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During the last thirty yearsthe main interest in the medical
consequences of milling of staple carbohydrate foods,
particularly wheat and maize, hasbeenin its effect on thefibre
content as aresult of the milling. The late nineteenth and early
twentieth centuries in the West saw great changesin milling
processes, from stone milling using water or wind power, to
increasingly sophisticated roller milling, with an increasing
loss of fibre in the process. In the 1970s and onwards there
was an enhanced interest in possible diseases which could be
related to the loss of fibre in the diet. At one time the list
included diverticulitis, appendicitis, varicose veins, deep vein
thrombosis, carcinomaof thecolon, Crohn* sdisease, ulcerative
colitis, irritable bowel syndrome, peptic ulcer, gall stones,
hiatus hernia and gastro-oesophageal reflux, disorders of lipid
metabolism and coronary heart disease! Over the course of
time medical evidence has narrowed this list down to amuch
smaller number, of which the most important are diverticular
disease and carcinoma of the colon.

The effect of fibre on peptic ulcer disease was attributed to
its buffering effect on acid secretion. There seemed to be a
relationship between the fibre content of staple diet and
the geographical prevalence of duodenal ulceration. The
prevalence was lower in populations using unrefined wheat,
millets or maize with a high fibre content and higher in
populations using refined wheat or maize flour or milled rice
with low fibre contentg™#. There were, however, abnormalities
which did not fit in with this pattern, such asthe high prevaence
of duodenal ulcer in the Highlands of Ethiopia, wherethe staple
food was unrefined teff (Eragrastosis abyssinica) with a high
fibre content!®. A possible explanation of thisabnormality may
liein the lipid content of teff (see next paragraph). However,
in addition, acid secretion studies showed that, whilst fibre
had an initial buffering effect on gastric acidity, the resulting
antral stimulation led to a higher acid output!®.

A further effect of milling was on the lipid content of staple
carbohydrate foods. Experiments on animal peptic ulcer
models showed that the lipids present in the unrefined staple
foods in areas with low prevalence of duodenal ulcer had a
gastroprotective effect against ulceration and also promoted
ulcer healing. These were not present in the refined staple foods
of the areas with high duodenal ulcer prevalence®9.

Lipids are found in both the bran and the germ of staple
carbohydrate foods. In wheat and rice more lipids are found in
the bran, but in maize the bulk liesin the predominantly large
germ. Lipases are also present principally in the germ.

Milling has different effects on the bran and germ. In the
case of wheat the two come apart separately. They can be
separated by sieving and are stablefor a period of timewithout
further treatment. In the case of maize and rice the bran and
germ come away together and the resultant bruising releases
the lipases which interact with the oil content leading, if left
untreated, to early rancidity of the combined germ and bran.
Thuswholemeal whest flour hasastable shelf lifefor avariable
period of time, but the only satisfactory way to eat whole maize
is either on the cob or home-pounded and cooked on the same
day. Rice can only be eaten in the unrefined state as brown or
unmilled rice. Milled rice undergoes changes during storage.
During the milling of rice some of the lipase present in the
bran enters the endosperm and as the rice is stored it reacts
with a small amount of oil present in the rice grain. Some say
that this results in an improvement in taste. The resulting
lipolysis results in the formation of free fatty acids followed
by a process of peroxidation that produces ketoal dehydes.
Experiments on animal peptic ulcer models have shown that
the latter are ulcerogenic. Similar experiments have shown
that freshly milled rice bran is protective, but that it rapidly
becomes ulcerogenic*, Thusmilled riceisnot only deprived
of gastroprotective lipids but also, on storage, becomes
ulcerogenic, which is a possible factor in the high prevalence
of duodenal ulceration in milled rice-eating countries.

With the discovery of Helicobacter pylori there has been
much emphasis on its being the prime cause of duodenal
ulceration. However, evidence isincreasing to suggest that it
may be a secondary infection affecting chronicity*213,
Moreover, it should be remembered that many other factors
have been shown to be associated with duodenal ulceration.
Theseinclude familial tendency, acute anxiety asin the Second
World War, cigarette smoking and the introduction of roller
milling. Of these factors, the latter two greatly increased at the
beginning of the twentieth century, which is the time when the
epidemic of duodenal ulceration began. A suggestive feature
about smoking is that it results in an increase in the parietal
cell mass and therefore in an increase in the maximal ability
of the stomach to secrete acid*¥, which itself is so strongly
associated with duodenal ulceration'*®. Which of these factors
are truly aetiological and which are confounding factors that
happened to be increasing at the same time remain unknown.
It isimportant to keep an open mind.

The results of experiments on animal peptic ulcer models,
however, strongly support the possibility that the loss of certain
protectivelipids, resulting fromthemilling of staple carbohydrate
foods, may be an important factor. More needs to be known
about the nature and action of these lipids.
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Acute pancregtitis is acommon condition in which 70% of
patients will recover with simple medical management. For
patients who develop extensive or infected pancreatic necrosis
the outcome is significantly different with a high morbidity
and mortality™. Surgery isthe mainstay of treatment for these
patients but several unresolved issues remain including who
requires surgery, when is the optimal time to intervene and
what technique should be used.

Infected necrosisisgenerally accepted asa strong indication
for surgery!?. This has developed not from randomised data
but observational studies over time that seemed to show a
reduction in the previously reported mortality®®. A small
number of recent reports®® have attempted to cast doubt on
whether all patients with infected pancreatic necrosis should
undergo surgery. So should arandomised controlled trial be
undertaken? On the available evidence most surgeons and
gastroenterologists would lack the “ equipoise” required to
perform such atrial. The number of patients successfully
responding to conservative treatment remains small compared
to the overall population with infected pancreatic necrosis.
Further identification of factors associated with spontaneous
resolution of infected necrosis needs to be identified before
conservative treatment can be recommended as an acceptable
aternative.

Withthe mainindication for surgery being infected necrosis,
the absence of infectionisnot an absolute contraindication. Over
90% of patientswith sterile necrosis can be successfully treated
without surgical intervention!®®, but a small subset with
extensive necrosis warrants surgery. Indicationsin this setting
include deteriorating organ failure despite maximal support(*°
or persisting symptoms which preclude hospital discharge
despite several weeks of optimum conservative treatment(®2,

The timing of surgery is an important determinant of
outcome with early surgery (within the first week) associated
with ahigh mortality!**, The development of infected necrosis
istime dependant, increasing to a peak in weeks 2-4°, Some
studies have suggested that antibiotics may reduce the
incidence of infected necrosis'®?2 but other recent large
randomized controlled trials now reject this notion!224,
Moreover whether prophylactic antibiotics can delay the onset
of infected necrosis or the need for intervention is unknown.
Another unknown factor iswhether those patientswho develop
infected necrosis within the first 14 d of their illness should
continue to be managed conservatively to allow the necrotic
tissue to demarcate the reduction of complications associated
with early debridement. Infected necrosisisalmost universally
associated with the progressive escalation of organ failurel*”.

Increasing pre-operative organ dysfunction scores have been
associated with an increase in mortality??9 and thus any delay
in surgery following the diagnosis of infected necrosisislikely
to be detrimental.

