner than that of others
after a fierce elevation. No statistical inter-group difference
was observed in GLU levels. Fusion between hepatocytes
and beta cells was demonstrated giving rise to theoretical
assumptions.

CONCLUSION: Hepatocytes to be microencapsulated
together with islets should be a preferred in vivo hepatic
functional supporting system, which can dramatically prolong
survival and improve living status.

Gao Y, Xu J, Sun B, Jiang HC. Microencapsulated hepatocytes
and islets as in vivo bioartificial liver support system. World J
Gastroenterol 2004; 10(14): 2067-2071

http://www.wjgnet.com/1007-9327/10/2067.asp

INTRODUCTION

Currently, temporary liver support is crucial to medical
treatment for acute liver failure?, In this point, hepatocyte
transplantation as a kind of bioartificial liver holds a bright

prospect, but how to enhance graft functional status and
neutralize immune rejection remains unsettled. Several authors
have reported the “ mutual benefit” between hepatocytes and
pancreatic islets at co-transplantation®®, whereas Lim and
Sun’ 9 microencapsul ating technique for immunoisol ation
opened a new erafor cell transplantation. We suppose that
hepatocytes and islets can be co-microencapsulated and
transplanted to act as a bioartificial liver support system
(BALSS), thustaking advantages of both the “ mutual benefit”
and the immunoisolation, simultaneoudly. If succeeded, this
method would be a valuable alternative for en bloc organ
transplantation and alleviate the donor shortage dilemma.

MATERIALS AND METHODS

Animals and ALF induction

Male Wistar rats weighing 150 g (as donor of hepatocytes) or
250 g (asdonor of idets) and Kunming mice weighing 30-36 g
served as donors and recipients, respectively. D-gal (Sigma)
was dissolved in bacteriostatic normal saline and adjusted to
pH 7.4 with 1 mol/L NaOH. The final concentration of the
solution was 0.1 g/mL. Acute liver failure (ALF) mice was
induced by asingle intra-peritoneal injection of D-gal at adose
of 2 500 mg/kg without anesthesia, after which free access to
aseptic water containing 100 g/L glucose was provided and
models were fed on standard mouse chow.

Hepatocyte isolation

Donor hepatocyteswereisolated by Seglen’ sin situ collagenase
perfusion technique. Under pentobarbital anesthesia (35 mg/kg),
the portal vein and the before-liver inferior vena cava (IVC)
were cannulated and after liver IVC wasligated. Theliver was
perfused in situ first with 4 “C D-Hanks solution for 3 min and
then with 37 ‘C Hanks solution containing 200 U/mL
collagenase IV (Sigma) for 10 min at aflow rate of 20 mL/min
until the effluent turned opaque. The perfusion route began at
the portal vein and ended before liver IVC. The liver was
removed, softly shattered and filtered through a hepatocyte
dispersing instrument (containing a 105 pm stainless steel
mesh) to produce a homogenous suspension. The hepatocytes
werewashed 3timesin 4 ‘C D-Hanks solution and centrifuged
at 50 r/min for 2 min between washes, (3.5-5.0)x10? hepatocytes
were obtained through this process. After the cell viability
(82-93%) was determined by trypan blue exclusion test, the
hepatocytes were cultured in 100 g/L fetal calf serum (FCS,
Hyclone) enriched RPMI-1640 medium containing 107 mol/L
insulin, 0.1 mg/mL streptomycin sulfate and 100 U/mL penicillin
G at 37 C in ahumidified atmosphere (950 mL/L O, and
50 mL/L) awaiting transplantation.

Islet isolation

Donor idets of Langerhanswere extracted by Sutton’ s method.
The common bile duct (CBD) was cannulated and the rat was
killed by a heart incision before the whole pancreas was
distended uniformly with 4 mL 4 “C Hanks solution (buffered
by 20 mmol/L HEPES at pH 7.8). The pancreas was removed,
further distended by 16 mL 4 ‘C Hanks solution containing
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2 mg/mL collagenase V (Sigma) and then put in an incubator
at 38 °C for 8 min before the tissue was digpersed. The pelleted
tissue wasfiltered through a steel mesh with 40 pores per inch
and washed twice in 4 ‘C Hanks solution with centrifugation
at 50 r/min for 1 min between washes. The last centrifugation
was performed at 350 r/min for 2 min before the tissue wasre-
suspended in 25% Ficoll solution, on which 23%, 20% and 11%
Ficoll densities were layered in sequence. The discontinuous
density gradient containing the tissue pellets was spun at
800 r/minfor 15minat 4 'C. Idetsfrom 20-23% interface were
collected, 721+153 idets could beisolated through this procedure
with a purity higher than 87% and the ones with a diameter of
50-250 nm were handpicked and cultured in 100 g/L FCS
enriched RPMI 1640 medium containing 0.1 mg/mL
streptomycin sulfate and 100 U/mL penicillinGat 37 ‘C ina
humidified atmosphere (950 g/L O, and 50 mL/L CQOy,).

Microencapsulating procedure

Cells were microencapsulated according to Sun’ s and
Fritschy’ smethods. The cells were centrifuged before re-
suspension in 30 g/L aginate (ALG)-normal saline solution
(pH 7.4) at a concentration of 1x107/mL (according to
hepatocytes). Then the mixture was put into the container of a
bi-nozzle air-jet droplet generator and sprayed into 100 mmol/L
calcium chloride solution (HEPES buffered, pH 7.4) under
the disturbance of a co-axial oxygen flow at 4 L/minto form
round droplets, which were then washed in 4 ‘C D-Hanks
solution and reacted in sequencewith 2 g/L poly-L-lysine (PLL)
for 8 min, 2 g/lL ALG for 4 min and 30 mmol/L sodium citrate
for 8 min, all were kept at 4 ‘C and adjusted to pH 7.4. The
microcapsules (MCs) with a diameter of 0.3-0.5 mm were
cultured in aforementioned medium for 24 h. Every mouse
received MCs equal to 3x10° hepatocytes and the ratio of
hepatocytes to islets was 10%40 at co-transplantationt™.
Through a 12 G needle, the MCs were injected into the
recipient’ sabdomen through a3 mm incision under light ether
anesthesia. All mice underwent the same procedure.

Experimental design
Sixty-four mice with ALF were randomly divided into 4 groups,
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16 micein each: CG, FHG, MHG and HIG. Each mouse in a
certain group received only 1 mL sterilized normal salinein
CG, 3x10°free hepatocytes transplantation in FHG, 3x10°
microencapsulated hepatocytes in MHG, MCs containing
3x10° hepatocytes together with 120 idetsin HIG.

Each group was randomly divided into 4 subgroups, 4 mice
ineach: ALT group, ALB group, TB group and GLU group so
that every index was observed in 4 mice and documented by
their average. Blood samples were collected from tail veins
and indexes were recorded before and every 12 h after
administration of D-ga (time“0") until the 4th d, then once
on the 7th d and finally once on the 14th d. The body mass
was measured daily.

Histological studies

All animalsthat died after D-gal injection were autopsied and
those alive were sacrificed weekly until the 2nd mo. Then all
theremaining oneswerecervically disocated to collect samples
from livers, M C aggregates and floating M Cs, which werefixed
either in 100 g/L phosphate-buffered formal dehyde and stained
with hematoxylin/eosin for histological examination or in 2.5%
osmium tetroxide for transmission EM examination.

Statistical analysis
One-way ANOVA, q test and c? test were used to establish
inter-group difference and data were expressed as mean+SD.

RESULTS

Survival

Micedtill aliveafter 72 h secured unlimited survival. Compared
with CG, the survival rates of FHG, MHG and HIG were
statistically higher (P<0.05), while FHG held a survival rate
sgnificantly lower than MHG and HI G (P<0.05), between which
no statistical difference was observed (P>0.05) (Figure 1A).

Biochemical findings

ALT in 4 groups similarly elevated to a pesk of 1 912+344 U/L
in 12 h, then dropped quickly to NRR (50.04+7.72 U/L) in 48
to 72 h. The sub-group of ALT in CG had only one mouse (1/4)
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Figure 1 Survival rate, levels of ALT, ALB, TB and GLU at different time points. A: Survival rate; B: ALT level; C: ALB level; D: TB

level; E: GLU level.
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alive after 36 h. No relevant statistical difference was observed
(Figure 1B).

Serum ALB gradually decreased after D-gal administration
and reached the lowest point in 48 h, then stably returned to
NRR of 38.19+1.68 g/L in 96 h (Figure 1C). The maximum
decrease in ALB of HIG was 7.85+1.10 g/L, statistically
smaller than that of other groups (P<0.05). No statistical
difference was found in ALB reduction between CG, FHG
and MHG (P>0.05).

TB inal groupsascended quickly after D-gd administration
to the maximum of 36.64+5.08 mmol/L (P>0.05) in 24 h, then
began to descend. All the 4 micein TB sub-group of CG died
in 36 h bringing its curve to a stop, while TB of other groups
continued to descend to NRR (5.42+0.68 nmol/L) at different
intervals. TB of HIG fell into NRR in 72 h, while FHG and
MHG in 96 h (Figure 1D).

The non-fasting blood glucose of ALF mice temporarily
elevated by 5.27+1.56 mmol/L in 12 h after D-gal administration,
then fell down to 5.14+0.48 mmol/L &t the 24th hour, when the
mice underwent scheduled treatments. After 24 h, when the
GL U of other groupsbeganto increase, that of CG kept decreasing
until all the four responsible mice died. The GLU of HIG
ascended to NRR (8.31+0.93 mmol/L) in 48 to 60 h, while
that of FHG and MHG normalized after 72 h (Figure 1E). No
statistical inter-group difference was observed at any time point
(P>0.05).

Liver destruction

Massive degenerative changes, ballooning and necrosis of the
hepatic cellswith vanishing nuclel were apparent under optical
microscopy accompanied with closing sinusoids, widened
Disse space and distorted hepatic lobules in tissue samples
from mice died after administration of D-gal. Numerous bulbs,
slightly distended mitochondria, shrinkage of nuclei and
pigmentation of heterochromatin came under EM with
cholangitis, exfoliation of microvilli and disappearance of tight
conjunctions between adjacent hepatocytes dominating the
view, as reported by Takenakd® (Figure 2).

Figure 2 Transmigration of platelets (P) and red cells (R) into
the Disse space.

Gross or microscopic microcapsules

Up to 90% of microcapsulesremained freefloatingin 1 to 2 wk
posttransplantation. Histological examination revealed smooth
surface of most MCs, but mild fibroblasts were also observed
on some MCs. Few hepatocytes were ill aliveinsidethe MCs
from MHG, which were still free floating in the 4th week.
Fewer free-floating MCs were observed in the HIG, blood
vessalsoriginated from the portal vein or the liver surfacewere
easily seen with naked eyes polarizing huge aggregates of MCs
attached to them. Till the 8th week, red aggregates of MCs
were easily found in the vicinity of the portal veinin 67.5%
(7/8) mice from HIG group. Though not abundant, aggregates
attached to the diaphragmatic side of the liver, spleen or other
organs were also seen. Smaller aggregates of MCs were seen
on samples from MHG but without visible vascularization.

Figure 4 Connection of hepatocytes (H) and beta cells (B) by a
network of plasmatic “bridges” formed by adjacent membranes
of a string of vesicles (—) lining up along their original border.

EM findings

Generdly, the wall of the MCswas 6-8 nm thick and could be
divided into 3 layers, but hepatocytes were always embedded
in it de-homogenizing the thickness and disarranging the layers.
Mostly, avery thin feather-like structure with amedium density
formed the outer layer, inside was a section with a very high
density and a thickness of approximately 0.5 nm, then a
flocculent low density structure formed the inner layer. There
was no clear boundary between the later two layers, instead,
the density of the middle layer lowered until it changed into
the inner one, to which the encapsulated hepatocytes attached
with their microvilli. A small number of hepatocytes of MHG
group survived inside the MCs until the 8th week but their
microvilli shortened or disappeared and mitochondria
distended. The MCs from HIG attached to the liver surface
were totally covered by fibroblasts in the 8th week, but
capillaries originated from the liver were seen encircling the
MCs or entering them. Inside these MCs, living beta cellswere
found surrounded by transformed hepatocytes, whose many
microvilli thrust deeply into the former and the membranes of

Figure 3 Association between hepatocytes (H) and a beta cells (B), and microvilli of hepatocytes (H) in beta cells (B). A: “Intimate
association” between hepatocytes (H) and beta cells (B); B: Microvilli of hepatocytes (H) in beta cells (B).
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both cells morphologically vanished at some places where two
plasmas mixed (Figures 3A, 3B). Some hepatocyte-like cells
recognized by their big round mitochondria and glycogen had
well formed insulin granules inside their plasma but with a
smaller size (Figure 4). No desmosome mentioned by Ricordi
was found. Several ball-shaped hepatocytes with long
microvilli and normal organella were seen attached to the MC
wall in distance of the aggregates of hepatocytes and betacells.

DISCUSSION

Life sustaining is of the greatest importance to patients with
ALF during life threatening period and patients with end stage
chronic liver failure (CLF) awaiting proper donors, so liver
function support in alimited period iscrucid to the management
of both ALF and CLF.

Based on this principle, many kinds of artificial liver were
developed such as charcoal hemoperfusion or high porosity
hemodialysis, but optimistically speaking, these methods could
only partially substitute for the original liver because besides
functioning living hepatocytes, any man-made device could
provide but an incomplete liver function support!®.

Artificial liver based on living hepatocytes has become a
hot point of current researches aimed at substitution for liver
function by hepatocytes. There are two kinds of BALSS
currently in research: ex vivo bio-hemodialysis system and
in vivo hepatocyte transplantation strategy. In recent years, grest
progress has been made in the ex vivo systems. Chen et al.*?
demonstrated the successful application of BALSSto canine
liver failure and Ding et al. reported their initial success on
human patients. But, unfortunately, the viability of hepatocytes
was hard to sustain extracorporeally and they gradually lost
their original functions and de-differentiated in 1to 2 wk in
vitro™, so that frequent refreshing of the working hepatocytes
is necessary to secure satisfactory efficiency, which adds extra-
cog to the BAL SShesdesitsdready expengveelectromechanical
system. Asfor hepatocyte transplantation strategy, rejection
aggressively reduced hepatocytic viability to almost zero in
1wk after allo-transplantation. Great attention has been paid
to the mechanism of hepatocytic rejection and a recent study
showed that recombinant ribonuclease P remarkably reduced
the expression of MHC-11 molecules on transplanted
hepatocytes, thus obvioudy alleviating rejection and prolonging
hepatocytic survival. But before the entire truth of human
genome is unveiled, no induction of gene or genetic products
into human body would be ethically accepted and clinically
approved. Genetic interference with transplantation may be
preserved for far future. The microencapsulating technique
initiated by Lim and Sun brought abright new hopefor artificial
liver and hepatocyte transplantation. The microcapsules act as
asdlectivebarrier between the hepatocytesinside and thekilling
molecules such as antibodies outside, reserving the permeability
of nutrients and small active cellular products such as albumin
and insulin, so that cell transplantation under immunoisolation
isrealized. In addition, it has been proved that through some
uncertain pathwaysidets could enhancetheviability and function
of isolated hepatocyted®**4. We deem that microencapsulated
hepatocytes and idets can be xenotransplanted to act asan in
vivo BALSS, thustaking advantages of both the mutua benefit”
and the immunoisolation simultaneoudly. If succeeded, this
method would be a valuable alternative for en bloc organ
transplantation and alleviate the donor shortage dilemma.

In this work, we initially studied the feasibility of xeno-
transplantation of co-microencapsulated hepatocytes and islets
between closely related species (Wistar ratsto Kunming mice)
and itstherapeutic effects on D-gal induced ALF. Drug-induced
ALF could better imitate clinical ALF, mostly toxic, than
surgically induced ALF, since it presented with similar

pathological devel opment!*s,

ALT isasensitiveindex to hepatocytic destruction, which
sharply ascended after administration of D-gal and peaked at
the 12th hour but the amplitude greatly varied between
individual mice. No significant influence upon AL T curve by
cell transplant was observed in this study indicating that ALT
could reflect the extent of cell destruction instead of the
therapeutic effect of different interventions, as confirmed by
YU sstudies'®. Anti-apoptotic agent etoposide was given prior
to the administration of D-gal in Nakama' s study™, which
would possibly have changed the metabolism of D-gal in
hepatocytes and the pathological process of hepatocytic
destruction, preventing aconsiderable proportion of hepatocytes
from apoptoss, so that alowered ALT peak was documented.
In fact, to give hepatocytic protective agents prior to the
establishment of ALF model could only demonstrate the
protecting effects of such agents instead of their therapeutic
attributes, which has attracted much more attention from
medical community since ALF patients would not take liver
protective medications before they got trapped in ALF.

ALB isnot afreguently used index to hepatic failure, but
it changes with a steady pace giving concrete confirmation to
the status of hepatic anabolism. Inthisstudy, ALB levelsin HIG
group decreased by amargin significantly smaller than thosein
other groups after administration of D-gal, indicating that under
theinfluence of xenografted idets, at least the production of ALB
of theremaining liver cells of themode mouse or the transplanted
hepatocytes was improved. Wang et al.*® also confirmed the
enhanced ALB synthesisin hepatocirrhotic rats after combined
hepatocyte-idet transplantation.

TB level reflects the metabolic and detoxicating abilities
of hepatocytes. It descended into NRR much earlier in HIG than
in other groups, demonstrating asooner recovery of hepatocellular
metabolism in the existence of idets as gated by Wang et al .M.

Temporary increase of blood glucose after D-gal
administration, was rarely reported because most researchers
took rats as subjects and kept an interval between blood
samplings aslong as 24 h or more, missing this phenomenon. It
might have resulted from the release of a great amount of
glycogens at massive hepatocytic destruction, which was absent
in studies adopting 90% partially hepatectomized modelsasin
Demetriou’ $2%. Though curves in Figure 1E show a sooner
extrication from hypoglycemiain HIG group than in MHG
group, no statistical differencein GLU was noticed between
experimental groups, which might have been the result of
inadequate samples or large scale fluctuation of non-fasting
blood glucose of ALF mice.

All micein HIG group survived and the survival rate in
MHG group was 93.75%, astonishingly higher than that in
other reports, which used rat models. The first reason for such
a high survival might be a larger amount of hepatocytes
transplanted, say, 3x10° hepatocytes were nearly 3-5% of total
hepatocytes per mouse liver and the second reason might be a
much shorter hepatocytic regeneration cycle in mouse, which
resulted in a quicker recovery of liver function and a shorter
lifethrestening period. In thispoint of view, it may be conjectured
that the shorter the hepatocytic regeneration cycleis, the better
the therapeutic effect of bio-artificial liver can be expected, thus
to shorten the regeneration cycle of liver cellsby means of some
genetic method may further enhancethe survival rate after ALF.

A close functional relation between hepatocytes and idlets
hasbeen proved both experimentally and clinically. An“ intimate
association” between hepatocytes and beta cellswas discovered
by Ricordi®¥ and then confirmed by otherd?. In this study, an
even closer relationship was proved morphologicaly insde the
microcapsules 2 mo after hepatocyte-idet co-transplantation.

Under EM, 1the hepatocytes were easily recognized with
their wheel-shaped mitochondria, smooth reticulum, rose-petal -
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shaped glycogens and Golgi complexes while beta cells with
their homogeneous eyeball-like insulin granules, which
accommodated high-density crystalloids at the center with a
wide vacuum space around. The hepatocytes abandoned their
original hexagon or cubic shape and flattened to wrap on the
beta cellsthrusting numerous finger-like microvilli deeply into
thelatter. No matter how complicatedly the microvilli wound
in three-dimensional space on a cross-section, we should see
two layers of complete membrane separating these “fingers”

from the plasma of the victim beta cells, but discontinuous
membranes were noticed where direct exchange of cellular
content was suspected. Much more interestingly, the boundary
between some hepatocytes and beta cells was replaced by a
complicated network of plasmatic “ bridges’” formed by
adjacent membranes of a string of vesicleslining up along the
original border. Meanwhile morphologically intact beta
granules were found inside such hepatocytesin direct contact
with their plasma, seemingly having been swallowed.
Generally, thiswas a kind of “hybridization” between these
two kinds of cells, as mentioned by Cossel’®. No desmosomes
were found connecting these cells as mentioned by Ricordi.
They might have functioned as anchorsin the earlier stage (in
7 d assaid by Ricordi) to immobilize cellsgiving rise to further
interactions, then disappeared together with part of the
membrane initiating hybridization in the later stage as found
in our study. Direct plasmatic connection must be the best way
for intercellular communication and exchange of substances,
so contacting cells, which have close functional ties like
hepatocytes and beta cells, would eventually establish such
connections though neither the underlying mechanism nor its
prognosisis clear. On the other hand, this phenomenon urges
us to take good care of transplanted cells since it is still

unknown whether such a* hybridization” produces pathogenic
outcomes, say malignancies, or whether it undermines long-
term effects of transplanted cells, though the outcome of such
an association was fairly acceptable in our study. So that to
separate transplanted cells by way of micro- or macro-
encapsulation may be a good choice, which deprives them of
direct contact with host cells and at the same time realizes
functional support under immunoisolation.

In this study, we observed the hybridization between
hepatocytes and beta cells inside microcapsules after co-
transplantation. Better therapeutic effect of hepatocyte-idet co-
transplantation than hepatocytes alone was also evidenced both
histologically and biochemically. Though operative principles
have not been fully established, co-transplantation of
hepatocytes and idets by way of microencapsulation asakind
of BALSS holds a bright prospect.
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Abstract

AIM: To investigate whether P28 derived from C3d can
enhance the immune response to HBV-preS2/S induced by
directly injection of naked plasmids containing variable
repeats of P28 and HBV-preS2/S in fusion form.

METHODS: One to four copies of C3d-P28 coding gene,
amplified by PCR and modified by restriction endonucleases
digestion, were subcloned into a eukaryotic expression
vector pVAON33 to construct pVAON33-P28, pVAON33-
P28.2, pVAON33-P28.3 and pVAON33-P28.4 (pVAON33-
P28.[1-4]). HBV-preS2/S coding sequence was then
introduced into the pVAON33-P28.[1-4] and identified by
both PCR and DNA sequencing. BALB/c mice were primed
by intramuscular gene immunization with 100 ng different
recombinant plasmids on day 0 and were boosted by
subcutaneous inoculation with HBsAg protein (1 ng) 12
wk post-priming. The levels and avidity of specific 1gG in
sera collected at the indicated times from each group were
determined by ELISA and NaSCN-displacement ELISA,
respectively.

RESULTS: HBsAg specific antibody response was elicited
in groups primed with plasmids pVAON33-S2/S-P28.[1-4]
and pVAON33-S2/S. However, the response against HBSAg
in the groups primed with pVAON33-S2/S-P28.[1-4] was
significantly higher than that in pVAON33-S2/S group, the
highest level of the specific antibody response was observed
in the groups primed with pVAON33-S2/S-P28.4 (P<0.01).
After secondary immunization with specific antigen, the
acceleration of antibody levels was significantly higher and
faster in the mice primed with DNA expressing preS2/S-P28
fusions than that with DNA expressing preS2/S only (P<0.05).
Interestingly, mice primed with DNA expressing preS2/S-
P28.4 fusions maintained the highest levels of anti-HBs
antibodies in all animals. The avidity assay showed that the
avidity index (Al) collected at 18 wk from mice primed with
pVAON33-S2/S-P28.3 and pVAON33-S2/5-P28.4 were
significantly higher than that from preS2/S-DNA vaccinated
mice (P<0.01).

CONCLUSION: Different repeats of C3d-P28 can enhance
both humoral immune response and avidity maturation of
specific antibodies induced by gene immunization, in which
four copies of C3d-P28 may be necessary to achieve the
most modest antibody response.

Wang LX, Xu W, Guan QD, Chu YW, Wang Y, Xiong SD.
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INTRODUCTION

The third complement protein (C3) plays amajor rolein the
complement activation pathway, the critical role of the cleavage
fragments of C3 in the humoral immune response for both T-
dependent and T-independent antigens wasreported in studies
performed over a quarter of a century ago™?. Complement’ s
potential use as an adjuvant invaccines was first suggested
when Dempsey et al. demonstrated that mice, vaccinated with
agenetically engineered construct containing three copies of
mouse C3d fused to a model antigen, hen egg lysozyme,
increased the efficiency of immunizations by more than 1 000-
fold. Subsequent studies by Test et al /¥ showed that covalent
conjugates of C3d and the capsular polysaccharide of serotype
14 streptococcus pneumoniae (PPS14) icited higher titersto
PPS14 in mice than PPS14 only, and furthermore induced a
class switch in anti-PPS14 from predominantly 1gM to 1gG1,
which extended the adjuvant effects of C3d to T-independent
antigen aswell as T-dependent antigen. Recently, studies have
further shown that gene immunization with C3d is an effective
molecular adjuvant for inducing antibody responsesto arange
of viral pathogens, including influenza virus'*®, human
immunodeficiency virug®, and meadesvirud™. The mechanism,
by which C3d increases antibody responses, has been
hypothesized to reflect the binding of C3d to cluster of
differentiation 21 (CD21) on the surface of B-cells or follicular
dendritic cells (FDC)45891,

The complement receptor 2 (CR2)-binding site onC3d was
located, using chemical fragmentation and peptide mapping
studies, between residues 1 199 and 1 210 of the complement
C3 sequence (mature C3 numbering)™®. A synthetic peptide
corresponding to the CR2-hinding site on C3d, P28 (C3K1187AL214;
UK FLTTAKDKNRWEDPGKQLYNVEATSY A24) aswell
as other C3d homologous, specifically bindsto CR2 expressed
on B cell lines, such asRgji celld*°™, Binding of P28 stimulates
the proliferation of peripheral resting B lymphocytes or CR2-
positive B cell lined'**, |n addition, the binding of CR2 to
P28 peptides and the proliferative response of B cellsby these
peptides were dose dependent and could be inhibited by soluble
C3d or anti-CR2 mAb!*2#, Furthermore, when a P16 peptide
(equivalent to residues 1 195-1 2100f C3) was coupled to anti-
idiotype antibody, it induced a strong idiotype and antigen-
specific response in mice®,

In present study, we selected this active C3d-P28 peptide
asamolecular adjuvant according to its binding-ability to CR2
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on the B-cells or FDC*13% and HBV-preS2/S as a model
antigen, to seek an enhanced anti-preS2/S antibody response
following vaccination with DNA expressing fusions of HBV -
preS2/S to variable copies of C3d-P28. Our results showed
that immunizations with the preS2/S-P28 fusions DNA not
only induced higher primary humoral responses as well as a
faster and stronger memory reaction, but also accelerated the
avidity maturation of anti-HBs compared with that resulting
from immunization with preS2/S only. Our findings argue that
four or more repeats of C3d-P28 may be necessary for efficient
enhancement of antigen-specific immune responses.

MATERIALS AND METHODS

Plasmid

A eukaryotic expression vector pV AON33 was reconstructed
from pVAX1, akind gift from professor Zhongming Li (Food
and Drug Administration, Bethesda, MD, USA). It contained
the cytomegal ovirusimmediate-early (CMV-IE) promoter for
initiating transcription of eukaryotic inserts and the bovine
growth hormone polyadenylation signal [BGH poly(A)] for
termination of transcription. It also contained pMBL1 origin of
replication for prokaryotic replication aswell asthe kanamycin
resistance gene (Kan") for selection in antibiotic media.
Moreover, a synthetic oligonucleotide (ON33) containing the
Kozak’ strandationinitiation sequencewasinsertedinto pyVAX1
for the convenience of cloning four tandem repesats of the C3d-
P28 in-frame with the gene encoding HBV-preS2/S (Figure 1).
Plasmid pTG825 (tPA-C3ds) containing the encoding gene of
C3d wasagift from Dr. Ted M. Ross (University of Pittsburgh,
Pittsburgh, PA, USA). Plasmid pcDNA-preS2/S containing the
encoding gene of HBV-preS2/S was constructed and conserved
by our laboratory. pPGEM-T vector was purchased from Huashun
Biotechnology (Shanghai, China).
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Figure 1 Schematic illustration representation of vector DNA
vaccine constructs. A: A synthetic oligonucleotide (ON33) was
inserted into the pVAX1 vector by the Hindlll and BamHI re-
striction endonuclease sites. Inserts were cloned into the vec-
tor using the Bglll and BamHlI sites. B: The scheme represents
constructs expressing fusions of HBV-preS2/S to variable cop-
ies of C3d-P28.

Cell lines

Human hepatocellular carcinoma cell lines SMMC-7721 was
obtained from the Department of Biochemistry and Moleculr
Biology, Shanghai Medical College, Fudan University
(Shanghai, China). SMMC-7721 cells were grown in RPMI
1640 medium (Gibco BRL) supplemented with 100 mL/L calf
bovine serum (CBS), 100x10°U/L penicillin and 100x10°U/L
streptomycin sulfate. Eschrichia coli strain, DH5 a. was kept
in our laboratory and maintained in LB medium.

Animals
Female BALB/c mice (H.d, 6 to 8-week-old) were purchased

from the Center of Experimental Animal, Fudan University
(Shanghai, China). They were randomly divided into 6 groups
(6 mice per group) and fed with a standard laboratory diet
under a specific pathogen-free (SPF) condition.

Main reagents

AMYV reverse trancriptase, dANTP, Tag polymerase and PCR
production-purified kitswere purchased from Shanghai Biostar
Co.. Hindlll, BamHI and Bglll restriction endonuclease, T4
DNA ligase, DNA marker 2000 and RNase-free DNase | were
purchased from MBI Co. (Ukraine). Horseradish peroxidase-
labeled goat anti-mouse IgG were purchased from Southern
Biotech (USA). Lipofectamine was purchased from the
Invitrogen Co. (USA). The anion-exchange resin columnswere
purchased from Qiagen (Germany). The synthetic oligonucleotide
(ON) and the PCR primers used were as follows: ON33, 5’ -
AGCTT GCCAC CATGA GATCT GGATC CTAGT AAG-
3 (sense) and 5" -GATCT TACTA GGATC CAGAT CTCAT
GGTGG CA-3' (antisense), which was used for reconstruction
of the pVAX1 palsmid; C3d-P28,5 -GAAGA TCTAAGTTTC
TGAACACAGC-3 (sense) and5' -CGGGA TCCGG CCTAG
GATGT G-3' (antisense), which permitted the amplification
of a 84-bp cDNA of C3d-P28; HBV-preS2/S, 5" -GGAAG
ATCTC AGTGG AATTC CACAA C-3' (sense, bases 3 082
t0 3100) and 5 -GGAAG ATCTA ATGTA TACCCAAAGA
CAA-3' (antisense, bases 706 to 688), which permitted the
amplification of the entire coding region of HBV-preS2/s
cDNA; T7 primers, 5 -CGATG AAGAT CTCT-3' (sense) and
5 -CGATG AAGAT CTCT-3' (antisense), which were used
for identification of recombinant plasmids by PCR; GAPDH
primers, 5 -CTGCA CCACCAACTGCTTAG-3' (sense) and
5 -CCACT GACAC GTTGG CAGTG-3' (antisense), which
permitted the amplification of a 275-bp band corresponding
to human GAPDH transcripts as described previously.

Construction of plasmid

The HBV-preS2/S gene was amplified by PCR from plasmid
pcDNA-preS2/S. The gene encoding C3d-P28 amplified from
plasmid pTG825 by PCR was cloned into the cloning vector-
pGEM-T. Each gene was inserted into pV AON33 genetic
immunization vector using standard molecular biological
technology (Figure 1). Briefly, a858 bp PCR-amplified preS2/S
fragment was digested with Bglll and ligated into the Bgll|
restriction enzyme sites in the pV AON33. The vector
expressing preS2/S-P28-fusion proteins was constructed by
cloning four tandem repesats of the P28-encoding genein-frame
with preS2/S fragment and was designed based upon Dempsey
et all?, Potential proteolytic cleavage sites between the
junctions of HBV-preS2/S and P28 and the junction of P28
were mutated by ligating BamHI and Bglll restriction
endonuclease sites to replace an arginine codon with aglycine
codon. All recombinant plasmids amplified in Eschrichia coli,
DHb5a, were verified by PCR, restricted endonucleases
digestion and DNA sequencing, and then were purified using
anion-exchange resin columns. Purity of DNA preparations
wasdetermined by optica dendty reading a 260 nm and 280 nm.
All the plasmid DNA were stored at -20 C in sterile saline at
1 mg/mL for experimental use.

Cell transfection and plasmid gene expression analysis

SMMC-7721 cells (5x10° cells), a human hepatocellular
carcinoma cell line, were transfected with 2 g of the different
plasmids DNA mixed with 100 g/L lipofectamine according
to the manufacturer’ s guidelines. Semiquantitative RT-PCR
was used to analyze the transcription of HBV-preS2/S or
preS2/S-P28 fusions and ensure the correct size of fusions
containing variable copies of C3d-P28. Total RNA was
extracted from the transfected cells (1x10° cells) using



2074 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

July 15, 2004 Volume 10 Number 14

guanidinium isothiocyanate-based buffer system according to
the manufacturer’ s instructions and then treated by RNase-
free DNase |. First-strand cDNA was synthesized from 5 pL
of total cellular RNA with aGeneAmp PCR system 2400 cycler
(Perkin Elmer company, USA) using the following protocol:
onecycleat 42 °C for 60 min and 70 for 10 min*®, The cDNA
was subjected to 30 cyclesof amplification using the appropriate
primers: (1) sense and antisense of HBV-preS2/S, which
permitted the amplification of the HBV-preS2/S cDNA; (2)
HBV-preS2/S sense and C3d-P28 antisense, which permitted
the amplification of the preS2/S-P28 fusions cDNA; (3) sense
and antisense of GAPDH, which permitted the amplification of
the GAPDH cDNA. After initiate denaturation at 94 °C for
5 min, the amplification conditionswereasfollows: denaturation
at 94 °C for 1 min, primers annealing at 58 “C for 1 min, and
extensonat 72 °C for 2 min. Final PCR products were analyzed
on 10 g/L agarose gel electrophoresis and the intensity of the
preS2/S and GAPDH PCR products was assessed by
densitometry and quantitated by using UV-2000 (Tanon Science
and Technology Ltd., China); preS2/S mRNA expression was
caculated astheratio of theintensity of the preS2/S band to the
GAPDH band. At the same time, direct PCR reaction was
performed to exclude the contamination of potential plasmid
DNA in the RNA extracted from the transfected cells.

Immunization

The quadriceps of mice werefirst injected with atota of 100 nL
of 2.5 g/L bupivacaineto enhance the cellular uptake of plasmid
DNA oneday beforethe first immunization. Then 100 ng of each
plasmid DNA dissolved in 100 ni. of norma saline wasinjected
into the same region. Twelveweeks|ater, each mouse was boosted
by subcutaneousinjection with 1.0 ng of purified HBSAg protein
diluted in 100 ni of sterile PBS. Serawere collected at 2-week
intervals after primary immunization for antibody analyss.

Measurement of anti-HBs antibody levels

The anti-HBs antibody response dlicited in mice was evaluated
by ELISA. In brief, microtiter plates were coated with purified
HBsA(g protein (0.5 ng/well). After incubation with 100 mL/L
FBSinPBSfor 60 minat 37 °C to prevent nonspecific binding,
1:10 dilution of mouse serum were added to the plates and
incubated at 37 °C for an additional 60 min. After the samples
were washed with PBS containing 0.5 g/L Tween-20, a
horseradish peroxidase-labeled goat anti-mouse antibody was
added at adilution 1:5 000. After 60 min incubation, plates
were washed, and substrate was added for color development.
Absorbance (Aux) Of each plate wells was read at 490 nm that
indicated the levels of specific antibody.

Measurement of anti-HBs antibody avidity

Relative antibody avidity was determined by amodified elution
ELISA that was similar to serum antibody determination
ELISAsup to the addition of samples asprevioudy described***2,
Plates were washed 3 times with 0.5 g/L PBS-Tween 20.
Sodium thiocyanate (NaSCN), a chaotropic compound that
interferes with the antigen-antibody reaction, was added
subsequently in concentrations ranging from 0.5 mol/L to
3.5 mol/L. Plates were allowed to left for 15 min at room
temperature and then washed six times with PBS-Tween 20.
Subsequent steps were performed similarly to the serum
antibody determination ELISA. The avidity index (Al)
corresponded to the effective concentration of NaSCN required
to give a 50% reduction in absorbance at 490 nm.

Statistical analysis

Data were expressed as mean+SD. Experimental results were
analyzed by variance analysis or t test with SPSS software.
P<0.05 were considered statistically significant.

RESULTS

Construction and identification of the recombinant plasmids
Totest for an effect of C3d-P28 on the immune responsesto a
DNA vaccine, we selected plasmids encoding HBV envelope
proteins as a model system. Then the genes encoding middle
(pres2 plus S) HBV envelope proteins (858 bp) were cloned
into a eukaryotic expression vector pyV AON33. One to four
tandem repeats of the C3d-P28 fragment were inserted into
pVAON33 plasmid to construct the recombinant plasmids
pVAON33-P28, pVAON33-P28.2, pV AON33-P28.3 and
pVAON33-P28.4 (pVAON33-P28.[1-4]), respectively. HBV-
preS2/S coding sequence was then introduced into the
pVAON33-P28.[1-4], respectively. Theresults of identification
by both PCR and DNA sequencing showed that the coding-
codon of HBV-preS2/S coding gene, repeats of the P28-coding
gene and their junctions were correct (data not shown).

Expression of plasmids

SMMC-7721 cellswere transiently transfected with preS2/S
and preS2/S-P28.4 protein expression vectors, with the plasmid
pVAON33 serving as a negative control. At 2 d after
transfection, the preS2/S mRNA could be detected in SMMC-
7721 cellstransfected with both plasmid pV AON33-S2/S and
pVAON33-S2/S-P28.4, but not in mock plasmid (Figure 2).
However, mRNA representing fusions of preS2/S to various
copies of P28 could only be detected in SMMC-7721 cells
transfected with pV AON33-S2/S-P28.4 plasmid. Digested with
DNase |, RNA samples extracted from the cells transfected
with both pV AON33-S2/S and pV AON33-S2/S-P28.4 were
confirmed theexclusion of potential plasmid DNA contamination
(Figure 2). These results suggested that various copies of P28
had fused with the HBV -preS2/S. Semiquantitative RT-PCR
analysis showed that preS2/S expressed by pV AON33-S2/S-
P28.4-DNA was 29.61% lower than that expressed by
pVAON33-S2/S-DNA.

1 2 3 4 5 6 7 8 9

1230 bp

preS2/S-P28
preS2/S 858 bp

GAPDHE I l l ! I 275 bp

Figure 2 Semiquantitative RT-PCR for expression of the
preS2/S-P28 fusion proteins. Lane 1: DNA marker; Lanes 2,3
and 5: RT-PCR with preS2/Ss and preS2/Sa primers that am-
plified an entire coding region (858 bp) of preS2/S, using RNA
extracted from pVAON33, pVAON33-52/S and pVAON33-S2/S-
P28.4 transfected-cells, respectively; Lanes 4 and 6: RT-PCR
with preS2/Ss and P28a primers that amplified a 1 230 bp
cDNA fragment of preS2/S-P28.4 fusion cDNA (the ladder
showed the RT-PCR production due to 4 copies of P28), using
RNA extracted from pVAON33-S2/S and pVAON33-S2/S-P28.4
transfected-cells, respectively; Lanes 7 and 9: RNA extracted
from pVAON33-S2/S and pVAON33-S2/S-P28.4 transfected-
cells was founded to exclude the potential contamination of
potential plasmid DNA by PCR with preS2/Ss and preS2/Sa
primers, respectively; and Lane 8: pVAON33-S2/S plasmid
DNA was taken as positive control.

Anti-HBs IgG levels after primary immunization

The preS2/S-P28-expressing DNA plasmids showed higher
levels of anti-HBs antibody than the preS2/S-expressing DNA
(Figure 3). When sera were assayed on HBsAg-coated plates,
there were various degrees of enhancement of anti-HBs 1gG
antibody levelsin the mice with DNA expressing fusions of
HBV-preS2/S to variable copies of P28 compared to the mice
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primed with DNA expressing HBV-preS2/S only (Figure 3).
Interestingly, at 12 wk after the primary immunization, the
highest level of the specific antibody response (Aug, 1.049+0.186)
was observed in the groups primed with DNA expressing
fusions of HBV-preS2/S to four copies of P28, which was not
only significant higher than the level of antibody response from
the group primed with preS2/S-expressing DNA (Asgo,
0.621+0.064; P<0.01), but also obvioudy higher than the level
of antibody response from the groups primed with preS2/S-
P28.1-expressing DNA (Augo, 0.764+0.143; P<0.01), preS2/S-
P28.2-expressing DNA (Asg, 0.915+0.275; P<0.05) and
preS2/S-P28.3-expressing DNA (A, 0.696+0.091; P<0.01),
respectively. It was suggested that P28, when fused with HBV -
preS2/S, could enhance the specific antibody response against
HBsA(g following primary DNA immunization. Differencesin
the enhancement of the antibody levels raised by the fusions of
preS2/S-P28 to variable repeats of P28 appeared to be determined
by the different repeats of P28, in which four copies of P28 might
be necessary to achieve the most modest antibody response.

1.67
—o— pVAON33

—e— PVAON33-52/S
1.2f —a— PVAON33-52/5-P28.1
—o— pVAON33-52/5-P28.2
0.8} —o— PVAON33-52/5-P28.3

—#— pVAON33-S2/5-P28.4

0.4}

Levels of anti-HBs 1gG (A 440)

0.0

0O 1 2 4 6 8 10 12
Time after DNA immunization (wk)

Figure 3 Determination of anti-HBs IgG of sera from mice
primed by the plasmid vectors containing different copies of
C3d-P28. BALB/c mice (6 animals per group) were primed
im at week 0 with 100 ng of mock DNA (0), pVAON33-S2/S
plasmid (®), pVAON33-S2/S-P28 plasmid (A), pVAON33-
S2/5-P28.2 plasmid (), pVAON33-52/5-P28.3 plasmid (<)
and pVAON33-52/5-P28.4 plasmid (W), separately. Sera col-
lected at the indicated weeks from each group were diluted
1:10 for determination of specific IgG levels by ELISA. Data
were represented as the average for each group of mice. Er-
ror bars were represented as 95% CI of the geometric mean
for each group of sera.

Anti-HBs IgG levels after secondary vaccination

To further observe the effects of P28 peptides on the memory
responses against HBsAg, mice from each group were boosted
subcutaneously with 1 ng of HBsAQ purified at the twelfth
week after the primary immunization. The results showed that
the mice of the groups vaccinated primarily with preS2/S-
expressing DNA produced an increased levels of anti-HBs
antibody compared to the miceimmunized primarily with mock
DNA after the second immunization with specific antigen
(Figure 4). However, the acceleration of antibody levels was
significantly higher and faster in the mice immunized with
DNA expressing preS2/S-P28 fusions than that in the mice
immunized with DNA expressing preS2/S only (P<0.05).
Interestingly, at the eighteenth week after the primary
immunization, miceimmunized primarily with DNA expressing
preS2/S-P28.4 fusions maintained the highest levels of anti-
HBs antibodies in all animals (As, 1.273£0.106). It was
suggested that the mice immunized with DNA expressing
preS2/S-P28 fusions not only enhanced primary humoral
responses against HBsAg, but also produced a quicker and
stronger memory responses than that with DNA expressing

preS2/S only, in which four copies of P28 might also be
necessary to obtain the most modest antibody memory reaction.

1.4,
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—e— PVAON33-52/S
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Figure 4 Determination of anti-HBs IgG of sera from mice
primed by the different plasmid DNAs and boosted with
HBsAg protein. Each group of mice (n=6) was primed im at
week 0 with 100 ng of mock DNA (0O), pVAON33-S2/S plas-
mid (®), pVAON33-52/5-P28 plasmid (A ), pVAON33-S2/S-
P28.2 plasmid (), pVAON33-S2/5-P28.3 plasmid (<) and
PVAON33-S2/S5-P28.4 plasmid (m), separately. And then
boosted sc at week 12 with HBsAg (1 mg per mouse). Sera col-
lected at the indicated times from each group were diluted 1:10
for determination of specific 1gG levels by ELISA.