The aim of intervention in those with pancreatic necrosis
is to remove the necrotic tissue and to provide adequate
drainage for the remaining debris while preserving viable
pancreatic tissue with minimal morbidity and mortality. It is
generally accepted that debridement is preferable to resection!?
and the approaches to the pancreatic necrosis include trans-
peritonesl, retro-peritoneal, minimally invasive and percutaneous
techniques*12142>32  Post operative management includes
laparostomy, packing, closed retroperitoneal lavage and repeat
debridement!*12142532 There is no standardised optimal
technique as there are no randomised trials that compared
surgical techniques. Inthelargest reported series'” the mortality
was 39% but it has been reported as low as 6-8%1'2%8, which
was the same as that for the overall mortality associated with
pancreatitisin the United Kingdom®, The reason for thiswide
inter-study variation islikely to be due to anumber of factors.
Firstly, there was an inter-study heterogeneity in both the
reporting and the frequency of adverse patient prognostic
factors. Secondly, intervention rates varied 10-fold®,
suggesting that the indications for intervention provided by
guidelines are not uniformly interpreted. Thirdly, many studies
were relatively small, retrospective or based over long time
periods during which there was often achange in management.

The Regional Pancreas Centre at the Royal Liverpool
University Hospital has adopted aminimally invasive approach
in preference to an open approach because it was associated
with avery high mortality despite expert surgery and intensive
carel®27. Minimally, invasive retroperitoneal pancreatic
necrosectomy hasthe dual advantages of removal of the solid
necrotic material under direct vision through a wide bore
tract!?”332 and the use of high volume post-operative lavage
through the wide tract?”. Moreover minimally invasive
retroperitoneal pancreatic necrosectomy can be performed
under local anaesthesiaand reducesthe need for post-operative
intensive care, by avoiding an escalation in organ dysfunction
whichisusually seen after open surgery!?s34, The disadvantages
of minimally invasive retroperitoneal pancreatic necrosectomy
include an increase in the number of procedures and possible
increasein hospital stay!?21. Minimally invasive retroperitoneal
pancrestic necrosectomy has not yet been shown to significantly
reduce mortality although the trend is strong in this direction.
Further experience with this technique and possible multi-
centre randomised trials are needed.

Future studies on the outcome from intervention for
pancreatic necrosis should incorporate standardised reporting
of the precise profile of patients to allow for more valid
comparisons between the different surgical techniques. In
particular, there should be a clear description of theindications
for intervention, the overal sample sizefrom which the patients
are selected, key prognostic indicators including age, organ
dysfunction scores, extent of necrosis and the incidence of
primary infection of the necrosis. It is notable that most studies
failed to provide these critical factors and did not distinguish
primary from secondary infection. Improving the reporting of
studies will lead to the identification of the optimal patient at
the optimal time undergoing the optimal procedure.
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Abstract

Deficiencies in vitamins or other factors (B6, B12, folic acid,
betaine) and genetic disorders for the metabolism of the
non-protein amino acid-homocysteine (Hcy) lead to
hyperhomocysteinemia (HHcy). HHcy is an integral
component of several disorders including cardiovascular
disease, neurodegeneration, diabetes and alcoholic liver
disease. HHcy unleashes mediators of inflammation such as
NFkB, IL-1b, IL-6, and IL-8, increases production of
intracellular superoxide anion causing oxidative stress and
reducing intracellular level of nitric oxide (NO), and induces
endoplasmic reticulum (ER) stress which can explain many
processes of Hcy-promoted cell injury such as apoptosis,
fat accumulation, and inflammation. Animal models have
played an important role in determining the biological effects
of HHcy. ER stress may also be involved in other liver diseases
such as aj-antitrypsin (a;-AT) deficiency and hepatitis C
and/or B virus infection. Future research should evaluate
the possible potentiative effects of alcohol and hepatic virus
infection on ER stress-induced liver injury, study potentially
beneficial effects of lowering Hcy and preventing ER stress
in alcoholic humans, and examine polymorphism of Hcy
metabolizing enzymes as potential risk-factors for the
development of HHcy and liver disease.
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INTRODUCTION

Homocysteine (Hcy) is atoxic non-protein sulfur containing
amino acids in humans. It is formed exclusively upon
demethylation of the essential amino acid- methionine. Hey is
metabolized either through remethylation or transsulfuration
pathways and is nutritionally regulated. Normal concentrations
of total homocysteine in plasma are in the range of 5 to 16
mmol/L and the desired upper limit for Hcy concentration
should be 10 mmol/L. An elevated plasmaHcy level isdenoted
hyperhomocysteinemia (HHcy). Three ranges of HHcy are
defined: moderate (16 to 30 nmol/L), intermediate (31 to
100 nmol/L), and severe (>100 nmol/L). Individuals who

consume a large amount of food rich in animal protein may
ingest two to three grams of methionine, resulting in
postprandial Hcy concentrations greater than 20 nmol/L.
Clinical HHcy was first described more than 40 years ago in
children with learning difficultied?, and it has since been
estimated that moderate HHcy occursin 5-7% of the general
population. Evidence now indicates that moderate HHcy isan
important and independent risk factor for several disorders,
including atherosclerosis, diabetes, fatty liver, immune
activation, and neurodegenerations such as Alzheimer’ s and
Parkinson’ s diseases®?.

Readers are referred to recent reviews on HHcy and
functionsof Hey!*%*, The main goal of thisarticleisto provide
information on major causes of HHcy, potential mechanisms
of Hey toxicity, with emphasis on endoplasmic reticulum (ER)
stress mechanism, and animal modelsfor the study of biological
effects of HHcy. We would also summarize our ongoing work
on ethanol-induced HHcy and liver injury in an intragastric
ethanol fed murine model.

HCY METABOLISM AND HHCY
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Figure 1 Homocysteine metabolism. Homocysteine has three
main metabolic fates: to be remethylated to methionine, to en-
ter the cysteine biosynthetic pathway, and to be released into
the extracellular medium. CBS, cystathionine -synthase; MS,
methionine synthase; THF, tetrahydrofolate; MTHFR, 5, 10-
methylenetetrahydrofolate reductase; BHMT, betaine-ho-
mocysteine methyltransferase; DMG, dimethylglycine; MAT,
methionine adenosyltransferase; SAM, S-adenosylmethionine;
SAH, S-adenosylhomocysteine.

Hcy wasformed from methionine after remova of the methyl
group on S-adenosylmethionine (SAM) (Figure1). Hcy metabolism
involves reversible formation of S-adenosylhomocysteine
(SAH), remethylation to methionine by betaine-homocysteine
methyltransferase (BHMT) (liver and kidney restricted), which
is vitamin-independent, and by the ubiquitous methionine
synthase (MS), which is dependent on vitamin B12 and
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methylenetetrahydrofolate (MTHF) production via 5, 10-
methylenetetrahydrofolate reductase (M THFR). Hcy can aso
be converted through transsulfuration to cystathionine for the
formation of cysteine and glutathione (GSH). Thetranssulfuration
is catalyzed by cystathionine-b-synthase (CBS) and is
dependent on vitamin B6. In addition, Hcy can be converted
to Hey-tRNA. Although it was not incorporated into protein
due to editing mechanisms, nitroso-Hcy-tRNA is stable and
might play arole in Hey-induced protein misfolding along
with the formation of Hcy-protein-SH mixed disulfides and
Hcy thiolactone covalent binding to lysine amino groups™.
Hcy-t-RNA is edited through the action of methionyl-t-RNA
synthetase (ATP consuming) by formation of a thioester
thiolactone which could covalently bind to protein amino
groups. Thus, homocysteinylation of proteins depends on the
formation of thiolactone!*2%,