Avidity of anti-HBs IgG

To observe whether P28 enhances the avidity maturation of
the antibody response after immunization with P28-preS2/S
fusions, NaSCN-displacement ELISA, a well-accepted
approach, was used to evaluate the avidity of the anti-HBs
antibodiesd***3. The results demonstrated that the Al collected
at 18 weeks from mice immunized primarily with preS2/S-
P28.3 and preS2/S-P28.4 expressing DNA, separately was
significantly higher than that from preS2/S-DNA vaccinated
mice (Figure 5, P<0.01). However, no significant increasesin
the Al were found in either preS2/S-P28.1 expressing or
preS2/S-P28.2 expressing DNA vaccinated mice compared to
themiceimmunized with DNA expressing preS2/Sonly. These
results suggested that C3d-P28 could enhance the avidity
maturation of antibodies against HBsAg following gene
immunization with DNA expressing fusions of HBV-preS2/S
to three or four repeats of C3d-P28.

PVAON33-52/S-P28.4 1
PVAON33-S2/5-P28.3 —
PVAON33-S2/5-P28.2 i
PVAON33-S2/s-p28.1| M
PVAON33-52/S H
| | | |
0 0.5 1 1.5 2
Al (M)

Figure 5 Determination of avidity of anti-HBs 1gG of sera from
immunized mice. Mice (six mouse per group) were primed im
at week 0 with 100 ng of different plasmid DNAs and then
boosted sc at week 12 with HBsAg (1 ng per mouse). Sera were
obtained at week 18. The pooled serum samples from each
mouse group were diluted 1:10 for determination of avidity of
the anti-HBs IgG by an HBsAg-specific NaSCN-displacement
ELISA. Data were represented as the average of three inde-
pendent experiments plus standard errors (meanSD).
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DISCUSSION

Recently, several studies demonstrated that DNA vaccines
encoding the small or middle viral envelope proteins of HBV
elicited higher titer antibody, aswell as cell-mediated immune
responses compared with HBV subunit vaccined 9. Moreover,
DNA immunization was able to break immune tolerance in
the HBV transgenic mouse model!® and induces protective
antibody responses in human non-responders to conventional
vaccination*”, indicating that DNA vaccines might be
beneficial for immunotherapy for individuals with chronic
HBV infections. DNA vaccines for HBV infection are
efficacious, as well asinexpensive, and therefore, may be a
promising tool in controlling the viral infections and liver
diseased?.

However, one of the drawbacks that prevents the wide
spread use of DNA vaccinesissower risein humoral immunity
compared with other vaccine strategiesfor HBV infection. This
may be due to the low levels of antigen expression and
presentation by inoculated DNA plasmids compared to the
inoculation of HBsA@®??. In order to enhance the efficacy of
antigens expression and presentation in the DNA
immunization, several studies have shown that three copies of
C3d, asamolecular adjuvant when fused to an antigen, could
enhance the immune responses and accel erate the antibody
avidity maturation>”. However, Suradhat et al.” reported that
fusions of one or two copies of C3d with either bovine rotavirus
VP7 or bovine herpesvirus type 1 glycoprotein D inhibited
the specific humoral response following DNA immunization,
and suggested that using three or more copies of C3d molecule
may be necessary for efficient enhance of antigen-specific
immune responses following DNA immunization. These
results indicated that different repeats of C3d in the fusions
of target antigen to C3d might influence efficient enhancement
of antigen specific immune response following DNA
immunization>723,

HBsA(g is encoded by a single gene which is divided into
S, preS2 and preSl regions. preS vaccines have been most
extensively applied in humans and shown to confer certain
protective immunity. Recently more researchesindicated that
addition of the preS2 sequence could enhancetheimmunogenicity
of the vaccines in human!?*?, Therefore in this study, we
selected HBV-preS2/S asamodel antigen and different repeats
of P28 peptide, an active peptide corresponding to the CR2-
binding site on C3d*>*¥, as a molecular adjuvant to explore
enhancing effects on the immune response. As expected, mice
vaccinated with DNA expressing fusions of preS2/S to P28
(one, two, three or four repeats) dicited ahigher level of primary
humoral response compared to mice vaccinated with DNA
expressing only the preS2/S protein. Moreover, the mice
immunized with DNA expressing preS2/S-P28 fusions
produced a quicker and stronger memory responses than that
with DNA expressing preS2/S only after second immunization.
Interestingly, the results showed that the enhancing effect of
various repeats of P28 in fusions of preS2/Sto P28 on primary
response as well as memory reaction was different, in which
four copies of P28 might be necessary to achieve the most
modest antibody response. It was indicated that the most
modest antibody response appeared to be determined by the
different repeats of P28. These results acquired here further
explained the conflict between reports by Ross et al [ and by
Suradhat et al.'?®. The increase in antibody response elicited
by four copies of P28, similar to previous studies using antigen-
C3d3 fusiond®*”, was even more intriguing, since the preS2/S-
expression at the mRNA level by preS2/S-P28.4-expressing
plasmid was 29.61% lower than the expression by plasmid
expressing HBV-preS2/S only. The most likely mechanism
by which P28 increases antibody responsesis similar to C3d,
which has been hypothesized to reflect the binding of C3d to

CD21 on the surface of B-cells or follicular dendritic cells
(FDC)48,

Surprisingly, immunization with the preS2/S-P28 fusions
also resulted in enhanced avidity maturation of anti-HBs
antibody. The results demonstrated that the Al of seracollected
from mice immunized primarily with preS2/S-P28.3 and
preS2/S-P28.4 expressing DNA, separately, was significantly
higher than that from preS2/S-DNA vaccinated mice. Avidity
isaterm used to describe the strength of interaction between
multivalent antigens and antibodies in serum and is dependent
on the individual affinities of the polyclonal antibodies?.
Avidity maturation occurs in germinal centers where the
somatic hypermutation of immunoglobulin resultsin alarge
repertoire of Ag-specific B cells that undergo inducing or
selection for high-affinity B cell receptorsby T helper cells or
follicular dendritic cells (FDC)®°2¢28 The most likely
mechanism by which P28 enhanced the avidity maturation of
anti-HBs antibodies might relate to multiple interactions of
cdlsrespongblefor humora immunity, including B cdls, T helper
cells, and FDC. These interactions, coupled withthe enhancing
effects of CR2 ligation on germinal center formation’?? and the
enhancing effectsof specific Th cellson somatic hypermutations
of B cellg*, could promote the selection of antigen-specific
B cells with high-affinity B cell receptors, resulting in the
avidity maturation of anti-HBs antibodies and the devel opment
and maintenance of memory B cellg°Y.

Taken together, thisis the first report to demonstrate that
immunization with DNA expressing antigen-P28 fusions
resultsin enhancing antibody response and enhancing antibody
avidity maturation. These findings argue that four or more
repests of C3d-P28 may be necessary for efficient enhancement
of antigen-specific immune responses, and thus C3d-P28, a
short, active peptide derived from the CR2-binding site on
complement C3d, may be another promising molecular
adjuvant and may assist the future design of vaccinesfor hedth-
threatening pathogens.
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Abstract

AIM: To prepare hammerhead ribozymes against mouse
caspase-7 and identify their cleavage activity in vitro, in
order to select a ribozyme with specific cleavage activity
against mouse caspase-7 as a potential gene therapy for
apoptosis-related diseases.

METHODS: Anti-caspase-7 ribozymes targeting sites 333
and 394 (named Rz333 and Rz394) were designed by
computer software, and their DNA sequences encoding
ribozymes were synthesized. Caspase-7 DNA sequence
was acquired by RT-PCR. Ribozymes and caspase-7 DNA
obtained by in vitro transcription were cloned into pBSKneo
U6” and pGEM-T vectors, respectively. The cleavage activity
of ribozymes against mouse caspase-7 was identified by
cleavage experiments in vitro.

RESULTS: Rz333 and Rz394 were designed and their DNA
sequences were synthesized respectively. The expression
vector of caspase-7 and plasmids containing Rz333 and
Rz394 were reconstructed successfully. Ribozymes and
caspase-7 mRNA were expressed by in vitro transcription.
In vitro cleavage experiment showed that 243-nt and 744-
nt segments were produced after caspase-7 mRNA was
mixed with Rz333 in equivalent, and the cleavage efficiency
was 67.98%. No cleaved segment was observed when
caspase-7 mRNA was mixed with Rz394.

CONCLUSION: Rz333 can site-specific cleave mouse
caspase-7 mRNA, and it shows a potential for gene therapy
of apoptosis-related diseases by down-regulating gene
expression of caspase-7.

Zhang W, Xie Q, Zhou XQ, Jiang S, Jin YX. Expression and in
vitro cleavage activity of anti-caspase-7 hammerhead
ribozymes. World J Gastroenterol 2004; 10(14): 2078-2081

http://www.wjgnet.com/1007-9327/10/2078.asp

INTRODUCTION

Apoptosis, or programmed cell death, is characterized by a
series of morphological features such as chromatin

condensation, nuclear fragmentation, and the appearance of
membrane-enclosed apoptotic bodies, etc.*3, most of which are
caused by the activation of caspases, a family of aspartate-
specific cysteine proteases’®¥. Caspases are constitutively
present in cells as inactive zymogens and require proteolytic
cleavageinto the catalytic active heterodimer'®. All activated
caspasesare comprised of alarge subunit with M, 17 000-20 000
that contains a redox-sensitivecysteine at the active site and a
small subunit with M, 10 000 approximately. According to their
function and sequence of activation, caspasescan be grouped
into three categories: Caspases that function primarily in
cytokine maturation (such as caspases-1, -4, and -5); initiator
caspases involved in theearly steps of apoptotic signaling
(caspases-8, -9, and -10) and effector proteasesin the execution
phase of apoptosis(caspases-3, -6, and -7). The initiator
caspases lead to the activation of executioner caspases
following characteristic apoptotic stimuli. The substrates of
executioner caspases include many proteins, the cleavage of
which causes the characteristic morphology of apoptosig®.
Because apoptosisisaregulated cellular process, it offers some
opportunities for therapeutic intervention!®, Indeed,
eliminating caspase activity, either through mutation or the
use of small pharmacological inhibitors, will dow down or even
prevent apoptosis.

Ribozymes are small RNA moleculesthat hybridize to the
target RNA around the cleavage site, and catalyze site-specific
cleavage of substrate. Cleaved mRNA is rapidly degraded,
alowing ribozymeto react with new targets. Various ribozymes
have been used to down-regulate gene expression in a
sequence-specific manner. Among them the hammerhead
ribozyme, composed of only 30 to 40 nucleotides, isthe smallest
and simplest one, and has been used extensively to down-
regulate gene expression(i®13,

Caspase-3 and caspase-7 are both important executioner
caspased™. Expression pattern of caspase-7 is distinguishable
from that of caspase-3, suggesting that they may regulate
apoptosis in disparate tissues, although they share strong
homology. In the past years, many researches have been
concentrated on interfering with the activity or expression of
caspase-3 so as to intervene in apoptosis’>7. Following its
activation, caspase-7wastrand ocated into the microsomal and
mitochondrial fractions, where it was responsible for the
cleavage of specific substratesin those distinct subcellular
compartments*®, Recent results suggested that as one of
important executioner caspases, caspase-7 isalso essentia in
apoptotic signaling!**®!, In this study, we designed and
synthesized two hammerhead ribozymes against mouse
cagpase-7 at Sites 333 and 394 (named Rz333 and Rz394), studied
their in vitro transcription and cleavage activity, and selected
the one that could site-specifically cleave caspase-7 mRNA as
ahopeful gene therapy tool for apoptosis-related diseases.

MATERIALS AND METHODS

Materials

TRIzol reagent was product of Gibco. RT-PCR kit, T4 DNA
ligase and restriction endonucleases were Takara products. In
vitro transcription kit and pGEM-T vector were purchased from
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Promega pBSK neo-U6" waskindly donated by Dr. Youxin Jin.
Plasmid extraction kit and gel purification kit were products of
Shanghai Sangon Biotechnology Co.

Methods

Target mMRNA secondary structure analysisand design of
anti-caspase-7 ribozymes Caspase-7 gene sequence of
BALB/c mouse searched in GenBank (gi: 6680849) was
analyzed, and its secondary structure was simulated in
computer. Ribozymes against caspase-7 mRNA were designed
by software and DNA sequences encoding ribozymes were
synthesized. A restriction site of Xbal wasintroduced into 5

end of sense strand. And a BamH | restriction site was
introduced into the 5° end of antisense strand. Two DNA
strands were mixed at equal molar ratio after synthesis, and
annealed by cooling to room temperature naturally after placed
in boiling water for 2 min, then double strand DNA encoding
ribozymeswas obtained.

Ribozyme gene cloning Double-strand ribozyme DNASs
designed by computer were inserted into pBSKneo U6" with
T4 DNA ligase after pBSKneo U6' wascleaved by BamH | and
Xbal (Figure 1). The reconstructed plasmids containing
ribozyme genes were identified by Sal | digestion and

seguencing.

Sal | Ribozyme DNA 3~
n (+) origi U6-3”

. lacz'\\ Bam HI
AmP neo l Sal |
pBSKneo U6’

Figure 1 Ribozyme gene cloning.

Congtruction of caspase-7 expression vector Total RNA was
extracted with TRIzol reagent from Balb/c mouse liver.
Caspase-7 gene segment (841 bp) was amplified by RT-PCR
with specific primers. The segment was cloned into pGEM-T
vector downstream from T7 promoter, and the transformed
clonessdlectively grew at 37 °C overnightinLB plate (Ampicillin
resistance) containing | PTG and X-gal on plate’ ssurface. Clones
in blue were selected for sequencing. Caspase-7 primerswere:
P15 -GGATCCGAACGATGACCGATGATCAG-3 P25’ -
AAGCTTGTGAGCATGGACACCATAC-3 .

In vitro transcription of ribozyme and caspase-7 cDNAs
Constructed caspase-7 plasmid was linearized with Hind 111.
Reconstructed ribozyme plasmid was considered as PCR
template and a pair of primers containing T7 promotor was
designed. P1 5" -TCTAGAGTAATACGACTCACTATAGG
GCCTTCGGCAGCACATATAC-3', P2 5 -TATGGAACG
CTTCAGGAT-3' (Theitalicis T7 promotor sequence). Both
caspase-7 linearized plasmid and pRz PCR product were phenol -
chloroform extracted, and ethanol precipitated. In vitro
transcription was performed using T7 RNA polymerase.
Transcript of caspase-7 labeled with a-*2P-UTP was heated
(2 min, 95 "C) before loading and electrophoresed on 6%
polyacrylamide gel denatured by 8 mol/L urea. Transcript band
was observed after autoradiography. In vitro transcription of
ribozyme was not labeled with isotope. After eectrophoresison
60 g/L polyacrylamide gel, the transcript bands were observed

under ultraviolet. All transcript bandsin gel, labeled withisotope
or not, were cut and dipped into nucleic acid (0.5 mol/L NH,Ac,
1 mmol/L EDTA, 1 g/L SDS), precipitated in ethanol and
dissolved in DEPC-H,0. Concentrations of substrate and
ribozyme were calculated through cpm counting and Ao
measurement, respectively.

In vitro ribozyme cleavage assays Ribozymes and caspase-7
mMRNA wereincubated at equa molar ratioat 37 °C for 90 minin
asystem of 5-10 pL containing 50 mmol/L Tris-HCI pH 7.5,
20 mmol/L MgCl,, 20 mmol/L NaCl and 2 mmol/L EDTA.
The products after cleavage were electrophoresed on 10%
polyacrylamide gel, and the cleavage results were analyzed by
autoradiography. Cleavage efficiency may be estimated
according to cpm of both substrates (S) and cleaved products (P).

Cleavage ratio=[P/(S+P)] x100%

RESULTS

Design of ribozymes

According to the results of computer simulation, triplet GUC at
Ste 333 and GUA at site 394 of caspase-7 mRNA were chosen as
the cleavage sites of ribozyme. So ribozymestargeting site 333
and site 394 (named Rz333 and Rz394) were designed to cleave
thetarget mMRNA. Both designed ribozymeswere comprised of a
catalytic core and two flanking sequences (Figure 2).

Rz333 Rz394
57-CCCGU C AGGAC-3” 57-AUGGGU A AAUGCAU-3”
3”-GGGCA UCCUG-5" 37-UACCCA UUACGUA-5"
C C
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Figure 2 Sequences, structures and targets of ribozymes against
caspase-7. Hammerhead ribozymes (bottom strand) binding
to their targets (top strand) to form a typical three-stem struc-
ture that leads to the cleavage of caspase-7 RNA at the targets
of GUC (Rz333) and GUA (Rz394).

Identification of reconstructed plasmid containing ribozyme
Reconstructed plasmids pU6Rz333 and pU6Rz394 were both
incubated with Sall at 37 “C for 2 h and then electrophoresed
on 12 g/L agarosegel (Figure 3). Cloneswithout 200 bp segment
were sent for sequencing, and the resultsindicated that clones
2, 4 were correctly constructed.

1 2 3 4 5

2 000 bp

250 bp
200 bp

200 bp

Figure 3 Restriction enzyme cleavage of reconstructed
ribozyme plasmid. Lanes 1, 2: pU6Rz333 digested by Sal I;
lanes 4, 5: pU6Rz394 digested by Sal I; lane 3: Marker (DL2000).

Caspase-7 DNA and its clone
Extracted total RNA was amplified by RT-PCR and a 891-bp
cagpase-7 DNA segment wasseen on 20 g/L agarosegd (Figure4).
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It was cloned into pGEM-T vector, and white and blue
monoclones were seen in LB medium after incubated at 37 C
overnight. Blue clones were selected and sent for sequencing.

1 2

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

891 bp

Figure 4 Agarose gel electrophoresis of RT-PCR products. Lane
1: A 891-bp caspase-7 gene segment; lane 2: Marker (DL2000).

In vitro transcription of target mMRNA and ribozymes
Transcript of target mMRNA was electrophoresed on 60 g/L
polyacrylamide gel. After autoradiography, a black band of
987 nt was observed, including 891-nt caspase-7 mRNA and
96-nt U6 segment (Figure 5). In vitro transcripts of the two
ribozymes were not labeled with isotope. The results of
transcription were analyzed under ultraviolet. Black bands of
47 nt (Rz333) and 50 nt (Rz394) could be seen.

987 nt

Figure 5 In vitro transcription of target RNA. The transcript is
987 nt.

In vitro cleavage of ribozymes

Products of cleavage assays were electrophoresed on 100 g/L
polyacrylamide gel, and analyzed by autoradiography. Rz333
cleaved caspase-7 mRNA and produced two cleaved segments
of 243 nt and 744 nt, with acleavage efficiency of 67.98%. Rz3%4
could not cleavetarget RNA (Figure 6).

1 2 3

987 nt

744 nt

243 nt

|

Figure 6 In vitro cleavage experiments of anti-caspase-7
ribozymes. Lane 1: Caspase-7 mRNA was mixed with Rz333
and two segments of 243 nt and 744 nt produced by cleavage
reaction. Lane 2: Caspase-7 mRNA was mixed with Rz394 and
no segment was seen after cleavage. Lane 3: Caspase-7 mRNA

was mixed with neither Rz333 nor Rz394. The 110-nt marker is
indicated by a short arrow.

= 110 nt

DISCUSSION

RNA catalysis was first described by Altman and Cech with
the discovery of RNase P and the group | intron, respectively!?+22,
ThismakesRNA the only moleculewith aninformation-carrying
capacity and inherent catalytic activity. So far, several natural
ribozyme motifs have been identified and their physical
structure, biological and biochemical properties have been the
subject of reviews??J, In generd, however, natural ribozymes
have been divided into groups based on their specialized
catalytic properties. As the smallest one, the hammerhead
ribozyme, with its capability of self-cleavage of a particular
phosphodiester bond, has been studied extensively to
understand the structure-activity relationship2., It provides
avery valuable tool for genetic therapy through its RNA-
mediated inhibition of gene expression. Hammerhead ribozyme
has been used extensively to down-regulate cellular and viral
gene expression*>3, and recognized as a novel molecular
therapeutic drug in the treatment of cancer or viral infection.

Apoptosis is essential to the normal development of
multicellular organisms aswell as physiologiccell turnover. In
pathologic states, a failure to undergo apoptosis may cause
abnormal cell overgrowth and malignancy, while excessive
apoptosis may lead to organ injury. Apoptosis involves the
activation of the caspases, which are hallmarks of apoptosis.
Central to the execution phase of apoptosis are the two closely
related caspase-3 and caspase-7, which share common substrate
specificity and structure. Many cellular proteins are cleaved
during the execution phase of apoptosis at a DXXD motif by
the effector caspases-3and -7. Caspase-3 has been extensively
studied as gene therapeutic target. Caspase-7, asanother crucia
executioner caspase, has been chosen to be the gene therapy
target of ribozyme.

In our experiment, we only discovered two sites (333 and
394) in caspase-7 gene suitable for hammerhead ribozymes to
cleave, so Rz333 and Rz394 were synthesized and cloned.
Caspase-7 gene segment (891 bp) was amplified by RT-PCR
fromtotal RNA of mouseliver, and wasclonedinto an expression
plasmid. Ribozymes and substrate were both gained by in vitro
transcription. The results of cleavage assays indicated that
Rz333 could catalyze site-specific cleavage of cagpase-7 mRNA,
and produced 243-nt and 744-nt cleaved segments, but Rz394
could not cleave the substrate. This might be because the
secondary structures of ribozymes and substrate simulated by
computer could not reflect the real situation. Rz333 could site-
specifically cleave caspase-7 mRNA with acleavage efficiency
of 67.98%. It may prevent apoptosis solely or in association
with anti-caspase-3 ribozyme synthesized and selected in our
previousstudy. Rz333 may become acandidatefor gene therapy
of apoptosis-related diseases.
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Abstract

AlIM: To assess the role of oxygen-derived free radicals and
cytokines in the pathogenesis of taurocholic acid-induced
acute pancreatitis, and to evaluate the preventive effects
of octreotide towards the development of acute
pancreatitis.

METHODS: Acute pancreatitis was induced in male New Zealand
white rabbits by retrograde injection of 0.8 mL/kg-b.m. of
50 g/L sodium taurocholate (NaTC) in the pancreatic duct. Sham-
operated animals served as control. Octreotide 1 mg/kg-b.m.
was administered subcutaneously before the induction of
pancreatitis. Blood was taken from the jugular vein before
and at 1, 3, 6, 12 and 24 h after pancreatitis induction.
Serum activities of amylase, IL-6 and TNF-a and levels of
malonyl dialdehyde (MDA), glutathione (GSH), glutathione
peroxidase (GPx), catalase and superoxide dismutase (Mn-,
Cu-, and Zn-SOD) in pancreatic tissue were measured.

RESULTS: Serum TNF-a and IL-6 levels increased
significantly 3 h after the onset of pancreatitis, and then
returned to control level. The tissue concentration of MDA
was significantly elevated at 24 h, while the GSH level and
GP-x, catalase, Mn-SOD, Cu-, Zn-SOD activities were all
significantly decreased in animals with pancreatitis as
compared to the control. Octreotide pretreatment significantly
reversed the changes in cytokines and reactive oxygen
metabolites. Octreotide treatment did not alter the serum
amylase activity and did not have any beneficial effects on
the development of histopathological changes.

CONCLUSION: Oxygen-derived free radicals and
proinflammatory cytokines are generated at an early stage
of NaTc-induced acute pancreatitis in rabbits. Prophylactic
octreotide treatment can prevent release of cytokines and
generation of reactive oxygen metabolites, but does not
have any beneficial effects on the development of necrotizing
pancreatitis.

Czako L, Hegyi P, Takacs T, Gog C, Farkas A, Mandy Y, Varga
IS, Tiszlavicz L, Lonovics J. Effects of octreotide on acute
necrotizing pancreatitis in rabbits. World J Gastroenterol 2004;
10(14): 2082-2086

http://www.wjgnet.com/1007-9327/10/2082.asp

INTRODUCTION

Acute pancreatitisis clinically classified into mild and severe
forms. Mild or edematous acute pancreatitisis a self-limiting
disease with alow complication and mortality rate. However,
severe necrotizing pancreatitis has an unacceptably high
morbidity and mortality rate. Multiple therapeutic modalities
have been suggested for acute pancredtitis, but none has been
unambiguously proven to be effective yet. The major problem
isthat the pathophysiology of the diseaseis not fully understood
and hence, thereisno specific casua trestment yet. Thetreatment
of acute pancreatitis to date is essentially supportivel3,

Theories on the pathogenesis of acute pancreatitis suggest
that autodigestion of the gland and peripancreatic tissues by
activated digestive enzymesis akey component!*®. Furthermore,
stimulation of exocrine pancreatic secretion in experimental
acute pancrestitis has been demonstrated to worsen the disease.
Prevention of release and activation of enzymes by inhibition
of pancreatic exocrine secretion has been therefore suggested
asaspecific treatment. Somatostatin and itslong-acting ana ogue
octreotide are potent inhibitors of pancreatic secretion!® 7,
The efficacy of somatostatin and octreotide in the management
of acute pancreatitis has been studied for decades, yet the data
still remain inconclusive. Some experimental’® and clinical*”
studies have shown beneficia results, but otherg™** demongtrated
no benefit!*>],

Somatostatin and octreotide increase the tone of the
sphincter of Oddi, which can be reversed by administration of
glyceryl trinitrate®, Furthermore, octreotide may trigger
acute pancreatitis and worsen the disease!*®.

We studied the effects of octreotide on necrotizing
pancreatitis in rabbits. In these animals the pancreatic duct
enters the duodenum at its distal part, and is completely
separated from the common bile duct. Therefore, we can
exclude the effect of octreotide on the sphincter of Oddi. The
present study was to assess the roles of oxygen-derived free
radicals and cytokinesin the pathogenesis of taurocholic acid-
induced acute pancreatitis, and to evaluate the preventive
effects of octreotide on the development of acute pancreatitis.

MATERIALS AND METHODS

Animals

New Zealand white rabbits weighing 2.5-3.5 kg were used.
The animals were kept at a constant room temperature of
27 °C, and had free access to water and a standard laboratory
chow [LATI, G6ddll6, Hungary]. The experimental protocol
followed the principles of Laboratory Animal Care of the
National Institute of Health, USA.

Experimental protocol
Overnight fasted animalswere anesthetized with anintravenous
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injection of pentobarbital 20 mg/kg and urethane 1 g/kg, and
supplemented when needed. Four groups of animals were
prepared through a midline incision; the pancreatic duct was
cannulated transduodenally with a polyvinyl catheter. Acute
pancreatitis was induced by retrograde intraductal infusion of
0.8 mi/kg- b.m. of 50 g/L sodium taurocholate (NaTc) (Reandl,
Budapest) dissolved in 0.15 mol/L NaCl under steady manual
pressure over a period of 30 s (Group 1), After infusion the
catheter was removed, and the abdomen was closed in two
layers. In control animals, laparotomy was performed with
visualization of the pancreatic duct before closure of the
abdomen [Group I1]. Animals in which pancreatitis was
induced by administration of NaTc wereinjected subcutaneousy
with 1 mg/kg- b.m. octreotide (SANDOSTATIN Novartis, Basd,
Switzerland) before pancrestitisinduction (Group I11). In Group
IV animals were treated with saline before induction of
pancrestitis. The body temperaturesand weights of the animals
were measured every 6 h. Blood was taken from the jugular
vein beforeand at 1, 3, 6, 12 and 24 h after pancrestitisinduction.
Physiologic saline was injected into the jugular vein during the
experiment in order to avoid severe hypovolemia. Twenty-four
hours after the abdominal operation, the animalswere sacrificed
by aorta exsanguination. The pancreas was removed.

Assays

Serum amylase activity was measured by the Phadebas test
method®. TNF-a levels were titrated in a bioassay on the
WEHI-164 cell ling?2. 1L-6 concentrations were measured via
their proliferative action on the |L-6-dependent mouse
hybridoma cell line B-91%%, The activities were calibrated
against recombinant TNF [Genzyme, Cambridge, UK] and
recombinant IL-6 [Sigma-Aldrich, Munich, Germany].

The pancreata were homogenized. The homogenates were
centrifuged at 3 000 r/min for 10 min and the supernatants
were used for measurements.

Lipid peroxide MDA level was measured after reaction with
thiobarbituric acid, according to the method of Placer et al.?,
and was corrected for the protein content of the tissue.

Superoxide dismutase (SOD) activity was determined on
the basis of the inhibition of epinephrine-adrenochrome
autoxidation?!, Mn-SOD activity was measured by the
autoxidation method in the presence of 5x10°° mol/L KCN!#,
Cu-, Zn-SOD activity resulted from the deduction of Mn-SOD
from SOD activity.

Catalase activity was determined spectrophotometricaly at
240 nm by the method of Beers et al.l?! and expressed in
Bergmeyer units (BU) (1 BU=decomposition of 1 g H,O./min
at 25 C).

Glutathione (GSH) level was measured spectrophotometrically
with Ellman’ sreagent from the supernatant, and was corrected
for the protein content of the tissue®!. Glutathione peroxidase
(GPx) activity was determined according to the * chemica’
method, using cumene hydroperoxide and reduced GSH as
substrates of GPx[#,

Protein concentration of the pancrestic tissue was determined
by the method of Lowry et al.*.

Histologic examination

A portion of the pancreas was fixed overnight in a 6% neutral
formaldehyde solution and embedded in paraffin. Tissue dices
were subjected to hematoxylin and eosin staining and histologic
study by light microscopy. Sideswere coded and examined blind
by the pathol ogist for the grading of histologic aterations. Grading
of intestinal edema, vacuolization, inflammation, hemorrhage
and acinar cell necrosis was performed on a scale of 1 to 4.

Statistical analysis
Results are expressed as mean+SE. Experimentswere evaluated

statistically with two-way analysis of variance (ANOVA).
P value less than 0.05 was statistically significant.

RESULTS

Seven animalsdied (2 within 1 h,3at 1 h, and 2 at 6 h after
pancreatitis induction). Two of them were in the octreotide
pretrestment (Group [11), 2 in the saline pretreatment (Group V),
and 3 in the acute pancrestitis group (Group 1). Thus, the results
werethedataon the surviving 32 anima s (8 rabbitsin each group).
The results of Group 111 did not statistically differ from those of
Group 1V, therefore they were not depicted in figures and tables.

The body weights of the animalsin the 3 groups did not
change significantly during the experiments, indicating that
the parenteral fluid supplementation during the observation
period was sufficient.

The serum amylase activity was already increased
significantly at 1 h, and increased gradually up to 24 h after
the induction of pancreatitisin Group | as compared with the
control group (5 678+881 vs 517+99 U/L) (Figure 1).
Pretreatment of pancreatitic animals with octreotide (Group
I11) did not ater the serum amylase activity as compared with
Group | at any time point. Since the amylase, TNF-a and IL-
6 levelsin Group 1V did not differ significantly from thosein
Group 11, they were not shown.

10 000
8 000i
6 000:
4 000:

2 000+

Serum amylase level (U/L)

0,

Figure 1 Effects of octreotide on serum amylase levels in rab-
bits with NaTc-induced acute pancreatitis. Group |: ®; Group
Il as control: A; Group Ill treated with octreotide: l. *P<0.05
vs Group Il; °P<0.05 vs Group |.

The serum TNF-a level increased significantly 3 h after
the onset of pancreatitisin Group | (3 120+340 vs 85+15 U/L
in Group 1), and returned to the control level by 6 h (Figure 2).
There was no significant serum TNF-a level elevation in the
octreotide treated group.

5000+
4 000+
3 000+
2 000

1 000~ /

Serum TNF-alfa level (U/L)

0,
t/h

Figure 2 Effects of octreotide on serum TNF-a levels in rabbits
with NaTc-induced acute pancreatitis. Group |:®; Group Il as
control: A; Group Il treated with octreotide: . 2P<0.05 vs
Group IlI; °P<0.05 vs Group I.



2084 ISSN 1007-9327  CN 14-1219/ R

World J Gastroenterol

July 15, 2004 Volume 10 Number 14

Table 1 Effects of octreotide on pancreatic level of MDA and endogenous scavengers in rabbits with NaTc-induced acute

pancreatitis

Control NaTc NaTc+octreotide
MDA (nmol/mg protein) 2.24+0.51 7.52+1.05% 4.14+0.86%¢
GSH (nmol/mg protein x107?) 2.76+0.45 1.68+0.242 2.23+0.48%¢
GPx (U/mg protein x107?) 1.18+0.34 0.53+0.08? 0.82+0.16%¢
Catalase (U/mg protein x 10%) 3.08+0.54 2.7940.41° 3.16+0.142¢
Mn-SOD (U/mg protein) 1.03+0.22 0.4340.08? 0.53+0.082
Zn-,Cu-SOD (U/mg protein) 4.9610.76 3.3440.56° 4.1240.84a¢

3P<0.05 vs control group; °P<0.05 vs NaTc treated group.

Table 2 Effects of octreotide on histologic score in rabbits with NaTc-induced acute pancreatitis

Group Vacuolization Edema Necrosis Inflammation Congestion
Control 0 0 0 0 0
NaTc 1.12+0.16 2.00£0.35 2.37£0.42 3.15+0.48 1.57+0.33
NaTc+ 1.57+0.45 2.14+0.32 2.43+0.58 3.05+0.36 1.50+0.25

somatostatin

The serum IL-6 level increased significantly 3 h after the
onset of pancreatitisin Group | (690+88 vs 25+15 U/L in Group
I1), and returned to the control level by 24 h (Figure 3).
Octreotide pretreatment attenuated the increase in IL-6 level
throughout the study.

Serum 11-6 level (pg/mL)

Figure 3 Effects of octreotide on serum IL-6 levels in rabbits
with NaTc-induced acute pancreatitis. Group |: ®; Group Il as
control: A; Group Il treated with octreotide: l. 2P<0.05 vs
Group Il; °P<0.05 vs Group |.

The tissue concentration of MDA was elevated significantly
at 24 h as compared to the control. Octreotide pretreatment
prevented the increase in MDA level. The GSH level and the
activities of endogenous scavengers (GPx, catalase, Mn-SOD
and Cu-, Zn-SOD) were all decreased significantly in
pancreetitis animal sin comparison with the control. Octreotide
treatment significantly reversed the decrease of GPx, catdase
and Cu-, Zn-SOD, but not Mn-SOD activity in comparison
with Group | (Table 1).

Histological examination revealed acinar cell necrosis,
hemorrhage, inflammatory cell infiltration and edema.
Octreotide pretreatment did not exert any beneficial effect on
the histological score (Table 2).

DISCUSSION

The results of our study can be summarized asfollows. In our
model, a short-lasting infusion of taurocholic acid in the
pancreatic duct of rabbits produced a rapidly evolving
necrotizing pancreatitis with mortality, as described earlier’?”,
Proinflammatory cytokines were generated early in NaTc-
induced acute pancreatitis. Tissue imbalance of the offense

system represented by MDA and the defense system
represented by GSH, SOD, GPx and catal ase was observed.
Prophylactic octreotide treatment prevented the release of
cytokines, theincreasein MDA and the decreasein GSH, SOD,
GPx and catalase activities, but did not reduce the serum
amylase level, and did not have beneficial effects on the
development of histopathological changes.

Oxygen-derived free radicals have been reported to play
an important role in the pathogenesis of acute pancreatitig®-%2,
Inthe present study, oxidative stresswas assessed by measuring
the MDA, a product of lipid peroxidation, the intracellular
antioxidant GSH, and the endogenous scavengers SOD, GPx
and catalase in pancreatic tissues, in order to elucidate the
participation of free radicals in the process of NaTc-induced
pancreatitisin rabbits. n agreement with previous studies made
in other animals®-%, this study revealed that the elevation of
MDA as an offense system, and lowered GSH, SOD, GPx and
catalase activities as a defense system, might be one cause of
pancrestic injury induced by NaTc in rabbits.

Published data suggest that activated pancreatic
macrophages can release proinflammatory cytokines in
response to local tissue damages. These cytokines may act
locally to aggravate acute pancreatitis, and both locally and
systemically to increase the capillary permeability and to
promote leukocyte adherence and extravasation'® %I, TNF-a,
a major proinflammatory cytokine, is considered to be
important in orchestrating the early eventsin the inflammatory
cascade and contributes to the induction of systemic
inflammatory response syndrome (SIRS) which isresponsible
for multiple organ failure in severe acute pancredtitis. IL-6 is
the most potent inductor of acute-phase protein synthesisin
theliver, and it hasbeen shown that itslevel reflectsthe severity
of acute pancreatitis®!. This study confirmed the observations
of othersin rabbitsthat TNF-a and IL-6 were released in the
early phase of NaTc-induced pancredtitis.

Thereisagrowing evidence that somatostatin could inhibit
the production of different cytokines, especially TNF-a and
IL-61%3 and reduce the local generation of free radical 9.
Nuclear factor-kB (NF-kB) plays a pivotal role in inducing
the expression of multiple genes involved in immune and
inflammatory responses, such as cytokines. NF-kB
transcription pathway has been found to be activated by reactive
oxygen species®. Therefore, somatostatin may also reduce
indirectly the production of cytokines by inhibiting the
generation of reactive oxygen metabolites. Furthermore,
somatostatin could exert a direct cyto- and organoprotective
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action in several models of toxic organ injury and stimulate
on the reticulo-endothelial system(“*4,

In our study, octreotide completely reversed the pancrestitis-
induced changes in cytokines, MDA, GSH, SOD, GPx and
catalase activities. However, we were unable to detect a
significant improvement both in the serum amylase level and
in the histologic score in octreotide-treated group. This could
be explained by severe chemical and mechanical destruction
of the pancreatic gland induced by taurocholic acid. The
severity of thislocal injury exceeded the pancreatic damage
induced by inflammatory mediators. Overproduction of
cytokines can lead to the development of SIRS, which is
responsiblefor the mortality of the disease. However, reduction
of cytokine production in octreotide-treated group did not result
in asignificant decrease in the morbidity or mortality. This
suggeststhat liberation of other vasoactive and toxic mediators
[e.g. phospholipase A2, platel et activating factor, nitric oxide,
leukotrienes etc] by the necrotizing process playsan essential role
in the development of SIRS. Therefore, blockade of one particular
part of this complex inflammatory processis not beneficial.

Octreotide has been suggested for the treatment of acute
pancreatitis on the basis of itsinhibitory effect on pancreato-
biliary secretion. However, anumber of experimental studies
have demonstrated that pancreatic enzyme secretion isamost
abolished after induction of acute pancreatitig**. Therefore,
the use of drugs inhibiting exocrine pancreatic secretion does
not have abeneficial effect on the progression and outcome of
the disease. In contrast, the basal pancreatic fluid secretion
was greatly increased during the early stages of acute
experimental pancreatitig*> 4. This fluid hypersecretion was
resistant to cholecystokinin, secretin and cholinergic antagonists,
and was probably caused by acinar cell proliferation“d. Fluid
hypersecretion can wash out inflammatory mediators and
activated pancreatic enzymes from the pancreas, thereby
serving as a natural host protective mechanism after a
pancreaticinjury. Accordingly, it seemsunnecessary to attempt
to suppressthe basal pancreatic enzyme secretion further since
it isalready blocked. If the fluid hypersecretion isinterrupted
after the onset of acute pancreatitis, this might exacerbate the
inflammatory process.

Furthermore, somatostatin could reduce splanchnic blood
flow and the impairment of pancreatic microcirculation could
lead to further deterioration in acute pancreatitig*" .,

Octreotide might worsen acute pancreatitis and even cause
the disease by increasing the contractility of the sphincter of
Oddi®*#9, The most commonly used animalsto study the effects
of octreotide in acute pancreatitis were rats, whereas rabbits
have never been used. However, rabbits seem to be the
excellent animals for this research. Since the pancreatic duct
enters the duodenum at its distal part, and is completely
separated from the common bile duct, we may avoid the
harmful effect of octreotide on the sphincter of Oddi. However,
we can not excludethe effect of octreotide on pancregtic sphincter.

In conclusion, proinflammatory cytokines are generated
early in NaTc-induced acute pancregtitis in rabbits. Tissue
imbalance of the offense system represented by MDA and the
defense system represented by GSH, SOD, GPx and catalase
was detected in the pancreas. Prophylactic octreotide treatment
can prevent the release of cytokines, theincrease in MDA and
the decrease in GSH, SOD, GPx and catalase activities, but
does not have any beneficial effects on the development of
necrotizing pancreatitis. The pancreatic duct injection model
inrabbit isauseful model to exclude the effect of sphincter of
Oddi on the course of acute pancreatitis.
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Abstract

AIM: To investigate the changes of gut microflora and
endotoxin levels in rats with acute liver failure (ALF) induced
by D-galactosamine (GalN).

METHODS: Flora and endotoxin levels in the jejunum, ileum
and colon in normal rats (group A) and rats with GalN -
induced ALF were determined at 24 h (group B) or 48 h
(group C) after GalN injection, as well as the endotoxin level
in portal venous blood (PVB) and right ventricle blood (RVB)
were determined by chromogenic limulus amoebocyte assay.

RESULTS: Intestinal (jejunum, ileum, colon) lactobacillus
count was statistically reduced in group B compared with
those in group A (3.4+0.3 vs 4.9+0.3, 6.1+0.4 vs 8.0£0.3,
8.1+0.2 vs 9.3+0.2, P<0.001, P<0.001 and P<0.001
respectively) and recovered partially in the group C compared
with those in the group B, whereas the count of
Enterobacteriaceae in the jejunum, ileum and colon in
group B was increased markedly compared with those
in the group A (5.1+0.3 vs 3.6%0.2, 6.9+0.5 vs 5.3+0.3,
8.740.2 vs 7.640.1, P<0.001, P<0.05 and P<0.05 respectively)
and restored partially in the group C compared with those
in the group B. The endotoxin level in ileum was increased
in the group B compared with those in the group A
(111.3+22.8 vs 51.5+8.9, P<0.05). In addition, the
endotoxin level in PVB was obviously increased in group
B compared with that in the group A (76.8+9.1 vs 40.6%7.3,
P<0.01) and reduced to the baseline at 48 h (group C).

CONCLUSION: Severely disturbed gut flora in rats with
GalN-induced acute liver failure plays an important role in
the elevation of endotoxin level in PVB.

Li LJ, Wu ZW, Xiao DS, Sheng JF. Changes of gut flora and
endotoxin in rats with D-galactosamine-induced acute liver
failure. World J Gastroenterol 2004; 10(14): 2087-2090

http://www.wjgnet.com/1007-9327/10/2087.asp

INTRODUCTION
Patients with acute liver failure are prone to occurrence of

endotoxemia®, which isusually associated with Gram-negative
infection. However, previous studies have showed that some
patients with acute liver failure have ahigh level of endotoxin
without clinical evidences of Gram-negative bacterid infection*2,
Recent studies have proposed that the elevation of plasma
endotoxin isrelated to the trand ocation of endotoxin from the
gutt>4,

Gut contains numerous endotoxin, about 90% of whichis
released by aerobic Gram-negative bacteria, especidly thefamily
of enterobacteriaceae™. Normally, intestinal anaerobic flora
such as Bifidobacterium and Bacteriodes can prevent the
adherence of potential pathogenic enteric bacilli and limit
bacterial overgrowth by occupying the space closest to
intestingl epithelial cellg®, whichiscalled microbial colonization
resistance!”. Disrupted gut flora observed in severely disease,
such as hepatic cirrhosis and hemorrhagic shock, resulted in
decrease of microbial colonization resistance and subsequent
bacterial overgrowth®¥, Wang et al .[*¥ showed the Escherichia
coli overgrowth in the distal small intestine from 1 h onward
after hepatectomy. Researchers suggested that impaired
components of the gut barrier, including normal intestinal
microflora, could trand ocate both endotoxin and bacteriafrom
lumen to circulation or other distant organs®. Moreover,
manipulating gut contents with lactulose or neomycin sulfate
with cefazolin could reduce the level of endotoxemia and
enhance the survival of rat receiving partial hepatectomy!Y,
But to the author’ s knowledge, the relationship between the
changes of gut floraand the fluctuations of the endotoxin levels
both in intestine and plasma in rats with GalN-induced acute
liver failure has not been reported. In the present study, the
changes of gut floraand endotoxin level in the jejunum, ileum
and colon, aswell asthelevelsof endotoxinin PVB and RV B of
rats with GalN-induced ALF were estimated at various time
points.

MATERIALS AND METHODS

Animals and treatment
Male Sprague-Dawley ratsweighing about 200-300 g provided
by Zhejiang Academy of Medical Sciences, Hangzhou, China,
were acclimated to the animal |aboratory for 5 d before
experiments. They were fed with standard rat chow and water
ad libitum. All procedures were approved by the Institutional
Review Board according to the Animal Protection Act of China.
Acuteliver failure in the rats was induced according to the
protocol described previously!*Z. Briefly, GalN (Chongging
Medical University, Chongging, China) wasdissolved in 0.5 mL
of salineand adjusted to pH 6.8 with 1 mol/L NaOH. Then, 20 rats
wereintraperitonedly given 1.4 g/lkg GalN twiceatal2-hinterva,
and fed with food and water after injection. Since the highest
mortality of GalN-induced acute liver failurein rat isbetween
24 h and 48 h after drug administration*d, and we ensure that
the number of survival rat is more than 91*3 at various time
pointsafter GalN administration, 40 ratswere randomly divided
into 3 groups according to the reported mortality*?: group A
with 10 rats without administration of GalN was chosen as
normal control, group B with 12 rats that were sacrificed 24 h
after GalN injection and group C with 18 ratsthat werekilled at
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48 h after injection. Under light ether anesthesia and aseptic
conditions, plasmawas separated from the portal vein and right
ventricle at various time points after laparotomy, then stored
immediately at —80 ‘C for analysis of endotoxin. Theratswere
killed by anaesthetic overdose after blood sampling, the
segments of the jejunum, ileum and colon were removed as
described by Wang et al™. Briefly, the segments of the jejunum
(5 cmin length, including intestinal wall) and ileum including
integtina wall 5cmlong aswell ascolon contentswereimmediately
collected from the proximal intestine (5 cm distal of theligament
of Treitz), distal small intestine (5 cm proximal to theileocecal
valve), and descending colon, respectively. After weighting,
the samples were placed in pyrogen-free saline (1:9 w/v) inan
anaerobic chamber (FormaScientific Co, USA), mixed by avortex
mixer, and aiquots of 1 mL of mixture were subsequently put
into anaerobic solution A (1:9 v/v, decima dilutions up to 10°%).
The remnant was kept at -80 C for detecting endotoxin.

Gut flora analysis

The specimens were cultured within 30 min after collection by
modified Mitsuoka smethod 4, A total volume of 50 ni. of the
serid dilution (107, 103,105, 10°, 107, 10°%) was spread on 3 non-
selective agar media: glucose blood liver (BL) (Nissui Pharmcy
Co., Tokyo, Japan) agar with 60 mL/L defibrinated sheep blood
for all lactic acid-producing bacteria; Eggerth Gagnon (EG)
(Nissui Pharmcy Co.) agar with 60 mL/L defibrinated sheep
blood for most obligate and facultative anaerobes; and trypticase
oy (TS) agar (BioMerieux, Paris, France) with60mL/L defibrinated
sheep blood for all aerobes and facultative anaerobes, and 4
selective agar media: neomycin sulfate-brilliant green-
taurocholate-blood (NBGT) agar prepared with EG agar at our
laboratory for members of the family Bacteriodaceae; MRS
with vancomycin and bromocresol green (LAMVAB) medium
(35 for Lactobacillus sp.; eosin methylene blue (EMB) agar
(Hangzhou microbiological Co., Hangzhou, Ching) for members
of thefamily of Enterobacteriaceae; and Enterococcus (EC) agar
prepared at our laboratory for Enteroococcus sp. The plates for
the recovery of obligate anaerobes were incubated in an
anaerobic chamber (N,:CO,:H,=8:1:1) at 37 °C for 48-72h. The
media used for the isolation of aerobes and facultative species
were incubated in air for 48 h at 37 C. After incubation,
morphologically distinct colonies were enumerated, isolated
and identified. Identification was performed in most cases at
family or genuslevels using standard bacteriol ogic techniques
(18 1n our study, the lowest detection limit was 2x10? organisms
per gram of the samples. The results were expressed as the
10910 of the number of bacteriaper gram weight of the samples.

Chromogenic limulus amoebocyte assay for detecting endotoxin
Intestinal specimens were prepared for endotoxin detection
according to the described method®™. The frozen specimens
were thawed at room temperature. Limulus quantitative azo
color (LQAC) test™ with limuluslysate reagent (EihuaMedical
Co, Shanghai, China) was used.

Statistical analysis

Datawere expressed as the mean+SE. One-way ANOVA was
used to compare gut flora data among individual groups.
Freguency data were compared using Chi-square test or the
Fisher’ s exact test when necessary. P<0.05 was considered
statistically significant.

RESULTS

Degree of hepatic injury and mortality

To study the alterations in intestinal microflora and its
relationship with plasma endotoxin, ALF model of rat was
successfully established by GalN administration as mentioned

previoudly!*2. The concentrations of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and total bile acid
(TBA) were increased significantly at 24 h and gradually
decreased at 48 h, whereasthose of alkaline phosphatase (AKP)
and total bilirubin (TBIL) were increased continuously after
GalN injection (Table 1). At the sametime, thelevels of serum
totd protein (TP) and albumin a 24 h after GalN administration
were lowered markedly compared with those in control group
(P<0.01, respectively) (Table 1), and increased at 48 h without
significance compared with those at 24 h. The mortality rate of
group C washigher than group B (P<0.01) (Tablel). Thegenerd
conditions, such as activity and appetite, in survivors were
restored partially after 48 h.

Table 1 Degree of hepatic injury and mortality in ALF rats at
various time points after injection of GalN

Group A Group B Group C
(n=10) (n=11) (n=10)
TP (g/L) 62.6+1.3 48.9+1.24 51.0+3.1¢
Albumin (g/L) 34.3+0.7 27.8+0.7¢ 30.3+1.1¢
Globulin (g/L) 28.6+0.8 21.1+1.1¢ 21.5+2.6¢
ALT (U/L) 60.6+3.3 4 798+1 1149 3 183+1 257¢
AST (U/L) 138.0+7.5 503241 067 2 928+843¢
AKP (U/L) 272.0+18.6 63960 74741334
TBA (mmol/L) 11.8+2.6 425+334 2621589
TBiL(nmol/L) 7.0£0.4 40.6+8.2¢ 63.2+18.4¢
Mortality NO 8.33% (1/12) 44.44% (8/18)°

Values are expressed as meanzSE or frequency of occurrence
(%). 3P<0.05, ®P<0.01 vs group B, 9P<0.01 vs group A.

Table 2 Alterations in gut flora in rats with ALF at various time
points after GalN administration

Group A Group B Group C
Flora (n=10) (n=11) (n=10)
Bacteriodaceae
Jejunum ND ND ND
lleum 4.0£0.3 5.0£0.5 4.6x0.7
Colon 9.3£0.3 9.5+0.3 9.7£0.4
Lactobacillus
Jejunum 4.91£0.3 3.4+0.3¢ 4.840.42
lleum 8.0£0.3 6.1+0.4f 6.2+0.3f
Colon 9.3£0.2 8.1+0.2f 8.5+0.24
Enterobacteriaceae
Jejunum 3.6x0.2 5.1+0.3f 4.3+0.3°
lleum 5.310.3 6.9+0.5° 6.3+0.5
Colon 7.6£0.1 8.7+0.2¢ 7.9+0.32
Enterococcus
Jejunum 3.8+£0.2 3.9£0.2 3.61£0.2
lleum 4.9+0.3 5.8+0.3 5.2+0.5
Colon 6.81£0.2 5.8+0.4¢ 6.7+£0.3

Data are expressed as mean+SE. ND: Not detected; *P<0.05,
®P<0.01 vs group B, °P<0.05, 9P<0.01, 'P<0.001 vs group A.

Intestinal microflora analysis

Toexplorethevariability inintestinal floraunder AL F condition,
we analyzed the microbiota from different intestinal segments
including jejunum, ileum and colon of therats at different time
points. The count of Enterobacteriaceaein the jejunum, ileum
and colon was significantly higher in the group A than that in
control group (P<0.001, P<0.05, and P<0.05, respectively),
whereas the count of Lactobacillusin the jejunum, ileum and
colon, and that of Enterococcusin colon were greatly decreased



Li LJ et al. Intestinal flora and endotoxin in rats with ALF

2089

(P<0.01, P<0.001, P<0.001, and P<0.05, respectively) (Table2).
The count of Enterobacteriaceae in the jejunum and colon
waslower inthegroup Cthaninthegroup B (P<0.01 and P<0.05,
respectively), but the count of Lactobacillusin the jejunum in
the group C was significantly elevated (P<0.05) (Table 2). The
count of Lactobacillusin the ileum and colon in the group C
was decreased more evidently than that in the group A (P<0.001
and P<0.01, respectively). These results indicated that the
disturbed gut floraexisted in rat with ALF, and the extent of
changesin florawas correlated with the severity of liver injury.

Changes of endotoxin in intestine, portal venous and right
ventricle blood

Gut endotoxin is usually translocated into the portal vein. To
determine the relations of the levels of endotoxin in blood and
in gut in rats with ALF, we measured the endotoxin levels of
theintestine, PVB and RV B at varioustime points after GalN by
LQAC tegt (Table 3). The leve s of endotoxin in theileum and
PVB in group B after administration of GalN were increased
more significantly than thosein the group A (P<0.05 and P<0.01,
respectively). At the sametime, the level of endotoxin in the
colon was increased, but not significantly. The levels of
endotoxin in theileum and colon in the group C were increased
more significantly than those in the group B, and higher than
those in the group A (P<0.01, respectively). The level of
endotoxin in PVB in the group C was decreased significantly
compared with those in the group B (P<0.05). Although there
was an increase of endotoxin level in RVB after GalN, no
statistically significant difference was observed.

Table 3 Levels of endotoxin in intestine, PVB and RVB in rats
with ALF at different time points after injection of GalN

Group A Group B Group C

(n=10) (n=11) (n=10)
Jejunum (ng/g) 67.8£13.0 56.7+18.6 88.1+15.2
lleum (ng/g) 51.5+8.9 111.3+22.8%  146.7+27.0°
Colon (ng/g) 1 022+179 1 8414363 2 444+349°
PVB (ng/L) 40.6+7.3 76.8+9.1° 45.045.3°
RVB (ng/L) 34.9+6.0 37.5+12.3 37.1+6.6

Data are expressed as meanzSE. ?P<0.05, °P<0.01 vs group A,
¢P<0.05 vs group B. PVB: Portal venous blood; RVB: Right ven-
tricle blood.

DISCUSSION

The present study showed that the count of Enterobacteriaceae
at 24 h after injection of GalN was significantly increased,
whereasthat of Lactobacilluswas markedly lowered. Thewhole
intestinal microflora trended to recover at 48 h after GalN
administration. These resultsindicated that there wereintestinal
microbia disturbance and overgrowth of Enterobacteriaceaein
the rats with ALF. The tendency of changesin florafrom the
jgunum and ileum was consistent with that from the colon, and
the extent of imbalance of intestind microflorawascorrelated with
the severity of liver injury. The dterations of intestinal bacterial
floramight bedueto the diminished bile secretion and theimpaired
intestinal motility, which were usualy observed in ratswith acute
liver failure®®, But the exact mechanisms need further study.
Theleve of endotoxin in the portal vein reflectsthe extent
of trandocation of endotoxin from gut*¥. Our findings showed
that the levels of endotoxin in the ileum and colon increased
continuously after administration of GalN, and the level of
endotoxin in the portal vein was significantly elevated at 24 h,
but lowered to the baseline value at 48 h. Interestingly, the
elevation of the endotoxin in PVB was accompanied by the
imbalance of intestinal flora and the overgrowth of

Enterobacteriaceae, whereas adecrease of thelevel of endotoxin
in PVB was pardleled with the partial restoration of disturbed
flora. The present findings showed that an increase of endotoxin
in PVB was closdly related to theimbaance of intestinal florain
rats with ALF, and implied that ecological imbalance and
bacterial overgrowth in ALF ratsmight play important rolesin
dysfunction of gut barrier, which could lead to translocation of
endotoxin from gut. Our findings are supported by the previous
study™” that gut bacterial overgrowth is one of the etiological
factors of bacteria and endotoxin translocation from gut.
Moreover, it has been reported that an increase in gut
permeability isrelated to histamine released by intestinal mast
cdl in rat with GalN-induced acute liver injury?!. In addition,
effect of bacteria proteases on microvillusmembrane proteins
contributes to the breakdown of the intestinal barrier(??,
Another reason that should be considered is that edema of
intestinal wall resulting from digestive congestion and
hypoproteinemiain ALF can injure thefunction of gut barrier’?3,
In the present study, the levels of endotoxin in intestine
increased continuously after GalN administration; this might
be associated with the Enterobacteriaceae overgrowth!®,
Nevertheless, our findings indicated that enlargement of gut
endotoxin pool had no impact on endotoxin translocation. In
addition, the present data suggested that restoration of the
disturbed gut flora might play an important role in inhibiting
the endotoxin translocation from gut.

The present data showed there was no significant change
of the concentrations of endotoxin in RVB after GalN
administration, which wasin agreement with Nakao et al.?4. In
contrast, the results by van Leeuwen et al.*"! showed that
arterial plasmaendotoxin levelsincreased in rats with hepatic
failure induced by two-third partial hepatectomy. The
discrepancy between two types of ALF seemed that the count
of Kupffer cell in the latter reduced significantly because of
hepatectomy. Plasma endotoxin is removed primarily by the
Kupffer cels. Then, GalN exerted aminor effect onthe function
of kupffer cells, because the nucleotide contents of Kupffer
cellswere smaller than that those of hepatocytes®!. Logicaly,
Kupffer cellsin ratsafter GalN administration can phagocytose
the gut-derived endotoxin.

At present, we could not measure the pretreatment effect of
probiotics on endotoxin trand ocation for lack of Lactobacillus
preparation suitable for rats. However, it was demonstrated that
administration of the probiotics Lactobacillus plantarum could
reduce the circulating antibody to endotoxin in patients with
ulcerative colitig?!. Adawi et al.*" showed that administration
of Lactobacillus could reduce bacterial translocation and
hepatocellular damage in rats with acute liver injury. Moreover,
our previouswork demonstrated that administration of probiotics
Bifidobacterium (DM8504) could decrease significantly thelevels
of plasmaendotoxin in patients with chronic hepatitis B

In conclusion, severely disturbed intestinal flora disorders
are observed in rats with GalN-induced acute liver failure, and
related to the extent of injury of liver. Ecologica imbalance of
intestinal florais one of the main causes of the trand ocation of
endotoxin from lumen. Additionally, the present study implies
that modulation of the intestinal flora using probiotics may be
the optional treatment in preventing gut endotoxin translocation
in patientswith ALF.
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Abstract

AlIM: To investigate the cytotoxic activity of extracts of
trichosanthes root tubers (EOT) on HepA-H cells and HelLa
cells compared with trichosanthin (TCS), and to explore
the possible mechanism of growth inhibitory effect of EOT
on Hela cells.

METHODS: Tumor cells were cultured in vitro, and then
microculture tetrzoalium assay (MTT) was used to
investigate drugs” cytotoxic activity. Scanning electron
microscopy (SEM) and transmission electron microscopy
(TEM) were used to observe ultrastructural changes of
cells, and electrophoresis was performed to detect changes
of biochemical characteristics of intercellular DNA.

RESULTS: TCS and EOT had no obvious effects on HepA-
H cells (P>0.05), but had remarkable effects on Hela cells
in a time and dose dependent manner (r>0.864, P<0.05
or P<0.01). The inhibitory rate of EOT was much higher
than that of TCS (P<0.01). Median inhibitory rates (IC50)
of TCS and EOT on Hela cells were 610.9 mg/L and
115.6 mg/L for 36 h, and 130.7 mg/L and 33.4 mg/L for 48 h
respectively. Marked morphologic changes were observed
including microvillus disappearance or reduction, cell
membrane bledding, cell shrinkage, condensation of
chromosomes and apoptotic bodies with complete
membranes. Meanwhile, apoptosis of HelLa cells was
confirmed by DNA ladder formation on gel electrophoresis.

CONCLUSION: TCS and EOT have no obvious effects on
HepA-H cells, but have significant inhibitory effects on HeLa
cells, indicating that EOT is superior to TCS in anti-tumor
activity.

Dou CM, Li JC. Effect of extracts of trichosanthes root tubers
on HepA-H cells and Hela cells. World J Gastroenterol 2004;
10(14): 2091-2094

http://www.wjgnet.com/1007-9327/10/2091.asp

INTRODUCTION

Trichosanthes Kirilowii Maximowii is akind of liana of the
Cucurbitaceae family, whose root tuber was a Chinese herbal
medicine Tianhuafen (THF) that has been used to reset
menstruation and expel retained placenta™. In the 1980 s,

Trichosanthin (TCS) was isolated from the root tuber and
proved to be the active component, a type | ribosome-
inactivating protein (RIP) with 247 amino acidswhichinactivates
eukaryotic ribosomes via its N-glycosidase activity. TCS has
been used to induce mid-term abortion and to treat ectopic
pregnancies, hydatidiform and trophoblastic molesin China?.
In recent years, TCS has also been found to posses various
pharmacological propertiesincluding immunomudul atory, anti-
tumor and anti-HIV activitied®®. Clinicd trials have also been
performed. TCS has aroused extensive attention.

In the present study, we were interested in its anti-tumor
activity invitro. TCS has dready been regarded as an effective
anti-tumor agent highly specific to choriocarcinoma cells from
trophoblastd™. However, researches and clinical application
about TCS on tumor are mainly on gastrointestinal tumor and
seldom on otherg®. TCSisan active anti-tumor component of
Trichosanthes, yet thereisno report of extracts of trichosanthes
root tubers (EOT) on tumor cells. So in this study, we chose
two tumor cell lines, HepA-H cellsand HelL acdlls, to investigate
the growth inhibitory effect of EOT and TCS on the two cell
lines and further compared their anti-tumor activity.

In recent years, screening of anti-tumor drugs from natural
resource, especially from traditional Chinese medicines, has
drawn worldwide research interest, and many exciting goals
have been achieved®. As aresearch focus of life science and
medicine, apoptosis has revealed its promising futurell®2,
Nowadays apoptosis has been considered as the most ideal
path to conquer tumors. Therefore, in our study, weinitially
investigated the induction of apoptosis of HeLacellsby EOT.
The present study may provide experimental bases for further
researches and seeking novel anti-tumor agents.

MATERIALS AND METHODS

Drugs

TCS (1.2 mg/mL) was purchased from Jinshan Pharmacy Ltd,
Shanghai. EOT was extracted from fresh root tubers of
Trichosanthes kirlowii Maxim collected in Hangzhou*3,
Zhejiang Provincein November 2002. SDS-PAGE (100g/L) was
performed to detect the components of EOT samples in
comparison with TCS and protein marker. Gel was stained by
Coomeassiebrilliant blue. After decolored, the gel wasvisuaized
and photographed under gel imaging assay apparatus. Then
strapsin the gel were scanned to evaluate the content of relative
proteins. Drugswere diluted with culture medium and sterilized
before use.

Reagents and apparatus

RPMI-1640 and fetal cdf serum (FCS) werefrom GIBCO, USA.
3-(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide
(MTT), DMSOandall electrophoresisreagentswerefrom Sigma
Co., USA. Animal cell PCD ladder isolation kit was purchased
from Dingguo Biological ProductsLtd, Beijing. CO, incubator
was the product of FORMA Company. TECNAI 10 TEM was
from PHILIPSand STEREOSCAN 260 wasfromCAMBRIDGE
Company. Electrophoresis apparatus was made by E-C
Apparatus Corporation. Mini gel electrophoresis system was
the product of Bio-Rad Company. Image analysis system was
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purchased from Shanghai Tianneng Science and Technology Ltd.

Cell lines and cell culture

HepA-H and HelL a cellswere preserved in our laboratory. The
cell line of high lymphatic metastasis ascitic liver cancer was
established and cultivated by professor Li and Yang*4. Cells
weregrown in RPMI-1640 culture medium containing 100 mL/L
FCS, 100 U/mL penicillinand 100 U/mL gtreptomycinat 37 'C in
ahumidified atmosphere of 50 mL/L CO..

Cytotoxic activity
Growthinhibitory effectsof HepA-H and HeL acellswith various
treatmentswere determined by MTT assay. Cellsat exponentia
phase were seeded into 96-well plates, 100 ni. (1x10%/mL.) per
well. Then different concentrationsof EOT and TCSin 100 i
culture medium were added and the final concentration in each
well was0.1 mg/L, 1 mg/L, 10 mg/L, 100 mg/L, and 500 mg/L
respectively. Each treatment was tested in tetrad wells and the
control group was given only culture medium containing no
drug. All the above plates were placed in a 50 mL/L CO,
humidified-atmosphere incubator at 37 “C for 24, 36 and 48 h.
At the end of exposure, 20 n. MTT (5 g/L ) was added to each
well and the plates were incubated at 37 “C for 4 h. Then all
culture medium supernatant was removed from wells and
replaced with 100 M. DM SO. Theplateswere shakenfor 15min
so that all the production of formazan reduced by MTT could
be dissolved out from cells. Following thorough formation
dissolved, the absorbance of each well was measured by
standard enzyme-linked immunosorbant assay at 492 nm. The
inhibition of tumor cell growth was cal culated by the equation:
Growth inhibitory rate=(1-Aug2 trested/ Auo2 contro) X100%.

Based on the growth inhibitory rates of each group of drugs
on cells, SPSS software was used to cal culate 50% inhibitory
concentrations (1C50).

Specimens for electron microscope

Hel acells at exponential phase were used and cultivated with
various concentrations of EOT for 24 h. Then cells were
harvested and fixed with 25 g/L glutaraldehyde in 0.1 mol/L
phosphate buffer (pH 7.4) for 2hat 4 °C. For TEM examination,
the specimens were postfixed in 10 g/L osmium tetroxide in
0.1 mol/L phosphate buffer (pH 7.4) for L hat 4 'C. After
dehydration in a graded series of ethanol and infiltration in
propylene oxide, they were embedded in Epson 812. Fine
sectionswere cut with an LKB 2088 ultramicrotome and stained
with uranyl acetate and lead citrate. The sectionswere examined
withaPHILIPSTECNAI 10TEM a 60KV . For SEM examination,
the specimenswere postfixed for 1 hin 10 g/L OsO,, dehydrated
in agraded series of alcohol, CO; critical-point dried, mounted
on aluminum stubs and sputter-coated with gold. Specimens
wereexamined witha STEREOSCAN 260 SEM at 25kV.

Agarose gel electrophoresis of DNA

Hel a cells at exponential phase were exposed to different
concentrations of EOT for 24, 36 and 48 h respectively. Then
cells were harvested, washed twice with PBS, and DNA was
extracted according to the directions of the kit. DNA was
analyzed by electrophoresis at 75 mA on 8 g/L agarose gel
containing 0.5 mg/L ethidium bromide. After about 1.5 h, the
gel was visualized and photographed under transmission UV
light.

Statistical analysis

Datawere expressed as mean+SD. Statistics software package
SPSS 11.5 was employed to process the data. Differences
between groups were described by Student t test. P values
less than 0.05 were considered statistically significant.

RESULTS

Protein electrophoresis of EOT and TCS

1 kg fresh trichosanthes root tubers was used in the present
study and we got 0.83 g EOT. As the result of SDS-PAGE
showed, sample EOT had an obvious mgjor strap and several
other minor straps. All the straps were scanned, sample EOT
had a content of 70.93% of TCS and other unknown proteins.
However, sample TCS had only aminor strap and its purity was
99.81%. Protein marker further conformedto protein TCS (Figure 1).

1 2 3
Ku
= —66.2
- 3
— 31
-- - —27.9
—20.1

Figure 1 Analysis of EOT and TCS by SDS-PAGE. Lane 1: EOT,
Lane 2: TCS, Lane 3: Protein Marker.

Cytotoxic activity of EOT and TCS in HepA-H and HelLa cells
After exposureto EOT and TCS, HepA-H cells had no growth
arrest of significant importance. After 24 h, most growth of
HepA-H cellswas promoted, but the effect did not depend on
the dose (P>0.05). After 36 h, al the cells were led to growth
arrest, which also had no statistical relation with the dose.
After 48 h, somewere promoted, whilethe otherswereinhibited,
and the rel ationship between the effect and dose was not found.
All the three groups of data showed no statistical significance
(P>0.05), suggesting HepA-H cells were not susceptible to
EOT and TCS(Tablel).

Table 1 Cytotoxic activity of EOT and TCS in HepA-H cells
(n=4, meanzSD)

Inhibitory rate (%)

Drug Concentration

(mg/L) 24h 36h 48 h
EOT 0.1 -3.142.9 19.142.6 15.70.8
1.0 -3.648.1 7.9411.5 5.142.6
10 -25.0£1.7 6.80.1 3.83.6
100 9.63.3 21.02.2 16.246.3
500 7.647.6 17.043.0 13.40.7
TCS 0.1 -19.946.7 6.945.2 -3.74.9
1.0 -6.126.4 4.740.6 7.442.7
10 -16.1219.1 0.7+2.4 -11.444.7
100 -6.821.0 11.9+4.1 2.642.3
500 -3.443.3 10.845.2 5.9+3.8

EOT and TCShad good effects on HeL acellsin atime and
dose dependant manner (r>0.864). When the concentration
of drugs was increased and the time was prolonged, the
growth inhibitory rate increased gradually (P<0.01). EOT
was superior to TCSin the effect on HeL a cellswhen thetime
and concentration were identical (P<0.01). The median
inhibitory rates (IC50) of TCSand EOT for HelL a cells were
610.9 mg/L and 115.6 mg/L after 36 h, and 130.7 mg/L and
33.4 mg/L after 48 h, respectively. The results suggested that
EOT and TCScouldinhibit the growth of HeL acells, while EOT
had much stronger cytotoxic activity (Table 2).
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Table 2 Cytotoxic activity of EOT and TCS in HeLa cells (n=4,
meanzSD)

Inhibitory rate (%)
Drug Concentration

(mg/L) 24 h 36h 48 h
EOT 0.1 3.4+4.1 9.7+7.0 9.9+3.1
1.0 4.5¢3.7 11.122.0 11.3+1.9
10 16.3+3.2 20.9+6.8 29.4+4.1
100 36.7+4.0 442417 54.6+3.0
500 57.9+3.4 71.8+3.9 89.4+1.9
TCS 0.1 2.2+1.7 2.922.7 4.4%3.1
1.0 2.9+2.0 5.5+1.2 6.0+2.7
10 16.4+4.1 6.7+2.4 13.0%3.3
100 26.3+2.5 29.3+3.9 47.945.2
500 39.6+4.8 53.8+4.0 70.2+2.9

Morphological observation

After exposureto EOT for 24 h, HeL acellswere observed under
SEM, typical apoptotic characteristics were found, including
cell membranebledding, microvilli disappearance or reduction,
and separated apoptotic bodies (Figure 2, A-B). Also treated
Hel a cellswere observed under TEM, and shrinkage of cells,
condensation of chromosomes and apoptotic bodies with
complete membranewerefound (Figure 2, C-D).

M 1234567
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Figure 3 Analysis of DNA fragments of HelLa cells treated
with EOT. M: DNA marker, lane 1: normal control, lane 2:
500 mg/L for 24 h, lane 3: 100 mg/L for 24 h, lane 4: 50 mg/L
for 48 h, lane 5: 50 mg/L for 24 h, lane 6: 100 mg/L for 48 h, lane
7: 500 mg/L for 48 h.

DNA fragmentation

After HeLa cellswere exposed to EOT 50 mg/L, 100 mg/L,
500 mg/L respectively for 24 h, DNA agarose gel electrophoresis
showed the typical “DNA ladder” pattern of apoptosis. With
timedelayed, 48 hlater, DNA ladder was much more obviousin
the cellstrested with EOT 50 mg/L, 100 mg/L, but DNA of cells
treated with high concentration, 500 mg/L, took on a shape of
smear, suggesting that cells underwent secondary necrosis
(Figure 3). Results of DNA agarose gel electrophoresisfurther
confirmed that EOT could induce Hel a cell apoptosis.

DISCUSSION

To our knowledge, researches of the effects of TCS on liver
cancer arrived different conclusions, while studies on HeLa
cells were scarcely reported*>. |n the present work, we
investigated and analyzed the effect of EOT and TCS on HepA-
HandHel acdls. Wefoundthat TCSand EOT had no significant
effect on HepA-H cellsbut had remarkable effect on HeL acells
in atime and dose dependant manner. The data suggested
EOT had a much higher anti-tumor effect on HeLa cells than
TCS. After 48 h, thegrowthinhibitory rate of Hel acellsexposed
to EOT and TCS(500 mg/L) was89.4% and 70.2%, respectively.
The median inhibitory rates (1C50) were 610.9 mg/L and
115.6 mg/L after 36 h, and 130.7 mg/L and 33.4 mg/L &fter 48 h,
respectively. SDS-PAGE showed, EOT contains 70.93% TCS
and several other components. In contrast, TCS had a higher
purity almost to 100%. It is generally believed TCS, atype|
RIP, is the active component. So the results make us consider
why EOT has abetter inhibitory effect on the growth of tumor
cellsthan TCS. Whether the good anti-tumor activity of EOT is
correlated with the cooperation of other proteins or any other
factors. Aswas reported, cytotoxicity of TCS was dependent
onitsintracellular concentration, and variation of cytotoxicity
in different cells might be related to the mechanisms affecting
itsinternalization'*. So there might be some active factorsin
EQOT that promoteinternalization of TCS. Of course, the actual
mechanism needs further researchesto clarify.

It has been reported that TCS has strong effects on
cytotoxicity and induction of apoptosis of gastric cancer cells,
human choriocarcinoma cells and leukemia cellg818%9, Also
relative genes inducing apoptosis have been isolated with their
mechanism elucidated®!. In this study, we investigated

Figure 2 HelLa cells under SEM and TEM. A: HelLa cells under SEM in control group. B: HeLa cells under SEM treated with EOT
(100 mg/L) for 24 h. C: HelLa cells under TEM in control group. D: HeLa cells under TEM treated with EOT (100 mg/L) for 24 h.
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apoptosis of HeLa cells induced by EOT. Experiments on
morphology and biochemistry revealed typical apoptotic
characterigtics, such asmicrovilli disappearance, cell membrane
bledding, apoptotic body and DNA ladder pattern. The results
suggested that the anti-tumor effect of EOT on HeL acellswas
related with the induction of apoptosis.

In conclusion, EOT has stronger anti-tumor effects and can
induce apoptosis of Hel acdlls. EOT would have abright future
in the treatment of tumors and further work may lead to relative
anti-tumor agentsto be used in clinic.
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Abstract

AlM: To elucidate the role of COX-2 in the development of
capillary leakage in rats with acute interstitial pancreatitis.

METHODS: Rats with acute interstitial pancreatitis were
induced by caerulein subcutaneous injection. Reverse
transcription—-polymerase chain reaction (RT-PCR) was used
to determine the gene expression of COX-2 in pancreatic
tissues, spectrophotometry was used to assay the parameters
of acute pancreatitis such as the serum amylase and plasma
myeloperoxidase, and determination of capillary permeability
in the pancreas by quantifying the permeability index (PI)
assisted response of pancreatic microvascular via intravital
fluorescence microscope video image analysis system.

RESULTS: A significant increase of COX-2 expression,
elevation of serum amylase, and plasma myeloperoxidase
were detected in rats with acute edematous pancreatitis
compared with control rats. The changes of pancreatic
microvascular after caerulein injection were as following: (a)
the decrease of pancreatic capillary blood flow (4th h,
0.5620.09 nL/min, P<0.05; 8 th h, 0.3440.10 nL/min, P<0.001);
(b) reduction of functional capillary density (4 th h, 38119 cm™,
P>0.05; 8th h, 277+13 cm, P<0.001); (c) irregular and
intermittent capillary perfusion was observed at the 8th h
and these vessels were also prone to permeation.

CONCLUSION: COX-2 plays an important role in mediating
capillary permeability in pancreatitis, thereby contributing
to capillary leakage.

Yan WW, Zhou ZG, Chen YD, Gao HK. Role of COX-2 in
microcirculatory disturbance in experimental pancreatitis. World
J Gastroenterol 2004; 10(14): 2095-2098

http://www.wjgnet.com/1007-9327/10/2095.asp

INTRODUCTION

Pancreatic microcirculatory disturbance has been considered
as one of the possible and important causative factors for the

development of acute pancreatitis (AP)!*®, although the
underlying mechanism is unclear. COX-2, known as
prostaglandin endoperoxide synthase-2, is a rate-limiting
enzyme in the production of prostaglandins and an important
regulator of vascular function®¥, Under resting conditions,
thelevel of COX-2 was undetectable. COX-2 expression can be
inducible by awide range of extracellular and intracellular
stimuli, including lipopolysaccharide, forskolin, interleukin-1
(IL-1), tumor necrosis factor (TNF), epidermal growth factor,
interferon-g, platel et activating factor and endothelin, suggesting
that COX-2 playsacritical role in inflammatory disorder(®™.
Previous studies demonstrated that COX-2 was a classic
exampleof immediateearly or primary response gene activation
and generally considered as a proinflammatory enzyme**%,
suggesting COX-2 may serve as one of triggering factors of
inflammation. Studies showed that inducible cyclooxygenase
(COX-2) might indirectly involve in the regulation of human
vascular endothelial cells(HUV EC) inflammation®517, However,
no further studies examined it. For the purpose of verification
of the result, reverse transcription polymerase chain reaction
(RT-PCR) and intravital fluorescence microscopy with
fluorescein isothiocyanate (FITC) labeled erythrocytes were
used to study COX-2 gene expression and pancreatic
microvasculature, with the aim of consolidating the relevance
between the gene expression of COX-2 and dysfunction of
pancreatic local microvasculature during acute edematous
pancrestitis (AEP).

MATERIALS AND METHODS

Animal

A total of 96 male Wistar rats (250-350 g) were starved 15 h prior
to the experiments with water ad libitum and randomly
divided into 2 groups: (1) AEP group (n=72), 24 rats for
extraction of total RNA from pancreatic tissue and 3 mL
blood samples of portal venous for assay of serum amylase
(AMS) and plasma myeloperoxidase (MPO); 24 rats for
studying pancreatic microvasculature by intravital
fluorescence microscope with fluorescein FITC-RBC; 24 rats
for accessing the pancreatic microvascul ature permeability
and water content. (2) Normal control group (n=24). The
model of AEP was established by subcutaneous injection
of caerulein (Sigma) as previously described. 1 hand 2 h
after the beginning of experiment all experimental groups
wereinjected caerulein 5.5 ng/kg and 7.5 ng/kg respectively,
while control group received the samevolume of 9 g/L sodium
chloride.

Total RNA extraction from pancreatic tissue

After 2, 4, 8, 16 and 24 h of caeruleininjection, the ratswere
anesthetized with intraperitoneal injection of 30 g/L barbitone
sodium (35 mg/kg) and the sacrificed for extraction of total
RNA. Theisolation of total RNA was prepared from 100 mg
pancrestic tissue, using Trizol resgent Kit (Gibco BRL). Yidd and
purity of RNA preparationswere checked spectrophotometrically
at 260 nm and 280 nm and quality was inspected visually on
13 g/L agarose gels after ethidium bromide staining.
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Semi-quantitative RT-PCR analysis for COX-2 mRNA

RT-PCR was performed in combined one-tube reaction kits
(Takara™) according to the manufacture’ ssuggestions. b-actin
was used as an internal control. The primers for control and
COX-2wereasfollows: b-actin (sense) 5’ -GAT GGT GGG TAT
GGG TCA GAA-3', (antisense) 5’ -CTA GGA GCCAGG GCA
GTAATC-3 ;COX-2(sens) 5 -CTGTAT CCCGCCCTGCTG
GT-3 ,(antisenss) 5’ -GAGGCA CTTGCGTTGATGGT-3 . All
the primerswere synthesized by Life Technology (HongKong,
China). RT-PCR was run in GeneAmp 9600 (Perkin-Elmer),
following procedures: 50 °C for 30 min,1 cycle; 94 °C for 2min,
lcycde 94 °C for 30555 C for30s 72 °C for40s 30cycles 72°C
for 10 min, 1 cycle. 5 m. PCR products was placed onto 13 g/L
agarose gels with ethidium bromide staining, using an
ultrailluminator, and the level of COX-2 mRNA was expressed
as the quotient (Q) of the integrated optical density values
(10D) for the COX-2 and the b-actin bands (Q=10D COX-2
band / b-actin band).

Assay of plasma myeloperoxidase (MPO)

The activity of MPO, anindex of tissue leukocyte recruitment,
isamarker of inflammation of tissue. The activity of MPOinthe
pancreatic tissues was determined following the method
described by Caking® with minor modifications.

Response of pancreatic local microvessel

For studying response of pancreatic microvasculature we
adopted erythrocytes (RBC) labeled by FITC using the approach
as previously described. Briefly, washed RBC obtained from
an experimental rat wasincubated with PBS (137 mmol/L NaCl,
6.4mmoal/L NaHPO,, 2.7mmol/L KCl, 1.5mmoal/L KH,PO,,pH 7.8)
solution containing 1 mg/mL FITC. Thelabeled cellswerethen
washed twice with a saline solution containing 10 g/L bovine
serum albumin (Sigma) to remove unconjugated fluorescent dye.
The final volume percentage of the labeled cells was adjusted
approximately to 50% by adding an isotonic saline solution, and
an aliquot 91 mL/kg of these suspensionswasinjection through
atail vein of theratsto observe density and capillary perfusion
by intravital fluorescence microscope (OLY MPUS X-70).

Assay for microvascular permeability

Half an hour before caerulein injection, the rats were given an
intravenous injection of Evans blue (20 mg/kg) viaatail vein.
Briefly, the lungs and pancreas were excised, weighted, and
placed in 5 mL of formaldehyde solution and homogenized for
1 min. After incubated at room temperaturefor 16 h, the pancreas
and lungswere messured at 650 nmin Beckman spectrophotometer.
The concentration of Evans blue (EB) was determined by
calculation against a standard curve. The blood was centrifuged
at 600 r/min for 10 min and the concentration of EB in the serum
was determined as described above. The permeability index
(PI)=(Evansblud tjsggflEvansbiud serym, Water mass fractionsin the
pancreaswere used as a parameter of organ water accumulation
after panceatitis induction. The tissues were removed in a
humidity chamber and the wet masswas measured immediately.
The tissue was dried at 70 ‘C to a constant mass for the
determination of dry mass. Organ edema was determined by
calculating tissue water content according to the following
formula: Water massfraction (%)=(1-dry mass/wet mass)x100%.

Statistics analysis

All resultswere represented as mean+SD. The significance of
changes were evaluated by means of a F test in comparisons of
the same time point in two groups or by analysis of variance
(Newman-Keuls) when different time pointsin the same group
were compared. Differences were considered significant when
the P<0.05.

RESULTS

RT-PCR detection of COX-2 in the pancreas

COX-2 transcription remained at alow level in normal control
(Figure 1). Wheress, after injection of caerulein, the expression
of COX-2mRNA in AEPwasincreased, with peaked at the 8th h,
and kept at high level within 24 h. Setting the level of COX-2
expression at 2nd h as baseline, COX-2 expressions of the 4thh
and 8thhin AlIPweresgnificant higher (2ndh, 0.23+0.03, P<0.05;
4h,155+0.93,8"h, 4.04+1.05, 16" h, 3.73+0.15and 24" h, 3.37+0.23,
P<0.01 respectively). Compared with controls, thisincrease
was dso significant (P<0.01).
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Figure 1 Time course of COX-2 gene expression in pancreas.
After induction by caerulein, the expression of COX-2 mRNA
in AEP was increased, which peaked at the 8th h and remained
at a high level.

Inflammatory indicators for pancreatitis
The activity of serum AMSand MPO in AEP and controls are
shownin Table 1.

Table 1 Levels of amylase (AMS) and myeloperoxidase (MPO)
in AEP and control groups (meanzSD)

Group n MPO (U/mL) AMS (U/dL)
Control (0 h) 24 0.32%0.13 40437
AEP 2nd h 6 0.60£0.20 313+130?
4th h 6 0.74+0.39° 391+96°
8th h 6 0.85+0.56° 255+923
16th h 6 0.88+0.29° 291+73%

F 4.542 12.322

3P<0.05, ®P<0.01 vs control.

In vivo fluorescent microscopy

Compared with the control, the pancreatic microvasculature
changes at the 4th, 6th and 8thh after caerulein were asfollows:
(a) the reduction of the density and velocity of FITC-RBC (4, 6
and 8thh P<0.001); (b) the decrease of the pancrestic capillary
blood flow (4, 6, and 8thh, P<0.001); (c) diminution of functional
capillary density (4th h, P>0.05; 6thh, P<0.05; 8thh, P<0.001)
and arteioles diameter (4thh, P>0.05; 6thh and 8thh, P<0.05);
(d) insufficient capillary perfusion appeared at the 8th h; (e)
arterioles of pancreetic lobules and capillary dendity at the 6th h
experienced significant changes, while the calibers of venules
and capillaries shown no marked change (Table 2).

Microvascular permeability in pancreas and lungs

The Pl from rats of control were shown little changes before
and after injection of 0.9% sodium chloride, while both pancreas
and lungs showed a significant increase in microvasculature
from the 4th h to 16th hin rats of AEP and theincrease in the
lungs was higher than that in the pancreas (Lungs, 8th and
16th h, P<0.001, respectively; pancreas 8thand 16thh, P<0.01,



Yan WW et al. COX-2 and microcirculatory disturbance of acute pancreatitis 2097

Table 2 Response of pancreatic local microvascular in AEP and controls (meanSD)

4thh 6thh 8thh

NC AIP AIP NC AIP
Density of RBC 11345 85192 104+4 68172 96+6 59492
/(£10°ell/L)
2Velocity of RBC 86+3 43+22 81+4 36452 8415 30452
/(cell/min)
*RBC flow 0.28+0.01 0.12+0.03? 0.31+0.02 0.09+0.037 0.29+0.04 0.07+0.032
(nL/L)
“Blood flow 0.88+0.06 0.56+0.09° 0.99+0.07 0.45+0.12¢° 0.91+0.06 0.34+0.10°
*Diameter
(arteriod)/mm 23.548.0 20.245.12 24.148.0 16.4+3.1° 23.245.5 18.2+3.5°
®Diameter
(venule)/mm 28+3.0 29.1+2.02 28+2.7 27.5+3.0% 27.4+1.6 29+1.52
"Diameter
(capillary)/mm 6.7+1.5 7.0+1.42 6.9+1.5 6.0+0.3? 7.3+1.0 5.240.3?
8Density
(capillary)/cm 39447 381492 40046 291+16? 34948 2774132

'F=109.68, P<0.01 ; 2F=478.8, P<0.01 ;*F=185.2, P<0.01; “F=1.99, P<0.01; °F=3.52, P<0.001; °F=1.12, P>0.05; 'F=5.71, P<0.001; 8F=312.12,

P<0.01;2P<0.05 vs control.

respectively) (Figure 2). Thewater massfractionsin the pancreas
wereincreased after caerulein injection compared with controls
(2ndh, 19.1842.10; 4thh, 24.81+1.31; 8thh, 25.86+1.97; 16thh,
30.7145.80, P<0.05), while the water mass fraction in normal
remained relative stable.