Tight regulation of Hcy metabolism depends on different
affinities of MS, BHMT, and CBS for Hcy. MS and BHMT
show low Km values for Hey (<0.1 mmol/L), and CBS has
high Km values for Hcy (>1 mmol/L). At low Hcy
concentrations, methionine conservation was favored; and at
high Hcy concentrations, immediate and long-term drainage
of Hey viathe transsulfuration pathway was ensured®. SAM
could play a key regulatory role by allosterically inhibiting
MTHFR and BHMT and activating CBS*>8, Thus, SAM may
be aregulatory switch in Hcy metabolism: low SAM favors
remethylation and conservation of Hcy for methionine
synthesis, whereas high levels favor transsulfuration. High
Hcy levels can decrease the SAM/SAH ratio, since most
methyltransferasesbind to SAH with higher affinity than SAM,
eevated SAH inhibitsmethylation. In vitro, under “ physiological”
conditions of concentrated 27 000g postmitochondrial
supernatant with 8 mmol/L GSH, 0.3 mmol/L serine, 2 mmol/L
betaine, 60 nmol/L methionine, 50 nmol/L methyl THF,
60 nmol/L SAM and 10 nmmol/L SAH, transsulfuration
accounted for 46% of Hcy metabolism and the remainder was
equally contributed to by MSand BHMT. The need to conserve
methionine (e.g. low protein diet) resulted in decreased
cystathionine production and increased Hcy remethylation.
Conversely, in the presence of excess methionine, SAM
activated the cystathionine pathway.

HHcy results from increased levels of intracellular Hcy
that is readily released into the extracellular medium: plasma
or body fluid. Kidney might be a mgjor site for the removal
and metabolism of Hcy primarily through the transsulfuration
pathway™. Renal impairment often causes HHcy, reflecting
aroleof kidney in Hey clearance from plasma. Thisfact might
contribute to the high incidence of vascular complicationsin
patients with chronic renal failure?!, Genetic abnormalities,
age, sex and various nutritional and hormonal determinants
contributeto HHcy. However, genetic and nutritional disorders
arethe mgjor factors. Genetic disordersinvolve polymorphism
in the genes coding for MTHFR and CBS. The most common
genetic defect associated with mild HHcy is a point mutation,
namely, aC to T substitution at nucleotide 677 (C677->T) in
the open reading frame of the gene for MTHFR. This point
mutation could cause a subgtitution of valine for alaninein the
functional enzyme!?Y, resulting in a thermolabile variant of
the enzyme with decreased total activity. Thisisan autosomal
recessive mutation, and the frequency of the C677>T
polymorphism varied among racial and ethnic groups, with
13% of T/T homozygous and 50% C/T heterozygous among
Caucasian and Asian populations, and very low incidence
among African-Americang?-?7, Premature atherosclerosisand
thrombotic disease were observed in MTHFR deficiency!®2.,
The most common genetic cause associated with severe HHcy
ishomozygous CBS deficiency, which resulted in plasmaHcy
concentrations of up to 400 mmol/L, compared to normal

plasmalevelsof 10 nmol/L?%%, Homozygous CBS deficiency,
T833->C and G919->A mutations, wereinherited asan autosomal
recessive disorder with pleiotropic clinical manifestations,
including mental retardation, ectopia lentis, osteoporosis,
skeletal abnormalities and hepatic steatosis?>%, Patients were
usually at higher risk for premature atherosclerosis and
thrombotic disease, which isthe major cause of death®-*3, CBS
deficiency has aworldwide incidence of 1:344 000 live births,
ranging from 1:58 000 to 1:1 000 000 in countriesthat perform
newborn screening®l. While homozygous CBS deficiency is
rare, heterozygous CBS deficiency occurs in approximately
1% of the general population and is associated with premature
atherosclerosis and thrombotic disease in phenotypically
normal individual 3+,

Nutritional disordersthat potentially lead to HHcy include
deficienciesin vitamin B12, folate and vitamin B6, asthe denovo
synthesis of methionine methyl groups requires both vitamin
B12 and folate cofactorswhereas the synthesis of cystathionine
requires pyridoxa 5-phosphate (vitamin B6). Although it has
been shown that deficiencies of vitamin B12 and folate are
related to increased plasma Hcy concentrations®23, the
relationship of Hcy levelsto vitamin B6 statusis less cleart®7,
In addition, excess dietary methionine in normal mice hasbeen
shown to induce HHcy™. Under normal conditions, several
methylation reactionsin the liver contribute to the bulk (90%)
of SAM utilization and Hey production via SAH. For example,
phosphatidylethanolamine to phosphatidylcholine is mediated
by phosphatidylethanolamine N-methyltransferase (PEMT).
PEMT-/- mice had 50% decreased plasma Hcy despite being
choline and betaine deficient®. PEMT null mice exhibited
fatty liver and apoptosis but this was not prevented by betaine
administration, impaired lipoprotein secretion rather than
methyl donor deficiency appeared to be the dominant effect
of choline deficiency!®. The other major source of Hey isthe
activity of hepatic guanidinoacetate (GAA) N-methyltransferase
(NMT). GAA isproduced in the kidney by L-arginine:glycine
amidinotransferase. GAA isthen converted to creatine in the
liver by GAA-NMT, utilizing SAM and generating SAH.
Cresatine is exported to muscle and also represses the kidney
enzyme which produces GAA. GAA supplementation could
induce HHcy and creatine feeding lowers Hey!*Y,

HCY TOXICITY

Possible cellular mechanisms by which elevated Hey promotes
liver disease are oxidative stress, endoplasmic reticulum (ER)
stressand the activation of pro-inflammatory factors (Figure 2).
Hcy enhances the production of several pro-inflammatory
cytokines. Expression of monocyte chemoattractant protein 1
(MCP-1) wasincreased in cultured human vascular endothelial
cells, smooth muscle cells and monocytes treated with Hey!*>#4,
Hcy has also been shown to increase expression of 1L-8424, a
T-lymphocyte and neutrophil chemoattractant, in cultured
endothelial cells. Hey-induced expression of MCP-1 and IL-8
in monocytes and endothelial cells has been shown to occur
through activation of NF-kB, a transcription factor involved
in mediating downstream inflammatory processes**, Active
NF-kB could stimulate production of cytokines, chemokines,
interferons, leukocyte adhesion molecules, hemopoietic growth
factors and major histocompatibility (MHC) class| molecules-
all of which are thought to influence inflammationl*>4l,

Hcy can generate a procoagul ant state, which may be related
to its proclivity to auto-oxidize, generating H,O,. Variousin
vitro studies using vascular tissues have implicated Hcy in
causing abnormal vascular relaxation responses by enhancing
theintracellular production of superoxide anion (O,)*%4, O,
is believed to react with and decrease the availability of
endothelial nitric oxide (NO) and yield peroxynitrite, thereby
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limiting normal vasodilation responses®>*®. Deceased GSH
peroxidase transcription (reduction of peroxides protects NO)
may play arole in this process“*®*", since overexpression of
GSH peroxidase could restore the NO response®”. O, and
peroxynitrite are also known to contribute to the oxidative
modification of tissues, resulting in the formation of lipid
peroxides and nitrosated end products such as 3-nitrotyrosine.
The observations that Hcy decreased the expression of awide
range of antioxidant enzymes®*¥ and impaird endothelial NO
bioavailability by inhibiting glutathione peroxidase activity
raise the possibility that Hcy sensitizes cells to the cytotoxic
effects of agents or conditions known to generate ROS.
Decreased NO bioavailability has also been shown in vitro to
increase the expression of MCP-1, which may enhance
intravascular monocyte recruitment and lead to accelerated
lesion formationf®.