2.5

CAEP-lung b
2.0 - gNC-lung

O AEP-pancreas
| m NC-pancreas

——o

— o

1.5
a

1.0 -

0.5

0.0

8 16 t/h

Figure 2 Microvascular permeability index (PI) in the pancreas
and lungs in AEP and control group. The figures indicate the
increase of Pl in the lungs is higher than that in the pancreas
2P<0.05 vs control; °P<0.001 vs control; “P<0.01 vs control.

DISCUSSION

Previous studies have discovered that COX-2 isthe principal
isoform of cyclooxygenase that participates in inflammation,
while there is little COX-2 activity present in the stomach,
kidney, or platelet. COX-2 isusually barely detectable during
normal physologic conditions. However, in responseto several
pro-inflammatory stimuli, thelevel of COX-2 expression can be
rapidly induced to increase*®2%, In our study, we found that
COX-2 transcription remains at a very low level in normal
pancreatic tissue. In contrast, COX -2 expression was increased
rapidly after induction of pancreatitisby caerulein. COX-2 may
serve as one of factors of at the early phase of inflammation.
During the active inflammation, the synthesis of PGE, (an
important inflammatory mediator), the increase of vaso-
permeability, sequestration of inflammatory cells and pyrogen
arelikely resulted from COX-2.

It has been reported that a strong correlation between the
number of intra-vascular neutrophils and MPO existed. Thus
these parameters were measured to quantify the total neutrophil

sequestration to the pancread?-, |n our previous study, we
found the positive correlation between COX-2 and MPO in
AEP(r=0.5449, P<0.05). Fromthisstudy, thee evation of plasma
myeloperoxidase was present in the experiment, suggesting
MPO can serve as an indicator of AEP.

Thereisincreasing evidence that the vascular endothelium,
which is directly exposed to various fluid mechanical forces
generated by pulsatile blood flow, can discriminate among these
stimuli and transduce them into genetic regulatory events, as
COX-2 gene can be upregulated by steady laminar shear stress
stimulation'®!. However little is known about the upregulation
of COX-2 disturbing microcirculation. It is generally accepted
that the dysfunction of pancreatic microcirculatory serves as
an important causative factor for the development of acute
pancreatitis. The morphology of pancreatic microcirculation
revealed that pancreatic lobule is supplied by a single
intralobular arteriole, which is considered end-artery!?+2426,
This characteristic suggested that pancreatic lobules are
susceptible to ischemic injury due to spasm of intralobular
arterioles. In this study, we observed the responses of
pancreatic microvascular after caerulein induction, which
demonstrated that the enhanced COX-2 mRNA might involve
in modulating the dynamical changes of the pancreatic
microcirculation. The decrease of pancrestic capillary blood flow,
thereduction of functiona capillary dengty, and capillary perfusion
irregular intermittent perfusion and capillary artery hypoperfuson
were observed, especialy at 8"h, which was coincident with the
enhanced expression of COX-2 mRNA after AEP.

Based on the pathologic changes above, we postul ate that
COX-2 induce the inflammation of vascular endothelia, result
inincrease of vasopermeability, sequestration of leukocyte and
water content in the pancreatic tissue. A functional role of the
COX-2, mediating the changes of pancreatic microcirculation
has several possible explanations: (1) it may be cooperated
with inducible nitric oxide synthase (iINOS), and both mediators
can activate platelets and leukocytes, promote the occurrence
of microthrombus and affect microcirculatory stability??; (2) it
may beinlinkagewith the overexpression of adhesion molecules
(e.g. ICAM-1, PCAM-1). Adhesion molecules are known to
regulate partly the disturbance of microvascular barrier bothin
vivo and in vitro?2, Treatment with the monoclonal antibodies
against ICAM-1, PECAM-1 to rats with gut barrier failure
caused by intestinal ischemia and reperfusion (I/R) seemingly
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most efficiently reduces the severity of I/R (i.e., enhanced
capillary blood flow in the pancreas, reduced leukocyte rolling
and stabilized capillary permeability)i®3Y; (3) it may be feedback
control of COX-2 expression through peroxisome proliferator-
activated receptor-g(PPAR-g). PPAR-gexpressad in macrophages
has been postul ated as a negative regulator of inflammationt¥.
Additional investigation will be necessary to distinguish
between these mechanisms of action.
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Abstract

AIM: Acute hepatitis may seldom have a fulminant course.
In the treatment of this medical emergency, potential liver
support measure must provide immediate and sufficient
assistance to the hepatic function. The goal of our study
was to study the adequacy of hepatocyte transplantation
(HCTXx) in two different anatomical sites, splenic parenchyma
and peritoneal cavity, in a rat model of reversible acute
hepatitis induced by carbon tetrachloride (CCl,).

METHODS: After CCl, intoxication, 84 male Wistar rats used
as recipients were divided in to four experimental groups
accordingly to their treatment: Group A (n=24): intrasplenic
transplantation of 10x10%isolated hepatocytes, Group B (n=24):
intraperitoneal transplantation of 20x10° isolated hepatocytes
attached on plastic microcarriers, Group C (n=18): intrasplenic
injection of 1 mL normal saline (sham-operated controls),
Group D (n=18): intraperitoneal injection of 2.5 mL normal
saline (sham-operated controls). Survival, liver function tests
(LFT) and histology were studied in all four groups, on d 2,
5 and 10 post-HCTx.

RESULTS: The ten-day survival (and mean survival) in the
4 groups was 72.2% (8.1+3.1), 33.3% (5.4£3.4), 0%
(3.1+£1.3) and 33.3% (5.4%3.6) in groups A, B, C, D,
respectively (Pag<0.05, Pxc<0.05, Pgpr=NS). In the final
survivors, LFT (except alkaline phosphatase) and hepatic
histology returned to normal, independently of their previous
therapy. Viable hepatocytes were identified within splenic
parenchyma (in group A on d 2) and both in the native liver
and the fatty tissue of abdominal wall (in group B on d 5).

CONCLUSION: A significantly better survival of the
intrasplenically transplanted animals has been demonstrated.
Intraperitoneal hepatocytes failed to promptly engraft. A
different timing between liver injury and intraperitoneal HCTx
may give better results and merits further investigation.

Pilichos C, Perrea D, Demonakou M, Preza A, Donta |. Management
of carbon tetrachloride-induced acute liver injury in rats by
syngeneic hepatocyte transplantation in spleen and peritoneal
cavity. World J Gastroenterol 2004; 10(14): 2099-2102

http://www.wjgnet.com/1007-9327/10/2099.asp

INTRODUCTION

Acute hepatitis may seldom have a fulminant course. In the
treatment of this medical emergency, potentia liver support
measure must provide immediate and sufficient assistance to
the hepatic function. Hepatocyte transplantation (HCTx) isa
mainly experimental and minimally invasive method for liver
support, offering the opportunity for native liver regeneration
in cases of reversiblefailure or serving asa“ bridge” to whole
liver transplantation in cases of irreversible damage. However,
for the clinical implementation of this newly developed
technique both theoretical and practical aspects have to be
further elucidated.

Various anatomical sitesfor cell implantation such as native
liver, spleen, peritoneal cavity, kidney, lung, pancreas and fat
pads have been investigated by different teams since the
introduction of the method, but their results are not conclusive
due to the great methodological diversity!™. The spleen is
consdered asthe most privileged anatomical site for HCTx. It
is accessible by means of laparotomy. It can entrap alimited,
but a sufficient number of hepatocytes within its sinusoids,
providing conditionsvery smilar to natura cell microenvironment.
This process has been described by Mito in the early 1980’ s,
by the term “splenic hepatization”®. On the other hand,
peritoneal cavity isvery promising as it can be accessed by
minimally invasive means and allowsthe injection of agreater
number of cells. However, the major disadvantage of
intraperitoneal routewastheinability of injected cellsto promptly
engraft and thus to receive an adequate vascular supply. This
led to cell death in three days following transplantation’. To
overcome this limitation, Demetriou et al. introduced the
technique of cell attachment on collagen-coated dextran-
microcarriers, prior to transplantation*®. Since then, most
experimenta studies haverelied on this concept. Microcarrier-
attached hepatocytes can survive for along time, forming
neovascularized aggregates*!l.

The aim of our study wasto study the adequacy of HCTx
in two different anatomical sites, splenic parenchyma and
peritoneal cavity, in arat model of reversible acute hepatitis
induced by carbon tetrachloride (CCl,).

MATERIALS AND METHODS

Donors

Hepatocyte isolation Fifteen male Wistar rats (Institute
Pasteur-Athens), weighing 300-450 g were used as donors of
hepatocytes. For cell isolation, we used collagenase perfusion/
incubation technique, which was previously described by our
team!*?, Aliquots were taken for cell count (Neubauer
hemocytometer) and determination of cellular viability (Trypan
Blue Exclusion Test).

Recipients

Development of acute hepatitis model In preliminary
experiments, we tested awide range of CCl,doses (0.5-4 mL/kg)
given intraperitoneally in 35 controls. Total bilirubin, SGOT,
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SGPT and ALP levels were measured before and after CCl,
administration and correlated with the histological severity of
liver damage. A single dose of 1 mL/kg CCl,, dissolved in olive
oil inaratio of 1:5v/v, resulted in approximately 10% mortality
of acute hepatic injury within 24 h. This dosage allowed liver
support measures to be initiated before animal death and was
used for all experiments reported herein.

Experimental groups

One hundred male Wistar rats (Institute Pasteur-Athens)
weighing 300-450 g were used as candidate recipients. They
were maintained in a48-h dark/light cycle, had free access to
food and water and were given CCl, at the above-mentioned
dose (d 0). Twenty-four hours later (d 1), 84 survivors were
divided into 4 groups accordingly to their subsequent therapy:
Group A (n=24): intrasplenic transplantation of 10x10°isolated
hepatocytes, Group B (n=24): intraperitoneal transplantation
of 20x10°isolated hepatocytes attached on plastic microcarriers,
Group C (n=18): intrasplenic injection of 1 mL normal saline
(sham-operated controls), Group D (n=18): intraperitoneal
injection of 2.5 mL normal saline (sham-operated controls).

Transplantation technique

All rats were transplanted under ketamine and midazolame
anesthesia. For intasplenic HCTX, cell suspension was diluted
in 1 mL of Hank’ ssolution and injected after laparotomy using
a27G needle. Leakage was prevented with suture at the point
of injection. Prior to intraperitoneal HCTX, cellswere attached
onto gelatin-coated plastic beads (Sigma, 1.5 g/10 g of liver
tissue) by incubation at 37 “C for 45 min. Cell suspension was
dilutedin 2.5 mL of Hank’ s solution and subsequently injected
using an 18G needle

Survival, liver function tests and histological study
Eighteen ratsin groups A and B and nineratsin control groups
Cand D were observed for a10-day period, in order to determine
survival (survival rate and mean survival). Three animalsfrom
each group were sacrificed on d 2 and 5 respectively for
biochemical and histological study. Final survivors were also
sacrificed on day 10 for both biochemical and histological
study. Sacrifice was achieved under general anesthesia
according to the guidelines of the Hellenic National Research
Council. Blood samples were taken directly from the left
ventricle. Total bilirubin, SGPT, SGOT and alkaline phosphatase
were measured in all groups. Liver, spleen and cell aggregates
(when macroscopically visible) were taken for anatomical
study. After fixation in buffered formaldehyde 40 g/L, they
were stained with hematoxylin/eosin. The prepared sections
wereassessed systematically under code by one hepatopathologist,
who was unaware of protocol features.

Determination of normal and baseline values

Normal and baseline values (24 h after CCl, administration)
of liver function tests were measured in ten controls before
and 24 h after CCl ,-intoxication.

Statistical analysis

For statistica analysis of mean survival and liver function tests
we used Student’ s t-test. For statistical analysis of 10-day
survival rate we used chi-square test. Statistical significance
level was set at P<0.05.

RESULTS

Number and viability of isolated hepatocytes
A mean of approximately 250x10° of liver cellswas harvested
from each donor, with a mean viability greater than 90%.

Survival rate

In all 4 groups, the 10-day survival rate was: 13/18 (72.2%),
6/18 (33.3%), 0/9 (0%) and 3/9/(33.3%) in groups A, B, C, D,
respectively. Furthermore, the mean survival was 8.1+3.1 d,
5.4+3.4 d, 3.1+1.3 d and 5.4+3.6 d in groups A, B, C, D,
respectively (Figures 1 and 2). Statistically significant
difference between transplanted groups (A and B) and their
respective controls (C and D) was proven only for the
intrasplenic HCTX (Pac<0.05, Psp=NYS). Differencesin 10-day
survival rate and mean survival between groups A and B were
also statistically significant (P.g<0.05). All animals with a
decreased survivd timedied within Six daysafter CCl, poisoning.
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Figure 1 Mean survival in all four groups (Pac<0.05, Pgr=NS,
P Ae<0.05).
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Figure 2 Survival curves in all four groups. Notice that all
animal deaths occurred within the first 6 d after poisoning.

Table 1 Liver function tests during the 10-day observation period

Day 2 Day 5 Day 10

A 0.53+0.05 0.33+0.05 0.35£0.10
Total Bilirubin B 0.60£0.10 0.46+0.05 0.37£0.14
(mg/dL) C 0.86+0.10 0.76+0.10 !

D 0.86+0.15 0.66+0.15 0.20+0.10

A 273+76.2 67.5+32.1 29.2+11
SGPT B 400.3£155 61.6+27.7 54.8+25.0
(lusL) C 710£29.3 90.3+23.1 :

D 507.3+91.2 66+22.7 56.3£14.9

A 380.6+£63.4 68.3124.1 84+13.3
SGOT B 779.3+235.2 287.6+114 76.8+30.9
(luzL) C 1088.3+131.7 610.6+148.6 !

D 836.6+171.2 250.6+139.6 112463.2
Alkaline A 469.3+157.5 427.6£129.5 343.1+180.5
Phosphatase B 88.6+50 58.6+39 564.3+142.7
(lusL) C 123.6+50.5 116.3+37.4 :

D 104+31.1 129.3+41.7 792.3+246.5

All differences between final and baseline values were statisti-
cally significant. *All animals died before d 10. (Normal Values:
Total Bilirubin: 0.18+0.07 mg/dL, SGPT: 44.1+24.8 IU/L, SGOT:
53.44£23.6 IU/L, Alk. Phosphatase: 86.8+49.6 IU/L -Baseline
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Value: Total Bilirubin: 0.6+0.09 mg/dL, SGPT: 616.1+117.5 IU/L,
SGOT: 1296.7+381.2 IU/L, Alk. Phosphatase: 91.4+63 1U/L).

Laboratory findings

After CCl,administration the rats responded with a marked
increasein both serum aminotransferases, amoderate elevation
intotal bilirubin, while akaline phosphatase was not affected.
Table 1 summarizes the mean total bilirubin, SGPT, SGOT
and alkaline phosphatase values during the whole period of
the experimental observation.

On d10, in all experimental groups total bilirubin and
aminotransferase levelswere significantly lower than their pre-
transplantation levels. In contrast, all final survivors presented
significantly higher levelsof alkaline phosphatase, independently
of their previous therapy.

Histological findings

Twenty-four hoursfollowing CCl, intoxication, liver submassive
necrosis affecting zone 3 of the hepatic lobule was the main
histological finding. The type of cell injury leading to necrosis
was more often ballooning degeneration and apoptosis. Normal
hepatic histology was present in all final survivors. Viable
hepatocytes were found within splenic parenchyma by d 2,
forming structuressimilar to liver plates (Figure 3). Microcarrier-
cell aggregates were macroscopically detected by d 5, within
the native liver and the fatty tissue of the abdominal wall. The
histological study of implants revealed presence of viable
hepatocytes and formation of neo-vesselsin the surrounding
tissues (Figure 4).

Figure 3 Viable hepatocytes within splenic parenchyma, form-
ing structures similar to liver plates on d 2 (the so-called
“splenic hepatization”).

Figure 4 Microcarrier-cell aggregates within native liver
parenchyma, Formation of neo-vessels in surrounding tis-
sue on d 5.

DISCUSSION

To the best of our knowledge, thisisthe first experimental
study, investigating two of the most popular anatomical sites
for HCTx, in amodel of chemically induced acute hepatic

injury. In their original work, te Velde et al. compared and
found equivaent intrasplenic and intraperitoneal HCTX, in a
model of liver ischemia-induced failure™. However, liver
ischemiabased on liver devascularization in rodentsis amodel
that induces massive hepatic necrosis within afew hours, but
in contrast to hepatic failure in humans, the damage is aways
irreversible. Thus, we have chosen to work on CCl,-induced
acute hepatitis model, although it did not strictly meet the
criteriaof acute liver failure, because the induced liver damage
was potentially reversible, mostly resembling the clinical
course of the syndrome in humans and consequently was
considered more realisticl**,

A significantly better survival of intrasplenically
transplanted animals has been demonstrated, suggesting the
superiority of the spleen asa site for cell implantation in this
experimental model. Intraperitoneal hepatocytes failed to
promptly engraft and provided adelayed and probably useless
liver support, indicating that the right timing between induction
of liver injury and HCTx seems to be of magjor importance.
Actualy, Demetriou et al. observed that when microcarrier-
attached hepatocytes were transplanted 3 d prior to 90%
hepatectomy in rats, they induced a marked improvement in
long term survival, whereas when they were transplanted after
hepatectomy they did not!9.,

Furthermore, the rats succeeding to survive until d 6,
remained alive for the whole 10-day period and their liver
function tests and histology returned almost to normal,
independently of their previous therapy. These survival data and
laboratory findings are highly suggestive of the presence of a
“crucid period” (extending fromd 0tod 6 in this experimental
model), during which liver support measures must be initiated.
Reversa of hepatic damage seemsto be dueinitially to the direct
action of engrafted hepatocytes during this*“ crucia period” and
ubsequently to thehogt liver recovery, taking placein al survivors
beyond this period, independently of their initial treatment.
Actudly, the Sgnificant increase in alkaline phosphatase levels,
occurring after d 5, could more possibly be attributed to the native
liver regeneration than to alate cholestasig*7.

In conclusion, intrasplenic HCTx has been proved effective
on providing liver support, after CCl,-intoxication. In contrast,
acertain inability of intraperitoneally transplanted hepatocytes
for immediate engraftment and vascularization, even after
attachment onto microcarrierswas observed in thisexperimental
modd. A different timing between liver injury and HCTx might
give better resultsand meritsfurther investigation. Theoreticaly,
the intraperitoneal route has many advantages, such as easy
accessibility and great capacity for cellsimplantation. To our
opinion research should be encouraged towards this direction.
It seemshighly possiblethat the recent advancesin variousfields,
such asthe development of new biomaterialsand especialy the
introduction of humoral factors accelerating the process of
neovascul arization, may overcome the current limitations of the
intraperitoneal HCTx819,
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Abstract

AlM: To obtain the entire gene open reading frame (ORF)
and to construct the expression vectors for recombinant
allergen production.

METHODS: Gene fragments corresponding to the gene
specific region and the cDNA ends of pollen allergens of
short ragweed (Rg, Ambrosia artemisiifolia L.) were obtained
by pan-degenerate primer-based PCR and rapid amplification
of the cDNA ends (RACE), and the products were mixed to
serve as the bridging PCR (BPCR) template. The full-length
gene was then obtained. Partially overlapping primer-based
PCR (POP-PCR) method was developed to overcome the
other problem, i.e., the non-specific amplification of the ORF
with routine long primers for expression insert decoration.
Northern blot was conducted to confirm pollen sources of
the gene. The full-length coding region was evaluated for
its gene function by homologue search in GenBank database
and Western blotting of the recombinant protein Amb a 8
(D106) expressed in Escherichia coli pET-44 system.

RESULTS: The full-length cDNA sequence of Amb a 8(D106)
was obtained by using the above procedure and deduced
to encode a 131 amino acid polypeptide. Multiple sequence
alignment exhibited the gene D106 sharing a homology as
high as 54-89% and 79-89% to profilin from pollen and
food sources, respectively. The expression vector of the allergen
gene D106 was successfully constructed by employing the
combined method of BPCR and POP-PCR. Recombinant
allergen rAmb a 8(D106) was then successfully generated.
The allergenicity was hallmarked by immunoblotting with
the allergic serum samples and its RNA source was confirmed
by Northern blot.

CONCLUSION: The combined procedure of POP-PCR and
BPCR is a powerful method for full-length allergen gene
retrieval and expression insert decoration, which would be
useful for recombinant allergen production and subsequent
diagnosis and immunotherapy of pollen and food allergy.

Tao AL, He SH. Bridging PCR and partially overlapping primers
for novel allergen gene cloning and expression insert decoration.
World J Gastroenterol 2004; 10(14): 2103-2108

http://www.wjgnet.com/1007-9327/10/2103.asp

INTRODUCTION

Atopic diseases such as asthma, rhinitis, eczema, pollen
allergies and food allergies have been increasing in most
industrialized countries of the world during the last 20 yearg®.
In the past years, we have improved our ability to recognize
certain aspects of the pathogenesis of inflammatory bowel
diseases, but our ability to effectively treat food and pollen
allergy remains limited. The limitations for developing
effective treatment regimens are due to some still unresolved
and ambiguous aspects of the cross-reactivity of food and
pollen allergy'?. Among the “cross-reactivity” food allergies,
the so-called pollen-related food allergies are the most
important. Patients with pollinosis have a high risk of
developing arelated food alergy, up to 70% of the patients
arealso allergic to fruits, vegetables or nuts®4. Short ragweed
(Rg, Ambrosia artemisiifolia L.) is an important source of
airborne allergens all over the world and has become an
immunodominant allergen in China. Allergen-specific
immunotherapy (SIT) represents one of the few curative
approaches towards allergy™®, for which a powerful method
is to express the recombinant allergen proteins in vitro.
Therefore, it is pivotal to obtain full-length allergen gene
and to construct the expression vector. Generally, many full-
length genes are acquired by prior acquisition of the specific
fragments, and subsequently constructed in conception with
computers by joining the amphi-end sequences obtained by
rapid amplification of cDNA end (RACE)!®. In the process,
afrequently occurred problem isthe existence of alternatives
in the amplification template. That is to say, though the
length of amplified sequencesis consistent with anticipation,
the nucleotide compositions in different sequences are
dramatically different and the existence of polymorphismis
usually observedY. Screening and detection of different
clones obtained would account for the main expenditure of
the prophase work of gene cloning. As for the expression
vector construction, specific primers needed usually comprise
two parts. One is the region for restriction recognition or the
vector specific sequences for ligation-independent cloning
(LIC), like newly developed pET-44 EK/LIC system. The
other is the gene specific region for stringent polymerase
chain reaction (PCR). The melting temperature (Tm) of such
primers always goes beyond the ordinary limit of 72, and
the amplification specificity hence is reduced. It would be
more disturbing when the GC content of the open reading
frame (ORF) ends greatly deviates from 50%, which would
usually occur in the 5’ end of the ORF. To obviate the
aforementioned problems, we have developed the partially
overlapping primer-PCR (POP-PCR) method to surmount the
non-specificity problem for long primers. This was then
combined with bridging PCR (BPCR), which was coined for
the PCR assay on joining two fragments containing a region
of sequence similarity*>*¥, to conquer the difficulty in
retrieving the full-length genein cDNA pool that was originaly
used for gene fragments cloning. In the current study, we
successfully constructed the expression vector and expressed
the allergen protein from Rg pollens, and hallmarked the
alergenicity on the purified fusion protein.
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MATERIALS AND METHODS
Subjects

Eight selected sera of patients with awell-defined case history
of Rg pollen allergy and specific IgE antibodies against Rg
pollen allergen (higher than 3.5 kUA/L) were taken in Allergy
Clinics, Shenyang North Hospital, Shenyang, Chinaand used
inthis study. Thirteen serafrom non-allergic individualswere
recruited from the First Affiliated Hospital of Medical
College, Shantou University, Shantou, China and used as
negative controls.

Preparation of PCR template

Pollens of Rg were harvested from Wuhan, one of the four
pervasive areas of short ragweed in China, and immediately
submerged in liquid nitrogen. Following powder-grinding,
total RNA was extracted by using RNeasy Maxi kit (Qiagen
Vdencia, CA, USA) according to the manufacturer’ singructions.
Reverse transcription (2 pg total RNA per sample) was then
performed by using ProtoScript first strand cDNA synthesis
kit (New England Biolabs, Beverly, MA, USA) according to
the manufacturer’ s instructions. Subsequently, the 5’ end of
the gene (gene fragment A, Figure 1) was obtained by RT-
PCR with primer pair Sg1P5/S3D10 (Table 1). Whereas the
3’ end (gene fragment B in Figure 1) was acquired by RACE
(rapid amplification of the cDNA end) method®. The cDNA
pool, along with fragment A and fragment B would be used
for the subsequent PCR templates.

Full-length gene cloning: BPCR

The amplification products A and B were mixed in equal
volume and diluted 15-fold in distilled water. Bridging PCR
(BPCR) outlined in Figure 1 was carried out by using 5 pL of
the above diluents astemplatein 25 pL of the reaction mixture
containing 1.25 U HotstarTaq DNA polymerase (Qiagen),
1xPCR buffer (Qiagen), 0.2 mmol/L dNTP, 0.4 pmol/L each
of the primer pair Sg1P5 and RAC3 (Table 1). Thermal cycling
was performed in a Peltier thermal cycler PTC-200 (MJ
Research, Watertown, MA, USA) asfollows. After an initial
step at 95 for 15 min as recommended to activate the
enzyme, the reaction temperature was decreased to 66 at
therateof -0.1  /sfollowed by anextensionat 72 for 5min,
then 7 touchdown cycleswerecarried out at 94  for 45 s, at
68 for30sandat72 for 30 s, with the annealing
temperature decreased by 1 per cycle. Subsequently, the
reaction mixture was subjected to 30 conventional cycles at
94 for45s,at66 for30s,andat72 for 2 min.
Conventional PCR was a so conducted as a control by using
cDNA pool aliquot as template. As visualized on a 12 g/L

agarose gdl, the target bands were recovered with aQlAquick™
gel extraction kit (Qiagen), cloned into pGEM-T easy vector
(Promega Company, Madison, WI, USA), and transformed
into E. coli strain IM109 (Promega). Sequencing of the positive
clones was performed by BioAsia Biotechnology Co., Ltd
(Shanghai, China). Sequence BLAST was performed in
GenBank database.
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Figure 1 Experimental design and steps involved in bridging
PCR (BPCR) and partially overlapping primer-based PCR
(POP-PCR). Gene fragments A and B had the junction region
C. Under specific temperature conditions, the fragments would
anneal together to form the template molecule, thus triggering
the amplification cascade. The partially overlapping primers
at each site of the template ends contained two primers pre-
mixed in a certain molar ratio that had sequence identity but
with different lengths. All the short primers located at the out-
ward overhang region. The sequences of all primers used are
shown in Table 1.

Expression insert decoration: POP-PCR

To decorate the expression insert, primers were designed
according to the sequence of the gene-coding region and the
specific sequence of the expression vector as recommended
by the manufacturer’ s instructions. The melting temperature
(Tm) of dl primerswas cal culated by using the software Omiga
2.0 (Oxford Molecular Ltd, Oxford, UK). Shorter overlapping
primers were additionally designed for the long primers with
theTmbeyond 72  (Table 1). The sequences of thiskind of
primers each wereidentical tothe 5’ terminal sequence of their
corresponding longer ones. Pooling together the shorter and
longer ones in different molar ratio formed the partially

Table 1 Primers used in bridging PCR (BPCR) and partially overlapping primer-PCR (POP-PCR)*

Code Definition Sequence (5" - 3’) Tm( )
Sg1P5 For fragment A and BPCR ATGTCGTGGCAGGCGTACGT 66.0
S3D10 For fragment A GGACAATGCAACATGCTTGTTGAGAGG 70.4
S5D106 For fragment B GTGGAAAGAAGGGAGCAGGAGG 66.4
RAC3 For fragment B and BPCR GCTGTCAACGATACGCTACGTAACGG 68.4
DEN3 For ORF of D106 TAATTAGAAACCCTGTTCGAGGAGATAGTCACC 68.4
POP51 For POP-PCR GACGACGACAAGATGTCGTGGCAGGCGTACGT 80.8
POP52 For POP-PCR GACGACGACAAGATGTCGTGGCA 69.9
POP31 For POP-PCR GAGGAGAAGCCCGGTTTACATGCCCTGATCGATGAGAT 80.7
POP32 For POP-PCR GAGGAGAAGCCCGGTTTACATGCC 69.7

Fragments A and B were derived from allergen gene D106. The relationship thereof and the PCR steps are shown in Figure 1. The
underlined oligonucleotides were for the specific sequences of the expression vector. Oligonucleotides in italic bold were gene
specific sequences. Primers POP51 and POP52, POP31 and POP32 formed the partially overlapping primers, respectively, which

were corresponding to the 5’ and 3’ end of the target gene.
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overlapping primers (Figure 1). Pilot assays were conducted
to optimize the molar ratio of the two primers in the partially
overlapping primer pairsfor PCR. The optimal proportion was
subsequently chosen for partially overlapping primer PCR
(POP-PCR), by using the product recovered from BPCR as a
template. As a control, the cDNA pool, originally used for
fragment gene cloning, was aso used as the PCR template in
parallel. The PCR mixture and theinitial step were similar to
those for BPCR, but with some changes in denaturing
temperature and extension time. Following the initial
denaturing step, 12 touchdown cycles at theinitiative annealing
stepat 72 for45s,andanextensionat 72  for 5minwere
performed, followed by 30 extenuation cycles, which were
initiatedat 95 for45s,at72 forlminandat 72  for
30 s, with the annealing time decreased by 1 s per cycle, and
ended by afinal extensionat 72  for 10 min. The annealing
temperature was usually adjusted according to the Tm of the
primer being used in the reaction. The target bands visualized
on the gel were purified and sequenced as described above.
However, the plasmidswere cloned into E. coli strain NovaBlue
Singles™ cells (Novagen, Madison, WI, USA), according to
the manufacturer’ sinstruction.

Northern blot

Northern blot was performed according to the manufacture’'s
manual with a dlight modification. Briefly, 20 pg RNAsfrom
pollen and the mixture of calyx and pedicel was loaded on a
formadehyde-containing gel. After running at 40 voltsfor 3 h
or s0, the RNA bandswere electrically transferred onto Nytran
SuPerCharge nylon transfer membranes (Schleicher & Schull
BioScience, Inc. New Hampshire, USA). Before stained with
methylene blue[0.2 g/L in 0.3 mol/L sodium acetate (pH 5.5)]
to investigate the transferring efficiency, RNA was UV cross-
linked onto the membrane. After destaining, BrightStar™
Psoralen-biotin (Ambion Inc., Austin, TX, USA) labeled
probe D106 was applied for hybridization in the ULTRhyb™
hybridization buffer (Ambion Inc., USA). Subsequent washing
was performed twice with abuffer containing 2xSSC (0.3 mol/L
NaCl, 0.03 mol/L sodium citrate) and 1 g/L SDS, before its
probe was detected by Phototope star detection kit (Ambion).
Finaly, the filter was exposed to Fuji medical X-ray film at
room temperature for several min.

Protein expression
After confirmation of thein-frameinsertion, the positive clones
were incubated overnight at 37  on an orbital shaker. The

plasmids therein were extracted by using QIAprep Miniprep
kit (Qiagen) and transformed into E. coli strain BL21(DE3)
(Novagen) for expression according to the manufacturer’s
instructions with a minor modification. Following overnight
proliferation of the expression transformants, the cells were
inoculatedin liquid LB medium at therate of 1%. After afurther
incubation for 4 h or so, expression of protein D106 was
induced with 0.5 mmol/L isopropyl-D-thio-gal actopyranoside
(IPTG)for2hat 30  before harvest. The expression results
were analyzed on 150 g/L SDS-PAGE.

Western blotting

After induced expression was confirmed, the recombinant
allergen Amb a 8(D106) was purified with S-Tag thrombin
purification kit (Novagen). Fifteen micrograms of fusion
protein was resolved on 150 g/L SDS-PAGE and electrically
transferred to PV DF membrane (Amersco, Solon, Ohio, USA).
After the membrane was blocked overnight with 40 g/L BSA
solution, Rg allergic serum (diluted 1:7) was added to each
membrane strip for 8 h before addition of peroxidase
conjugated goat anti-human IgE (Sigma-Aldrich, Inc., Saint
Louis, MO, USA). The blotted band was visualized with DAB
chromogenic substrate solution* (Amersco).

RESULTS

Fragment gene cloning

Gene fragments A and B corresponding to the 5'- and 3'-ends
of the gene were enriched by RT-PCR and subsequently
inserted into the vector. The sequence analysis demonstrated
that fragments A and B, sized 363 bp and 431 bp respectively,
contained a common region of 126 bp, which would provide
the junction region for BPCR. The theoretical full-length gene
joined contained the stop codon, poly (A) tail and primer
sequences (Figure 2). Bridging the two fragments produced a
novel theoretical full-length gene, which can be available under
GenBank Accession No AY 268426. BLAST with the amino
acid sequence deduced from the full-length cDNA sequence
of D106 retrieved a large number of homologous proteins
corresponding to pollen, food and contact allergens from
different species, all of which belonged to profilin family. The
BLAST data also showed that Amb a 8(D106) shared a
homology of 54-89% with pollen alergens and of 79-89%
with food allergens, which could help to cluster Amb a8(D106)
into both pollen and food allergen groups with short distances
(Figure 3).

1 ATGTCGTGGCAGGCGTACGTGGATGACCACTTAATGTGCGAGATCGAGGGCAACCACCTTTCTGCCGCTGCCATCATCGGCCAC
M SWQAYVDDHLMECETILIEGNHLSAAATILIILGH
GACGGCGTCGTTTGGGCTCAGTCAGCCACCTTCCCTCAGGTCAAGCCAGAGGAAATAACTGGGATCATGAATGACTTTAATGAA
DGVVWAQSATFPQVKPETEITS®GIMNIDFNE
CCTGGCTCTCTTGCACCGACTGGTTTATACCTTGGTGGTACCAAGTATATGGTTATTCAAGGCGAGCCAGGAGCTGTGATTCGA
PGSLAPTGLYLGGTI KYMVIQGEFP®P % AV IR
GGGAAAAAGGGACCAGGAGGTGTTACTATTAAAAAGACAACAATGTCCTTGATCATTGGTATCTATGATGAACCCATGACTCCA
G KKGPGGVTIKKTTMSLII1ITGIYDEFPMTFP
é3GACAATGCAACATGCTTGTTGAGAGGCSTGGTGACTATCTCCTCGAACAGGGTTTCEEEhTTACTTGTGGAAGCGATAGCGTA
G QCNMLVERPGDYTLLET QG F Stop
TTAGTAATTAAAGCTCCTGGAGTTGTAAGCCAGGTGGTTGATGCTTGATGAACAGTCTTTGAATTGATCAAACTTCCCCTTGTA
TTATCCTTCTCATGACAAAGTGTGATGGAAGTTTCTTTTCTTTTGTAACTGGAGTGTATTTTGATTATTATTTTCAACGGTTTG

GTATTAATATAACACCTTTGCTTGTGTAAAAAAAAAAAAAAAAACACTGTCATGCCGTTACGTAGCGTATCGTTGACAGC
5

Figure 2 cDNA sequence of novel allergen gene D106 from short ragweed pollens. The five shadowed regions represent the
primer sites, Sg1p5, S5D106, S3D10, DEN3 and RAC3.
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Figure 3 Phylogenetic relationships between newly obtained pollen allergen D106 (Amb a 8(D106)) and its cognates from GenBank
as inferred from CLUSTAL W (1.82) alignment of the amino acid sequences. Amb a 8(D106) shared a homology as highly as 54-
89% with different pollen allergens (from mugwort CAD12862 to apple Q9XF41) and as 79-89% with different food allergens

(from peanut Q9SQI9 to peach Q8GT39).

Northern blot

To confirm the RNA derivation of cDNA of D106, Northern
blot was performed. After blotting and UV -cross linking,
methylene blue-staining of the membrane exhibited the sharp
rRNA bands, suggesting the successful transferring and good
quality of RNA. The sharp hybridization bands proved the
pollen derivation of the cloned alergen cDNA (Figure4). D106
could be detected both from pollen RNA and the RNA mixture
from calyx and pedicel, which ruled out the PCR false
derivation of D106.

D106

28S rRNA
18S rRNA

Figure 4 Northern blot profile confirming RNA derivation of
cDNA of the newly obtained gene D106. Lane 1, total RNA
from calyx and pedicel; Lane 2, total RNA from pollen. Both
lanes exhibit obvious bands, suggesting the real RNA deriva-
tion of D106.

Enhanced amplification specificity

In order to clone the full-length gene coding region for expression
vector construction, wefirst resorted to general PCR by using
the cDNA pool as atemplate with the primers formerly used.
However, no sharp bands of expected sizes were exhibited on
the loaded agarose gel for general PCR, though a number of
PCR conditions were applied. After the template was changed
to the mixture of gene fragments A and B previously acquired,
the bridging PCR (BPCR), as outlined in Figure 1, produced
the optimal results with sharp bands and exact size observed
(Figure 5). The gene sequence achieved was identical to that

spliced from gene fragments A and B, indicating that the ORF
of the target gene D106 was contained.

M 1 2 3 4 5

bp
2000

1 000

750
500

250
100

Figure 5 Agarose gel electrophoresis of PCR products. The
PCR steps were depicted in Figure 1. Template in lanes 1, 2
and 5 is the mixture from gene fragments A and B; while tem-
plate in lanes 3 and 4 is the BPCR product (lane 5). Lane 1,
primer Sg1P5/RACS3; lane 2, primer POP51/POP31; lane 3,
POP-PCR with primer POP51+POP52/POP31+POP32; lane 4,
general PCR of the ORF of D106 with primer pair Sg1P5/DENS3;
lane 5, BPCR of full-length D106 with primer Sg1P5/RACS;
M, molecular marker.

Decoration of expression insert

For comparison between conventional megaprimers and
partially overlapping primers (POP), their amplification
products were exhibited in parald on the agarose gdl (Figure 5).
Longer primers and their relative shorter ones for POP-PCR
listed in Table 1 were pre-mixed in amolar ratio of 1:1, 1:10,
1:50, 1:100. Hence 16 POP-pairsin different molar ratioswere
formed corresponding to both ends of the ORF of the gene,
each of them was used for one reaction only. Comparison of
the parallel PCR results showed that forward and reverse POPs
in the molar ratios of 1:10 and 1:1 could produce the optimal
amplification results, while conventional PCR exhibited the
smear products with wrong sizes (Figure 5). The products
recovered from target bands were successfully introduced into
the expression vector pET-44 EK/LIC (Novagen) and
transformed into E. coli strain NovaBlue Singles™ competent
cells. Sequencing of the positive clones demonstrated that the
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insert was in-frame and identical to those splices from gene
fragments A and B and flanked by the vector specific sequence
at both sides, indicating that the insertion was correct.

Protein expression and immunoblotting

Following proliferation of the clones selected, plasmids were
extracted and successfully transformed into E. coli strain BL21
(DES3) for expression. SDS-PAGE analysis showed that the
fusion protein was expressed mainly in a soluble form, with a
molecular weight of 70 kDa as expected (Figure 6A).
Immunobotting result showed that the purified fusion protein
could bind to IgE in the sera of alergic patients (Figure 6B),
suggesting the allergenicity and the correct expression of the
allergen protein.
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Figure 6 SDS-PAGE analysis (150 g/L) for expression (panel A)
and immunoblot of fusion pollen allergen D106 (panel B). Panel
A: 1. Lysate pellet of induced cells; 2. Cells without IPTG
induction; 3. Supernatant of induced cell lysate; 4. Purified
fusion pollen allergen D106; M. Broad range prestained SDS-
PAGE standards (Bio-Rad, Hercules, CA, USA). Panel B: Fu-
sion protein D106 was blotted with 8 serum samples from pol-
len allergic patients. Each strip represents one serum sample.

DISCUSSION

As industrialization developed, atopic diseases have been
increasingly concerned in the past decades?. It is known that
pollen-allergic patients frequently present allergic symptoms
after ingestion of several kinds of plant-derived foods. The
majority of these reactions were caused by cross-reactive
structures that are present in pollens'?. Allergic proteins
containing these structures are often called ‘ panallergens'.
Cloning the panallergen gene and expressing the recombinant
protein would be one of the fewer prospective waysto pollen-
food allergy diagnosis and immunotherapy™. This study
aiming this goal successfully cloned an allergen gene D106
from short ragweed pollens and expressed the recombinant
protein. Interestingly, the newly cloned gene showed a high
homology not only with other pollen-derived profilins but also
with food-derived profilins from numerous species. The
allergenicity of the recombinant protein was primarily detected
by its binding to the serum IgE from the Rg pollen allergic
patients, of which 20% of the chief complaints expressed the
food allergy of different kinds. Based on the homology results
and the widely accepted rule-of-thumb that 30% or 35%
identity over aligned regions could suffice for the structural or
functional deduction**67 it istherefore tempting to speculate
that the recombinant protein acquired in this study would be a
useful tool both for pollen and food allergy study, and for
diagnosis and immunotherapy.

The novel gene discovery by using suppression and
subtractive hybridization (SSH)!*#'® and/or reverse genetic
method®?” could clearly validate the overall strategy for the
preparation of gene fragments. However, obtaining the full-
length genes is needed for more investigations of gene
functions. One of the pivotal stepsin the process of obtaining
the full-length genesisto generate the target genes from their

fragments. The most commonly used methodsfor thisat present
were to screen the cDNA library!®-23, or back to the cDNA
pool that was originally used for gene fragment detection(?3,
Numerous polymorphic clones obtained would render these
methods to time-consuming, expensive and liable to produce
the microherterogeneity of the genes. In BPCR, only if an
appropriate length region of sequence similarity existed, the
two fragments could be spliced together. Obvioudly, the spliced
sequence would be faithfully identical to that of the fragments
originally used. Therefore no more screening work was needed.
In order to anneal the two fragments and form a template
moleculeg, it isakey point to optimize the annealing temperature
according to the Tm of the junction regions of two gene
fragments to be spliced, with the primers used in the reaction.
Following this principle, BPCR would splice any two gene
fragments with homology junction. Notably for the junction
sequences either coming from the nature, or intentionally
synthesized (see below), exact identity is not necessary but it
does require a certain degree of homology to anneal the two
fragment genes. Therefore, two heterogeneity genes could be
spliced by BPCR method to form a novel chimeric gene or
hybrid gene, which would be useful for gene function study
and disease treatment.

Introducing restriction site and/or the specific sequences
of vector to the primersis considered asacrucia step for exact
insertion of exogenous gene into the vector, through which
relatively long primers could be produced. It was well known
that these longer primerswould be easier to enhance the chance
of non-specific amplification. To eliminate the potential non-
specific amplification, partialy overlapping primer technique
was developed in the current study. According to the outward
overhang sequence of the longer primers, the shorter identical
seguence was synthesized and mixed in an appropriate molar
ratio with the longer ones, thus forming the partially
overlapping primer mixture. With this technique, increased
amplification specificity was achieved, and the tedious
screening process of target clones was avoided. According to
the protocol of the partially overlapping primer, POP-PCR can
be used for the amplification assays that are relevant to the
addition of alength of extending sequence. It is therefore
tempting to suggest that any genes that have no sequence
similarities can be accommodated with the junction sequence
and spliced together with repeated use and reciprocal
combination of BPCR and POP-PCR to form anovel gene (or
full-length gene). As this is concerned, a relatively more
complicated procedure but with different efficiencies and
proposes has been recently developed®.
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Abstract

AlM: To clone and express mouse peroxiredoxin | in IEC-6
cells.

METHODS: Total RNAs were isolated from cultured IEC-6
cells, and the coding region of peroxiredoxin | was amplified
by RT-PCR. After it was cloned into T-vector and sequenced,
pSG5 was used to transiently express peroxiredoxin I in
IEC-6 by liposome-mediated transfection, and the
expression of peroxiredoxin | was evaluated by RT-PCR
and Western blot.