1. Proinflammation:
t NF-kB, t IL-1b/IL-6/1L-8

2. Oxidative stress:
t0,, { NO, t ONOO,
| GSH, 1 Lipid peroxidation

Endothelial cells

oo o)

Hepatocytes

3.Endoplasmic reticulum stress:
IRE1, ATF6, PERK, SREBPs

4. Others:
\J 1 Homocysteine thiolactone,
| PON, t DNA damage

Figure 2 Cellular mechanisms by which homocysteine pro-
motes cell injury. Homocysteine causes activation of necrosis
factor-kB (NF-kB) and enhances production of cytokines (IL-
1b, IL-6, and IL-8) resulting in inflammatory reactions, increases
intracellular levels of superoxide anion causing oxidative stress,
and induces endoplasmic reticulum (ER) stress by causing
misfolding of proteins traversing the ER. Homocysteinyl-tRNA
increases production of highly reactive derivative homocys-
teine thiolactone which damages enzymes and DNA. IREL, type
1 ER transmembrane protein kinase; ATF6, the activating tran-
scription factor 6; PERK, the PKR like ER kinase; SREBP, sterol
regulatory element binding protein, PON, paraoxonase.

Intracellular Hey can be converted by methionyl tRNA
synthase into an Hcy-AMP complex, which is subsequently
catabolised to Hcy thiolactone, thereby preventing the
incorporation of Hey into nascent polypeptide chains. Hey
thiolactone has unique reactive properties that can lead to the
homocysteinylation of lysine residues and free amine groups
on numerous cellular proteins, thereby resulting in decreased
biological activity and premature degradationsy. In addition,
Hcy thiolactone secreted into the circulation may induce
widespread modifications of plasma proteins that could
potentially contribute to the development of liver and
cardiovascular diseases. Recent studies have demonstrated that
Hcy thiolactone decreases paraoxonase activity associated with
HDL, thereby rendering HDL less protective against oxidative
damage or against toxicity of Hcy thiolactone®?.

HCY-INDUCED ER STRESS

ER isaprincipa sitefor protein synthesis and folding, calcium
storage and calcium signaling. It also serves as a site of
biosynthesis for steroids, cholesterol and other lipids. The
physiological roles of the ER include regulation of protein
synthesis, folding and targeting and maintenance of cellular
calcium homeostasis. The ER has a high concentration of
numerous resident chaperone proteins such as glucose

regulated protein-78 (GRP78) and GRP94, a high level of
calcium and an oxidative environment to carry out these
functions efficiently. Proteins that were translocated into the
ER lumen underwent post-translational modifications and
the folding required for optimal function. Properly folded
proteins were allowed to reach their destiny viathe secretory
pathway, whereas unfolded and misfolded proteins were
exported or didocated from the ER and degraded by cytoplasmic
proteasomes®*8, ER stressisacondition under which unfolded
and misfolded proteins accumul ate (Figure 3). ER stresstriggers
unfolded protein response (UPR), which is an intracellular
signaling pathway and is mediated via three ER-resident
sensorsin mammalian cells: atype-| ER transmembraneprotein
kinase (IRE-1), the activating transcription factor 6 (ATF-6)
and the PKR like ER kinase (PERK). Activation of these three
pathwaysis mediated by GRP78, which isassociated with each
sensor in the absence of ER stress. As unfolded proteins
accumulated in the ER, GRP78 dissociated from and thereby
activating IRE-1, ATF-6 and PERK!%™1, Activation of both
IRE-1 and ATF-6 increases the expression of ER-resident
chaperones. IRE-1 isastress-activated transmembrane protein
kinase having endoribonuclease activity. Following ER stress,
IRE-1 dimerized and was autophosphorylated, thereby allowing
IRE-1 to act as an endoribonuclease in the aternative splicing
of XBP-1 mRNA. Theremoval of a26 base pair intron resulted
in a translation frameshift that permits XBP-1 to act as a
transcriptional activator of genes containing upstream ER stress
response elements (ERSE). Upon ER stress, ATF-6 was
transported to the Golgi where the cytosolic transactivation
domain of ATF-6 is cleaved from the membrane by specific
proteases (S1P and S2P) that also recogni ze, cleave and activate
sterol regulatory element-binding proteins (SREBPs) leading
to increased lipids needed for ER membrane synthesis.
Following release, the transactivation domain of ATF-6
localized to the nucleus whereit interacts with ERSE, thereby
activating transcription of numerous UPR-responsive genes,
including GRP78, GADD153 (CHOP), XBP-1, ERp72, and
Hcy-induced ER protein (Herp). ER stress could also lead to a
rapid attenuation in protein synthesis, a cellular process
mediated by the transmembrane protein kinase, PERK.
Activation of PERK could cause phosphorylation of eukaryotic
initiation factor-2a (elF-2a), which blocks MRNA translation
initiation to help relieve the unfolded protein burden on the
ER. Recent studies have also demonstrated that PERK -
dependent elF-2a phosphorylation is required for
transcriptional activation of awide range of UPR-responsive
genes’7. The early UPR co-coordinately enhances cell
survival by ensuring that the adverse effects of ER stress are
dealt within atimely and efficient manner. However, prolonged
UPR following ER stress has severe consequences. It can lead
to activation of the tumor necrosis factor receptor associated
facter 2 (TRAF2), which activates caspases (e.g. caspase-12
in mice) and JNK resulting in programmed cell death. Over-
expression of CHOP, abasic region leucine zipper transcription
factor, could also promote cell death™. Overproduction of
lipids by SREBP can lead to fat accumulation. In addition, ER
stress is associated with release of ER Ca?* stores which can
trigger oxidative stress via effects on mitochondriaand NF-kB
activation leading to inflammatory reactions™. NF-kB activation
could be blocked by calcium chelators and antioxidants*9.
Increased cytosol calcium also activates calpains which
proteolytically cleave Bcl-X, (inactivation) and caspase 12
(activation). ER stress could contribute to the pathogenesis of a
number of human diseases, including diabetes, Alzheimer’ s
disease, Parkinson’ s disease and cancerl™.

Hcy induced ER stress response has recently received much
attention!®™, Hey causes ER stress by disrupting disulphide
bond formation and causing misfolding of proteinstraversing
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Figure 3 Consequences of endoplasmic reticulum (ER) stress response. In the early phase, unfolded proteins cause dissociation of
chaperones such as Bip/GRP78 from ER resident kinases-IRE1 and PERK and transcription factor-ATF6. Activated PERK phos-
phorylates elF2 resulting in translational attenuation. Activated IRE1 and ATF6 up-regulate genes encoding ER chaperone pro-
teins such as GRP78/94 leading to increased protein-folding capacity. Overall, the unfolded protein response (UPR) goes down.
In the late phase, IRE1 interacts with TRAF2 (tumor necrosis factor receptor associated factor 2) which activates caspases and JNK
(cJUN NH2-terminal kinase) leads to apoptosis. ATF6 and PERK upregulate CHOP (C/EBP homologous protein) promoting cell
death. SREBP upregulates lipid synthesis. Prolonged UPR leads to Ca* release from ER causing production of reactive oxygen

intermediates which may lead to activation of NF-kB.

the ER. Elevated levels of intracellular Hcy could increase the
expression of several ER stress response genes, including
GRP78, GRP94, Herp and RTP®%8747788082 Hcy could induce
expression of GADD1531*%7 involved in ER stress-induced
cell death’®. Hey-induced ER stress could cause dysregul ation
of lipid biosynthesis by activating the SREBPS®"6"™, ER resident
transcription factors are responsible for the induction of genesin
the cholesterol/triglyceride biosynthesis and uptake pathways®.
Hcy-induced cell death was mimicked by other ER stress agents
and was dependent on IRE-1 signaling. Activation of IRE-1 by
Hcy could lead to arapid and sustained activation of INK protein
kinased®®, aresult consistent with the finding that activation
of INK by ER stressinvolved binding of IRE-1 to TRAF2[,
Because persstent activation of INK correlated with cell death®,
these studies could provide further support for a mechanism
involving Hey-induced programmed cell degath.