RESULTS: A DNA fragment about 750 bp was amplified
from total RNAs of IEC-6 cells using specific primers of
peroxiredoxin I. The sequencing confirmed the coding
region was successfully cloned into T-vector, which was
completely coincident with the sequence in GeneBank. After
the EcoRI-BamHI fragment of T-vector containing
peroxiredoxin | was inserted into pSG5, the recombinant
plasmid was transferred to IEC-6 cells. RT-PCR assay
showed that a DNA fragment of 930 bp could be amplified,
which indicated the transcription of pSG5-Prx. Western blot
confirmed the expression of peroxiredoxin | in IEC-6 cells.

CONCLUSION: Mouse peroxiredoxin | can be successfully
expressed in IEC-6 cells.

Zhang B, Su YP, Wang T, Wang FC, Ai GP, Xu H, Wang JP,
Huang YS, Jiang JX. Cloning and expression of mouse
peroxiredoxin | in 1EC-6 Cells. World J Gastroenterol 2004;
10(14): 2109-2112

http://www.wjgnet.com/1007-9327/10/2109.asp

INTRODUCTION

Peroxiredoxin (Prx) isanovel defined proteinfamily which plays
acritical role in reducing hydrogen peroxide with hydrogen
derived from NAD(P)H*3, Thefirst member of thisfamily was
discovered asa25ku proteinin yeast!. All Prx proteinscontain
a conserved cysteine residue in the N-terminal region that is
theactivedteof cataysis. Inmammad cells, therearesix isoforms
of peroxiredoxin, which can be devided into two subgroups,
termed as 1-CysPrx (V1) and 2-CysPrx (1-V), The proteins of
2-Cys Prx subgroup contain another cysteine residue in the C-

terminal portion of the molecule. Prx isoforms are distributed
differently within cellsand therefore with different functions.
Prx | and Il arelocalized to the cytosol"®, whereas Prx |11 has
amitochondrid-targeting Sgna and islocaized in mitochondrion'®.
Prx 1V issecreted out of cellsbecause of itsN-terminal sequence
for secretion. Prx V isfound in mitochondrion aslong form of
this protein, but it also existsin peroxisome as short formi?,
SameasPrx | and 11, Prx VI isalso found in cytosol™Y.

Prx 1, which belongs to 2-Cys subgroup, is aso known as
MSP23, PAG and NEEF-A!#%, Prx | isinvolved in redox
regulation of the cell, such as reducing peroxides by reducing
equivalents provided through the thioredoxin system but not
from glutaredoxin. Prx | isfound in abundancein the cytoplasm
of cellsashomodimers. Its cDNA wasfirst cloned from mouse
peritoneal macrophage encoding a protein of 23 ku. Now the
antioxidative molecular mechanism of Prx | is elucidated by
severa researches on molecular structure has been performed.
From the results of biochemical and physiological studies, Prx
| hasbeen implicated in anumber of cellular functions, such as
cell proliferation and differentiation, enhancement of the natural
killer cell activity, and intracellular signaling, in addition to the
antioxidant activity™ 7, Further studies have shown that the
expression of Prx | isincreased in cancer cells, indicating it may
be related to cancer development or progression!®®. We
postulatethat it may havean activity of anti-tumor development.

In our previous study, we found the expression of Prx | was
up regulated by ionizing radiation in mouse intestinal epithelid™?.
Thiswas coincident with the results of other researchers®. As
astep to further study the biochemical functions of Prx I, we
cloned the coding region of thisgene and expressed it in IEC-6
cells. Our datashowed that Prx | could be successfully expressed
inthiskind of cells.

MATERIALS AND METHODS

Materials

MaeBALB/cmice 58-62d of age(weight 20-24 g), werepurchased
from Animal Center in Third Military Medical University, and
housed in conventional cageswith free accessto drinking water
and standard chow. Dulbecco’ s modified Eagle’ s medium
(DMEM) and fetal bovine serum were purchased from Hyclone
(Logan, USA). RNA PCR kit and T-vector were obtained from
Takara (Dalian, China), and antibodies were from Santa Cruz
(Cdifornia, USA). Reagent for RNA isolation was from Roche
Ltd. (Roche, USA). Plasmid pSG5 was akindly gift from Dr.
Chen Jian (Department of Biochemistry, Third Military Medical
University). The specific primerswere synthesized by Shanghai
Shenyou Shengwu Jishu Corporation. Other chemicals not
mentioned above were domestic made.

Isolation of total RNAs

Mouse intestinal epithelial cellswereisolated as previously
described?!, After the cell pipette washed with cold PBS
(0.01 mol/L, pH7.4), the cellswerelysed with Tripure solution.
All performs were according to the manufacturer’s
instructions. The quality of isolated RNAs was checked by
electrophoresis.
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RT-PCR

Thecoding regionof Prx | wasamplified by RT-PCRwithforward
primer,5 CGAATTCGT TCTCACGGCTCTTTCTGTTT3 (P1)
andbackward primer,5 AGGATCCTTCTGGCT GCTCAATGC
TGC3 (P2). Onemicrogram of total RNAswasadded into each
reaction. After the reverse transcription was performed at 50 C
for 30 min, theamplification was carried out with one denaturing
cycleof 3minat 94 °C, then 28 cycles consisting of denaturation
at 94 °C for 40 s, annealing at 58 “C for 40 s, and extension at
72 °C for 40 s, and one additional extension at 72 “C for 5 min.
RT-PCR productswereanayzed on 12 g/L. agarosegel. Tovdidae
thetranscription of recombinant plasmid, themRNA of transfected
IEC-6 cells was amplified by RT-PCR with primers P2 and P3
(5 AAAGCTGGATCGATCCTGAG3' ). Theprocedurein details
was performed according to the manufacturer’ sinstructions.

Construction of expression vector

The amplified DNA was separated by electrophorsis and
purified from gels. Then 1pL of T-vector, 1L of T4 DNA ligase
and 2uL of 10xbuffer were added to the purified RT-PCR
product, and incubated at 16 ‘C overnight. Competent bacteria
of E.coli IM109 were transformed with the linkage product,
and then spread on a LB agarose plate containing ampicillin
and X-gal. The inserted DNA into T-vector of 3 random
monoclonal colonies was sequenced, and the colony was
termed as pT-Prx. To construct the recombinant expression
vector, the EcoRI-BamH| fragment of pT-Prx wasinserted into
vector pSG5, which could transfect IEC-6 cells.

Cell culture and transfection

|EC-6 cellswerecultivated at 37 “C in an atmosphere containing
100 mL/L CO2inair. The culture medium comprised of DMEM
containing 100mL/L fetal calf serum, penicillin (100 U/mL ), and
streptomycin (100 pg/mL). Exponentially growing cellswere
transferred to 100 mL culture dishes and cultured for 24 h to
yield about 40% confluency at the time of transfection. Before
transfection, 30 pg of DOTAP was diluted with 70 pL of HBS
solution (20 mmol/L HEPES, 150 mmol/L NaCl, pH 7.4), and 5 g
of DNA was diluted to 0.1ug/pL with the same solution. The
mixture of DNA and DOTAP was prepared by gently mixing
them together and incubated for 15 min at room temperature.
To prepare cellsfor transfection, | EC-6 cellswere washed twice
with serum-free medium. After the cells were incubated with
themixture of DNA and DOTAPin 2 mL of serum-free medium
for 4 h, the cellswerewashed with serum-free medium, followed
by further culturefor 16 h. Transfection was repested one more
time. At thetime of 24 h after the second transfection, the cells
were collected for RNA and proteins isolation.

Immunoblotting
IEC-6 cells were collected and washed with ice-cold PBS

A Psv40
T ! alobin i
r//,f-’ * globin intron
[/ ——— EcoR1
pSG5-Prx
Prx 1
Amp
e Bam Hl
oo “——’:'} », SV40 polya signal

“Xba |

(0.01 mol/L, pH7.4) after transfection. Total proteins were
isolated with RPI solution. The extraction mixture was
centrifuged at 12 000 g at 4 ‘C for 20 min. The supernatants
weretransferred to aclean tube and stored at -70 °C asaliquots.
The protein concentration was determined using Bradford dye-
binding assay with bovine serum albumin as a standard. Total
proteins were separated on 120 g/L SDS-polyacrylamide gel,
and then transferred to nitrocellulose membranes. After
being blocked for 1 h with the TriNaCl (50 mmol/L Tris-HCI,
200 mmol/L NaCl, 0.5 g/L Tween-20, pH 7.4) containing 20 g/L
BSA, the membraneswere probed with the goat anti-mouse Prx
| polyclonal antibody. Immunoreactive bands were visuaized
with solution containing 1 mg/mL DAB and 0.1 mL/L H,0,. The
expression of Prx | wasnormalized by that of GAPDH.

RESULTS

Amplification of the cDNA of Prx |

Total RNAs were isolated with 3 main bands appeared on
agarose gels electrophoresis (Figure 1A). Message RNAswere
smeared on the gel. After 28 cycles of RT-PCR, the products
wererun on 12 g/L agarose gel. A DNA band about 750 bp was
visualized which was coincident with the length of the PrxI
cDNA and could be cloned in the next step (Figure 1).

A B

<~ 750 bp

Figure 1 Amplification of Peroxiredoxin | by RT-PCR. A: total
RNAs were isolated from mouse intestinal epithelia; three
bands were visualized on agarose gel, which represented the
main ribosome RNA of the cells. B: amplification of the coding
region of peroxiredoxin | applying RT-PCR.

Cloning of Prx 1

After the PCR product was ligated to T-vector, the linkage
mixture transformed competent bacteria of IM109, and white
coloniesgrew on LB plate containingampicillin, X-gal and IPTG.
Inserted DNA of 3 random colonies was sequenced, and the
DNA wascompletely coincident with the sequencein GeneBank
(data not shown). Then the inserted DNA of pT-Prx was
digested with EcoRl and BamHI, purified, and inserted into

< 4361 bp

<~ 2027 bp

Figure 2 Recombinant expression vector pSG5-Prx. A: diagrams of the expression vector pSG5-Prx. B: electrophoresis map of this
vector (EcoRIl and BamHI). | /Hindlll marker was loaded to estimate the relative molecular weight of the expression vector.
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vector pSG5. The recombinant expression vector was termed
as pSG5-Prx (Figure 2). Thisrecombinant plasmid was directly
appliedin cell transfection.

Transcription of pSG5-Prx in [EC-6 Cells by RT-PCR

We transfected |EC-6 cells with pSG5-Prx using pSG5 as a
control. The cells grew very well during the period of
transfection. Total RNAsof transfected | EC-6 cellswereisolated
after the second transfection using TriPure solution.
Transcription of the recombinant plasmid was detected by
applying RT-PCR with primers P2 and P3. The result showed
that 2 DNA bandswere visualized on agarose gel. Because the
beta-globin intron (Figure 2A) in the primary transcript was
spliced, thelength of RT-PCR product based on mature mRNA
was about 817 bp. However, the length of the other DNA band
was about 1 399 bp, which was the PCR product using the
recombinant plasmid astemplate (Figure 3).

2 000 bp —

750 bp —

Figure 3 Detection of the transcription of recombinant vector
pSG5-Prx by RT-PCR. Total RNAs isolated from transfected
cells were applying for RT-PCR analysis with primers P2 and
P3. Lane 1: DNA marker DL 2000, Lane 2: RT-PCR product,
Lane 3: PCR product using purified recombinant vector as
template.

Expression of Prx I in IEC-6 Cells

Total proteins of transfected |EC-6 cellswereisolated after the
second transfection and separated by SDS-PAGE. The blots
were probed with specific antibodies against PrxI and GAPDH.
Relative protein level was determined by quantitating the
intensity of the bands with a densitometer. The ratio of the
intensity of Prx I/GAPDH was automatically compared by
Quantity One software (Bio-Rad Corp.). The result showed
that the expression of Prx | wasincreased in pSG5-Prx transfected
IEC-6 cells (50% more than the control cells) (Figure 4). This
indicated that the recombinant plasmid could be transcripted
and trandated in |[EC-6 célls.

pSG5 pPSG5-Prx

Prxl —

GAPDH —

Figure 4 Immunoblotting of peroxiredoxin | of transfected
and normal IEC-6 cell.

DISCUSSION
IEC-6 cell line was derived from normal rat intestinal epithelia.

Its living condition for stable passage was successfully
established after trials. The cell linewastestified to be the small
intestinal epithelial cell by electron microscopy and
immunohistochemistry, and has been applied to some related
research work!?, It isrational to apply thiscell linein vitro to
mimic theintestinal epitheliain vivo.

To further study the biochemical and physiological function
of Prx |, we cloned the coding region of this protein and over
expressed it in |EC-6 cellsin thisstudy. The cDNA of Prx | was
first cloned in 1994 applying differential hybridization
technique, which was named as MSP23%, Treatment with
diethylmaleate or glucose/glucose oxidase markedly enhanced
the induction of its transcription, and the mount of its protein
in the cells rapidly increased. Moreover, the cDNAs
corresponding to the thiol-specific antioxidant (TSA), which
encoded a protein termed as Prx, has been cloned and
sequenced in yeast and mammalian cells?. From the results of
biochemical and physiologicd studies, Prx | hasbeeninvolved
in association with a variety of diverse cellular functions
including proliferation, differentiation, and immune response.
However, the detailed pathophysiological functions of this
protein remain unknown.

Themogt striking finding of Prx | wasthat it wasincreased
in many kinds of tumor cells. Moreover, some researchers
thought it might be a potential tumor marker®!. Prx | was over-
expressed in human breast cancer tissues compared to normal
tissues®!, Using comparative proteome analysis between
human normal (BEAS2B) and malignant (A549) lung epithelia
cells, Chang et al.’?" found that Prx | wasincreased more than
twofold reproducibly. Additionally, Prx | expression levelsin
follicular neoplasm and thyroiditis group were significantly
higher than that of the control group, though papillary
carcinoma group did not show statistical significance®!. All
these data suggested Prx | wasinvolved in tumor development
or progression, and it might be anew target for gene therapy of
tumor cdlls.

It was suggested that Prx | was aradiation responsive gene.
Lee et al.l® demonstrated, when the irradiated testis was
examined, Prx | was found to be transiently up-regulated. Its
highly homologous gene Prx 1| wasincreased in tissuesisolated
from the patients who did not respond to radiation therapy.
However, treatment with a Prx |1 antisense decreased the
expression of Prx 11, enhancing the radiation sensitivity of cellg?.

In this study, we found pSG5 was an efficient expression
vector of mammal cellg*?. Though it has no screen marker, the
expression of recombinant plasmid can be easily verified at
mMRNA level applying RT-PCR technology owing to theglobin
intron of this vector. Because of the existence of the vector
DNA in the sample purified by applying Tripure solution, two
kinds of RT-PCR product weredisplayed on agarose gel, which
represented different PCR template. After the second transfection,
most of the cellsexpressed the exogenous vector, and theprotein
was accumulated in these cells, which could be detected by
immunoblotting. We will further study the biochemical and
physiological role in radiation response of this protein.
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Abstract

AIM: To compare the prevalence of Helicobacter pylori
(H pylori) infection in autoimmune thrombocytopenic purpura
(AITP) patients with that of nonthrombocytopenic controls,
and to evaluate the efficacy of the treatment in H pylori(+)
and H pylori(-) AITP patients.

METHODS: The prevalence of gastric H pylori infection in
38 adult AITP patients (29 female and 9 male; median age
27 years; range 18-39 years) who consecutively admitted
to our clinic was investagated.

RESULTS: H pylori infection was found in 26 of 38 AITP
patients (68.5%). H pylori infection was found in 15 of 23
control subjects (65.2%). The difference in H pylori infection
between the 2 groups was not significant. Thrombocyte
count of H pylori-positive AITP patients was significantly
lower than that of H pylori-negative AITP patients (P<0.05).
Thrombocyte recovery of H pylori-positive group was less
than that of H pylori-negative group (P<0.05).

CONCLUSION: H pylori infection should be considerecd in
the treatment of AITP patients with H pylori infection.

Kurtoglu E, Kayacetin E, Ugur A. Helicobacter pylori infection in
patients with autoimmune thrombocytopenic purpura. World J
Gastroenterol 2004; 10(14): 2113-2115

http://www.wjgnet.com/1007-9327/10/2113.asp

INTRODUCTION

Autoimmune thrombocytopenic purpura (Al TP) isan acquired
bleeding disorder in which autoantibodies bind to platelet
surface, leading to platelet destruction. The mechanism
triggering the production of platelet autoantibodies are poorly
understood?.

Helicobacter pylori (H pylori) isaspira shaped bacterium
that resides in the stomach mucosa. H pylori has been
considered for years as the etiologic agent of gastritis, peptic
ulcer, gastric cancer, and mucosa-associated lymphoid tissue
(MALT) lymphoma?®*. Morerecently, H pylori hasbeen found
to be associated with anumber of autoimmune disorders, such
as rheumatoid arthritis®, autoimmune thyroiditis™, Sogren’ s
syndrome®, Schonlein-Henoch purpura®, and AITP0,

There are data consi stent with an association between H pylori
infection and AITP*24, |n addition a significant increase of
platelet count following H pylori eradication has been reported
in a proportion of AITP patientd'?. AITP in adultsis most
often chronic, and up to 25% of cases of chronic AITP are
refractory to standard therapy™. However, although thereis
some evidence implicating H pylori in some autoimmune
disorders, the association between AIPT and H pylori infection
is speculative.

The aim of this study was to compare the prevalence
of H pylori infection in AITP patients with that of
nonthrombocytopenic controls and to evaluate the efficacy of
the treatment in H pylori(+) and H pylori(-) AITP patients.

MATERIALS AND METHODS

Between May 2001 and October 2003 we investigated the
presence of gastric H pylori infection in 38 adult AI TP patients
(29 females, 9 maes, median age: 27 years, range: 18-39 years)
consecutively admitted to our clinic. AITP was diagnosed on the
basis of the presence of isolated thrombocytopenia (<100x10%/L)
and megakaryocytic hyperplasiain bone marrow. Other causes
of thrombocytopenia (drugs, pseudothrombocytopenia,
hepatitis B and C virusinfections, human immunodeficiency
virusinfection, malignancy) were excluded. Patients considered
at bleeding risk who would require active treatment were also
excluded. Age- and sex-matched 23 (18 females, 5 males,
median age: 26 years, range: 18-35 years) nonthrombocytopenic
patients without dyspeptic complaints were used as control
group. None of the patientsand controlshad received antibiotics,
proton pump inhibitors, and H.-receptor blockers during 4 wk
before the onset of AITP.

All patients underwent 1 mg/(kg.d) steroid therapy for
3wk following diagnosis, and then the dose gradually tapered
every week until withdrawal. Our second choice of therapy
was intravenousimmunoglobulin adminigtration [400 mg/(kg.d)
for 5d], but we did not use it.

An agglutination method was used to detect anti-H pylori
antibodies of 1gG type in both patients and controls
(Ridascreen® R-Biopharm, Darmstadt, Germany). Hemogram
analysis was done by Coulter® STK'S (Coulter Corporation,
Miami, Florida, USA).

Although demonstration of H pylori in gastric biopsiesis
the gold standard of H pylori detection, we prefered blood
antibody detection due to following reasons. Endoscopy might
cause unexpected bleeding in thrombocytopenic patients
especially in those whose thrombocyte counts were less than
50x10%L. Urea breath test could not allow the detection of
H pylori infection retrospectively. Both sensitivity and
specificity of such kits were demonstrated in previous studies
(95%<)121,

Statistical analysis

Statistical analysis was performed using Kruskal-Wallis and
Mann-Whitney U tests. Mean valueswere cal culated for every
variablein each group and compared between different groups.
P<0.05 was considered as statistically significant.
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RESULTS

There was no age or sex difference between controls and
patients. H pylori infection was found in 26 of 38 patientswith
AITP (68.5%), and in 15 of 23 control subjects (65.2%). The
difference between the 2 groups for H pylori infection was not
significant (Table 1). Thrombocyte count of H pylori-positive
AITP patients was lower than that of H pylori-negative AITP
patients (P<0.05). Thrombocyte recovery of H pylori-positive
group was less than that of H pylori-negative group (Table 2)
(P<0.05).

Table 1 General characteristics of subjects in the study

Subjects n % Meanage  Sex (F/M)
(range)

H pylori-negative controls 8  (34.8) 25(18-32) 6/2

H pylori-positive controls 15  (65.2) 27 (25-35) 12/3

H pylori-negative patients 12 (31.5) 29 (24-34) 8/4

H pylori-positive patients 26  (68.5) 26 (22-37) 21/5

Table 2 Platelet counts (x10°/L) of AITP patients before and
after steroid therapy

Parameters H pylori-positive

patients (n=26)

H pylori-negative
patients (n=12)

Platelet counts (x10°/L) 15 (10-22)? 29 (21-42)
(mean, range)
Response to steroid 17 (65)° 10 (83)

(number, %)
Post-treatment platelet counts 77 (61-112)
(x10°/L) (mean, range)

140 (124-180)

aP<0.05 vs H pylori negative patients.

DISCUSSION

AITP is an autoimmune disease caused by autoantibodies
against platelets!®®, Several lines of direct and indirect
evidences suggest that infectious agents may influence the
occurence or the course of some autoimmune diseases”. The
role of some bacterial or viral agents in the pathogenesis of
AITPiswel known. It has been demostrated that the mimicry
of human antigens by infectious agents represents the
mechanism underlying this phenomenon(®!,

H pylori isaubiquitous Gram-positive bacterium involved
in the pathogenesi s of gastric and duodenal ulcers. Recently,
the involvement of H pylori hasalso been suggested in various
autoimmune diseases®?. H pylori has been shown to cause
immunological responses to the production of large amounts
of proinflammatory substances and mucosal damage through
autoimmunity!*®l, Previousin vitro studies suggested that
H pylori has the potential to initiate autoreactivity through
molecular mimicry. Recently, a role of H pylori in the
pathogenesis of AITP has been suggested because significant
increasesin thrombocyte count were reported after eradication
of H pylori®®t, Michel et al.? and Jargue et al.*¥ found no
evidence of an association between H pylori infection and
AITP. But therole of H pylori in the pathogenesis of AITPis
till controversial.

Regarding the association between H pylori and AITP,
Gasbarrini et al.*¥ reported that 61% of 18 AITP caseswere
infected with H pylori. Emilia et al.™ then reported that 43%
of 30 AITP patients were H pylori positive. Kohda et al.*®
found that H pylori was positive in 62.5% of 40 AITP patients
in Japan. The prevalence of H pylori in our series was 68.5%.
The prevelance of H pylori infection in healthy population of
Italy, where Gasbarrini’ sand Emilia’ s studies were held, was

about 63%!%%, In Japan the prevelance of H pylori infection
was about 25-45%%, We found H pylori infection in 65.2% of
healthy controlsin Turkish population.

Steroid is considered as the most effective treatment for
AITPin adults. But, most patients relapsed when steroids were
withdrawn and only 10-30% of them maintained along lasting
remission'??, Kohda et al.l*®¥ and Michel et al.l? found that
there was no significant difference regarding thrombocyte
counts between H pylori-positive and H pylori-negative AITP
patients. In our series the thrombocyte count of H pylori-
positive group was higher than that of H pylori-negative group
at the initial presentation, and the difference between two
groups was significant (P<0.05). Following treatment increase
in the thrombocyte count of H pylori-positive patientswasless
than that of H pylori-negative patients. The difference was
aso significant (P<0.05).

Although the pathogenetic mechanism underlying H pylori-
induced thrombocytopenia remains obscure, H pylori has been
presumed to induce the formation of autoantibodies by way of
achronic immunological stimulus or cross mimicry between
itself and platelets’?®. It has been demonstrated that
autoantibodies against H pylori can also react with some
extragastric tissues, such as glomerular capillary membrane,
ductal cells of salivary glands, and renal tubular cells?4.
Platelets may also be atarget of such antibodies although there
isno proof for this cross reactivity.

In conclusion, H pylori infection should be searched in all
AITP patients, and we suggest that H pylori should eradicated
in H pylori-positive AI TP patients.
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Abstract

AlIM: To investigate the association between curative effects
of interferon-a and partial human leucocyte antigen (HLA)
Il alleles in chronic viral hepatitis B.

METHODS: Sixty patients with chronic viral hepatitis B in
Shanghai were treated with a standard course of treatment
with interferon-a for 6 mo. HLA-DRB1, -DQA1, and -DQB1
alleles were detected by polymerase chain reaction-sequence
specific primer (PCR-SSP) method.

RESULTS: Frequencies of HLA-DRB1*04 (P<0.025) and
HLA-DQA1*0303 (P<0.01) in non-responders were
significantly higher than those in partial and complete
responders. Frequencies of HLA-DQA1*0505 (P<0.025) and
HLA-DQB1*0301 (P<0.005) in partial and complete
responders were significantly higher than those in non-
responders.

CONCLUSION: Non-response to interferon-a therapy is
positively correlated with HLA-DRB1*04 and HLA-
DQA1*0303, and negatively correlated with HLA-DQA1*0505
and -DQB1*0301 in patient with chronic viral hepatitis B.
HLA 11 genes of the identification alleles provide a method
for evaluating outcome of interferon-a treatment.

Zang GQ, Xi M, Feng ML, Ji Y, Yu YS, Tang ZH. Curative effects
of interferon-a and HLA-DRB1 -DQA1 and -DQB1 alleles in
chronic viral hepatitis B. World J Gastroenterol 2004; 10(14):
2116-2118

http://www.wjgnet.com/1007-9327/10/2116.asp

INTRODUCTION

Chronic vira hepatitis B isacontagious disease with the higher
infection and incidence rate in China, and approximately 0.3
million peoples died of chronic viral hepatitis B per yeart¥.
Currently, it ismainly treated with interferon-a, lamivudine,
etc. However, the effect of treatment is varying in different
patients. Normally, complete response rate is about 30-40%,
complete curability islessthan 10%. What is the determinant
of interferon-a curative effect on different individual s? Reports
from domestic and overseas showed that individuals had

different endings after being infected by HBV and HCV2
and different response after being treated with interferon-al4.
Researches indicated that these phenomenons were correl ated
with HLA allelesd®. HLA gene contributesto the host response
against HBV. Individualswith different HLA allelesmay differ
in susceptibility or resistance to HBV!®8, Our study tried to
analyze HLA-DRBL1, -DQB1, -DQAL1 allelesin chronic viral
hepatitis B to be treated with interferon-a for 6 mo, and study
the association between curative effects of interferon-a and
partial HLA alleles, which will help to direct the treating
process of anti-virusin clinic.

MATERIALS AND METHODS

Research subjects and prescription

Sixty patients with chronic viral hepatitis B were enrolled in
this study. The diagnosis of al the cases was made according
to the criteria established on the Viral Hepatitis Conference
held in 20001, All patients had abnormal serum transaminase
levels. HBsAg, HBeAg, HBcAD in serum were detected by
ELISA and HBV-DNA was detected by immunofluorescent
semi-quantitative polymerase chain reaction. All patients
HAV, HCV, HDV and HEV in serum were negative, and did
not have a history of using adrenal cortical hormone before.
There were 41 male and 19 female patients with average age
3518 years. They were all treated with 5.0 million units
interferon-a daily for 2 wk and then every other day for an
additional 22 wk. Liver function was detected every 2 wk.
Hepatitis B viral marks were detected by Abbott L aboratories
and HBV-DNA was determined by PCR at every 3-mo

therapy.

Sampling and action

Five milliliter blood from each research subject was taken,
and treated with EDTA for anti-coagul ation. After mixed with
1 mL cell membrane cracking solution, the samples were
centrifuged for 30 s, and then the supernatant was removed.
Another 1 mL of cell membrane cracking solution was added
after drying the test tube by bibulous paper. Centrifuged for
20 s and the top clear water was removed again. The cell mass
at the bottom of the tube was vibrated and dissolved thoroughly.
When mixed equally with 0.4 mL karyen cracking solution,
separated out floccule DNA by adding 1 mL absolute ethanol.
Supernatant was abandoned, and washed with 70% ethanol.
After drying by blot paper, put it under room temperature to
let ethanol volatilize. Then 0.1 doubledidtilled water was added,
and kept at -40 °C for testing.

Study method

HLA-DRB1, HLA-DQAL, and HLA-DQBL1 alleles were
detected by applying the PCR-SSP technique®. PCR buffer
solution was vibrated and mixed. Tag enzyme was put on the
icebox. Didtilled water 67 mL and 1.8 . of Tagq enzyme were
added to the PCR buffer solution and vibrated. Then the
solution was aspirated and added to the monitor hole. And
19 nL of DNA samples were added to the spare mixing
solution. Except negative contrast hole, the solution was added
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to every hole. Color changed from yellow to pink. Thereagent
was sealed up, and sent to PCR apparatus for amplification.
Sample solution 6 L was electrophoresed on 20 g/L agarose
gel for 12 min under 150 V, and observed the under ultraviolet
light.

Statistical analysis

HLA-DRB1, -DQA1, and -DQBL1 alleles frequencies for the
partial and complete responders were compared with those of
the non-responders using the c? test. P<0.05 was considered
statigtically significant.

RESULTS

Based on theresults of HBV markersand HBV-DNA &fter 6-mo
therapy with interferon-a, patients were divided into 3 groups:
(1) Complete response group: HBeAg and HBV-DNA were
negative, while HBeAb was positive, and ALT was normal;
(2) Partial response group: HBeAg and HBV-DNA level
decreased, while ALT was normal; (3) Non-response group:
HBeAg and HBV-DNA were stable. After inspection, it was
found that the frequencies of HLA-DRB1*04(P<0.025) and
HLA-DQA1*0303(P<0.01) in non-responders were
significantly higher than those in partial and complete
responders, and the frequencies of HLA-DQA 1* 0505(P<0.025)
and HLA-DQB1*0301(P<0.005) in partial and complete
responders were significantly higher than those in non-
responders (Tables 1, 2 and 3).

Table 1 Comparison of frequency of HLA-DRBL1 allele among
non-responders and partial and complete responders

Partial and complete ~ Non-responders

Allele responders (n=34) (n=26) c?
DRB1*10(+) 1 0 0.778
DRB1*11(+) 9 3 2.053
DRBL*4(+)* 1 6 2.053
DRB1*12(+) 9 7 0.002
DRB1*8(+) 4 5 0.644
DRB1*9(+) 15 11 0.020
DRB1*14(+) 4 4 0.167
DRB1*15(+) 8 10 1.564
DRB1*17(+) 1 2 0.700
DRB1*16(+) 3 2.415
DRB1*7(+) 4 3.277
3P<0.025.

Table 2 Comparison of HLA-DQAL allele frequencies among
non-responders and partial and complete responders

Partial and complete ~ Non-responders

Allele responders (n=32) (n=28) c?
DQA1*0105(+) 1 0 0.890
DQA1*0505(+)? 12 3 5.714
DQA1*0303(+)° 0 6 7.619
DQA1*0601(+) 10 7 0.287
DQA1*0103(+) 9 7 0.075
DQA1*0302(+) 15 12 0.097
DQA1*0104(+) 4 0.041
DQA1*0102(+) 4 6 0.857
DQA1*0301(+) 1 4 2.435

3p<(.025, "P<0.01.

Table 3 comparison of frequencies of HLA-DQBL1 allele among
non-responders and partial and complete responders

Partial and complete Non-responders

Allele responders (n=32) (n=28) c?
DQB1*0502(+) 6 1 3.338
DQB1*0301(+)* 20 7 8.485
DQB1*0401(+) 1 3 1.382
DQB1*0303(+) 15 12 0.097
DQB1*0503(+) 3 4 0.431
DQB1*0601(+) 6 9 1.429
aP<0.005.

DISCUSSION

Different individuals infected with HBV show different
complicated symptoms. Thisisnot only dueto virusitsef, but
immunity itself [*Y. A great deal of evidences suggested that
both cellular and humoral immunities were required for viral
dearance. Thelatter ismainly subjected to mgor histocompatibility
complex (MHC). HLA, the genetic offspring of MHC, isthe
first inherited system discovered to be associated with diseases
definitely. Genes for HLA are located on the short arm of
chromosome 6 with high polymorphism, and it is closely
associated with immunoreactions of anti-HBV!™. Some special
HLA genes may have influence on the rate of HBV infection
and strength of immunoreactions!*l. Patients who have
successfully recovered from acute hepatitis B develop strong
HLA classes| and |l restricted T cell response, whereas these
responses are weak or absent in patientswith chronic hepatitis
B4, Jiang et al.** found that HLA-DRB1* 0301, -DQA 1* 0501
and -DQB1* 0301 might be the susceptible genes, and HLA-
DRB1*1101/1104 and -DQA1*0301 might be the resistant
genes to chronic hepatitis B, and that host HLA class || gene
was an important factor for determining the outcome of HBV
infection. HLA spread on the cell surface through membrane
protein with function of integrating with inner and outer antigen
peptide and taking immune response when detected by CD4*
(cluster of differentiation) or CD8* T cell on the surface of
antigen presenting cells and target cells. Class 11 molecule, on
the surface of antigen presenting cells, submits outer antigen
including virus molecule group to the CD4* T cell, which
stimulates the releasing of the cell gene to take the effect of
adjusting CD8* cytotoxic T lymphocyte response and determine
the antibody produce. Diepolder et al.!* found that people
carrying HLA-DR13 had stronger CD4* T cell response. That
might be depended on the more accurate submission function
of DR13, or associated with multiple peptide property of
immunity adjusting gene chain near DR13. Thursz et al.l*?
discovered that DRB1* 1302 possessed high frequency of
clearance of hepatitis B virusin the Gambia people. Cotrina
et al.™ also reported that predominance of the DRB1* 1302
allele was observed in acute viral hepatitis B versus chronic
viral hepatitis B in adult American. And the HLA-DRB1* 0401
antigen was lower in the cases of chronic viral hepatitis B and
C than that in the controls. Hohler et al.l*® reported that the
MHC class |1 allele DRB1*1301-02 was associated with
protection from chronic viral hepatitis B in African Americans.
Furthermore Bhimma et al.*® demonstrated that there was a
high frequency of DQB1*0603 in subjects compared to
controls in black children with hepatitis B virus-associated
membranous nephropathy. Jiang et al.’? recently found that
the possibility of fulminant hepatitis was increased in chronic
hepatitis B with HLA-DRB1* 1001. Tibbs et al.[* showed that
the HLA-DQB1*0302 and HLA-DQA1*03 dlleles confered
protection from chronic HCV-infection in Northern European
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Caucasoid. These studies showed that HLA-I1 molecules were
associated with clearance and prognosis of chronic viral
hepatitis.

Currently, factorsfor forecasting interferon treating effect
areasfollows: ALT level beforetreatment; level of HBV-DNA,;
genetypesof hepatitis B virus; sex of patients; and the duration
of virusinfection, etc. Interferon can induce the expression of
IL-12 (interleukin-12) b, subpopulation, which induce ThO
(help T cell) cell to differentiateinto Thl cell. Previous studies
showed that Th1 type response was beneficial for the clearance
of chronically infected viruses”. The balance of HBV
differential antigen may influence the persistent HBV infection.
Superiority of Thl tends to occur acute hepatitis, while
superiority of Th2 tendsto occur persistent infection®. There
were fewer reports about association between curative effects
of interferon-a with partial HLA allele. Qian et al.”® reported
that the frequency of HLA-DRB1*07 in non-responders was
higher than that in partial and complete responders in
Guangdong Province of Ching, and thelevel of IL-4 and IFN-g of
each patient was higher than that of pre-treatment. It indicated
that after treatment of chronic viral hepatitis B with IFN-g,
TH1 expression was relevant to the HLA-DRB1* Q7. Dincer
et al.'*! reported that in the HCV patient treated with interferon-a
for 6 mo, the frequency of HLA-DRB1* 13 was significantly
higher in the non-responder group compared to the responder
group. Our study showed that the frequency of HLA-DRB1*04
and HLA-DQAZ1*0303 in non-responders were obviously
higher than those in partial and complete responders, and the
frequency of HLA-DQA1*0505 and HLA-DQB1*0301 in
partial and complete responders were markedly higher than
thosein non-responders. HLA-11 molecules might be used for
thetreatment prognosisof interferon -a in patientswith chronic
hepatitis B.
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Abstract

AlIM: To induce efficient expansion of natural killer (NK)
cells from peripheral blood mononuclear cells (PBMCs)
using a culture of anchorage-dependent Wilms tumor cell
lines, and to provide a reliable supply for adoptive
immunotherapy of hepatocellular carcinoma.

METHODS: Culture expansion of NK cells was achieved using
PBMCs cultured with Wilms tumor cells. Cytotoxicity was
measured using a standard 5Cr release assay and crystal violet
staining technique. The proportions of CD3+, CD4+, CD8+,
CD16+, and CD56+ cells were determined by flow cytometry.

RESULTS: After PBMCs from healthy donors and
hepatocellular carcinoma (HCC) were cultured with
irradiated HFWT cells for 10-21 d, CD56+ CD16+ cells
shared more than 50% of the cell population, and more
than 80% of fresh HFWT cells were killed at an effector/
target ratio of 2 over 24 h. NK-enriched lymphocyte
population from HCC patients killed HCC-1 and 2 cells with
sensitivities comparable to fresh TKB-17RGB cells. HCC cells
proliferated 196-fold with the irradiated HFWT cells at
18 d. Stimulation by HFWT cells required intimate cell-cell
interaction with PBMC. However, neither the soluble factors
released from HFWT cells nor the fixed HFWT cells were
effective for NK expansion. The lymphocytes expanded with
IL-2 killed fresh HFWT target cells more effectively than
the lymphocytes expanded with the 4-cytokine cocktail
(IL-1 b, IL-2, IL-4 and IL-6). IL-2 was the sole cytokine
required for NK expansion.

CONCLUSION: Wilms tumor is sensitive to human NK cells
and is highly efficient for selective expansion of NK cells
from PBMCs.

Peng BG, Liang LJ, He Q, Huang JF, Lu MD. Expansion and
activation of natural killer cells from PBMC for immunotherapy
of hepatocellular carcinoma. World J Gastroenterol 2004; 10
(14): 2119-2123

http://www.wjgnet.com/1007-9327/10/2119.asp

INTRODUCTION
Natural killer (NK) cellsare CD3- CD56+ and/or CD 16+ cytotoxic

lymphocytes that mediate first-line defense against various
types of target cells without prior immunization*?. The
regulation mechanism of human natural killer (NK) cell growth
has not been well characterized despite the importance of NK
cellsin immune response®. One reason is that the currently
used culture system for human NK cellsisrelatively poor at
inducing a strong growth response compared with culture
systemsfor other lymphocytes, such as T cells.

Since K562 cells expressing scarcely MHC-class | on their
surface are highly sensitive to natura killer (NK) cells, they
have been widely used for the assay of NK killing activity!9.
When K562 cellsarekilled by NK cdllsinvitro, apparent growth
response of NK cellsfollows. The stimulation by K562 requires
direct cell-cell contact and is not reconstituted by cell-free
supernatants. However, the stimulation is not necessarily
sufficient for the NK selective expansion in peripheral blood
mononuclear cells (PBMCs) of every subject. Reports from
Perussia et al.[” and Silva et al.*¥ suggested that human B
lymphoblastoid cell lines and leukapheresed peripheral blood
stem cell graftswere also useful for human NK cell expansion.
Sekine et al.!*% devel oped an alternative method for lymphocyte
expansion from peripheral blood by cultivating cellswith IL-2
and immobilized anti-CD3 monoclonal antibodies. Application
of expensive anti-CD3, anti-CD16 bispecific antibodies may
avoid thedilution of NK cellsin the lymphocyte populationg™.
Coculture of NK cells with dendritic cells (DCs) resulted in
sgnificant enhancement of NK cell cytotoxicity and | FN-gamma
production*?, Coexpression of GM-CSF and B70 may enhance
NK-mediated cytotoxicity, and then induce the antitumor
immunity in hepatoma transplanted into nude mice!*¥.We
consider that, for further use of the NK cells in adoptive
immunotherapy of human tumors, clear separation of expanded
NK cells and suspension cultured allogeneic EB virus-
transformed cellsthat may have escaped from thekilling by NK
cellswill bedifficult.

In this study, we screened anchorage-dependent virus-free
human tumor cell lines as an appropriate target in the NK cell
expansion culture. We found that an anchorage-dependent
cell line derived from Wilms tumor (HFWT) was sensitive to
human NK cells.

MATERIALS AND METHODS

Cell lines and reagents

All the cell lineswere from routine stock culturesin the RIKEN
Cdl Bank. Cdll lineswere maintained in basal medium containing
100 mL/L or 150 mL/L fetal bovine serum (FBS). Peripheral
blood was taken from healthy volunteers and hepatocel lular
carcinomas (HCCs) werefrom patientswho gavetheir informed
consent. Recombinant human IL-1Db, -2, -4, -6, -7,-12, and -15
were purchased from Genzyme (Tokyo, Japan). Mouse anti-
human-CD3, CD4,-CD8, CD56 and CD16 monoclond antibodies
were purchased from Nichirei Co., (Tokyo, Japan). 5!Cr was
purchased from Nen Life Science Products Inc. (Boston, USA).

Flow cytometry
Suspended cells (1x10°) were washed three times with PBS,
incubated for 30 min with monoclonal antibodies, 30 min with
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FITC-labeled goat anti-mouse 1gG polyclonal antibody. The
cells were again washed with PBS containing 40 mL/L FBS.
They were re-suspended in the same buffer at aconcentration
of 1x10%/mL and wereimmediately analyzed by FACS (Becton-
Dickinson, Co.). Theproportion of CD3+, CD4+, CD8+, CD16+,
and CD56+ cellswas detected with corresponding monoclonal
antibodies.

Fixation of HFWT cells
HFWT cells (1x10°/mL, 1 mL) wereplated ina24-well plateand
incubated overnight in a humidified 50 mL/L CO, incubator.
The culture medium was replaced with PBS, and the cellswere
fixedwith 0.5 mL of 40 g/L formadehydeor 3:1 methanol-acetic
acid mixture for 1 h, and then thoroughly washed with water.
HFWT cellswere subjected to heat treatment at 100 C for
2 sin amicrowave oven after the replacement of the culture
medium with PBS. The treated HFWT cell concentration was
adjusted to 1x10° /well for the NK expansion experiments.

Expansion culture of NK cells

PBM Cswere prepared from heparinized peripheral blood with
the conventional preparation kit (Lymphopre, Nycomed Pharma
A.S., Norway). The cells were washed once with PBS, then
once with RHAM alpha medium supplemented with 50 mL/L
autologous plasma, and centrifuged at 1 400 r/min (240 g) for
10 min a room temperature. Before addition of PBMCsto the
NK cell expansion cultures, the confluent target tumor cells
maintained in a 24-well plate were irradiated with 50 Gy of X-
rays. The PBMCs (1x10° /mL, approximately 1 mL/well) were
then cultured with the tumor cells (at this stage, the responder/
gimulator ratio was adjusted to 10 in the culture medium, i.e. the
RHAMa medium was supplemented just before adding 50 mL/L
autologous plasmaand a4-cytokine cocktail of IL-I b (167 U/mL),
IL-2(67 U/mL), IL-4 (67 U/mL), and IL-6 (134 U/mL)). When
| L-2 donewas used, the concentration was adjusted to 200 U/mL.
IL-7,1L-12, and | L-15 were used at aconcentration of 10 U/mL,
10 ng/mL, and 20 U/mL, respectively.

NK expansion culture was continued with appropriate
changes of the medium, including addition of the indicated
cytokines (at least half of the medium was changed every 2 d),
until the adherent target cells disappeared. When K562 cells
werethetargets, this period was set a 7 d. The cell suspension
was diluted to 5x10°%/mL and the culture continued. Whenever
the cell suspension reached 5x10%mL, thedilution wasrepeated.