APPROACHES FOR STUDY OF HHCY

Cell and animal modelswith altered plasma Hcy are among the
most useful approachesin determining the biological effects of
HHcy. However, cell and transgenic anima models expressing
Hcy metabolism-related genes/enzymes are not available.
Nevertheless, diet- and, especially, genetic-induced animal
models of HHcy have been developed. The gene knockout
animals have significantly enhanced the status of Hcy as an
independent risk factor for several disorders.

Homozygous and heterozygous CBS-deficient mice were
generated in 19955, Homozygous mutants completely lacking
CBS were born at the expected frequency from mating of
heterozygotes, but they suffered from severe growth retardation
and amajority of them died within 5wk after birth. Histological
examination showed that the hepatocytes of homozygoteswere
enlarged, multinucleated, and filled with microvesicular lipid
droplets. Plasma Hcy levels of the homozygotes (203.6+65.3
mmol/L) were 33 times higher than normal (6.1+0.8 nmol/L).
The homozygous CBS deficient mice represented a model for
severe HHcy. Heterozygous CBS deficient mice had 50%
reduction in CBS mRNA and enzyme activity in the liver and
had twice normal plasmaHcy levels (13.5+ 3.2 mmol/L). The
CBS knockouts significantly help elucidate the in vivo role of

elevated levels of Hey in the etiology of several HHcy-related
disordersand in the cellular mechanisms by which Hey promote
cell injury. The CBS-deficient mice were predisposed to HHcy
during dietary folate deficiency, and moderate HHcy was
associated with marked impairment of endothelial functionin
micel®. Results from a subsequent study indicated that
endothelia dysfunction occurred in HHcy mice even in the
absence of folate deficiency™. Endothelial dysfunctionin CBS
(+/-) mice was associated with increased tissue levels of SAH,
which suggests that altered SAM-dependent methylation may
contribute to vascular dysfunction in HHcy!™®Y. Further studies
with the CBS deficient mice revealed the importance of
intracellular redox balance for nitric oxide bioactivity and
endothelial function, and the importance of ER stressin
abnormal hepatic accumulation of lipidi®>*?!. Expression of
several genes analyzed by DNA microarray was found to be
reproducibly abnormal in the livers of heterozygous and
homozygous CBS-deficient mice!®. These genes encode
ribosomal protein S3aand methylthi oadenos ne phosphorylase,
suggesting cellular growth and proliferation perturbations may
occur in homozygous CBS-deficient miceliver.
MTHFR-deficient mice have been recently developed to
examinethe effects of HHcy resulting from genetic deficiencies
in theremethylation pathway!®. M THFR-deficient mice shared
basic phenotypic similarities with CBS-deficient mice.
However, they were unique in that they developed mild HHcy
and atherosclerosis. Recent study has demonstrated the
importance of choline metabolism in HHcy in this model !,
Comparison study by administrating the alternate choline-
derived methyl donor, betaine, to wild-type miceand MTHFR
deficient mice revealed that plasma Hcy and liver choline
metabolite levels were strongly dependent on the MTHFR
genotype. Betaine supplementation decreased Hey in all three
genotypes, restored liver betaine and phosphocholine pools,
and prevented severe steatosisin M THFR-deficient mice. Since
there was a significant negative correlation between plasma
betaine and Hcy concentrationsin humanswith cardiovascular
disease, the results emphasize the strong interrelationship
between Hcy, folate, and choline metabolism. MTHFR-
compromised mice with HHcy appeared to be much more
sensitive to changes of choline/betaine intake than wild-type
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animals. HHcy, in the range of that associated with folate
deficiency or with homozygosity for the 677T MTHFR variant,
may be associated with disturbed choline metabolism.

MS could directly catalyze the remethylation pathway and
inactivation of this gene has been attempted recently!®7.
Heterozygous M S knockout mice from an outbred background
had dlightly elevated plasma Hcy (6.1 mol/L) and methionine
compared to wild-type mice (4.1 nmol/L) but seemed to be
otherwise indistinguishable. Homozygous knockout embryos
survived through implantation but died soon thereafter.
Nutritional supplementation during pregnancy was unable to
rescue embryos that were completely deficient in MS. This
study indicated that M Sactivity wasessentid for early embryonic
development of mice. Although the M S knockout mouse has
not provided an immediately obvious animal model of human
disease, heterozygotes with 50% reduction of M S activity may
be useful. It islikely that M S heterozygote knockouts are more
susceptible to dietary deficienciesthan wild type mice and thus
having meritsasamodel in which interactions between genetic
status and nutritional status can be studied.

The animal models are valuable in vivo tools to further
examine potential therapeutic approachesin lowering plasma
Hcy while decreasing the prevalence of HHcy-induced
disorders. However, the animal models neither have tissue or
organ specificity nor exclude potential compensatory pathways
of Hey metabolism. Conditional disruption of Hcy metabolism-
related genes and crossing between animal models that are
deficient in different genes should be the future directionsin
the effort of creating animal models for study of HHcy.

ETHANOL-INDUCED HHCY AND LIVER INJURY

The pathogenesis of the pathologic features of acohalic liver
injury, namely steatosi's, apoptosis, necrosis, inflammation and
fibrosis, isan areaof intense interest. Although much progress
has been made over the past decade, we still do not have a
complete understanding of this process®. We recently found
that in a murine model of intragastric ethanol there was an
upregulation of genes associated with endoplasmic reticulum
(ER) stress response, including GRP78 and 94, CHOP and
SREBP. The expression of these genes was associated with
protein malfolding aswell as apoptosis and lipid synthesig’8 ™,
Since alcoholism and alcohol-related diseases constitute a
severe health problem in the world and ER stress has been
linked to Hey in the pathogenesis of several disorders such as
atherosclerosis, Alzheimer’ s disease, and liver steatosis, we
would direct the readers’ attention to ethanol-induced
aterationsin Hcy metabolism.

Alcoholic patients have been shown to have elevated
plasmaHcy (average two-fold) which rangeed from 10-120 mol/L
(normal 5-15 mol/L )4, Total folate, B, and B levelswere
normal. However, Hey levels correlated with folate levels and
blood alcohol levels. Well nourished alcoholics exhibited
markedly lower levels of serum pyridoxal-phosphate (PLP)
and mildly lower red cell folatel’®d. Even “social” drinking
(30 g/dx6 wk) caused 20% increased Hcy and decreased
folate!®1%, Heavy alcohol consumption is arisk factor for
stroke and brain atrophy1%1%l, Rats fed ethanol exhibited a
doubling of plasmaHcy despite normal levels of folate, PLP
and B;,'®. We have observed a 7 fold increase of plasmaHcy
levels (22.3+2.8 nmol/L vs pair-fed control 3.0£0.9 mmol/L)
in mice fed ethanol intragastrically for 4 wk™,

With alcohol feeding of ratsintragastrically for 9 wk liver
specific MAT1A protein expression did not change, whereas
MAT2A increased in conjunction with -40% decreased hepatic
levels of methionine and SAM™7, However, shorter exposure
of rats and minipigs to ethanol was not associated with a
decrease in methionine or SAM in most studies. Depending

on route, ethanol dose and duration, variable changesin SAM
and SAH have been described 1191,

Ethanol feeding has been known to lower MS*Y, |eading
to increased accumulation of 5-methyl THF and to increased
BHMT leading to utilization-induced decreased betaine
level 911, These effects depended on increased blood ethanol.
Golden Syrian hamsterswith high ADH fed a360 mL/L ethanol
diet did not develop increased blood ethanol levels or changes
in Hcy metabolism unless ADH was inhibited*3. Of note, the
SAM levelsweremaintained by the utilization of betaine. However
prolonged ethanol feeding eventually could lead to depletion
of SAM. Chronic acohol could increase choline uptake**® and
mitochondrial oxidation to betaing*** suggesting compensation
for increased demand for betaine. Feeding betaine (0.5%) raised
SAM levels which was accentuated in alcohol fed animals
(minimal to begin with) and prevented fatty liver78108111,
Raised SAM was initially assumed to contribute to betaine’ s
ameliorative effect on fatty liver. It may be equally important
that the protective role of betaine was due to lowering Hcy
directly through BHMT and indirectly by raised SAM leading
to activation of CBS.

The mechanism of the ethanol induced decrease in MSis
not well understood. Kenyon et al.'*% showed that the enzyme
wasinhibited by high concentrations of acetaldehyde, whereas
we have found decreased mRNA. Increasein BHMT activity
appeared to be a compensatory phenomenon to maintain
methionine and was seen after 2 wk in ethanol fed rats and
after 4 wk in ethanol fed mice.

In the chronic (12 mo) ethanol fed micropigswith adequate
folate, MS activity decreased by 20% which was associated
with glightly decreased serum methionine, 20% increased
serum Hcey, and increased hepatic SAH but no changein SAM.
These small changes due to ethanol were not associated with
increased ALT or fatty liver but were associated with increased
scattered apoptosis™*¥. Interestingly addition of folate deficient
diet to ethanol feeding of the castrated minipig accentuated
plasma Hcy and liver injury™® although ER stress was not
considered in this study.

Betaine lowered Hey and prevented ER stress and alcoholic
liver injury in alcohol fed mice™. However, we need to be
cognizant of other actions of betaine. Feeding rats betainein
drinking water (1.5 g/kg) blunted the TNF responseto LPS and
decreased concomitant liver injury!™, Importantly, however,
taurine was equally effective. Earlier work has suggested an
indirect protective role of choline supplementation, suggesting
choline oxidation to betaine could protect against Kupffer cell
activation*®®12_ |t has been suggested that betaine and taurine
serve as organic osmolytes which are critical in regulating
Kupffer cell function!*?4, Hyperosmotic conditionsinduce Na*
betaine transporter mRNA while hypoosmoatic conditions do
the opposite, this occurred in Kupffer cells but not hepatocytes.
Betaine or taurine protects the liver against warm ischemia-
reperfusion. Recently, betaine pretreatment was shown to
protect the hepatocyte from bile acid induced apoptosis. The
mechanism is not certain and high concentrations of betaine
(mmol/L) were required?123, We observed that increased gene
expression of TNF and CD 14 was indicative of the alcohol-
induced Kupffer cell activation!™. However, betaine treatment
did not significantly attenuate these changes, suggesting that
betaine either acts downstream of acohol-induced Kupffer cell
activation or acts via an independent pathway.

The effect of SAM feeding is of interest since it was reported
to decrease fatty liver and mitochondrial abnormalities**,
SAM might be expected to inhibit re-methylation and promote
transsulfuration of Hcy. It is unclear asto what the overall
effect on Hey would be. Severe SAM deficiency in MAT1A
knockout did not alter Hey but was associated with increased
expression of BHMT and CBS*#. SAM could transcriptionally
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activate MAT1A and suppress MAT2AR%,

Overall chronic ethanol exposure seemed to cause amodest
decrease in SAM and increase in SAH along with early-
decreased M S and late-increased BHMT. All these changes
were accompanied with increased Hey which occurs despite
adequate dietary folate, By,, B and choline. Thus there are
possible contributions of decreased MS, unknown effects on
CBS, and decreased SAM (decreased activation of CBS)
leading to HHcy. The decreasein SAM levelswasaccompanied
withincreased SAH levels. Since both SAM and SAH activated
CBS, it isdoubtful that changesin levels of these metabolites
exerted asignificant regulatory role on transulfuration, The
increasein BHMT appeared insufficient to lower Hey due to
limitation on the availability of betaine and already-impaired cell
function. Although high dietary choline might generate sufficient
betaine in rodents, the choline oxidase pathway is normaly low
in primates. Thus, providing excess dietary betaine rather than
choline would seem to be an approach more applicable to the
human situation. Since betaine corrects hyperhomocysteinemia,
fatty liver injury and ER stress, and homocysteine is known to
cause al these changes, it isreasonable to state that an important
mechanism by which betaine protects against alcoholic liver
disease isthe correction of hyperhomocysteinemia and proof of
this hypothesis requires further work.

POSSIBLE ROLE OF ER STRESS IN OTHER LIVER DISEASES

ER stress may also be involved in liver injury caused by a;-
antitrypsin (a;-AT) deficiency and hepatitis C virus (HCV) or
hepatitis B virus (HBV) infection. a;-antitrypsin (a;-AT)
deficiency was caused by a point mutation encoding a
subgtitution of lysine for glutamate-3421*21, Aggregated mutant
a;-AT wasretained in ER rather than secreted in the blood
and body fluidswhere its function is to inhibit neutrophil
proteases. Individualswith this deficiency had a markedly
increased risk of developingemphysemaby aloss of function
mechanism by which reduced levelsof a;-AT inthelunginhibit
connective tissue breakdown by neutrophil elastase, cathepsin
G, and proteinase 3. Some individuals with a;-AT deficiency
developed liver injury and hepatocel lular carcinomaby again
of function mechanism, i.e., accumulation of aggregated mutant
a;-AT within the ER whichistoxic to liver cells. However, the
exact mechanism by which ER retention of this aggregated
mutant protein leadsto cellular injury isstill unknown. Recent
studies have demonstrated that ER retention of mutant a;-AT
induces a marked autophagic response in cell culture and
transgenic mouse models of a;-AT deficiency aswell asinthe
liver of patients with a;-AT deficiency!*?. The autophagic
response is a general mechanism whereby cytosol and
intracellular organelles, such as ER, are first sequestered from
the rest of the cytoplasm within unique vacuoles and then
degraded by fusion with lysosomesto clear the cells of senescent
constituents. Under afasting condition, amarked increasein fat
accumulation was observed in a;-AT-containing globulesin
theliver of a;-AT deficient mice'®, suggesting amalfunction
of ER caused by accumulation of mutant a;-AT. Investigations
of ER stress markers such as GRP78, CHOP, SREBP, XBP1,
and ATF6 are needed to assess the direct involvement of ER
stressin a;-AT deficiency-induced liver injury.