Cytotoxicity assay

A standard 5'Cr release assay was performed in the 4-h co-
culture of the effector lymphocytes and the target K562 cellsas
described™. The crystal violet staining was also used*d.
Briefly, thetarget cels, 1x10%well suspendedin 200 mb. RHAM
a medium containing 50 mL/L plasma from the lymphocyte
donor (or 50 mL/L PPF whenever the plasma was in short
supply), were seeded in a 96-well plate and were pre-cultured
overnight. The cultured target cells were washed once with
PBS, then the cultured lymphocytes suspended in 200 ni of
RHAM a medium containing 50 mL/L autologous plasma (or
50 mL/L PPF) were added as effector cellsto each well at the
indicated effector/target (E/T) ratio. The cellswere co-cultured
for 4 or 24 h. Then, the wells were washed once gently with
appropriate amounts of Dulbecco’ s PBS containing calcium
and magnesium. Thetarget cells remaining adhered were fixed
for Lhwith40 g/L forma dehyde (200 i /well), and then stained
with crystal violet solution (4 g/L inwater, 100 ni/well) for 30
min at room temperature. The plate was washed with water and
dried at room temperature. A 200 ni. of 800 mL/L methanol was
added into each well and the absorbance at 570 nm (Aszo) of
each well was determined. As a 100% control, the As;, of the

target cells cultured in a separate plate was determined just
before the addition of the effector cells.

Percentage of surviving target cellswas defined asfollows:

Surviving target cells (%)=(A-B)/(C-D)x100%

Where A isthe Asy, of the well containing the target cells
and the effector cells, B isthe Asy of the well containing only
the effector cellswhich remained in the well after the washing
with calcium- and magnesium-containing Dulbecco’ sPBS, Cis
the As;, of the 100% control target cellsjust before the addition
of the effector cells, and D is the Asy of the well containing
medium alone. Thetarget cellscultured at an E/T ratio of O grew
rapidly over the 24-h incubation period and, therefore, showed
more than 100% survival.

RESULTS

Proportion of NK cells in the lymphocyte culture

Two hundred and forty kinds of human cell linesfrom RIKEN
Cell Bank were screened for their expression of MHC-class |
and class|| surfacemolecules. Ten cell linesincluding leukemia
cdllineK562, HFWT (Wilmstumor), HMV-II (melanoma) and
NB 19 (neuroblastoma) were found that weakly expressed MHC
molecules of both.

Subsequently, PBM Cs taken from healthy subjects were
co-cultured with these cell lines after the target cells had been
irradiated with 50 Gy of X-rays. HFWT cultures demonstrated
a striking change in anchorage-dependent HFWT cells that
weretotally killed and disappeared after 13-14 d. CD3- CD56+
cells occupied 64.6%, 54.6%, and 75.9% of the lymphocyte
population in the three experiments, respectively. However,
K562 and HMV-11 in experiments 2 and 3 only raised the
proportion of CD3-CD56+ cells to 17.6% and 18.9%,
respectively, though these proportions were higher than those
(5.4-13.0%) in the control cultures containing no target cells. In
contrast, irradiated TKB-17RGB cellsincreased CD3+CD56 T
cellsin the lymphocyte populationsin the three experimentsto
95.1%, 96.0%, and 84.8%, respectively ascompared to 74.4%,
58.2% and 60.9% in controls.

Assay for NK cytotoxicity activity

Figure 1A depicts atypical dose-response curve for the 4-h
®1Cr release assay. The NK-enriched population lysed 31.3%
and 76.5% of the fresh HFWT cellsat E/T ratios of 2 and 8,
respectively. A mirror image of this curve was observed in
crystal violet staining (Figure 1B). The target cells showed
100% survival in crystal violet staining and 20% lysisin the
SICr release assay when E/T ratio was 1.

Effect of extending co-culturetimeto 24 hwasaso examined.
The percentage of the surviving control target cells usually
exceeded 100% (Figure 1C) at an E/T ratio of 0, but the shoulder
portion of the dose-response curvein Figure 1B disappeared
and fewer surviving target cells were observed at larger E/T
ratios. Only 17.0% of thetarget cellsremained at E/T ratio of 4,
whereas 42.5% remained in the 4-h crystal violet staining.
Therefore, for determination of killing activity, 24-h crystal violet
staining had a higher sensitivity than 4-h crystal violet staining
at low E/T ratios.

PBMCsgrownon TKB-17RGB target cellscould efficiently
kill fresh TKB-17RGB cells but not fresh 17 RGB cells.
Lymphocytesgrown on the HFWT target cellscould efficiently
kill both fresh TKB-17RGB cellsand fresh HFWT cells(Figure
2, 8 columns on the right), indicating that the lymphocytes
contained nonspecific NK cells. The latter lymphocyte
population, at an E/T ratio of 2 at 24 h, reduced TKB- 17R GB
target cellsto 60.5% and HFWT target cellsto 18.5% compared
to the control tumor cells (E/T ratio of 0) that proliferated to
175-180% of starting levels.
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Figure 1 Dose-response relationships of 5!Cr release assay and the two crystal violet staining assays. PBMCs were detected after
15-d culture with irradiated HFWT cells. A: Cr release assay, in which the effector lymphocytes and the fresh target cells pre-
labeled with 5*Cr were incubated for 4 h. B and C: crystal violet staining, in which effector lymphocytes and fresh target HFWT cells
were incubated for 4 and 24 h, respectively. Each point and bar represent mean and SD (3-6 replicates), respectively.
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Figure 2 Killing by T cell- and NK-enriched lymphocytes. Lym-
phocytes derived from PBMC of the Subject-1 (taken from
Experiment-1 of Table 1) were used in this 24-h crystal violet
staining with various E/T ratios. Eight columns on left side are
the results from assays of lymphocytes grown on irradiated
TKB-17RGB cells (MHC class | positive). Major lymphocyte
population was CD3+ CD56- (T cell-enriched, see Table 1). For
the killing assay, fresh TKB-17RGB (left-end 4 columns) or cells
(mid-left 4 columns) were submitted as the target. Right side 8
columns are the results from assays of lymphocytes grown on
irradiated HFWT cells (MHC class | negative). Major lympho-
cyte population was CD3-CD56+ (NK-enriched, see Table 1).
For the Kkilling assay, fresh TKB-17RGB (mid-right 4 columns)
or HFWT cells (right-end 4 columns) were used as the target.
Each column represents the mean value of triplicate
measurements.

Lymphocytesfrom PBMC of HCC patient were cultured on
theirradiated cells and proliferated 196-fold at 18 d. Thiswas
about 6 timesthe proliferation of lymphocytes suspended with
theirradiated K562 cells (datanot shown) and the proliferation
ceased after 14 dinthe NK expansion culture. X-ray irradiated
HCC-1 cells (MHC class | positive) and HCC-2 cells (MHC
class | negative) obtained from the same hepatocellular
carcinomawere used in place of HFWT cells, and neither of the
two cell lines could support efficient growth of the lymphocytes
from PBMC of HCC patient. NK-enriched lymphocyte
population from HCC patient, however, killed HCC-1and 2 cells
with sengtivity comparableto fresh TKB- 17RGB cdlls(Figure 3).
About half of the control HCC-2 cells detached spontaneously

after 24-hincubation. The NK-enriched popul ation derived from
the patient and expanded on the irradiated HFWT cells could
asokill fresh K562 cellswith high efficiency (datanot shown).
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Figure 3 Killing activity of the NK-enriched population on
MHC class I-positive and -negative cell lines. PBMCs of HCC
patient were expanded on irradiated T cells and submitted to
the 24-h crystal violet staining. Target cells were MHC class I-
negative HFWT and HCC-2 cells, MHC class I-positive HCC- 1
and TKB-17 RGB cells. HCC-1 and HCC-2 cells were derived
from the same human hepatocellular carcinoma tissue.

In a separate experiment, the effect on NK expansion of
HFWT and MHC class I-non-expressing HCC-2 cells were
compared using amedium containing IL-2 (Table 1). After 10d
of co-culture with PBMCs from Subject 1, irradiated HFWT
cdlsinduced 72.0% concentration of CD3- CD56+ cells, whereas
irradiated HCC-2 cells induced only 18.5% concentration of
CD3-CD56+ cdlls. CD16+CD56+ cells co-cultured with HFWT
grew to 72.7% of the lymphocyte population, whereas
CD16+CD56+ cdlls co-cultured with HCC-2 grew to 22.8% of
thelymphocyte population. All the other tumor cell linesshowed
lower similar efficiency for NK cell expansion.

Cell-cell interaction between PBMC and HFWT cells

After PBMCs from Subject 1 were grown for 10 d in direct-
contact co-culture, thefinal proportion of CD16+ CD56+ cells
reached 71.7%, but in the case of PBM Csseparated fromHFWT
cellswith amembrane filter, the final proportion reached only

Table 1 Proportion of CD16+ CD56+ cells compared to other cell groups after NK cell expansion cultures

Cell proportion in lymphocyte populations (%)

Irradiated target cells used

for expansion culture CD3+CD56- CD3-CD56+ CD3+CD56+ CD16+CD56+
HFWT 15.2 72.0 12.3 72.7
HCC-2 49.7 18.5 31.1 22.8
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Table 2 Proportion of CD16+CD56+ after co-culture of PBMC with irradiated HFWT cells with and without separation by a

membrane filter

PBMCs and HFWT co-culture conditions

Cell proportion in the final lymphocyte populations (%)

CD3+CD56- CD3-CD56+ CD16+CD56+
Without separation 13.4 78.2 71.7
Separated by a membrane filter 83.4 5.3 3.9

3.9% (Table 2). Most of the lymphocytesin the latter culture
were T lymphocytes. These results demonstrate that direct
cell-cell interactionis crucial for NK expansion.

Cytokine requirements for NK cell induction
The highest increase in lymphocyte number from Subject-2
reached 401-fold after 15 d in the expansion culture.
Lymphocytes derived from both Subject-2 and Subject-3
expanded with IL-2-containing medium killed fresh HFWT
target cells more effectively than the lymphocytes expanded
with the 4-cytokine cocktail (data not shown). Without the
presence of target HFWT cells, lymphokine activated killer
(LAK) cellsgrew dower than those cultured on the target cells.
UnlikeIL-2, IL-12 inhibited and I L-15 stimulated the growth of
lymphocytes cultured on target HFWT cells. IL-7 (10 U/mL)
was not effective on lymphocyte growth. Without addition of
IL-2totheculturemedium, theirradiated HFWT cellsthemselves
could not support survival of the lymphocytesfor several days.
We compared the effects of HFWT and MHC class I-non-
expressing HCC-2 cells on NK cell expansion using IL-2-
containing medium. For 10dinthecultureof PBM C from Subject-
1, irradiated HFWT cellsinduced 72.0% of CD3-CD56+ cells,
but irradiated HCC-2 cells could induce only 18.5% of CD3-
CD56+ cells. CD16+ CD56+ cells shared 72.7% in the former
lymphocyte population and, in the | atter, 22.8%.

DISCUSSION

Expansion of human NK cells from PBMCs has long been
investigated but large-scale expansions for adoptive
immunotherapy of human tumors deserve further investigation.
LAK cells have been applied to tumor immunotherapy.
However, LAK cell expansion in culture for more than 2 wk
usually resulted in theloss of killer cell activity. T cellswithout
killing activity formed amajor part of the resulting lymphocyte
populationsg?*®l. Similar problems have been found in expansion
culturesof tumor-infiltrating lymphocytes, inwhich cellsbearing
B cell, NK cell and macrophage markers disappeared early in
the culture®”,

The K562 cell line in suspension culture has long been
adopted asthe common target cell linefor determination of the
killing activity of human NK cells by the standard >!Cr release
assay. For ecological reasons, a nonradioisotopic crystal violet
staining assay was used in our experiments for determining the
killing activity of CTLs against anchorage-dependent target
tumor cells. The crystal violet staining assay is safe and
amenabl e to coculturing effectors and targets for more than
4 h. Since HFWT cells disappeared completely during NK
expansion culture described above, crystal violet staining using
non-irradiated fresh T cells as the target, was considered as
sensitive for assessment of the cytotoxic activity of the NK
cells as the standard 5'Cr release assay.

The results demonstrated that an anchorage-dependent
Wilms tumor cell lineisahighly efficient target for selective
expansion of human NK cells from PBMCs. After culturing
PBMCs from healthy donors for 10-21 d, the number of
lymphocytes increased extensively. More than 50% of the
resulting population consisted of CD16+ CD56+ NK cellsthat
could efficiently kill the MHC class I-non-expressing K562.

Moreover, these expanded NK cellsalso appeared to kill MHC
class I-expressing tumor cells (Figure 2, TKB-17 RGB target
cells), suggesting the probablity of using these highly active
NK cellsfor adoptive immunotherapy of human tumors.

We have already repeated more than 20 times the 2-week
culturesfor NK expansion from PBMCson HFWT cells. Under
microscopic examination, we observed that anchorage-
dependent target HFWT cells always disappeared completely,
the advantage of which was adoptive immunotherapy with NK
cells when compared to the methods of NK cell proliferation
with suspension-cultured target tumor cells such as K562 and
B lymphoblastoid cell lines.

For NK expansion, direct contact of PBMCs with HFWT
cellswas required (Table 2), suggesting that factors released
from target cells do not contribute to NK cells expansion. The
need for direct cell-cell contact had been noted in experiments
using K562 cellg*9. Growth stimulation through direct cell-cell
contact might not be ascribed simply to molecules on the
HFWT cell surface preserved after fixation, although Pierson
et al.'¥ reported that NK cells plated directly on ethanol/acetic
acid-fixed M 2-10B4, whichleavesstromal ligands(cell membrane
components and ECM) intact, resulted in increased NK cells
expansion compared with medium alone. The variety of the
fixation methods used in the present experiments conserved, at
least partially, reactivity of the surface molecules. Therefore,
some interactions between the surface molecules of HFWT
cells may contribute to NK expansion. In any case, contact
between PBMCsand live HFWT cells were found to be a key
requirement.

NK cells are cytotoxic to tumor and virus-infected cells that
have lost surface expression of MHC class | proteins. Target
cell expressing MHC class| proteinsinhibits NK cytotoxicity
through binding to inhibitory NK cell receptors?®2Y, Therefore
contrasting propertiesof NK cell inhibitory receptors compared
to CTL T-cell receptors (MHC class | receptorsthat stimulate,
rather than inactivate, the CTL cytotoxic response) are expected
to provide complementarity in the cytotoxic response to tumor
cell§23, In humans, natural killer (NK) cell functionisregulated
by a series of receptors and coreceptors with either triggering
or inhibitory activity!®,

HFWT cdlswere moreeffectivetargetsfor NK cell expansion
than K562 cells. Since it has been reported that NK cells
differentiate from CD34+ progenitor cells?52%, HRWT cellsmust
stimulate NK cells differentiation from the progenitor cells
included in PBMC but not in the CD3-CD56+ subset. Further
investigation needsto be conducted to identify the NK precursor
cellsto which HFWT cellstransmit the proliferative signal.

Since the present NK cell expansion culture started as one
of variation of the human CTL induction culture from PBMC,
the present study has shown that IL-2 is the sole cytokine
required for the NK expansion on the T cell layer!?”. In other
reports, IL-15 was found to stimulate NK development from
CD34+ hematopoietic progenitor cellg§%3; |L-7 as a cofactor
during myelopoiesis, is capable of activating monocytes/
macrophages and NK cellg%Y. | L-12 showed aninhibitory effect
on NK cell growth®2*; TGF b was reported to be similarly
inhibitory®. The present results suggest that expansion and
activation of NK cellsmay provide an effectiveimmunotherapy
of hepatocellular carcinoma.
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Abstract

AlIM: To observe the relationship between intestinal lumen
colonization with Candida albicans and mucosal secretory

IgA (slgA).

METHODS: A total of 82 specific-pathogen-free mice were
divided randomly into control and colonization groups. After
Candida albicans were inoculated into specific-pathogen-
free mice, the number of Candida albicans adhering to
cecum and mucosal membrane was counted. The
lymphocyte proliferation in Peyer’s patch and in lamina
propria was shown by BrdU incorporation, while mucosal
slgA (surface membrane) isotype switch in Peyer’s patch
was investigated. IgA plasma cells in lamina propria were
observed by immunohistochemical staining. Specific 1gA
antibodies to Candida albicans were measured with ELISA.

RESULTS: From d 3 to d 14 after Candida albicans gavaging
to mice, the number of Candida albicans colonizing in lumen
and adhering to mucosal membrane was sharply reduced.
Candida albicans translocation to mesenteric lymph nodes
occurred at early time points following gavage administration
and disappeared at later time points. Meanwhile, the content
of specific IgA was increased obviously. Proliferation and
differentiation of lymphocytes in lamina propria were also
increased.

CONCLUSION: Lymphocytes in lamina propria play an
important role in intestinal mucosal immunity of specific-
pathogen-free mice when they are first inoculated with
Candida albicans. The decreasing number of Candida
albicans in intestine is related to the increased level of
specific IgA antibodies in the intestinal mucus.

Bai XD, Liu XH, Tong QY. Intestinal colonization with Candida
albicans and mucosal immunity. World J Gastroenterol 2004;
10(14): 2124-2126

http://www.wjgnet.com/1007-9327/10/2124.asp

INTRODUCTION
Candida albicans are the common opportunistic pathogend™;

one of their infection routesis overgrowth and translocation in
intestinal lumen. So, inhibition of the translocation of Candida
isan important way to prevent the deadly systemic infection.
With the devel opment of the study on mucosal immunity, local
antibody production of sIgA has attracted much attention in
preventing pathogen™ and bacterial translocation’?3. It has
been reported that Candida albicans infection of vagina and
oral mucus membranewas specifically inhibited by anti-Candida
albicanssigA. But, the mechanism gtill remainsunclear. In the
present study, by using Candidas colonization model, we
observed lymphocytes proliferation and differentiation in gut-
associated lymphatic tissue (GALT) and the relationship
between specific IgA and change of Candida albicansin the
intestine, and further explored the mechanism of host defense
against opportunistic pathogen and the effect of specific IgA
against Candida albicansin intestinal lumen.

MATERIALS AND METHODS

Candidaalbicans

Candida albican strain cmcc44104 provided by the Burn
Institue of Southwest Hospital was amplified in the special
selective culture medium. The Candida albicans suspension
density wasmodulated to 1.5x10°cfu/mL., and stored below 4 °C.

Grouping of animals

A total of 82 specific-pathogen-free mice (BALB/c) were
provided by the Animal Center of Third Military Medical
University, and randomly divided into the control and
colonization groups. Micein colonization group were gavaged
0.5 mL Candida albicans, and killed on days 3, 7 and 14 after
gavageby cervical didocation. The control animalsweretreated
inasimilar way with avehicle aone, and killed on day 14 after
sham-trestment. Themesenteric lymph nodes, cecumand ileum
of the mice were taken out.

Candida albicans adhering to ileum
lleaof 10 cmwererinsedin PBS(0.01 mal/L, pH 7.2) threetimes
until the ileawere tranducent, then wei ghed and homogeni zed.
Homogenized suspension (0.1 mL) was applied on the surface
of the selective culture medium at 37 °C for 72 h.

Adherence result (cfu/g)=Colony-forming unitsxdilution/
lleumweight (g).

Quantity of Candida albicans in cecum

Ceca were weighed and homogenized in 5 mL PBS, then the
suspension was cultured inthe sdective medium a 37 °C for 72 h.
Candida albicans quantity (cfu/g)=Colony-forming unitsx
dilution/Cecum weight (g).

Translocation of Candida albicans

Mesenteric lymph nodes (MLN) were taken to be weighed and
homogenized and the suspension was applied on the selective
mediumat 37 °C for 72 h.

Lymphocytes proliferation in Peyer”s patch and lamina propria
Mice wereintraperitoneally injected 5-bromo-2'-deoxyuridine
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(BrdU, 10 ng/g bm) et 12 h before cervica didocation, theintestine
and Peyer’ s patch (PP) were taken for immunohistochemistry
staining. BrdU-positive cellsin PPand in laminapropria (L P) of
intestinal villi were counted.

Number of IgA plasma cell in LP
IgA plasmacellswere counted after immunohistochemical stain
as40 villi /per miceand 5 mice/per time-point.

Expression of IgA of Peyer”s patch lymphocyte
Peyer’ spatch lymphocyteswereisolated, pooled, washed in RPMI
1640. Then IgA of lymphocyteswas measured by flow cytometry.

Specific IgA to Candida albicans in intestinal mucus

Intestinal mucus (0.1 mL) washomogenizedin 0.5 mL cold PBS,
then centrifuged at 5 000 r/min for 5 min, the supernatant was
taken as 1:1 mucus onto 96-well plates and coated by Candida
albicansasimmobilized antigen, which had been fixed in 40 g/L
formaldehyde overnight at 4 “C for 72 h. Then plates were
washed three times with PBS, and blocked by 5 g/L BSA for
0.5 h, the mucus samples were applied to ELISA platesfor 1 h
below 37 °C. After that, 96-well plates were washed with PBS,
and goat anti-mouse IgA antibodies which coupled with
horseradish-peroxidase were added to the wells, 100 m_/well
and incubated at 37 °C for 1 h. Reaction was stopped by adding
onedrop of 2 mol/L H,SO, and the result was shown by optical
density (OD) at 492 nm.

Relative quantity of specific IgA®
The specific IgA positive mucus measured before were serialy
diluted from 1:1 to 1:16, the content of specific IgA to Candida
albicansin 1:1 mucuswasregarded as 1 U/mL. The mucuswas
applied to ELISA in order to produce astandard curve. Specific
IgA activity to Candida albicans was counted as follows:
IgA(U/mg)=IgA relative quantity (U/mL)/Protein content
inthe mucus (mg/mL).

Statistic analysis
Datawere analysed using analysis of variance (ANOVA).

RESULTS

Change of Candidas” adherence and translocation

In the colonization group, the total quantities of Candida
albicansin intestine were larger on d 3 and 7 after gavage
administration, about (34-39)x10°cfu/g, declined to 3.2x10°cfu/g
on d 14. At the early phase after gavaging the mice, Candida
albicans was found in the MLN, and then disappeared from
day 7 to 14. Adherence a so showed a declined tendency from
the highest on day 3 to the lowest on d 14.

Proliferation of lymphocyte in PP and LP
BrdU incorporation of PP was found in both control and

Table 1 Proliferation and differentiation of lymphocytes

colonization group. BrdU-positive cellsweremainly at theverge
sites of PP; there were no obvious changes in the colonization
group compared with that in the control group. On d 14 after
gavaging, LP lymphocytes proliferation in colonization group
was significantly higher than that in the control mice (Table 1).

IgA plasma cell in LP
IgA plasmacellsincreased at all times, the highest was on day
14(Tablel).

Flow cytometry of mucosal slgA
There was no difference between the control and the
colonization group in the level of mucosal sigA (Table 1).

Specific IgA to Candida albicans

Specific anti-Candida albicans IgA contents on day 14 in
colonization group were higher than that in the control group
(Table2).

Table 2 Specific IgA to Candida albicans in intestinal mucus
membrane

Group n Positive rate  Content (U/mg)

Colonization

3d 20 5720 338

7d 18 3/18 36+13
14 d 25 10/25 69+252
Control 19 6719 18.646.9

3P<0.05 vs control.

DISCUSSION

Candida albicans is an opportunistic pathogen, which could
survive in the intestine and keep the balance of body. sIgA
prevents the body from some pathogen infection such as
typhoid fever and cholera®®, but itsrolein the balance between
opportunistic pathogen and host is not clear yet8. So we
investigated the relationship between Candida albicans
colonization and the change of local intestinal mucosal immunity
by using SPF mice modé, in order to understand the mechanism
of the balance. We have found that in the early period of
Candida albicans colonization, Candida albicans adherence
was serious, while the specific IgA content was lower.
Accompanying the increase of specific IgA to Candida
albicans, quantity of Candida albicans adherence and in the
cecum decreased, there was negative correlation between
specific IgA and quantity of Candida albicans adherence,
that isto say that specific IgA wasthe important factor to keep
the balance between opportunistic pathogen and host!®. The
colonization of Candida albicans could dlicit alocal mucosal
immune reaction and finally limit Candida albicans’

overgrowthl1o,

Number of BrdU-positive cells sIgA in PP

Group

Number of IgA

n PP LP Positive rates plasma cells in LP
Colonization
3d 5 7512 0.30+0.46 7.7+1.2 0.68+0.37
7d 5 58+20 1.05+1.00 7.7+2.5 0.67+£0.54
14 d 5 3710 3.34£2.352 ND 1.63+0.52?
Control 5 7015 0.78+1.04 10.3£1.8 0.35%£0.15

2P<0.05 vs control; PP: Peyer’s patch; LP: Lamina propria; IgA plasma cells were counted after immunohistochemical stain as 40

villiZ/per mice and 5 mice/per time-point.
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In the lamina propria, there was B lymphocyte clone that
could secret specific IgA against Candida albicang*?, but the
content was very lower. After Candida albicanswere gavaged,
stronger stimulation of Candidas antigen induced specific B
lymphocyte clone proliferation and differentiation, while the
number of IgA plasma cell increased. Plenty of specific IgA
against Candida secreted to the surface of intestinal mucus
membrane and formed the antibody barrier. sigA antibodies
were thought to provide mucosal defense by immune exclusion™;
thisrefersto their ability to prevent contact between pathogens
and epithelial surfaces through agglutination in the intestinal
[umen, entrapment of immunecomplexesinmucus, and clearance
by peristalsis. We could draw the conclusion that though
Candida albicans infection is more common recently, it is
possible to prevent Candida albicans infection by setting up
a specific sigA antibody barrier in the host.
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Abstract

AlIM: To assess the value of multidetector-row computed
tomography (MDCT) in choosing retreatment methods of
hepatocellular carcinoma (HCC) through evaluating the
blood supply of low-density area of HCC after transcatheter
arterial chemoembolization (TACE).

METHODS: Thirty-two patients with HCC after TACE
treatment were examined by plain scanning and hepatic
multidetector-row CT. The location of low-density area on
plain scanning and the enhancement patterns on dynamic
contrast-enhanced scanning were observed. At the same
time, three-dimensional CT (3D CT) models of the volume
rendering, curved multiplanar reformations, surface shaded
display and maximum intensity projection reconstruction of
the hepatic artery and portal vein were performed in 6 cases.

RESULTS: In CT plain scanning data, low density areas of
32 cases of HCC after TACE treatment were divided into
three types: peripheral, one-side-located and mixed types.
In contrast-enhanced CT scans, the blood supply of low-
density area was classified into four types: arterial blood
supply (20 cases), portal blood supply (5 cases), arterial
combined with portal blood supply (5 cases) and poor blood
supply (2 cases). In 6 cases, the relationship between the
low-density area and branches of hepatic artery as well as
portal vein was shown by 3D CT.

CONCLUSION: Hepatic MDCT is an effective method for
evaluating the blood supply of low-density area and
therapeutic effect of HCC after TACE treatment. Types of
blood supply is helpful for the selection of retreatment.

Guan YS, Zheng XH, Zhou XP, Huang J, Sun L, Chen X, Li X,
He Q. Multidetector CT in evaluating blood supply of
hepatocellular carcinoma after transcatheter arterial
chemoembolization. World J Gastroenterol 2004; 10(14):
2127-2129

http://www.wjgnet.com/1007-9327/10/2127.asp

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant neoplasms. In China, HCC was the second cancer

killer in rural areas, and ranked the third in urban areas and
110 000 patients were killed annually, accounting for 40% of
the HCC deaths in the world™. The mgjority of HCC patients
are treated with palliative approaches because surgery is
sometimes limited by poor liver function. Transcatheter arterial
chemoembolization (TACE) has been one of the most common
and effective palliative therapied?*. To evaluate the blood
supply types of the low-density area of HCC pretreated by
TACE and to explore its value in selecting appropriate
retreatment, we studied MDCT and 3D CT image characterigtics
of 32 HCC cases pretreated with TACE.

MATERIALS AND METHODS

Patients

From January to November 2003, 32 consecutive patientswith
HCC who underwent TACE (28 men and 4 women, age range
15-61 years, mean age 37 years) were enrolled into this study.
The diagnosis of HCC was based on the results of percutaneous
needle biopsy (n=13) and operation (n=2) or test of serum
alpha-fetoprotein level in combination with imaging appearance
and follow-up images (n=17) according to the diagnostic
criteriafor HCC formulated by Chinese National Association
of Anticancer Committee (1990).

TACE

TACE procedure was performed asfollows: thefoca segmental
or sub-segmental artery was detected carefully by celiac
arteriography, and variantswere excluded by superior mesenteric
arteriography and phrenic arteriography. When the tip of the
catheter arrived at the appropriate focal artery, one or two
anticancer agentswereinjected, followed by 8-15 mL iodized oil
(Huaihai Pharmaceutical Factory, Shanghai, Ching) injected under
fluoroscopic monitoring. Some patients were embolized with a
gdatin sponge (1 mm x1 mm x10 mm) at the sametime. TACE
procedureswere performed followed by MDCT within 4 to 6 wk.

MDCT

MDCT wasperformedwithan MDCT scanner after TACE within
410 6 wk (Sensation16, SiemensMedical System, Germany).
Multidetector row helical technique was applied to the scanning
in cranial to caudal direction. Plain scanning of the liver was
carried out. Then, after injection of the contrast mediafor hepatic
arterial phase and portal venous phase image acquisition,
enhanced scanning of 1.5 mm axial section was performed at
25 and 60 s, respectively. A total of 100 mL contrast medium
(Ultravigt 300, Schering Pharmaceutical Ltd., Guangzhou, China)
was administered to each patient at arate of 3.0 mL/sthrough a
catheter placed in the peripheral vein of the antecubital fossa.
Threedimensional CT modelsincluding the volume rendering
technique, multiplanar reconstruction, shaded surface display
and maximum intensity projection of the hepatic artery and
portal vein were simultaneously completed in 6 cases.

Diagnostic criteria for low-density area
Diagnostic criteriafor low-density areawere the CT of 30 to
50 HU on non-enhanced CT.
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Determination of low-density area and blood supply types
According to the location in CT plain scan, low-density area
was divided into three types. The peripheral low-density area
was the viable area around the portion that retained iodized oil.
The one-side-located type was determined by the low-density
arealocated in any one side of thelipiodol area. The mixed low-
density areashowed both peripheral and one-side-located types
in which the lipiodol retention in the tumor was heterogeneous.

According to the showing time of low-density area on
enhanced CT at biphasic MDCT, blood supply of low-density
areawas divided into four types. The arterial blood supply of
low-density area could be enhanced early during contrast
administration (during the hepatic arterial-dominant phase,
HAP) asa hyperattenuating or amixed attenuating area against
a background of glightly enhanced liver parenchyma before
the liver enhanced substantially from the portal venous
delivery of contrast material. Furthermore, the area must be
hypoattenuating during the portal venous-dominant phase
(PVP). Inthe sameway, the portal blood supplying low-density
area could be enhanced during PV P as a hyperattenuating or a
mixed attenuating area but hypoattenuating during HAP. If the
low-density areawas enhanced during both PVP and HAP, the
type of arterial combined with portal blood supply was
determined. The poor blood supply was defined as non-
enhanced on biphasic MDCT.

Image analysis

MDCT of all the patients was retrospectively and blindly
reviewed by two experienced radiologists. Image analysis
included the presence/absence and patterns of low-density
area at non-enhanced examination. After these results were
recorded, the HAP and PVP images were reviewed. Lesions
were categorized as hyperattenuating or hypoattenuating
relative to adjacent liver parenchyma. If lesions exhibited in
both hyper- and hypo-attenuating areas, they were categorized
as having mixed attenuation.

RESULTS

Appearances and patterns of low-density area

Thirty-two patients with low-density area after TACE were
divided into three types: sixteen patients were peripheral type;
5 were one-side location type and 11 were mixed type.

Types of blood supply

The appearances of the low-density area at each phase of
imaging are shown in Table 1. According to the appearance of
low-density areaat biphasic MDCT, the cases of arterial blood
supply, portal blood supply, arterial combined with portal blood
supply and poor blood supply were 20, 5, 5, 2, respectively.

Table 1 Appearance of low-density area at biphasic MDCT

Appearance at MDCT (cases)

Phase of

imaging  Hyperattenuating  Hypoattenuating Mixed
attenuating

HAP 17 7 8

PVP 4 22 6

HAP: hepatic arterial-dominant phase; PVP: portal venous-
dominant phase.

DISCUSSION

Although surgery remains the best treatment of HCC, it is
unsuitable for most of the cases who would be better treated
with interventional therapy. However, as the blood supply of

HCCincludesregular, variant, extrahepatic and collaterd arteria
blood supply, the portal vein isinvolved in some patients*213,
Furthermore, the devel opment of compensatory circul ation after
the occlusion of hepatic artery and the changes of the portal
venous blood supply to tumor after TACE, will both result in
incompl ete tumor necrosis or recurrencel*l,

MDCT isabreakthrough in medical imaging examination
technology. Equipped with a multidetector array, MDCT can
perform multislice data acquisition simultaneously, which
greatly reduces the time of volume scanning. Image quality is
improved dueto increased image resolution and clarity. MDCT
could therefore provide a technique of thin-dlice and dynamic
enhancement scanning of liver at hepatic arterial phase and
portal venous phase. In addition, multiplanar reformations, 3D
renderings, and high-quality CT angiographic displays have
opened anew vistain clinical applications. Its performance has
been improved in severa problem-solving tasks and become
extremely valuable inimage interpretationf*°2?,

The portion of tumor that retainsiodized oil is necrotic.
Pathol ogic specimens and the necrosis rate measured from CT
image showed agood correlation between the portion of tumor
that retained iodized oil and the portion of tumor necrotized.
Lipiodol-negative but hypodense areas examined by X-ray
proved to be necrotic or fibrotic with or without viable tumor
islands. HCC with heterogeneous lipiodol uptake tended to
recur at the site adjacent to the original tumors more frequently
than HCC with homogeneousipiodol uptake’?+#, HCC images
that revealed a dense retention of lipiodol within the whole
tumor or revealed no enhancement on contrast enhanced CT
had asignificantly higher necrotic rate. A lipiodol-negative but
hypodense area with enhancement on dynamic MDCT was
low-density area®?. According to the location, we divided it
into three types: peripheral, one-side-located and mixed type.
According to the time of enhancement of low-density area at
biphasic MDCT, blood supply in low-density areawas divided
into four types: arterial blood supply, portal blood supply,
arterial combined with portal blood supply and poor blood
supply. The portal venous blood supply was mainly of tumor
periphery distribution. After treatment of TACE, the portal
venous blood supply to tumor periphery increased significantly,
and some did have signs of enriched blood supply around the
tumort”,

Evauating the blood supply of low-density areawith HCC
after TACE has clinical significance in choosing the method
and route of retreatment. When MDCT picturesrevealed the
patient of arterial blood supply type, repeated treatment with
TACE was suggested. If it is necessary, subsegmental TACE
should be performed because of its superior capability of
achieving complete lipiodol accumulation. TACE showed a
strong antitumor effect because of the overflow of excessiodized
oil into the portal veing®. Therefore, when the low-density area
had two blood supply routes of arterial and portal veins, repeated
treatment with TACE was also suggested. As portal venous
blood supply to the tumor was affected by TACE treatment in
portal blood supply group, interventional therapy viaporta vein
should be reasonable. Percutaneous ethanol injection and other
non-vascular interventional therapy could be considered when
the low-density area revealed poor blood supply?28,

In short, MDCT plays important roles in evaluating the
efficacy of chemoembolization. Itisapractical, effective, and
safe method for assessing the therapeutic effect of TACE.
Evaluation of the blood supply of low-density areain MDCT is
of practical significance for making retreatment plans.
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Abstract

AlIM: To investigate the multiple gene differential expression
patterns in human ischemic liver and to produce the evidence
about the hepatic ischemic safety time.

METHODS: The responses of cells to hepatic ischemia and
hypoxia at hepatic ischemia were analyzed by cDNA
microarrary representing 4 000 different human genes
containing 200 apoptotic correlative genes.

RESULTS: There were lower or normal expression levels
of apoptotic correlative genes during the periods of hepatic
ischemia for 0-15 min, the maintenance homostatic genes
were expressed significantly higher at the same time. But
at the hepatic ischemia for 30 min, the expression levels of
maintenance homeostatic genes were down-regulated, the
expressions of many apoptotic correlative genes and nuclear
transcription factors were activated and up-regulated.

CONCLUSION: HIF-1, APAF-1, PCDC10, FBX5, DFF40, DFFA
XIAP, survivin may be regarded as the signal genes to judge
the degree of hepatic ischemic-hypoxic injure, and the
apoptotic liver cell injury due to ischemia in different time
limits. The safe limit of human hepatic warm ischemic time
appears to be generally less then 30 min.

Lu QP, Cao TJ, Zhang ZY, Liu W. Multiple gene differential
expression patterns in human ischemic liver: Safe limit of
warm ischemic time. World J Gastroenterol 2004; 10(14):
2130-2133

http://www.wjgnet.com/1007-9327/10/2130.asp

INTRODUCTION

The safety limit of human hepatic warm ischemic time is
closely correlated with the recovery of hepatic function and
the patient’ s prognosis after liver transplantation, serious
hepatic injury and hepatectomy!*”. Owing to the devel opment
in hepatic surgical operation techniques and perioperative
period, numerous experts discovered that the safety limit of
human hepatic warm ischemic time could be prolonged further.
But the critical problem of what degree the safety limit should
be generally controlled isdrawing specia attention of thewhole
hepatic surgery. The cell apoptosis we have found now isone

of themain cell death formsinfluencing visceral functions after
the liver got ischemic injury!®2. But because too many genes
areinvolved in cell apoptosis, the expressions in differential
ischemic safety time of the main controlling gene influencing
the safety limit of human hepatic warm ischemic time remain
unclear. For such a reason, by cDNA microarray, we
investigated the multiple genes differential expression patterns
in human ischemic liver for the purpose of producing some
scientific evidence for the hepatic ischemic safety time.

MATERIALS AND METHODS

Tissue specimens

All the tissue specimens in question came from the hepatic
tissues contributed by the unconscious patients dying of
external brain injury whose other organic functions were
normal (Table 1). Each group consisted of 5 specimens. The
specimenswereimmediately stored in liquid N, after resection.
All contributors had no hepatic disease, and the liver function
remains normal before resection. Theliver tissue construction
was proved normal by pathologic examinations.

Table 1 Group division of tissue specimens

Group Experiment group Control group

Group 1 15 min ischemic tissue Normal liver tissue
Group 2 30 min ischemic tissue Normal liver tissue
Group 3 30 min ischemic tissue 15 min ischemic tissue

Chemicals and materials

TriZol and Script 11 reverse transcriptases were bought from
American Life Technologies, Ltd. cDNA microarray
containing 200 apoptotic correlative genes and biochip
hybridization kit were from Shanghai Biotstar Gene chip, Ltd.

Total RNA extraction

Total RNA was extracted from human liver tissuesin each
group following the single step extraction (see details in the
manual).

Probe preparation and hybridization

An equa volume of RNA was extracted from each group and
60 ng RNA was added into 50 ni reverse transcription system.
The experiment group was labeled with Cy5-d CTP and the
control group with Cy5-d CTP (see the way of labeling in the
manual of the test kit). The chip was denatured and
prehybridized for one time in advance. After denatured at
95 C for 5 min, the probe mixture was added on the microarray
and covered with a hyi slip. The slide was then placed in a
constant temperature hybridization chamber for hybridization
at 42 °C for 20 h. After hybridization, slides were washed
10 min in each of 2xSSC with 2 g/L GSDS, 0.1xSSC with
2 g/L GSDS, 0.1xSSC, then dried at room temperature. The
hybridization in each group was replicated 3 times.

Fluorescent scanning and analysis
The chip was scanned by GenePix 4000B laser scanner at
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2 waveengths. The acquired image was analyzed by GenePix
Pro 3.0 software. Theintensity of each spot a the 2 wavelengths
cut off the additional background signal represented the
quantity of Cy3-dUTP and Cy5-dUTP respectively. Eachratio
value of Cy3to Cy5 was computed. The 2 overall intensities
were normalized by a coefficient according to the ratio of the
located 88 housekeeping genes, 43 negative control genes,
45 positive control genes and 3 blank locations. We defined
two standards to screen out each differentially expressed gene.
Theratio value >2 represented the level of the gene expression
elevated significantly, theratio value <0.5 represented the level
of the significantly depressed gene expression. The data about
the genes whose ratio value >2 or <0.5 were screened out in
the comparisons of normal control group with 15 min ischemic
group or 30 min ischemic group, then the variation of theratio
valuewasobserved in the comparison of 15 minischemic group
with 30 min ischemic group and each “+0.5” changein the
ratio value was set asa “+". All the data were input in the
datasheet, and the biological functions of the target genes
were analyzed.

RESULTS

Comparison of differential gene expressions between 15 min
ischemic group and normal control group

Figure 1 (A and B) shows that the double-colored fluorescent
labelsin 15 min ischemic group and normal control group
were overlapping. A total of 41 differentially expressed genes
were identified by cDNA chip between the 15 min ischemic
group and normal control group. Among them the ratio values
of 33 genes were <0.5, consisting of 22 genes correlated
directly with cell apoptosis regulation, 9 congenic genes of
stress-response protein relevant to cell apoptosis, and 3 genes
correlated to metabolism regulation, 1 correlated to cell circle
regulation, 1 correlated to the cell interpretation and synthesis.
In the meantime, there were 8 differential expression genes
whose ratio values were >2, mainly about P43=mitochondrial
elongation factor homolog (GenBank-1D: S75463), human
ribosomal protein S14 gene, complete cds (GenBank-1D:
humrps 14), H. sapiens mRNA for squalene synthase

(GenBank-1D: hssqusyn), human sodium/potassium ATPase
beta-2 subunit (atpb2) mMRNA, complete cds (GenBank-ID:
humatpbii), H. sapiens mRNA for H+-ATP synthase subunit
b (GenBank-1D: hsatpsyn), and no gene relevant to apoptosis
was highly expressed.

Comparison of differential gene expressions between 30 min
ischemic group and normal control group

Figure 1 (C and D) shows that the double-colored fluorescent
labels in 30 min ischemic group and normal control group
were overlapping. A total of 9 differentially expressed genes
were identified by cDNA chip between the 30 min ischemic
group and normal control group. The ratio values of 3 genes
of which were <0.5, consisting of 2 genes correlated directly
with cell apoptosis regulation (the congenic genes of survivin,
AB028869 and X-linked inhibitor apoptosis protein, u45880
respectively), and 1 congenic gene (GenBank-1D: af004711)
of TPKC1. Inthe meantime, therewere 6 differential expresson
genes whose ratio values were >2, of which 3 were the
regulation genes correlated directly with cell apoptosis: APAFL
(GenBank-ID: NM-001160), PDCD10 (GenBank-ID: NM-
007210) and an unnamed gene (GenBank-1D: AL031714), 1
was the congenic gene (GenBank-1D: AF050127) of HIF1,
thefunctions of last 2 genes were not clear.

Comparison of differential gene expressions between 15 min
ischemic group and 30 min ischemic group

In the 200 genes, 35 genes were not expressed at the two time
limits. The expressions of 167 genesin 30 min ischemic group
differed from in 15 min ischemic group. One hundred and
nineteen genes were expressed following the rising tendency,
of which ratio values of 7 genes were >“+++", 19 > ++”,
39>"+", and 55 genes only expressed the rising tendency but
their ratio values were <" +”. There are 46 genes following
the descending tendency, of which ratio values of 4 geneswere
S“+++" 5> ++7 12>+ and 25 genes only expressed the
descending tendency but their ratio values were << “+” . In
addition, 16 genes were expressed in 30 min ischemic group,
but not in 15 min ischemic group, of which 11 genes were
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Figure 1 Double-colored fluorescent labels and scattered diagram of signal intensity of differential gene expressions in 15 min
ischemic group and normal control group. Green: Down-regulation, Signal of cy3 is stronger; Red: Up-regulation, signal of cy5 is
stronger. A, C: Double-colored fluorescent labels: In 15 min ischemic group and normal control group; B, D: Scatter diagram of
signal intensity of differential gene expressions in 15 min ischemia group and normal control group.
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correlated directly with cell apoptosisregulation, 5 geneswere
expressed in 15 min ischemic group, but not in 30 min ischemic
group, of which only 1 gene was correlated directly with cell
apoptosis regulation, namely XIAP (GenBank-ID: u45880).

DISCUSSION

Our data suggested that the apoptosis regulation gene at the
hepatic ischemiafor 0-30 min presented following features.