Evidence of ER stressin HBV or HCV infectionisemerging.
HBV codesfor three forms of surface protein. The minor and
large forms are translated from transcripts specified by the
preS1 promoter, while the middle and small forms are
translated from transcripts specified by the downstream S
promoter. Overexpression of the large surface protein of HBV
could lead to a 10-fold activation of the S promoter but not of
an unrelated promoter®!, The large surface protein could also
activate the cellular grp78 and grp94 promoters. Neither the

middle nor the small surface protein, nor a secretable form of
the large surface protein, could activate the S promoter, but
agents that induced endoplasmic reticulum (ER) stress had an
effect similar to that of the large surface protein, suggesting
that HBV may evolve a feedback mechanism, such that ER
stress induced by accumulation of the large surface protein
increasesthe synthesis of the middle and small surface proteins,
which in combination with the large surface protein can form
mixed, secretable particles. HCV-induced ER stress was more
evident. HCV replicates from a ribonucleoprotein (RNP)
complex that is associated with ER membrane. Thereplication
activities of the HCV subgenomic replicon have been shown
to induce ER stress*®, HCV repliconsinduce the UPR which
is paralleled by the proteolytic cleavage of ATF6. The HCV
non-structural protein 5A (NS5A) can bind to and inactivate
the cellular double-stranded RNA-activated protein kinase,
PKR. NS5A has recently been demonstrated to engage ER-
nucleus signal transduction pathway™%. Expression of NS5A
in the ER could induce an ER stress |eading to the activation
of STAT-3 and NF-kB, which is sensitive to inhibitors of Ca?*
uptake. The NS5A-induced ER stress signaling has also been
shown in the context of an HCV subgenomic replicon!*3Y,
Another HCV component, the HCV envelope protein E2, is
an ER-bound protein that contains a region of sequence
homology with the PKR and its substrate, the el F2a.. E2 could
modulate global translation by inhibition of the interferon-
induced PKR through its PKR-elF2a phosphorylation site
homology domain (PePHD)!**2, E2 could also bind to and
inhibit PERK**2, At low expression levels, E2 induced ER
stress, but at high expression levels, E2 inhibited PERK kinase
activity in vitro. Mammalian cells that stably expressed E2
wererefractory to thetrandation-inhibitory effects of ER stress
inducers, and E2 relieved general trandation inhibition induced
by PERK. The PePHD of E2 was required for the rescue of
translation that was inhibited by activated PERK. These
findings may explain why the virus promotes persistent
infection by overcoming the cellular ER stress response. In
addition, HCV-induced ER stress resulted in a decline in
protein glycosylation. Decreasing protein glycosylation could
disrupt the proper protein folding of MHC class | molecules,
preventing the assembly of MHC class | molecules. Cells
expressing HCV subgenomic replicons had alower MHC class
I cell surface expression'**d, HCV-infected cells may thus be
undetectable in the immune system by suppressng MHC class |
antigen presentation to cytotoxic T lymphocytes. Therefore,
the persistence and pathogenesis of HCV may depend upon
the ER stress-mediated interference of MHC class | assembly
and cell surface expression. Finally, HCV infection may
suppress the degradation of misfolded proteins while
stimulating the synthesis of itsviral proteinsin the ER. In the
ER, IRE1-XBP1 pathway directs both protein refolding and
degradation in response to ER stress. It was demonstrated that
XBP1 expression was elevated in cells carrying HCV
subgenomic replicons, but XBP1 transactivating activity was
repressed!**!, This prevents the IRE1-XBPL1 transcriptional
induction of EDEM (ER degradation-enhancing -mannosi dase-
like protein), which isrequired for the degradation of misfolded
proteins. Consequently, misfolded proteins are stable in cells
expressng HCV replicons. Study with acdll linewith adefective
IRE1-XBP1 pathway showed elevated levels of HCV interna
ribosome entry site-mediated trand ation!**¥, This study indicated
that the HCV suppression of misfolded protein degradation in
the ER not only promoted HCV expression but also contributed
to the persistence of the virusin infected hepatocytes.

HCV infection is common in acoholic patients presenting
with liver disease. Heavy alcohol intake would worsen the
outcome of HCV infection™>%¥7, which has directed much
attention to the interaction between alcohol and HCV infection.
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Alcohal playsan important rolein HCV infection resulting in
increased viral replication, enhanced HCV quasispecies
complexity, increased liver-cell death, suppression of immune
responses, and iron overload*®. However, the pathogenic
mechanisms underlying the alcohol-HCV interactions are not
fully understood. Based on the above evidence that both HCV
and homocysteine could induce endoplasmic reticulum (ER)
stress response®81 gnd that there was alink between alcohol -
induced significant elevation of homocysteine level, ER stress,
and the pathogenesis of liver injury!™, it is reasonable to
hypothesizethat alocus of the potentiative interaction between
alcohol and HCV in accelerating the progression of liver disease
isat the level of ER gress. In the case of both HBV and HCV
infection, it iswidely recognized that severdly immunosuppressed
patients may develop a paradoxically severe and rapidly
progressive liver disease. This has been seen inthe post-OLT
setting and in patient with AIDS. Therefore, theloss of immune
detection of vira-infected hepatocytesmay lead to an unopposed
massive overload of hepatocytes with viral proteinstriggering
ER stress. Future studies should examine the contribution of
ER stress to these pathol ogic conditions.

CONCLUSION

HHcy isan integra component of several disordersincluding
cardiovascular and cerebrovascular diseases, neurodegeneration,
liver steatosis, diabetes, and cancer. HHcy can result from
deficiencies of vitamin cofactors (B6, B12, folic acid) required
for Hcy metabolism and/or from genetic disorders of its
metabolism. Hey unleashes inflammation mediators such as
NFKkB, IL-1b, IL-6, and IL-8. Hcy increases production of
intracellular superoxide anion causing oxidative stress. Hcy-
induced misfolding or malfunctioning of numerous
intracellular proteins are increasingly important and attract
much attention because the Hey-induced ER stress mechanism
can explain many processes of cell injury. Animal model
creation and integral investigation of available animal models
will certainly play important rolein determining precisely the
biological effects of HHcy. Our observations with the murine
intragastric ethanol fed model have suggested alink between
Hcy metabolism, ER stress, and the pathogenesis of a cohol
induced liver injury. Figure 4 demonstrates our hypothesisin
which ethanol feeding causes HHcy which then induces the
ER stress response in parenchymal and nonparenchymal cells
in the liver leading to fatty liver, apoptosis and possibly
inflammation. The potential beneficial effects of lowering Hey
and preventing ER stress in alcoholic humans needs to be
studied. In addition, since a minority of alcoholics develop
liver disease and a wide range of Hcy levels are seen in
alcohalics, it will be important to examine polymorphism of
Hcy metabolizing enzymes as potential risk-factors for the
development of HHcy and liver disease.

Alcohol
Fatty liver

I MS, BHMT Inflammation
CBS, Other SREBPs
NF-kB
Hepatocytes ER stress
Endothelial cells |~ _
Caspase 12
INK
CHOP

Cell death

Figure 4 Hypothesis for the role of ethanol-induced HHcy in
the pathogenesis of alcoholic liver disease.
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Abstract

The development of T helper 1 versus T helper 2 cells is a
major branch point in the immune response and is an
important determinant of the body”s response to an
infectious pathogen, leading to protection of the host or
dissemination of the disease. Resent studies have shown
that there exist macrophage activation states in parallel
to the T helper cell type 1/2 paradigm, and the T helper
1 development process is governed to a great degree by
cytokine IL-12 provided mainly by antigen presenting cells
such as macrophages and dendritic cells. A model in
patients with hepatitis is proposed that links the pathogen,
macrophage activation and T helper cell polarization.