In hepatic ischemiafor 0-15 min, the apoptosis regulation
gene was expressed low or normally. The differentially
expressed genes whose ratio values were >2 (namely, they
were expressed following the rising tendency) were mainly
the maintenance harmonious genes, such as genes regulate
P43=mitochondrial elongation factor homolog (GenBank-ID:
S75463), Human ribosomal protein S14 gene (GenBank-1D:
humrps), H. sapiens mRNA for sgualene synthase (GenBank-
ID: hssgusyn), Na'/K*-ATPase activity a subunit (GenBank-
ID: hsatpar) and b subunit(GenBank-ID: humatpbii), H*-
ATPase activity (GenBank-1D: hsatpsyn). But they were not
highly expressed with the congenic genes correlated directly
with cell apoptosis regulation.

In hepatic ischemia for 15-30 min, the expression of
apoptosis regulation genes changed greatly. One hundred and
nineteen genes were expressed following the rising tendency,
of which 59 genes were relevant to the apoptosis regulation.
Although some anti-apoptosis genes[ such asthe congenic gene
of bcl-2 (GenBank-ID: AJ006288), the congenic gene of
inhibitor apoptosis protein IEX-IL (GenBank-1D: AF071596)]
which were expressed the low level, the mgjority of the higher
expressed genes were the apoptotic genes, for example, the
congenic gene of gpaptotic protease activating factor-1 (APAF-1,
GenBank-1D: NM-001160); Homo sapiens F-box protein
5, FBX5 (GenBank-ID: NM-012177); DNA fragmentation
factor, 40 ku, subunit, DFF40 (GenBank-ID: AF064019); DNA
fragmentation factor, 45 ku, a pha subunit, DFFA (GenBank-
ID: NM-004401); p53-induced protein; PIG11(GenBank-ID:
NM-006034). Especially, APAF-1 was the only known human
homologue of CED-4 and the nuclear element in the formation
of apoptosis body!**¢. Now it isthought as the key element
regulating cell apoptosis, and theratio value of its expression
in 30 min hepatic ischemiawas an additional “+++" than that
in 15 min hepatic ischemia. Meanwhile the ratio value of the
congenic gene of PDCD10 (GenBank-ID: NM-007217) was
also“++". The significant rising of expression of the apoptotic
genes showed that the unavoidable cell death after serious
ischemic injury was akey expression of the serious cell injure.
In 15 min hepatic ischemia, the congenic gene of the important
X-linked inhibitor apoptosis protein, XIAP (GenBank-ID:
u45880) changed from the normal expression to non-
expression, following the obvious descending tendency.
Compared with thenormal group, the expression of thesurvivin
congenic gene (GenBank-1D: AB028869) descended greatly
with the ratio value <0.5. The codogenic genes (GenBank-1D:
S75463, humrps, hssqusyn, hsatpar, humatpbii, hsatpsyn and
so on) relevant to the internal circumstance and the organelle
functions were expressed obviously in the period of 0-15 min
hepatic ischemia, but in 15-30 min period their expression
descended to “ +” - “ ++” . The congenic gene of human hypoxia-
inducible factor 1 HIF-1 alphagene (GenBank-ID: AF050127)
was expressed apparently (increased to “ +++"). Lots of the
regulation genes of nucleustrangation factors were expressed
notably for example, the codogenic gene of EIF4G2
(eukaryotic trangdlation-induction factor 4 gamma, 2 (EIF4G2)
MRNA, GenBank-1D: NM-001418), NF-kB family, TNF
receptor associated factor 6 (TRAF6) responsible for the
existence and death of cells (GenBank-1D: hsu78798),
increased to “++”. The latter was a transmission factor

participating in IL-1 signal transmission and activating the
signal transmission about apoptosis of the nuclear factor
NF-kBI7-20,

The data suggested that in 0-15 min hepatic ischemia, the
gene regulation model inside of the cells was likely to better
and maintain the harmonious of the internal circumstance to
keep the wholeness of cell and organ functions even by
controlling ion channel and organelle functions. At the same
time, although acute ischemic-hypoxic injury changed the
structure and functions of cells, the expression of each kind of
genes relevant to apoptosis, according to the analysis of the
level of gene regulation, remained on the low level, that isto
say, the occurrence of apoptosis was not amain direction yet.
With the time of ischemia and hypoxia passed, when hepatic
ischemia lasted for 30 min, acute ischemic-hypoxic injury
perhaps would lead to the significant rising of HIF-1, and the
cell gene expression model responsible for the existence or
death of the cellsa so was changed completely. The expressions
of all kinds of regulation genes maintaining cells and the
internal cellular circumstance descended obviously, while
NF-kB and many genes relevant to apoptosis were activated
evidently and notably expressed. Therefore, it is suggested that
cell desth is unavoidable when hepatic ischemialastsfor 30 min.
Itistrue that some experts deduced that the time of the human
hepatic ischemia could be prolonged beyond the safe limit
according to clinical experience in the progress after liver
operation. Y et when dynamic changes of gene expressions after
liver suffered ischemic injury are analyzed, it is suggested that
the safe limit of one time hepatic ischemia should be less than
30 min, namely, when key death genes such as APAF-1,
PDCD10, FBX5, DFF40, DFFA are activated evidently and
expressed significantly, and before the obvious descending of
inhibitor apoptosis genes such as XIAP, survivin. In the
meantimeit issuggested that HIF-1, APAF-1, PCDC10, XIAP,
survivin may be regarded asthe signal geneto judgethe degree
of hepatic ischemic-hypoxic injury, and the apoptotic liver cell
injury due to ischemiain different time limits.
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Abstract

AIM: To investigate the therapeutic value of liver
transplantation for advanced hepatocellular carcinoma (HCC).

METHODS: Twenty-eight patients with advanced HCC were
treated by liver transplantation from August 2000 to October
2003 at Peking University Third hospital. All the patients
were followed up to evaluate the result.

RESULTS: The longest follow-up duration was 3 years and
3 mo. Till the end of the follow-up period, 17 patients had
already died and 11 were alive. Of those who died, 10 patients
died of tumor recurrence, 4 died during the perioperative
period, 2 died of variceal bleeding, and 1 died of biliary
complication. According to life table method, the 1-, 2-, and
3-year survival rates were 87.5%, 52.5%,and 42.9%,
respectively.

CONCLUSION: Liver transplantation provides a new
treatment under the circumstance of lacking of an effective
treatment for advanced HCC at present. Some patients can
survive for a relatively long time free of tumor. In our country,
if the patients can afford liver transplantation, advanced HCC
without extrahepatic metastasis is an indication for liver
transplantation at present.

Wang DC, Zhang TL, Song SB, Yuan J, Xiu DR, Yang XX. A
report of 28 cases of 3-year follow-up after liver transplantation
for advanced hepatocellular carcinoma. World J Gastroenterol
2004; 10(14): 2134-2135
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INTRODUCTION

Hepatocdl lular carcinoma (HCC) isacommon malignant tumor
in China. The methods of treatment for advanced HCC are
limited, and the prognosisis so poor. Peking University Third
Hospital began to carry out liver transplantation since August
2000. Some of the patients suffered from advanced HCC. In
our study, the result of treatment has been found to be
somewhat accepted at present.

MATERIALS AND METHODS

Materials
Twenty-eight patientswith advanced HCC weretreated by liver
transplantation from August 2000 to October 2003 at our

hospital. Of them, twenty-six patients were male. The average
agewas46.3 years, ranging from 20 to 63 years. All the patients
suffered from cirrhosis caused by hepatitis B. Child-Pugh
classes A, B, and C patients were 13, 8, and 7, respectively.
The diagnosis was made by ultrasound, computed tomography,
magnetic resonance imaging, arteriography and serum alpha-
fetoprotein levels. Postoperative pathologic examination
confirmed that all the patients had HCC. The patients with
extrahepatic spread were excluded by ultrasound, chest film
and bone scan. All the patients met the following criteria:
solitary tumor =5 cm or with multiple nodules and total
diameter >8 cm; and the mean diameter of single nodule was
10.3 cm, ranging from 3 cm to 20 cm. There were 12 patients
with tumor involving bilateral hepatic lobes, 5 with positive
porta hepatis nodes, and 18 with portal invasion.

Methods

All the patients underwent orthotopic liver transplantation
(OLT) and were taken care of by the same medical team
perioperatively. The donorswere heathy male who had brain
death with the age of 20-40 years. The initial 11 patients did
not undergo formal chemotherapy postoperatively, and only
the eighth patient underwent transarterial chemoembolization
preoperatively (hot lipiodol 10 mL and cisplatin 100 mg).
Seventeen patients underwent the formal intravenous
chemotherapy postoperatively when the hepatic function was
normal. The chemotherapy regime was: administration of
adriamycin 40 mg, cisplatin 60 mg, calcium folinate-SF 200 mg
and 5- Fluorouracil 1 000 mg on the first day, the same doses
of calcium folinate-SF and 5- Fluorouracil from the second
day to the fifth day. The course of chemotherapy was5 d once
amonth, and there were 6 courses atogether. All the patients
were followed up and the longest duration was 3 yearsand 3 mo.

Statistics

The survival rate was calculated according to the life table
method. Patients who died of non-tumor and who stopped the
follow-up in the intervals were listed into the lost.

RESULTS

Till the end of the follow-up period, 17 patients had already
died, and 11 were alive. Of those dead patients (Table 1),
10 patients died of tumor recurrence, 4 died within
perioperative period, 2 died of varicea bleeding, and 1 died of
biliary complication. Among the patientswho survived (Table 2),
therewere 1, 2, 2, and 3 patients survived for 8 mo, 1, 2, and 3
years free of tumor, respectively; and there were 1 and 2
patients survived for 8 mo and 1 year with tumor-recurrence,
respectively. Inthefirst year, 8 patientswere lost, 3 were dead,
and the 1-year survival rate was 87.5%. In the second year, 4
patients were lost, 6 were dead, and the 2-year survival rate
was 52.5%. In the third year, 3 patients were lost, 1 was dead,
and the 3-year survival rate was 42.9%.

Of the patients with single tumor of more than 10 cm, there
was 1 patient who survived for more than 3 years. No patients
with tumors involving many hepatic lobes could survive for
more than 3 years, but there were 2 patients survived for more
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than 2 years. There was 1 patient with positive portal lymph
node survived for more than 3 years. Of the patientswith portal
invasion, 2 survived for more than 3 years, and 3 survived for
more than 2 years. The cases were divided according to the
different dandards, and their surviva time can beseenin Table 3.

Table 1 Causes and time of the death of patients

Tumor-recurrence
Cause Peri- Variceal
operatively bleeding

Biliary
complication

<lyr 1-2yr >2yr

Number 4 2! 12 3 6 1

12 years and 2 mo, and 6 mo after OLT, respectively, 26 mo
after OLT.

Table 2 Survival time of the patients

Time <lyr

Number 1+1t 2+2¢ 2 3

1-2yr 2-3yr >3yr

1Survive with recurrence.

Table 3 Survival time of the different groups

Groups <lyr 12 yr 2-3yr >3yr

Tumor diameter
>10cm

<10cm

Portal invasion
Yes

No

DISCUSSION

Among the surgical therapies of HCC, the dominant treatment
is hepatic resection. A study showed that the 5-year survival
rate is up to 50% after hepatic resection. But HCC always
occurs in the presence of liver cirrhosis, hepatic resection is
limited by the poor hepatic function and the presence of portal
hypertension. In general, Child’ s C* stage is considered an
absolute contraindication for any type of resection™.
According to the principle of tumor surgery, replacing an
allograft after total hepatectomy isan ideal curative resection
of HCC@, Herrero et al. reported that in the patients with
solitary HCC nodule less than 6 cm and those with 2-3 HCC
nodules less than 5 cm in diameter,1- and 3-year recurrence
free suvival rates were 87% and 79%, respectively®. In the
study by Yao et al @, patientswith HCC meeting the following
criteria solitary tumor << 6.5 cm, or <3 noduleswith the largest
lesion <4.5 cm and total tumor diameter <8 cm, had survival
ratesof 90% and 75.2%, at 1 and 5 yearsafter OLT, respectively.
So they concluded that the current criteriafor OLT based on
tumor size might be modestly expanded while preserving
excellent survival. Since OLT for early HCC is not fit for the
situation of our country aswell asthe economic status, and the
result of hepatic resection is good in our country, OLT is not
accepted by the patients except that the patients having early
HCC with serious cirrhosis can not tolerate hepatic resection.
The diagnosis of early HCC is achieved in around 30% of
the cases¥. Asto the unresectable HCC, the chief therapy isa

non-surgical treatment. But it always leads to poor prognosis
for it is not a curative treatment. Now the generally accepted
non-surgical treatment is transarterial chemoembolization. Lo
et al. undertook arandomized controlled trial of transarterial
chemoembolization for unresectable HCCP®. The patientswere
excluded if they had 1 or more of the following criteria: poor
hepatic function (presence of hepatic encephal opathy, ascites
not controlled by diuretics, history of variceal bleeding within
last three months, a serum total bilirubin level over 50 pmol/L,
a serum total albumin level below 28 g/L, or a prothrombin
time of more than 4 sover the control); extrahepatic metastasis,
main portal vein thrombosis etc!®. The chemoembolization
group underwent transarterial chemoembolization, and the
control group received only treatment for symptoms and
complications. The estimated 1-, 2- and 3-year survival rates
were 57%, 31% and 26% for the chemoembolization group,
and 32%, 11%, and 3% for the control group, respectively.

Thereisno effective therapy for the patientswith advanced
HCC who do not meet the chemoembolization criteria, such
as poor hepatic function and/or portal thrombosis, and they
have poor prognosis even if there is no extrahepatic spread
when the diagnosis of HCC is made. In the initial stage of
OLT, the patients with advanced HCC were also treated by
OLT in abroad, and the 3-year survival rate was 20-30%!Y.
Due to the poor prognosis and the shortage of donor, OLT for
advanced HCC was abandoned in foreign countries. From the
year of 2000, our hospital began to perform OLT and chose
advanced HCC for the initial trial just as peers at home and
abroad. Till now, 28 patients with advanced HCC underwent
OLT at our hospital. We can not conclude that the result is
excellent through the 3-year follow-up. Many patients who
underwent OLT did not meet the chemoembolization criteria,
but the total survival rate was higher than that of the
chemoembolization group reported by Lo et al. Some patients
survived for arelatively long time free of tumor after OLT.
Thus, liver transplantation provides a new treatment under the
circumstance of lacking of an effective treatment for HCC at
present, and some patients have a chanceto lengthen their lives.
But the expense of liver transplantation is very high. In our
country, if the patients can afford liver transplantation,
advanced HCC without extrahepatic metastasisisan indication
for liver transplantation at present.
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Abstract

AIM: To investigate the clinical features, diagnosis,
treatment and prognosis of multiple primary colorectal
carcinomas (MPCC).

METHODS: A retrospective analysis of 37 patients with
MPCC from 1974 to 1998 was carried out.

RESULTS: The incidence of MPCC was 2.74%(37/1 348)
in patients with primary colorectal carcinomas, 15 cases
of them were patients with synchronous carcinomas (SC)
and 22 cases were diagnosed as metachronous carcinomas
(MC). Most tumors were located in the right colon and
rectum. Fifty-five percent (12/22) of MC were diagnosed
within 3 years after tumor resection and 41%(9/22) of MC
occurred after 8 years. Radical resections were performed
in all patients except for 1 case. The 5-year survival rate
of SC was 72.7%(8/11) and that of MC after the first cancer
and second cancer was 71.4%(15/21) and 38.9%(7/18),
respectively.

CONCLUSION: The results indicate the importance of
complete preoperative examination, careful intraoperative
exploration and periodic postoperative surveillance. Early
diagnosis and radical resection can increase survival rate
of MPCC.
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INTRODUCTION

Multiple primary colorectal carcinoma(MPCC) refersto two or
more primary colorectal carcinomas detected in a single
individual simultaneously or consecutively. It is named
synchronous carcinoma (SC) and metachronous carcinoma
(MC) respectively. The prognosis of colorectal carcinomais
good compared with other carcinomas of the digestive organs.
Along with increasing incidence of colorectal carcinomas and
prolonged survival after radical resection, patientswith MPCC
have increased gradually. Generally, SC does not affect
prognosisif it isrecognized and treated in time, but if ignored,
it may turn into more advanced MC. Therefore, after colorectal
cancer surgery, occurrence of metachronous carcinomais

regarded as an serious problem'. Due to influence of doctor’ s
recognition degree, missed and error diagnosis or inaccurate
treatment appears frequently. The purpose of thisreview was
to discuss the prevalence, preoperative diagnosis, postoperative
follow-up and survival, in order to strengthen the acquaintance
of MPCC.

MATERIALS AND METHODS

A total of 1 348 cases of primary colorectal carcinomas were
treated at the Department of Surgery, Beijing Cancer Hospital
from January 1, 1974 to December 31, 1998. MPCC was
diagnosed according to the following criteria proposed by
Moertel@, Each tumor must have a definite pathologic picture
of malignancy, metastasis or recurrence from another colorectal
cancer was excluded, all cancers detected at the same time or
within 6 mo were defined as SC, otherwiseasM C, Tumorsmust
be distinctly separated by at least 5 cm of an intact bowel wall
from each other. MC must be more than 5 cm away from the
normal anastomotic site of index cancer resection. MPCC
originated from familial colonic polyposisor ulcerative colitis
was excluded.

Tumor locations were divided into 3 groups: (1) right colon
which included appendix, cecum, ascending colon, hepatic
flexure, and transverse colon; (2) left colon which included
splenic flexure, descending colonand sigmoid colon; (3) rectum,
upper boundary of which was 15 cm from the dentate line. It
was considered as lost follow-up if a patient failed to come
back to the Outpatient Department or could not be contacted
by letter or telephone for more than one year.

Independent t-test and c2-test were used to compare the
factorsin different groups. A P valuelessthan or equal to 0.05
was considered statistically significant.

RESULTS

A total of 1 348 patientswith colorectal carcinomaweretrested
during 25 years period. Fifteen cases had 2 SCsand 22 patients
had 2(20 cases) or 4(1 case) or 5(1 case) MCs, respectively
(Tables 1 and 2). No significant differences were noted among
the groups in age and gender. The second MC appeared in
8-240 mo (mean: 68 mo), 55%(12/22) were diagnosed within
36 mo and 41%(9/22) after 96 mo. The interval of other one
patient was 45 mo. Two patients had three times of MC, their
interval was 15 years (one cancer), 19 years (two cancers) and
12 years (one cancer), 17 years (three cancers) respectively.

Thedigtribution of MC and SCisshownin Table 2. Lesions
were located at the adjacent intestinal segment in 6 of SC group
(43%). In MC group, 20 patientshad 2 lesions, 1 had 4 lesions
and the other one had 5 lesions.

The clinica presentation wasvariable. All the 15 patientsin
SC group went to see doctors because of symptoms, such as
bloody stool, abdominal pain, diarrhea, anemiaand abdominal
mass. Thetime of the development symptoms was more than
1 year. Thirteen cases (87%) were diagnosed by barium enema
and/or colonoscopy before operation. And 2, 9 and 2 patients
were staged as Dukes B, C and D, respectively. Other 2 patients
of this group were diagnosed intraoperatively. In MC group,



Wang HZ et al. Multiple primary colorectal carcinoma

2137

3 of 22 cases (13.6%) were proved by routine postoperative
colonoscopy (2: Dukes A, 1: Dukes B). Twenty-one patients
went to see doctor owing to symptoms, 18(86%) were diagnosed
preoperatively, 2 were diagnosed intraoperatively, and 1 was
diagnosed by postoperative pathology.

Operation was the primary option. In SC group, 14 cases
(93%) received radical resection. Among them, 5 casesreceived
subtotal colectomy in combination with rectoileostomy, others
received radical resection or combined radical resection of
adjacent loop according to the cancer locations. One received
by-passdueto severeloca spread. InMC group, all the 22 cases
with index cancer received radical resection. All secondary or
third lesions except one underwent radical resection.

The histological types of all cancers are shown in Table 2.
No significant differences were noted between the second
cancer and SC with index cancer. There was a significant
difference between the third cancer and index cancer.

The 5-year and 10-year surviva ratesare shown in Table 2.
There was no significant difference between SC and index
cancer of MC. The 5-year survival rate of the patients with
secondary cancer could reach 39% after operation.

Table 1 Age and gender of patients with MPCC

Group SC Group MC
Number of patients 15 22
Age(yr)
meanxSD 47+12 48+12
Range 27-71 30-68
P value >0.1
Gender
Male 11(73%) 16(73%)
Female 4(27%) 6(27%)
P value >0.1

All statistical comparisons were with index cancer of MC by
independent t-test or c3test.

DISCUSSION
MPCC isnot uncommonin clinic. The estimated incidence rates

Table 2 Location, types, and survival rate in two groups

of SCandMCwere2.0-8.1%and 0.6-10.6% respectively™>%. Such
asignificantly different result of these series may be due to
several reasons. For example, the definition varied to allow
diagnosis of a second carcinoma at arange of 6 mo to 3 years
after the diagnosis of the index tumor. The patient number,
observation period and follow-up time all could influence the
final results. Bulow et al. followed up 501 patients younger
than 40 years old with colorectal carcinomafor up to 41 years.
Inthefirst 10 years, only 12 cases developed MC. Since then,
another 32 patients had developed MC in succession. Cali
et al.™M reported that the cal culated incidence for MC was
0.35 percent per year and the cumulative incidence at 18 years
was 6.3 percent according to a group of 5 476 patients. In
another larger group of 141 945 patients with histologically
confirmed primary colorectal tumors within 14 years (mean
follow-up of 4.72 years), 3 402(2.4%) and 1 526(1.1%) cases
were diagnosed with SC and M C respectively®®. In our study,
theincidence of MPCC was 2.74%(37/1348). Thereported data
showed that the occurrence of MPCC had arising trend™.

Chen et al.*? reported that there was no differencein age
of patientswith SC, MC and single colorectal carcinoma. Oya
et al.*¥ found the index lesions of synchronous cases did not
differ from single lesions in age, size, differentiation, and
location. However the male: femal e ratio was higher and distant
metastasis was more frequent in synchronous cases than in
single cases. Welchi* found that patients with synchronous
tumorswere older than those with single colon cancersor initial
metachronous lesions. Our results showed that patients with
SC or MC had similar age, gender, and location.

The time intervals between the diagnosis of index and
metachronous cancers varied obviously. Kiefer et al. showed
that early metachronous cancers (within 2 years) reached 4096,
But otherd® considered the “ early” MC as an overlooked SC.
Theinterval of MC could reach 41 years after the first tumor.
Welch* pointed out that the median interval between
metachronous tumors was 9 years. The symptom duration was
shorter before discovery of the second metachronous tumors.
The occurrence of the second M C was 55% within 3 yearsand
41% after 8 yearsfrom index cancer resection in our series. The
longest was 20 years. Therefore, early follow-up examination
(within 3 years) was very important.

MC
SC
Index cancer 2nd cancer 3rd cancer
No. of tumors 22 22 5 30
Location
Right colon 9(41%) 7(32%) 2(40%) 7(23%)
Left colon 7(32%) 8(36%) 2(40%) 15(50%)
Rectum 6(27%) 7(32%) 1(20%) 8(27%)
P value >0.1 >0.1 >0.1
Types
AC 20(91%) 19(86%) 3(60%) 18(64%)
Mucoid AC 2(9) 1(5) 7(25)
Canceration 1(5%) 2(40%) 3(11%)
(Adenoma/Polypus)
Ring cell C 1(5)
P value >0.1 <0.01 >0.05
Survival Rate
5-yr 71%(15/21) 39%(7/18) 73%(8/11)
10-yr 53%(10/19) 19%(3/16) 63%(5/8)
P value >0.1

A: Adenoid; C: Carcinoma. All statistical comparisons were with index cancer of MC by independent t-test or c2-test.
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The preoperative detection of SC not only can alow an
appropriate surgical strategy to be carried out but also establish
alogical policy for follow-up. It is stressed that a second tumor
may present in large intestine during follow-up. Barium enema
and/or colonoscopy should be given to patients in time.
Examinations such as B-ultrasound, CT scan, CEA, fecal occult
blood and fecal occult dbumin may help to improve diagnosis,
especially SC preoperatively. CEA, fecal occult blood and fecal
occult albumin test were also used to detect the early stage
colorectal cancer during mass screening for asymptomatic or
follow-up for high risk populations®, However, many results
were still unsatisfactory!>217, Finan et al.”® diagnosed only
42% of 59 SC patients preoperatively. Chen et al.'? reported
that 66%(31/47) of SC were omitted during preoperative barium
enema (46 patients) and/or colonoscopy (7 patients). But other
report*® showed that the sensitivity of colonoscopy reached
76.7%(56/73) for detecting SC and 829%(14/17) of missedlesions
were smaller than 1 cm polyps. In our group, although
preoperative diagnostic rate of SC reached 87%, but 85% were
Dukes C or D. The reason why multiple lesions could not be
identified preoperatively was that the occluded distal lesions
made it difficult to detect the proximal lesions. Therefore, we
could not be satisfactory for diagnosis of one colorectal cancer
and should examine the whole large bowel carefully pre- or
postoperatively.

It is important to palpate the whole colon and to check
pathological specimens carefully before the end of operation
so that misdiagnosis of SC can be avoided. Even now, miss-
diagnosisis still existed. Chen’ s report*? showed that there
were still 13 patients without detection of SC by operative
palpation in the 31 preoperative undiagnosed cases.
Intraoperative colonoscopy should be advised if necessary.
We think that this technigue should not be used as a routine
one and could be performed early (within 6 mo) after surgery.

Itisan effective measureto follow up with barium enemaor
colonoscopy periodically for diagnosing MC earlier. A previous
report® showed that surveillance colonoscopy once every three
years after surgery, together with a fecal occult blood test,
would be an efficient and appropriate way to detect MC. Some
nonfamilial colorectal cancers have been reported to have
microsatellite instability (MSI)[**23, A research* indicated the
incidence of MCin M Sl -positive group was significantly higher
than that in M SI-negative. Logical anaysis showed that MSI
and coexistence of adenoma were significantly independent
risk factors for the occurrence of MC. Studies®2! showed the
analysisof MSl and testing for replication errorsat microsatellite
loci in tumors might be helpful in predicting the development
of MC in sporadic carcinomas of the distal colon and rectum.
Otherd°24 discovered the significant risk factor for devel oping
M C was the presence of synchronous adenoma or carcinoma
at the initial operation and the subsequent development of
recurring metachronousadenomeas. Therefore, colorectal cancer
patientswith M Sl -positive and coexistence of adenoma should
be given more rigorous surveillance. Togashi® monitored 341
colorectal cancer cases with colonoscopy about 4.6 timesin
6.2 years after operation. Twenty-two MCswere detected in 19
cases (5.6%), of these 17 MCs (77%) were lessthan 1 cm, 14
MCs (64%) occurred within 5 yearsand 71%(10/14) wereearly
stage cancers. In our study, 12 MCs (55%) were diagnosed in
3 years, 3MCswerediscovered by routine colonoscopy (Dukes
A: 2 patients, DukesB: 1 case) and 9 MCswere diagnosed after
the development of symptoms (Dukes B, C, D: 3, 2, 4
respectively). These results might prove that colonoscopy was
important after surgery. We suggest that regular postoperative
colonoscopic examinations should be performed annually
during thefirst 5 years, then once every 3 years.

Thetreatment of SC or MC isthe same as single colorectal
carcinoma, with removal of enough intestines and cleaning of

local lymph node. It is suggested that subtotal colectomy with
rectoileostomy should be performed for patients with far apart
SC, combined with multiple adenomatoid polyps or afamilial
hereditary history if their general condition suitsfor operation.
Fajobi et al.l” recommended that SCin different lymph drainage
areas seemed ajustifiable indication for subtotal colectomy.
Easson et al.l?® considered multiple colon cancer was an
important factor for performing subtotal colectomy. While
subtotal colectomy could eliminate the need for colonoscopic
surveillance, however examining the rectum is still required.
Generally speaking, MPCC develops slowly and their
prognosis is acceptable. Chen'*? reported that the 5 -year
survivals of patients after radical resection for MPCC did not
differ from that of patients with single colorectal cancer. The
incidence rate was 54%, 60%, and 62% for “single”, SC, MC
respectively. Other reportg®27 displayed similar conclusions.
Adlofft® found patients with SC or single lesions had similar
5-year survival, even when classified by Dukes stage. Rennert
et al.l® reported that survival time of patients with the second
tumor in the rectum was shorter than that of a single tumor in
the same stage and site. Only the stage of the second tumor
was found to influence survival time of patients with
metachronous tumors. Welch’ s result®™ was quite worse. The
overall uncorrected 5-year survival rate of MPCC wasonly 21
percent. In our study, there was no significant difference
between SC and index cancer of MC in the 5-year or 10-year
survival rate. The 5-year survival rate could reach 39% after
second cancer resection. We consider early diagnosis with
complete preoperative examination; careful intraoperative
exploration and periodic postoperative surveillance and radical
resection can increase the survival time of patientswith MPCC.
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Abstract

AlIM: To investigate the effects and mechanism of d-limonene
on the growth and metastasis of gastric cancer in vivo.

METHODS: Metastatic model simulating human gastric
cancer was established by orthotopic implantation of
histologically intact human tumor tissue into gastric wall
of nude mice. One percent d-limonene was orally
administered at dose of 15 ml/kg every other day for seven
weeks. Eight weeks after implantation, tumor weight,
inhibition rate, apoptotic index (Al), microvessel density
(MVD), vascular endothelial growth factor (VEGF), variation
of ultrastructure, and the presence of metastasis were
evaluated, respectively, after the mice were sacrificed.

RESULTS: The tumor weight was significantly reduced in
5-FU group (2.55£0.28 @), d-limonene group (1.49+0.09 g)
and combined treatment group (1.48+0.21 g) compared
with the control group(2.73+0.23 g, P<0.05). In 5-FU
group, d-limonene group, combined treatment group, the
inhibition rates were 2.60%,47.58% and 46.84% and O,
respectively; Al was (3.31+0.33)%, (8.26+1.21)%,
(20.99£1.84)% and (19.34+2.19)%, respectively; MVD was
(8.64+2.81), (16.77£1.39), (5.32+4.26) and ( 5.86+2.27),
respectively; VEGF expression was (45.77+4.79), (41.34+5.41),
(29.71+8.92) and (28.24+8.55), respectively. The
incidences of peritoneal metastasis also decreased
significantly in 5-FU group(77.8%), d-limonene group
(20.0%) and combined group (22.2%) compared with
control group (100%) versus 62.5%,30% and 22.2%)
(P<0.05). Liver metastasis was also inhibited and the
incidences decreased significantly in 5-FU group, d-
limonene group and combined group than that in control
group (87.5% vs 55.5%, 20.0% and 22.2% respectively)
(P<0.05). The incidence of ascites in control group, 5-FU
group, d-limonene group and combined group was 25.0%,
22.2%, 0, 0, respectively and 12.5%, 11.1% O, 0, with
respect to the metastasis rate to other organs.

CONCLUSION: d-limonene has antiangiogenic and
proapoptotic effects on gastric cancer, thereby inhibits
tumor growth and metastasis. Combination of d-limonene
with cytotoxic agents may be more effective.

Lu XG, Zhan LB, Feng BA, Qu MY, Yu LH, Xie JH. Inhibition of
growth and metastasis of human gastric cancer implanted in
nude mice by d-limonene. World J Gastroenterol 2004; 10
(14): 2140-2144

http://www.wjgnet.com/1007-9327/10/2140.asp

INTRODUCTION

d-limonene isamonoterpene compound. In recent years, it was
used for prevention and cure of various animal tumor models
induced by chemical carcinogen and was proved to have anti-
cancer activities*™. Our previous study also suggested that
d -limonene can inhibit the growth of human gastric cancer cell
in vitro through a mechanism of inducing the apoptosis of
tumor cellg¥. To make a further understanding of the anti-
cancer effects and mechanism of d-limonene in vivo, an
orthotopic transplantation model of gastric cancer in nude mice
was employed. The d-limonene emulsion was administrated to
investigate its inhibition effects on the growth and metastasis
of gastric cancer dynamicaly, which will be thetheoretical basis
for the clinical application of d -limonene.

MATERIALS AND METHODS

Materials

Experimental animals Forty male BALB/c nu/nu hude mice,
purchased from Chinese Medical University, wereraised under
the SPF (specific pathogen free) condition for aweek to adapt
the surroundings before the initiation of the experiment.
Tumor tissues Gastric cancer cell line BGC-823 was obtained
from Cdll Research Ingtitute (Shanghai, China). A 0.2mL of cell
suspension (2x10° cells) was subcutaneously injected into the
anterior axilla of nude miceto form the entity of cancer. When
the tumor grew to a diameter of 2-2.5 cm, the mouse was
sacrificed to dissect the neoplasm and the capsule of tumor
wasremoved and kept in saline containing 100 U /mL penicillin,
100 U/mL streptomycin (pH 7.2). Pieces of fresh tumor tissue
(12 mm?®) near the margin were inocul ated to another mouse by
puncture method. The above procedure was repeated for 5 times
and the last generation of the tumor tissue was be used for
orthotopic transplantation.

Animal modd Beforetransplantation, mice bearing tumor were
killed. Then the tumor was dissected and put into saline
containing penicillin (100 U/mL) and streptomycin (100 U/mL)
aseptically. Pieces of intact, fish-meat-like tumor tissue of
3 mmein diameter from margin were prepared after theremoving
of tumor capsule. Miceanesthetized by thethialisobumalnatrium
(40 mg/kg) injected into abdominal cavity were sterilized with
caseoiodine on skin of abdomen and atransverse incision was
made in left upper quadrant. After the exposure of greater
curvature of stomach, the serosa and muscular layer were
incised. Then, tumor tissueswere transplanted under serosa of
stomach by means of suture and embedding. Stomach was
brought into abdominal cavity; theincisionin belly was sutured
delaminatedly. The whole operation procedure followed the
doctrine of aseptic manipulation.

Drugs and groups d-limonene with 97% purity (product
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number: 183164) was purchased from Sigma Company (USA).
It was prepared as 10 g/L lecithin emulsion by Dalian Medical
Science Ingtitute. Mice were randomly divided into 4 groups:
control group, 5-FU group, d-limonenegroup, and d-limonenet+5-
FU group and administrated with saline (0.3 mL/d, gastric
perfusion), 5-FU (30 mg/kg/d, intraabdominal injection), D-
limonene (15 mL/kg/d, gastric perfusion), and 5-FU (30 mg/kg/d,
intraabdominal injection)+ d-limonene (15 ml/kg.d, gastric
perfusion), respectively for 7 wk. The body massand abdominal
circumstances were measured on the 7th, 14th, 21st, 28th,
35th, 42nd, 49th d after transplantation and the status of
eating, drinking and defecation of mice were recorded. The
dying mice were executed and necropsy was performed. Inthe
8th wk, all the mice werekilled; the neoplasm was resected and
weighted; and the occurrence of distant metastasis and ascites
wereexamined.

Methods

Themeasur ement of tumor weight and inhibitionrateof tumor
growth Micewerekilled by dislocation of cervical vertebra,
the tumor weight was measured and the tumor inhibition rate
wascalculated. inhibition rate=[ ( tumor weight of control group-
tumor weigh of treated groups)/weight of control]x100%.
The occurrence of metastasis and ascitesin nude mice The
metastasis of gastric cancer was examined in abdomina cavity,
peritoneum and liver. Tumor specimens were fixed in neutral
formaldehyde, dehydrated by dimethylbenzene and embedded
in paraffin for the hematoxylin and eosin (HE) staining and
immunohistochemistry. The characters and volume of ascites
were recorded.

Apoptoticindex (Al) TUNEL method was used to detect the
apoptosis of tumor cell. The sectionswere fixed and embedded
asusual. TUNEL test kit was purchased from Roche Company.
DNase | (1 mg/mL) was used to digesting the positive control
specimen for 10 min before being put into TUNEL response
mixture. Only label liquor was added into the negative control
response mixture. Cells with brown or yellow nuclei were
assumed as apoptotic cells. the number of apoptotic cellsand
total cancer cells were counted under light microscope at
400xmagnification in 5 fields of vision and the average values
were used for the cal culation of apoptosisindex (Al) according
to thefollowing formula: Al=(apoptotic cellgtotal cancer cells)
x100%.

Microvessel density assay The polyclonal antibody for factor
O-related antigen (FO-RAg, Santa Cruz Biotechnology, Inc,
USA) was selected to detect the microvessel density in paraffin
embedded tumor sections by immunohistochemical method
accordingto themanufacturer’ singruction . Result determination:
Sections were screened at 40x magnification under a light
microscope to identify three regions with the highest MVD.
Then, blood vessels stained brown by antibody for FO-RAgQ
was counted at 200xmagnification. For the determination of
microvessels, first of all, the hemorrhage area and marginal
region were eliminated. Those brown-stained endothelial cells
or cell cluster that had interspaces with microvessel, cancer
cells and connective tissue were regarded as a micro vessels.
The average value of the three regions was regarded asMVD.

Imunohistochemical assay of VEGF Imunohistochemical
staining was performed with mouse monoclonal antibody
specific for human VEGF (C1, Santa Cruz Biotechnology, Inc,
USA) inadilution of 1:100 according to SP method specification.
The presence of brown or yellow granulesin plasmaor nucleus
was regarded as positive staining for VEGF protein expression.
The sum of positive cells number was calculated in five fields
per slide at 200x magnification under light microscope. Results
were ratified by fluorescence microscope and colorful
microscopic figure analysis system (OLY MPUS BX51TR,
Image-Pro Plus, Analysis Software).

Statistical analysis

Tumor weight, Al, MVD and VEGF were expressed as the
mean+SD. Comparison between groups was performed using
andysis of variance; Differences of the metastassin peritoneum,
liver and other organsand the occurrence of asciteswereexamined
by c? test (P<0.05 was considered statistically significant).

RESULTS

The influence of d-limonene on the general condition of tumor-
bearing mice

At the end of the 7th wk, two mice-bearing tumor from control
group, one from 5-FU group and one from combined group
died of exhaustion while none from d-limonene group. During
the whole process of the experiment, only one mousein 5-FU
group was found with loose stools, and no passage of bloody
stools was found in any groups. Compared with the control
and 5-FU group in which mice were found emaciation, inactive
and lassitude, micein d-limonene group and combined group
had better appetite and increased body mass although
statistically had no difference.

Influence of d-limonene on orthotopic transplanted tumor
weight and tumor inhibition rate

At necropsy, xenografts of gastric cancer were found in each
groups of nude mice. The transplanted tumor entity was pink
in color, elipse or round in shape, with nodosity in surface and
necrosisin central parts, and was confirmed as adenocarcinoma
by pathological section. Compared with the control group, the
tumor weight of micein d-limonenegroup and combined group
were decreased significantly (P<0.05). Moreover, theinhibition
effects of d-limonene or the combined effects of d-limonene
and 5-FU on the growth of gastric cancer were more significant
than that of 5-FU (Table 1).

Effects of d-limonene on tumor cell morphology and ultrastructure
Morphologically, tumor cellsin the control group were bigger,
ellipse, with red plasma and big, deep stained nuclei. A clear
imbalance ratio of nucleus to plasma was found also. No
significant difference was observed between the control and 5-FU
group. While in d-limonene group and combined group,
relatively small tumor cellswith vacuolesin plasmaand clouding
nucleus were observed in which the ratio of nucleusto plasma
wasrelatively normal.

Table 1 Inhibition effects of d-limonene on growth of orthotopic transplanted gastric tumor (mean£SD)

Groups n Tumor mass (g) Inhibition rate (%) Al (%) MVD (n) VEGF(%)
Control 8 2.69+0.32 0 3.31+1.44 18.64+2.81 45.77+4.79
5-FU 9 2.62+0.35 2.60 8.26+1.21° 16.77+1.39 41.34+5.41
d-limonene 10 1.41+0.58% 47.58% 20.99+2.84z¢ 5.32+4.26% 29.71+8.92%
Combined 9 1.43+0.513 46.84% 19.34+3.19% 5.86+2.27% 28.24+8.55%

2P<0.05 vs control group; °P<0.05 vs 5-FU group.
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The major morphological changes of cancer cellsin D-
limonene and combined group were the shrinkage of cell, the
condensation of cytoplasm, the aggregation of ribosome and
mitochondrion, the occurrence of nuclear fragmentation, the
peripheral masses of condensed chromatin. Apoptotic bodies
derived from the shedding of condensed masses were found to
be degradated by surrounding phagocytes and formed
vacuolesin cytoplasm. Fusiform shape, morphological irregular
and karyomegaly cancer cells were observed in control and
5-FU group with tight binding between cells, imbalanceratio of
nucleusto plasmaand the maldistribution of chromatin. But no
obviously changes in cell morphology were detected.

Effects of d-limonene on apoptosis of cancer cell

Resultsof TUNEL demonstrated that apoptotic cellswith yellow
nucleuswere seen occasionally in control group and 5-FU group
while piles of apoptotic cells were observed in d-limonene and
combined group. Therewas a significantly differencein Al in
d-limonene and combined group compared to the control and
5-FU group (P<0.05) (Table 1, Figures 1-4).

Figure 1 Control group FVIII-RAg with SP method. x100.

Figure 2 5-FU group FVIII-RAg with SP method. x200.

Figure 3 d-limonene group FVIII-RAg with SP method. x100.

The influence of d-limonene on MVD of orthotopic transplanted
tumor
Under light microscope, the intensive brown-staining

microvesselson stomach wall was observed without integrated
basement membrane in the control group. Compared with the
control and 5-FU group, almost no microvesselswasfound in
the tumor of d-limonene and combined group for the cancer
cellswerein dormancy status, and the MV D of thosetwo groups
was statistically lower than that of the control and 5-FU group
(Tablel, Figures5-8).

Figure 4 Combined group FVIII-RAg with SP method. x100.

Figure 5 Control group TUNEL. x400.

Figure 6 5-FU group TUNEL. x400.

Figure 7 d-limonene group TUNEL. x400.
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Figure 8 Combined group TUNEL. x400.

Inhibitory effects of d-limonene on metastasis of gastric cancer
The metastasis rate of gastric cancer to peritoneum (regional
lymph node) was to 100% in the control group and the
metastasis rates in other groups are displayed in Table 2. the
metastasis to liver, peritoneum and other organs of gastric
cancer and the formation of asciteswere significantly inhibited
ind-limonene and combined groups (P<0.05) whileno statitical
inhibitory effects on the metastasis to liver and peritoneum
were observed in 5-FU group (P>0.05, Table 2).

Table 2 The Inhibitory effects of d-limonene on orthtopic trans-
planted gastric cancer (%)

Group n  Peritoneum Liver Ascites Metastasis to
metastasis metastasis other organs
Control 8 8(100.0) 7(87.5) 2(25.0) 1(12.5)
5-FU 9 7(77.8) 5(55.5)  2(22.2) 1(11.1)
D-limonene 10 2(20.0)x 2(20.0)x 0% 0
Combined 9 3(33.3)* 2(22.2)x 02 0

2P<0.05 vs control group; ®P<0.05 vs 5-FU group.

DISCUSSION

Gastric cancer isthe most common malignant tumor in digestive
system. The cure rate of gastric cancer was increased year by
year with the progress of surgical technique, chemotherapy
and other means. But afive-year survival rateis still wandered
below 10%, especially in middle or late phase patients'®. Thus,
to find an effective adjuvant chemotherapy drug became the
focus of gastric cancer therapy besides emphasizing surgical
operation.

Limonene (1-methyl-4-isopropyl-cyclohexene) is the
essential component in citrusoil. d-limonene, the most common
isomer of limonene, isakind of monoterpene component. It has
the ability of anti-oxygenation, anti-inflammation and drainage
for gallstone. The anti-cancer activity of d-limonenewasfound
recently. Therefore, d-limonene has been applied to precaution
and treatment in chemical-induced animal model, such ascolon
cancer, breast cancer, gastric cancer, pancreatic cancer and
hepatic cancer with promising resultg*”. Most of those studies
focus in the chemoprophylaxis of tumor. Our results
demonstrated that in d-limonene and combined group, the tumor
weight of xenograft was decreased drastically, the metastasis
to liver, peritoneum and the occurrence of asciteswereinhibited
significantly compared with the control group. Thus, an
inhibition effect of d-limonene on the growth and metastasis of
gastric cancer cellswasratified. Taking the results of TUNEL
assay into consideration, we found the main mechanism
underlying the inhibition effects of d-limonene was to induce
the apoptosis of cancer cells.

At present, it isthought that a phenotype change from no-
vascular period to angiogenesis stage exists during the growth

of tumor. In no-vascular period, the velocity of cancer cells
apoptosis and proliferation maintain a dynamic balance and
the tumor may survive for months or even years without the
presence of metastasis. But the alterations of some important
factors, such as heredity cause, over-expression of
proangiogenic factors originated from cancer cells or down-
regulation anti-angiogenic factors expressed by body tissues
or cancer cells, the switch for tumor angiogenesis thereby
activating and leading to vascularization of tumor. Once the
tumor vascular is formed, the growth speed of tumor will be
increased and the invasive growth and metastasis will be
induced.

Microvessd density (MVD), isusually used to evaluate the
vascularizationlevel of tumor?, A large amount of experiments
and clinical research results showed that MV D had a close
relationship with the prognosis of almost al malignant tumors,
a higher MVD suggested the lower differentiation and the
higher reoccurrence and metastasis incidence*. We
demonstrated that compared with control and 5-FU group, tumor
MVD in d-limonene and combined group was decreased
significantly, suggesting ainhibitive effect of d-limonene on
tumor angiogenesis.

Although the mechanismsinvolved in tumor angiogenesis
have not been understood exactly, the effect of VEGF on
vascularization has been conformed. VEGF, a specific mitogen
for vascular endothelial cellswasisolated from follicular cell
plasma of cattle and considered as the most important
angiogenic factor of metastatic tumor 2214 The expression of
VEGFwasfound very low in norma adult tissues. Onceinitiated
in pathologic status of tumor, the angiogenesis was induced
and promoted drastically by VEGF and resulted in the increase
of MVD. Among vascular growth factors, VEGF wasthe only
oneto stimulate the proliferation of tumor endothelial cell and
to induce the vascul arization of tumor directly!*. Asthe newly
formed vessels may provide tumor with oxygen, nutrition, the
growth of tumor will be invasive and uncontrollable®. It was
reported that the over expression of VEGF had closeréationship
with tumor metastasis and poor prognosis. The invasion of
blood vessels and lymph nodes has been often observed in
patients with enhanced VEGF expression, which will result in
the rapidly malignant change of tumor, easily relapse and short
survival period after surgical operation. Here we showed that
relatively highlevel of VEGF in the tumor of control and 5-FU
group, especially in the areas around vessels, while notably
decreased expression of VEGF in d-limonene and combined
group. Thus, a positive correlation of VEGF expressiono with
increased MVD was ratified, suggesting the anti-angiogenic
mechanism of d-limonene via down-regulation of VEGF.
Moreover, we found that the anti-cancer target of 5-FU might
not on the inhibition of neovascularization.

5-fluorouracil, an antimetabolite pyramine, has been used
as traditional chemitherapeutic drug for more than 40 years.
For the anti-cancer target of 5-FU lies in the inhibition of
thymidylic acid synthetase to prevent DNA synthesis but not
the interference of tumor angiogenesis*”, no satisfied cure
effect was obtained in our experiment. As to d-limonene,
preventing tumor angiogenesis and increasing tumor cells
apoptosis are the main anti-cancer mechanisms, which may
diminish the incidence of drug resistance mutation for its
character of physiological cell death. The effectiveness, none-
toxicity, and lower drug resistance of d-limonene wereratified
for a better eating, activity and living ability in d-limonene
and combined groups than in control group within the 7-wk
experiment. No statistical difference in body weight was
observed among four groups for increased tumor weight and
the formation of ascitesin control and 5-FU group.

Further studies need to elucidate the apoptotic mechamisms
of d-limonenebeforeitsclinical application.
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Abstract

AIM: To evaluate the therapeutic effect of radiotherapy for
esophageal cancer after expandable metallic stent placement.

METHODS: Ten cases of advanced esophageal cancer
were evaluated, 7 having complete obstruction and 3 with
digestive-respiratory fistula. Ten nitinol stents were placed
at the site of stenosis. Patients were treated with a total
dose of 1 200 cGy divided into 3 fractions of 400 cGy 4-7 d
after stents placement.

RESULTS: All the 10 stents were placed successfully at
one time. After radiotherapy for advanced esophageal
cancer, the survival period of the cases ranged from 14 to
22 mo, with a mean survival of 17 mo. No re-stenosis
occurred among all the 10 cases.

CONCLUSION: Stent placement combined with
radiotherapy for esophageal cancer is helpful to prolong
patients” survival and reduce occurrence of re-stenosis.

Yu YT, Yang G, Liu Y, Shen BZ. Clinical evaluation of radiotherapy
for advanced esophageal cancer after metallic stent placement.
World J Gastroenterol 2004; 10(14): 2145-2146
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INTRODUCTION

Radiotherapy for esophageal cancer is arelatively effective
treatment. However, esophageal obstruction and esophageal
stenosis due to inoperable cancer, as serious complications of
esophageal cancer, are directly life-threatening and
contraindicatory to radiotherapy for esophageal cancer. Inserting
membrane-covered esophageal stents as an effective
conservative and palliative treatment to expand the stent at the
stenosis site due to cancer and obstruct the digestive fistulasis
acurrently widely-used therapy, which can dramatically aleviate
obstruction and enhance patients' quality of life by enabling
oral ingestion in patients with obstruction due to late cancer™.
With radiotherapy after membrane-covered esophageal stents
placement for advanced esophageal cancer, we successfully
overcame the contraindication of radiotherapy for esophageal
cancer and achieved a quite satisfactory short-term effect!>,

MATERIALS AND METHODS

Materials
Ten cases of esophageal cancer (8 males, 2 females, aging from

58 to 85 years) were studied. Esophagoscopic examination
indicated that 9 of the cases were squamous carcinoma and
one was adenocarcinoma. Barium contrast radiography and
meglucamine diatrizoate radiography showed that the site of
stenosis dueto cancer ranged from 6to 12 cmin length, with an
average length of 8 cm, and the width of the esophageal lumen
at the site of stenosiswasless than 2 mm, which had been hard
for liquid diet to pass for more than 2 wk. Seven of the cases
had complete obstruction and 3 had digestive-respiratory
fistulas. Physical examination showed that 9 of them had no
carcinomatous distant metastasis and 1 case had carcinomatous
metastasis to unilateral lung.

Methods

Stent placement Stents to be placed were homemade or
imported silicone-covered nitinol memory alloy mesh stents,
2 cmin diameter and 8, 10, 12 cm in length, respectively, and
bell-mouthed at one or both ends. Patients should take
gentamicin orally, 160 000 units each time, 4-5 times per day
before the therapy and stop eating and drinking 2 h before the
placement. In accordance with the stenosis length shown by
esophageal radiography, the stent of proper length was
selected, placed and released along the site of stenosis by
endoesophageal stent introducer under the guidance of the
peroral guide wires, leaving both ends of the stent surpassing
1-2 cm respectively. After replacement, patient was advised to
drink adegquate warm water, making the stent expand properly.
One week after the placement, a reexamination was carried out
through upper digestive tract fluoroscopy with barium to see
how unobstructed the stent was and an X-ray plane film was
taken to locate the stent, measure its length and width, fix
reference point, set irradiation dose and draw the related
dose curve.

Endoesophageal irradiation Irradiation was performed 4-7d
after the stent was properly placed. First, the balloon catheter
wasinserted to the site of the lesion. Second, air was pumped
into the saccule to expand it and fix it inside the stent.
Third, the location of the saccule was confirmed through
fluoroscopy and spot film. And finally, irradiation was
performed according to the mark of the reference point fixed
through measurement with thetotal dose of 1 200 cGy divided
into three 400 cGy doses.

RESULTS

Inal the 10 cases, the stentswere all placed successfully once
and fixed properly. Of all the 10 stents, 7 (four 8 cm, two 10 cm
and one 12 cmin length) were homemade and 3 (two 10 cm and
one8cminlength) wereimported and all could expand properly,
through which contrast medium could pass smoothly after
placement. Esophagesl fistulasin three cases were obstructed
immediately after insertion and the patients could begin to take
semiliquid diet 4 h afterwards. Reexaminationswere performed
through radiography 4 d after insertion, and it indicated that
the contrast medium could go through the stents smoothly,
that the stents did not displace and the esophageal fistulas
were obstructed. So, patients could take food normally without
dysphagia. After stents placement, 3 cases had retrosternal
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foreign body sensation and retrosternal pain, which
disappeared within 4-6 d. After endoesophageal radiotherapy,
thesurvival period of the casesranged from 14 to 22 mo, witha
mean surviva period of 17 mo. Of all the 10 cases, no endogenous
stenosis recurred during the survival period.

DISCUSSION

Radiotherapy for esophageal cancer after esophageal stent
placement effectively solved this contraindication of
endoesophageal therapy and the problem of stenosisrecurrence
after stent placement. Esophageal stent insertion enhanced
thelife quality of patients with advanced esophageal cancer in
aquick and effective way in that it remarkably improved the
patients' nutrition absorption and constitution by enabling
them to take food orally and it completely eliminated the
symptoms such as coughing while eating or drinking by
effectively obstructing the digestive-respiratory fistulas, which
also alleviated the patients' psychological pressure and grestly
comforted them. It enlarged the indication scope of radiotherapy
for esophageal cancer by turning the former contraindication
into indication. The stent inserted expanded the stenosis site
and made it possible for brachytherapeutic treatment and
radioactive source to pass easily and eventually dramatically
prolonged the patients’ survival period”*®, No stenosis
recurred inthe 10 casesunder our treatment during their survival
period, which, in contrast to the 5% stenosis reoccurrence rate
in other patients under our treatment who had stents placement
without radiotherapy, marked agreat decreasein occurrence of
re-stenosig®. Radiotherapy for esophageal cancer prevented
the stents from being obstructed by the overgrowth of tumor,
aleviated the patients  sufferingsand raised their life quality.
After the stents were properly placed, radiography was
performed and film was spotted, through which the width of
the stents expansion was measured. According to the width
after calculation, the esophagus was expanded by the stents,
the diameter of the balloon catheter and the reference point
were fixed, and the optimal interna irradiation dose curve was
designed. A comparison of the dose curves indicated that,
after the expansion of the stents, the irradiation dosage over
the esophageal mucosa was decreased, with the dose gradient
homogeneous and small, which prevented the esophageal
mucosa from being unnecessarily harmed while effectively
inhibited the overgrowth of esophageal mucosaand the surface
tumor, andinsured the pathological center to receivetherapeutic
dose of irradiation. Experiments showed that the refraction and
diffraction of theirradiation ray against the metalic stents could
be neglected when the radi oactive source was more than 5 mm
away fromthe metallic stents. Our resultsof theclinical research
seem to indicate that radiotherapy for esophageal cancer after
esophageal stents placement is very helpful in treatment of
advanced esophageal cancer.
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Abstract

AlIM: To study the relationship between microvessel density
(MVD), telomerase activity and biological characteristics
in hepatocellular carcinoma (HCC).

METHODS: S-P immunohistochemical method and
telomeric repeat amplification protocol (TRAP) were
respectively used to analyze the MVD and telomerase
activity in 58 HCC and adjacent normal tissues.

RESULTS: The MVD in HCC with metastasis, lower
differentiation or without intact capsule was significantly
higher than that in HCC with intact capsule, higher
differentiation, or without metastasis. While MVD had no
relationship with tumor size, hepatic virus infection and
other clinical factors. Telomerase activity was related to
differentiation degree, but not to tumor size or histological
grade. MVD in HCC with telomerase activity was higher
than that in HCC without telomerase activity.

CONCLUSION: MVD and telomerase activity may serve
as diagnostic criteria of HCC in earlier stage. Meanwhile,
there may be a cooperative effect between MVD and
telomerase on the growth and metastasis of HCC.
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INTRODUCTION

Primary hepatocel lular carcinoma (HCC) isacommon malignant
solid tumor, whichisrich of blood. It has many characteristics,
such asfast infiltrating growth, metastasisin early stage, high
grademalignancy, poorly therapeutic efficacy. Soitisimportant
to study the angiogenesis of HCC. At present, it has been
proved that MVD can serve asaprognostic criterion for relapse,
metastasis and survival rate of all kinds of carcinoma*®.
Telomeraseisareversetranscriptase. It can makeup telomeres
that lose 50-200 bp during each DNA replication so asto retain
the telomere length and stabilize the cells. The expression of
telomerase activity isimportant to cell proliferation, senescence,
immortalization and carcinogenesis”9. It is known that
telomerase activity can be detected in many carcinomas, but

not in most of normal tissueg'™,

MVD and telomerase activity can act as specific markersfor
malignant tumors, and are used to analyze the biologic
characterigtics, infiltration, metastasis and prognosis of tumors.
But the relationship between them has not been reported. In
this study, S-P immunohistochemistry method and telomeric
repeat amplification protocol (TRAP) were used to respectively
detect MV D and telomerase activity, so as to study their
relationship and other clinical factors.

MATERIALS AND METHODS

Tissue specimens

Fifty-eight HCC and adjacent normal tissues specimens were
obtained from Hepatobiliary Surgery Department of Changchun
I nfectious Hogpital from December 2000 to December 2002. They
were all proved as primary HCC. These patients did not receive
radiotherapy, chemotherapy, or other therapies. Of them, 35 cases
had liver cirrhosis, 52 cases had chronic hepatitis, 6 cases had
carcinomaemboli in portal vein, 48 cases had positive marker of
HBV, 4 cases had positive anti-HCV antibody, and 4 cases had
negative marker of hepatitis virus. Each specimen was divided
into two parts. Onewas stained by immunohistochemica method,
and routinely fixed in formalin, embeded in paraffin, and then cut
into 4-5 mm thick sections. The other wasfrozenin liquid nitrogen
and used to andyze telomerase activity by TRAP.

S-P Immunohistochemical method

UltraSensitiveTM S-P kit, anti-V 111 factor related antigen
monoantibody (anti-FV111 RAG), and positive control were
purchased from Fuzhou Maixin Biotechnology Development
Company. The sections were deparaffinized in xylene and
rehydrated in a serial gradient of ethanol solutions. Then S-P
immunohistochemical method was used according toitsmanual.
At last, they were restained with hematoxylin and observed.
The negative control included empty control with normal rabbit
1gG instead of primary antibodies or with the second antibody
only. MVD was determined in triplicate in the area of the most
intense vascul arization (hot spot) of each tumor, and the average
count was recorded.

Activity of telomerase assayed by TRAP silver staining

About 50-100 mg tissue was split. Then the supernatant was
collected for analysis. The telomerase activity was detected
using a TRAP kit following instructions of the manufacturer
(Beijing Tiangekangning Biotech Institute). The reaction
system containing 25 m. TRAP agent, 0.2 mL Taq enzymeand
1 nL cell extract wasincubated for 30 minat 25 °C, then 0.5 ni of
primer was added and PCR was conducted for 30 cycles with
denaturingat 94 °C for 30, annealing at 60 ‘C for 30, extending
at 72 °C for 30 s. Fifteen microliter PCR product was loaded
onto a 90 g/L non-degenerative SDS gel, resolved through the
SDS-PAGE, demonstrated by areactionin 2 g/L silver nitrate
for 15 min, and visualized by incubation in 30 g/L anhydrous
sodium carbonate containing formaldehydes (1 mL/L). The
activity of telomerase wasindicated by the presence of a6 bp-
DNA ladder. The cdll extract inactivated by incubation at 75 'C
for 10 min was used as negative control.
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Statistical analysis
Result were expressed as mean+SD. Student’ st test and c? test
were used. P<0.05 was considered statistically significant.

RESULTS

Relationship between MVD and some clinical factors
Observed with light microscope, venous endothelium but not
lymphatic vessel endothelium was brown (Figure 1).

Table 1 shows that MVD in HCC tissues with metastasis
within vein or liver was significantly higher than that in HCC
without metastasis (P<0.05), MV D in HCC without intact capsule
was higher than that in HCC with intact capsule (P<0.05). There
was no significant differencein MV D between big (>5 cm) and
small (<5cm) tumors.

L P e

Figure 1 Immunohistochemical staining with anti-FVIII RAG
(S-P, original magnification: x400). A indicates the lymphatic
vessel endothelium. B indicates the brown venous endothelium.

Table 1 Relationship between MVD and metastasis, capsular
integrity, or size of tumor

Classification Cases (n) MVD(mean+SD)
Metastasis + 36 39.349.6*

- 22 32.245.6
Capsular - 38 38.849.32

+ 20 31.245.8
Integrity >5cm 42 37.348.8
Size <5cm 16 36.9+8.7

3P<0.05, vs corresponding group.

Inthisstudy, the distribution of MV D wasdifferent in various
regions. MV D washigher in HCC with lower differentiation than
that in HCC with higher differentiation (Table 2). MVD in

adjacent normal tissues (13.2+2.7) was mainly distributed in
the area near the carcinoma tissues, especially around the
pseudolobuleswith liver cirrhosis. It wasreported that MVD in
normal tissueswas 11.80.2.

Table 2 MVD in HCC and adjacent normal liver tissues

Group Cases (n) MVD (meanzSD)
Adjacent normal tissue 58 13.242.7
HCC grade | 11 19.643.7
HCC grade Il 22 29.746.12
HCC grade 111 16 48.4+10.72
HCC grade IV 9 59.3+10.5%

2P<0.05 vs adjacent normal tissue.

Relationship between telomerase activity in HCC or adjacent
normal tissues and some clinical factors

Theresultsare shownin Figure 2. Thepositiverate of tel omerase
activity in HCC tissues (89.6%) was significantly higher than
that in adjacent normal liver tissues (20.7%). The telomerase
activity in HCC wasrelated to differentiation grade of HCC, but
was not related to HCC size, capsule integrity, number of liver
nods, metastasis, or hepatitis virus infection. While the
telomerase activity in adjacent normal liver tissueswas related
to capsule integrity, number of liver nods and hepatitis virus
infection (Table 3).

1 2 3 4 5 6 7

— el

Figure 2 Telomerase activity of HCC tissues. Lane 1: Posi-
tive control. Lanes 2, 3: HCC tissue with low differentiation
with a 6-bp interval ladder pattern. Lane 4: No ladder in a
djacent normal tissues. Lanes 5, 6: HCC tissue with high
differentiation with a 6-bp interval ladder pattern. Lane 7:
HCC with moderate differentiation with a 6-bp interval lad-
der pattern.

Table 3 Relationship between telomerase activity in HCC or adjacent normal liver tissues and some clinical factors

HCC Adjacent normal tissues
Group
Cases Positive number Positive rate(%6) P Positive number Positive rate(%) P
Differentiation High 11 6 54.4 0 0
Middle 38 37 97.4 5 13.2
Low 9 9 100 <0.05 7 77.8 <0.05
Size <5cm 16 14 87.5 3 18.8
>5cm 42 38 90.9 >0.05 9 21.4 >0.05
Capsule - 20 16 80.0 1 5.0
Integrity + 38 36 94.7 >0.05 11 29.8 <0.05
Hepatitis virus + 48 44 91.6 1 22.9
Infection - 10 8 80.0 >0.05 1 10.0 <0.05
Nod number Mono-nod 15 12 80.0 1 6.7
Multi-nod 43 40 93.0 >0.05 <0.05
Metastasis + 36 34 94.4 10 27.8
- 22 18 81.8 >0.05 2 9.1 <0.05
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Relationship between telomerase activity and MVD in HCC or
adjacent normal tissue

Among the 58 HCC and adjacent normal liver tissues, MVD in
those with positive telomerase activity was significantly higher
than that in those with negative activity (Table 4).

Table 4 Relationship between telomerase activity and MVD
in HCC or adjacent normal liver tissues

Group HCC  Adjacent normal
tissue

Group with positive telomerase activity —49.3+7.8% 16.242.72

Group with negative telomerase activity 31.245.8 11.9+1.4

3P<0.05 vs group with negative telomerase activity.

DISCUSSION

Carcinogeness of HCC isamulti-factor, multi-step and complex
process. Angiogenesisis necessary for solid tumorslarger than
1 mmx1 mm. Or else the tumor would remain at dormancy phase
and would not metastasize. As soon as it entered angiogenesis
stage, the potency of metastasis exhibited at once"2,

MVD isan important marker of angiogenesisin tumor and
isvaluablein prognosis of various carcinomas. In this study,
S-P immunohistochemical staining was used to analyze MVD
in 58 HCC and corresponding adjacent normal tissues. FVII1 in
cytoplasmaof variousvascular endothelium cellsis synthesized
in endothelial cells. FVI11- RAG is specific to endothelial cells
so that it could be differentiated blood vessel from lymphatic
vessl. Theroleof vascular genesis, development and distribution
in occurrence, development, infiltration, metastsis and
advancement of tumors has been studied??. MVD in poorly
differentiated HCC with metastasisinvein or liver, intact capsule
was significantly higher than that in corresponding ones. This
result was consistent with others, suggesting that HCC with
higher MV D may obtain more nutrition from new blood vessels,
so that it can grow faster and has the ability to infiltrate and
metastasize. MVD might play akey role in development of
HCC. Therewasno close relationship between MV D and tumor
size, HBV infection. Maybe HBV infection is merely a
carcinogenic factor, and isnot related to the growth, infiltration
and metastasis of HCC.

We as0 detected telomerase activity in 58 HCC and adjacent
normal tissues by TRAP. Similar to Nouso’ s research, the
expression of telomerase activity in HCC was negatively related
to differentiation, but was not related to tumor size or histologic
grade. Tdomerase activity in adjacent normd tissueswithmiddle
or big size, multi-nods, unintegral capsule, positive HBsAg
was higher than that in adjacent normal tissues without them,
suggesting that there is some relationship between telomerase
activity in adjacent normal tissue and prognosis of HCC.
Hepatitis viruses, especially HBV, have been found to be an
important factor in causing HCC. HBx, encoded by HBV, could
block the function of p53, and make genome unstable. With the
cell division, telomerase was activated. The cellswith positive
telomerase activity becameimmortalized and further developed
to carcinomacells. Histological examinationin combinationwith
detection of telomerase activity could increase the accuracy of
diagnosis in early stage and improve the judgment on its
prognosis.

In addition, there was some relationship between MVD and
telomerase activity. Activation of telomerase could make liver
cellsimmortalized, and MVD could offer nutrition for their
growth and stimulate metastasis. These two factorswould result
in carcinogenesis at last.

Inaword, MVD and telomerase activity have akey rolein
occurrence, development, infiltration and metastasis of HCC
and have notable clinical values in diagnosing and treating
HCCin early stage.
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Abstract

AIM: To assess the therapeutic value of endoscopic
nasobiliary drainage (ENBD) and oral praziquantel for
severe Clonorchiasis sinensis infection.

METHODS: Of the 84 Clonorchiasis sinensis-infected
patients enrolled, 58 were treated with ENBD (as observing
group, ENBD group), 26 received operations (control group,
operation group). Both of the two groups were comparable
in terms of patient’s age, body mass index. Before and
one week after treatment, the average diameters of
common bile ducts were measured by ultrasound, and
serum bilirubin, ALP, g-GT and ALT were detected by
biochemical methods. After ENBD or operation, the patients
took praziquantel for two days.

RESULTS: Compared with the patients in operation group,
ENBD patients in ENBD group had higher recovery rates of
abdominal pain and fever as well as jaundice, quicker remission,
smaller trauma, fewer complications and lower cost.

CONCLUSION: ENBD combined with oral praziquantel is
an effective and safe method for the treatment of severe
Clonorchiasis sinensis.

Zhi FC, Liu XM, Liu ZQ, Lin Y, Chen SJ. Treatment of severe
Clonorchiasis sinensis by endoscopic nasobiliary drainage and
oral praziquantel. World J Gastroenterol 2004; 10(14):
2150-2152
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INTRODUCTION

Oral praziquantel is effective for the treatment of mild
Clonorchiasis sinensis. As the parasitism of Clonorchiasis
sinensis metacercaria can take more than 50 years in human
body!, the therapy of Clonorchiasis sinensisisvery difficult
because of repeated infections. We have achieved effective
resultsin treating 58 cases of severe Clonorchiasis sinensis
infection from July 2000 to April 2003 by endoscopic nasobiliary
drainage (ENBD) and oral praziquantel.

MATERIALS AND METHODS

Diagnostic criteria for severe Clonorchiasis sinensis
Criteriafor severe Clonorchiasis sinensis are as follows: A

history of eating raw fish; spawn can be detected in feces or
bile; obstructive jaundice or cholecystitis, biliary calculusin
common bile duct, and suppurative cholangitis. All the 58 cases
were in line with the above diagnostic standards.

Patients and treatments

Therewere 58 casesin ENBD group including 55 males and
3 females (aged from 29 to 76 with amean age of 46.5 years). All
cases had a history of eating raw fish. Among them, 36 cases
had common bile duct dilatation, intrahepatic bile duct and
galbladder distention (6 of the 36 cases also had gallstonesin
common bileduct); 23 caseshad mild dilatation in common bile
duct. Nineteen cases were companied with fever and increased
leukocyte counts. Clonorchiasis sinensis metacercaria were
detected in feces of 39 cases. Laboratory examination results
were asfollows: Total bilirubin 86-280 mmol/L with an average
of 103 mmol/L, glutamic-pyruvic transaminase 60-360 U/L with
an averageof 98 U/L.

The 58 casesin ENBD group were treated according to the
routine procedure?. Theinstrumentsincluded duodenoscope,
ducts, knives, guide wires, meshes, etc. The papillaof Vater and
bile duct were examined for Clonorchiasssinenss metacercaria
Then, endoscopic retrograde cholangiopancreatography
(ERCP) was performed to diagnose the severity of the disease.
Patients with mild inflammation without constriction were
treated by nasobiliary drainage. Patients with obvious
constriction were treated by nasobiliary drainage after
sphincterotomy. If the common bile duct was full of
Clonorchiasis sinensis metacercaria and purulent discharge,
the ducts were first washed, and then nasobiliary drainage
was performed. For the patients with biliary calculus in
common bile ducts, stones were taken out by sphincterotomy
followed by nasobiliary drainage. All the 58 patients took
praziquantel orally 8-48 h after procedures. The dose was
3.6 g/d threetimes daily for 2 d.

Therewere 26 patients with Clonorchiasissinensisinfection
proved by operations (operation group) including 25 malesand
1 female aged 36 to 75 years with a mean age of 48.5 years.
Preoperative diagnosis was as follows: Fifteen patients with
cholecydtitis, 5with gallstonesin common bile duct and 6 with
duodenal ampulla carcinoma. Fifteen cases underwent
cholecystectomy, 5 cases underwent choledocholithotomy, and
20 casesreceived operations for common bile duct dilatation.
All the 26 cases had T-tube drainage. L aboratory examination
results were as follows: Total bilirubin 76-123 mmol/L with a
mean of 94 mmol/L, glutamic-pyruvic transaminase 63-286 U/L
with an average of 105 U/L.

The 26 cases were treated by exploratory laparotomy. The
common bile duct was opened, and Clonorchiasis sinensis
metacercariaand their purulent discharge were washed away
with saline. Then, common bile duct was expanded with
bougie. At last, T-tube was placed inside. Cholecystectomy
followed by T-tube was performed for patients with
cholecystolithiasis or cholecystitis. Choledocholithotomy
followed by T-tubewas performed for patientswith gallstones
in common bile ducts. All the 26 patients took praziquantel
orally for 3-6 d after operation. The dose was 3.6 g/d three
timesdaily for 2 d.
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Table 1 Average diameter of common bile ducts, levels of serum total bilirubin, ALP, gGT and ALT one week after operation

(mean+SD)
Group Cases (n) Therapy Average diameter of Serum total
common bile duct (mm) bilirubin (mmol/L) ALP (U/L) oGT (U/L) ALT (U/L)
ENBD 58 Before 1643 89+11 286163 166+38 132+32
After 9.6+2.2° 29+9° 108+23° 86+22° 60+12°
Operation 26 Before 15.3+3.1 87+10 26354 156+36 130+30
After 9.5+2.1¢ 27484 98+25¢ 87+22¢ 57+114

®P<0.01 vs markers before ENBD, “P<0.01 vs markers before operation.

Table 2 Therapeutic effects of two groups

Group Cases (n) Remission time of Complication Average length of Average cost
abdominal pain (d) (cases) hospital stay (d) (Yuan)

ENBD 58 1 9 6 503

Operation 26 6° 20° 16 300°

®P<0.01 vs ENBD group.

Observing parameters

The following parameters were measured before and one week
after treatment. (1) Changes of the average diameter of common
bile ducts, serum total bilirubin, ALP, g-GT and ALT; (2)
Complications, average length of hospital stay and the costs;
(3) Clonorchiasis sinensis metacercariain fecesin follow-up
patients.

Statistical analysis
All datawere analysed by t test, and the significant level was
set at P<0.05.

RESULTS

Therapeutic effects are shown in Tables 1 and 2. (1) ENBD
group: Jaundice decreased in 72 h and disappeared in 3 wk.
The average remission time of abdominal pain was 1 d after
ENBD. Nineteen caseswith fever returned to normal temperature
48 h after drainage. The dead polyp could be seen discharged
from nasobiliary drainage 12 h after oral praziquantel. Pesk time
of dead polyp discharging was within 24-48 h after oral
praziquantel and there was no dead polyp on thefifth day. (2)
Operation group: The mean remission time of abdominal pain
was 6 d after operation. Jaundice and fever began to decrease
2 d after operation. The dead polyp could be seen discharged
from T-tube 12 h after oral praziquantel.

Therewere8 caseswith trandent hyperamylasemiain ENBD
group, who were cured in 48 h by fasting, anti-acid and anti-
inflammation therapy. Two cases with bile duct retrograde
infection after sphincterotomy accompanied with transient fever
and chill were cured by anti-inflammation therapy. In al 58 cases,
there was no case of bleeding and perforation, but 3 cases
developed recurrent disease in 1-2 years and needed therapy
again. In operation group, there were 8 cases with gallstonein
common bile duct or cholangitis after operation, and 2 cases
with intestinal adhesion.

Clonorchiasis sinensis metacercariawas found in feces of
all the patients of the two groups 3, 6, 12, 18 and 24 mo after
ENBD or operation. After oral praziquantel again, no
Clonorchiasis sinensis metacercaria was found in feces.

DISCUSSION

Clonorchiasis sinensis is an amphixenosis parasitic disease
threatening people’ s health. The average infectious rate was
21.1% in Pearl River Deltaregion, and up to 88.6% in certain

areas. Oral praziquantel is the first-line therapy drug; its
effectiveness can be 98.8%!%%, When Clonorchiasis sinensis
infection is companied with obstructive jaundice!®™,
obstruction remission and bile drainage should be the most
important treatment target. The traditional method of
obstruction remission is operation, but operation has some
shortcomings, such as big trauma, high costs and recurrence.
With the development of endoscopic intervention, the therapy
of Clonorchiasis sinensis with endoscopic bile duct drainage
has bright prospect!®.

Our results showed that oral praziquantel after endoscopic
nasobiliary drainage was a safe and effective way for the
treatment of Clonorchiasis sinensis companied with
obstructive jaundice. The two methods had equal effects (as
shown in Tables 1 and 2), and no significant difference with
regard to the remission time of jaundice and average diameter
of common bile duct. However, endoscopic nasobiliary
drainage did have some advantages, such as rapid remission
of fever and abdominal pain, little trauma, rapid recovery, fewer
complications, less length of hospital stay and less cost.

Sphincterotomy isrequired for patients with inflammatory
papillary stenosis. Drainage is helpful for decreasing the re-
stenosis after operation. Sphincterotomy isindicated in the
following situations: Papillaopening is very small, stiff, and
has no bile flow; it is difficult to inject contrast; contrast
shows that inferior part of common bile duct is obviously
narrow.

Generally, nasobiliary drainage should last 4-7 d and the
bile duct should be washed by 5 g/L metronidazol 1-2 times
daily. Oncethedrainage tubeisout of place, it is not necessary
tore-put drainageif thereisno symptom of increasing stenosis,
jaundice or fever. The causes of drainage didocation included:
Anterior extremity of nasobiliary drainage had no bents; the
papilla opening was too big during sphincterotomy; some
patients would pull out the nasobiliary drainage because of
irritation and nausea; some patients had too much hiccupping
and vomiting. Doctors should make more explanations to get
patients cooperation.

The main complication of endoscopic therapy wastransent
hyperamylasemia, which was associated with repeated
pancreatic duct visualization during contrast imaging. This
complication could be relieved by fasting, antacid and anti-
inflammation therapy for 48 h. Once there was pancretitis, the
therapy was initiated for acute pancreatitis. In patients with
moderatejaundice and good general condition, oral praziquantel
could be taken 8 h after endoscopic drainage. Patients with
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severe jaundice and severe impairment of hepatic function,
should receive therapy to improve and protect hepatic function,
and take oral praziquantel 2-3 d after drainage to decrease the
damage to liver caused by the drugs.

On the whole, both ENBD and traditional operation are

effective for the treatment of Clonorchiasis sinensisinfection
complicated with obstructive jaundice. However, ENBD has
some advantages, such as rapid remission of fever and
abdominal pain, little trauma, rapid recovery, fewer
complications, less length of hospital stay and less cost.
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Abstract

Benign nontraumatic inflammatory stricture of the common
bile duct (CBD) may result in obstructive jaundice, which
can be misdiagnosed as a malignant tumor of the CBD
preoperatively. Two cases with strictures of the mid portion
of the common bile duct presenting with obstructive jaundice
are reported herein. Preoperative radiological studies
prompted us to confidently make the diagnosis of
cholangiocarcinoma. However, the postoperative diagnosis
on histological examination of the resected lesions was
chronic inflammation and fibrosis. The complications of
chronic duodenal ulcer are considered as the etiology of
these two disorders.
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inflammatory stricture of mid portion of common bile duct
mimicking malignant tumor: Report of two cases. World J
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INTRODUCTION

Malignant bile duct strictures are mainly the result of cancer
of the ampulla of Vater, pancreas, or bile duct, and account
for most patients presenting with obstructive jaundice
secondary to extra-hepatic bile duct stricture. Benign non-
traumatic inflammatory strictures of the extra-hepatic bile duct
are extremely rare with the exception of primary sclerosing
cholangitis*. Most benign strictures reported in the literature
are located in the hepatic hilumi“ or distal common bile duct
(CBD). Here we report two cases of benign nontraumatic
inflammatory strictures of the mid portion of the CBD with
painless obstructive jaundice. They were confidently diagnosed
as cholangiocarcinoma by radiological studies preoperétively.

CASE REPORT

Casel

A 70 year-old male who had a 10-year history of hypertension
and type 2 diabetes mellitus was presented to our hospital. He
had tea-colored urine and yellowish skin discol oration for about
2 wk. No abdominal pain or body weight loss was reported.
The physical examination was unremarkable except icteric
sclera. A complete blood count was within normal limits.

Serum total bilirubin/direct bilirubin (TB/DB) 5.6/2.9 mg/dL
(normal 0.2-1.6/0-0.3 mg/dL), alanine aminotransferase (ALT)
127 U/L (normal 0-40 U/L), asparate aminotransferase (AST)
78 U/L (normal 5-45 U/L), alkaline phosphatase (ALK-P)
380 U/L (normal 10-100 U/L) and gamma-glutamyl
transpeptidase (g-GT) 333 U/L (normal 8-60 U/L) were noted.
Abdominal sonography showed dilatation of the intrahepatic
ducts and CBD. The contrast-enhanced abdominal CT scan
disclosed similar findings. A PTCD tube was inserted and
anterograde cholangiograms exhibited a segmenta narrowing
of the CBD about 2 cm below the insertion site of the cystic
duct (Figure 1A). A segmental stricture about 1.5 cmin length
over the CBD but below the cystic duct level and dilatation of
theintrahepatic ductswere a so demonstrated in the endoscopic
retrograde cholangiopancreatogram (ERCP) (Figure 1B). The
pancreatogram was normal. Three sets of bile fluid cytology
were negative. Tumor markers CA19-9 and CEA were not
eevated. A diagnosisof cholangiocarcinomawith CBD stricture
was made. At surgery, stricture of the mid portion of the CBD
was found. Cholecystectomy and choledocholithotomy with
T-tube drainage were performed. Histological examination of
the resected CBD showed chronic inflammation and fibrosis
without malignant cells. No stone was detected in the
gallbladder. Unfortunately, tea-colored urine and skin itching
developed 3 years later. The laboratory evaluation revealed
serum TB/DB 2.9/1.5 mg/dL, AST 111 U/L, ALT 125 U/L,
ALK-P 427 U/L and gGT 676 U/L. Serum AMA, ASMA,
19G, IgM, I1gA and ANA titerswerewithin normal range. ERCP
demonstrated segmental stricture of the common hepatic duct
about 4 cm in length (Figure 1C) and choledochoduodenal
fistula. The pancreatogram was normal. MR cholangiogram
disclosed an annular mass lesion with enhancement at the
proximal CBD, which caused segmental narrowing of the
common hepatic duct and dilatation of the intrahepatic ducts
(Figure 1D). Bile duct tumors such as cholangiocarcinomawere
considered. At surgery, afirm and fixed tumor 4 cm x3 cmin
Size at the CBD was palpated. The duodenal bulb was adhered
to the tumor and a choledochoduodenal fistula was found.
Segmental resection of the CBD, hepaticojejunostomy and
enteroenterostomy, end-to-side, were performed. Histological
examination of the resected CBD showed chronic cholangitis
with focal atypical epithelium.

Case 2

A 55 year-old male without significant past medical history
was admitted because of painlessjaundicefor 1 mo. A double-
contrast barium study of the upper gastrointestinal tract 2 years
earlier demonstrated chronic duodenal ulcer with bulb
deformity and prepyloric constriction (Figure 2). On
examination, there was only icteric sclera. A complete blood
count was within normal limits. Serum TB/DB 4.2/2.5 mg/dL,
ALT 404 U/L, AST 293 U/L, ALK-P 357 and g-GT 333 U/L
were noted. Abdominal sonography showed dilatation of the
intrahepatic ducts and CBD. A contrast-enhanced abdominal
CT scan disclosed dilatation of the intrahepatic ducts and
proximal CBD associated with distention of the gallbladder.
ERCPfailed. The MRI revealed an annular lesion about 3.5 cm
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Figure 1 Segmental strictures of CBD demonstrated in percutaneous cholangiogram, ERCP and MR cholangiogram. A: Segmen-
tal narrowing of CBD below the insertion site of cystic duct in percutaneous cholangiogram; B: Segmental stricture of CBD with
dilatation of intrahepatic bile ducts demonstrated in ERCP; C: Segmental stricture of CHD demonstrated in ERCP; D: Segmental
narrowing of CHD and dilatation of the intrahepatic bile ducts demonstrated in MR cholangiogram.

in length in the mid portion of the CBD (Figure 3). Three
sets of bile fluid cytology were negative. Tumor markers
CA19-9 and CEA were not elevated. A diagnosis of
cholangiocarcinomawas made. The patient had a laparotomy
for resection of thetumor. A tumor over the middle third portion
of the CBD with thickened wall was found. No stone was
detected in the gallbladder or CBD. Resection of the tumor
and Roux-en-Y choledochojejunostomy, end-to-side, wasthen
performed. However, the postoperative histological
examination of the lesion showed only chronic inflammation
with marked fibrosis.

Figure 2 Chronic duodenal disease with bulb deformity and
prepyloric constriction revealed in a double-contrast barium study.

Figure 3 Annular lesion in the mid portion of CBD disclosed
in MRI (coronal view).

DISCUSSION

Theclinical presentation and preoperative radiological studies
without tissue or cytological proof led usto the diagnosis of
malignant bile duct stricturesin these 2 cases. It has been agreed
that any localized extra-hepatic bile duct obstruction coexisting

with intra-hepatic bile duct dilatation should be considered as
malignancies such as cancer of the ampullaof Vater, pancreas,
or bile duct (cholangiocarcinoma) until proven otherwise®.
This agreement arose because of the difficulty in obtaining a
tissue diagnosis in patients with obstructive jaundice caused
by a bile duct stricture. Application of improved diagnostic
methods, such asthin-section spiral CT and magnetic resonance
cholangiopancreatography, can potentially increase the
diagnostic accuracy, but neither could reliably differentiate
malignant from benign lesiong®”), Preoperative histological or
cytological examination by means of biopsy or brush cytology
was often difficult and liable to false-negative results with low
sensitivity and could carry a potential risk of needle tract
metastased®*?. The lack of atissue or cytological evidence
might result in some patients being inappropriately treated as
malignant disease when a benign stricture was present and vice
versa. In the study of Gerhards et al.l* a false-positive
preoperative diagnosis of malignancy resulted in a 15%
resection rate of benign lesionsin patients with suspicious hilar
strictures. Careful review of all preoperative information and
radiological images of our 2 casesyielded theinitial diagnosis
of a CBD tumor, although post-operative pathological
examination revealed only inflammation and fibrosis. The
decision to undertake resection of the stricturesin these 2 cases
was therefore not an error of judgment. Obviously, resection
of the lesion and obtaining atissue diagnosis are still the most
reliable way to rule out malignancy. Therefore, resection of a
benign stricture mimicking amalignant stricture in the extra-
hepatic bile duct cannot be avoided completely. However, the
lack of clinical congtitutional symptoms such as body weight
loss or abdominal pain and elevated tumor markers may
implicate the possible benign entity of the disorder.

Benign, single, non-traumatic inflammatory strictures of
the biliary tracts were infrequently reported with the exception
of primary sclerosing cholangitis?. Indeed, many benign
nontraumatic inflammatory strictures of the common bile duct
have been generally considered to be a variant of primary
sclerosing cholangitis although Standfield et al.*® described
12 cases of benign strictures of unknown etiology, and
differentiated them from the localized form of sclerosing
cholangitis. Other inflammatory conditions of the CBD which
are potential etiological factors included bacteria or virus
infection, parasite infestation, abdominal trauma, congenital
abnormality®, chronic pancreatitis*®, inflammatory
pseudotumors®, complication of chemothergpy!™”, complication
of duodenal ulcer diseasel’®*®!, and sclerosing therapy of
bleeding duodenal ulcer®. Most benign segmental strictures
of the extra-hepatic bile duct reported in the literature were
located at the hilum or distal CBD. Few casesin the mid CBD
have been reported.
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The CBD strictures of these 2 patients were less likely due
to biliary duct stones because the radiological studies and
operative findings did not show the existence of stones. The
normal pancreatogram excluded the possibility of chronic
pancreatitis as the cause of mid CBD strictures. The
radiological appearance, histological examination and the
extremely rare incidence in this area made the diagnosis of
primary sclerosing cholangitis less likely.

According to the clinical history and surgical findings,
stricture of the CBD owing to fibrous encasement by chronic
inflammatory changes due to an adjacent duodenal ulcer in
these 2 cases was considered. Duodenal ulcer disease is a
common disorder, and its associated complications such as
hemorrhage, gastric outlet obstruction and perforation, are well
known. However, the biliary complications of duodenal ulcer
disease, such asbiliary-enteric fistula or partial obstruction of
the CBD were rare and less well-known!*#2%, especially after
theworldwide use of effective antisecretory agents, H,-receptor
antagonists and proton pump inhibitors.

In conclusion, benign non-traumeatic inflammeatory strictures
affecting the common bile duct can be mistaken for malignant
tumors. Their existence should be considered in the differential
diagnosisof any hiliary gtrictures. Theradiological documentation
of these 2 cases is of interest to draw attention to the rare
complication of obstructive jaundice secondary to duodenal
ulcer disease. A tissue diagnosis should be obtained whenever
possible asradiology aloneis often insufficient to make afirm
diagnosis of malignancy in biliary strictures.
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