Sun QL, Ran W. Review of cytokine profiles in patients with
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INTRODUCTION

The immune response that occurs during infectious diseaseis
characterized by plasticity in both its nature and its magnitude.
This feature provides an important advantage that permitsthe
immune system to tailor its defense strategy to particular groups
of infectious pathogens. Interactions between CD4+T helper
(Th) lymphocytes and antigen-presenting-macrophage cellsin
liver shape and amplify the subsequent immune response. The
Th precursors differentiate into 2 subsets of effector Th cells
with different functiong*Z. Thl cells produce IFN-g, IL-2 and
Th2 cdlsproducelL-4, IL-10 and IL-13. Theensuing Thl- and
Th2-type immune responses include both potent humoral and
cell-mediated components. Thl-derived |FN-g suppresses Th2
response and Th2-derived IL-10 inhibits the development of
Th1 populations?. In addition, the effector cells and antibody
isotypesinvolved are quite distinct®. Thl cells are responsible
for activation of macrophagesto amicrobicidal state, induction
of 1gG2 a Absthat mediate phagocytosis, and support of CD8+
antiviral effector T cells. By contrast, Th2 cells stimulate the
growth and differentiation of mast cells and eosinophils, as
well asthe production of Ab isotypes, including IgE and 1gG4,
which can mediatethe activation of these cells. IL-12, acytokine
elaborated mainly by macrophages/monocytes, induces the
maturation of Thl cells. Animbalance of Thl and Th2 appears
to beimportant in the pathogenesis of chronic viral and nonviral
infections in humans, such as infection with human
immunodeficiency virus, leprosy, leishmaniasis®”,and viral
hepatitig®.

Recent studies have shown macrophage activation states
in pardlel tothe Th cell type 1/2 paradigm. IFN-ghaslong been
known as the classical macrophage activating factor inducing
cytokine secretion by macrophages to support Thl-driven
immune responses. |L-4 which was historically regarded as
macrophage deactivators is now thought to induce alternative
immunological activation of macrophages?, in that it enhances
of the capacity of macrophages for endocytosis and antigen
presentation by the induction of mannose receptor expression*?,
In normal immunological process, classical and alternative
macrophage activation maintains the balance of macrophage.

IMBALANCE OF Th1/Th2

Thland Th2 type cytokines in patients with hepatitis

Chronic hepatitisis characterized by incomplete clearance of
virus and damage hepatocytes. Since hepatitis B virus (HBV)
is known to have no cytopathic effect on the infected
hepatocytes, cell-mediated immunity is thought to play an
important role in the pathogenesis of hepatocellular damage
and HBV clearance*¥. Although immune evading mechanisms
used by HBV are largely unknown, defectsin T cell response
have been suspected as a major factor involved in the
pathogenesis of chronic hepatitid***¥, Different from acute
self-limited hepatitis in which protective immunity develops
after imination of HBV, immuneresponsefailstoremove HBV -
infected hepatocytes in chronic hepatitis B. Thl type pattern
of secreted immunity can be considered as an appropriate
response of the immune system to inhibit viral replication and
HBYV eradication. Mechanisms by which IFN-g favors the
elimination of HBV may include enhancement of cytotoxic T
lymphocyte (CTL) activation, direct anti-viral activity, increased
expression of mgjor histcompatibility complex class| molecules
on infected cells, and activation of macrophages*®8. It has
been shown in atransgenic mouse model that adoptive transfer
of CTLsproducing IFN-gcouldinhibit HBV replication without
cytolysig,

Studies have shown!*® that predominant Thl (IFN-g)
cytokine profile of hepatitis B core Ag (HbcAQg)-specific and
hepatitis B surface Ag (HbsAg)-reactive T cellsis associated
with acute self-limited hepatitis B. In most patients with acute
hepatitis, CTL responses to epitopes of HBsAg, while there
are no such responses in patients with chronic hepatiti 2.
Thus, Thl might beinsufficient for complete removal of HBV in
chronic hepatitis and positively correlated with hepatic
inflammatory activity.

Meanwhile, Barnaba et al. cloned CD4+ HBV envelope
antigen (HbeAg)-reactive T cells and showed signs of
cytotoxicity only when they produced IFN-g?Y. Thisisin
agreement with findings that production of IFN-g?? by
peripheral blood mononuclear cells (PBMCs) upon HBsAg
stimulation was associated with higher level of hepatocyte
damage. The dissociation between the mechanismsresponsible
for the immune-mediated hepatocytolysis, and for vural
clearance in HBV infection was proposed®. It has been
demonstrated that the interaction between Ag-specific CTL
and target hepatocytes results in spotty necrosis which is
limited to avery few hepatocyted®. Instead, the antiviral effect
ismediated by IFN-g, IL-2, and TNF-a released by HBV -specific
CTLs or by antigen nonspecific macrophages, and these
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cytokines profoundly suppress HBV gene expression in
infected hepatocytes by noncytolytic mechanisms?®! through
eliminating HBV nucleocapsid particlesand destabiling the viral
RNA®29, Thus, after recognition of HBV antigensonthe surface
of infected hepatocytes, CTLs perform two distinct functions;
they kill asmall fraction of infected hepatocytes and secrete
IFN-g and TNF-a, which exert antiviral effects without
destruction of hepatocytes. Effective clearance of duck HBV
and woodchuck hepatitis virus has also been shown to occur
without massive hepatocellular necrosis?.

In addition, a cytokine balance favoring Th2 type cytokine
production such as IL-4 and IL-10 has been associated with
progressive virus infections. Co-activation of Th3 cellswith
Th2 cells can negatively regulate immune responses and may
be associated with the immune tolerant state of chronic HBV
infection?®. The shift from Thl to Th2 or ThO profiles was
observed in acquired immune deficiency syndromée®!. Result
also indicates the existence of a Th2 type response to HBsAg
in chronic hepatitis B patients with more sever liver damage®.
Th2 cells may be associated with the persistence of HBV
infection®. Probably the virus can mutate effectively and evade
T-cell immune defense mechanisms. Persistent infection upsets
the balance between immunostimulatory and inhibitory
cytokineswhich can prolong inflammation and lead to necrosis,
fibrosis, and chronic liver disease®4.

In chronic hepatitis C virus (HCV) infection, Fan et al.
observed that the elevated levels of Th2 cytokines were greater
than Thl cytokines measured by ELISAF, Thisresultisin
agreement with Kobayashi et al. who showed a significant
increasein number of |L-4-producing Th2 cellsand asignificant
decrease in number of IFN-g-producing Thl cells (PBMC
stimulated by anti-CD3 antibody)®¥. They® suggested that,
theoretically, stimulation with anti-CD3 antibody resultsin the
expansion of T lymphocytes, whereas stimulation with HCV
core protein results in the expansion of T lymphocytes
responsive to HCV core antigen. The stimulation of PBMC
with anti-CD3 antibody could reflect the patient’ sreal situation
better than that with HCV core protein. In addition, they
measured the |FN-g after the depletion of CD8+ T cells—ene
of the major sources of IFN-g production. This could explain
that the increased production of IFN-g (Th1) shown in others
studies were due to | FN-g secretion by CD8+T lymphocytes.

However, Iwata et al. found that in patients with chronic
hepatitis C there was the increasing production of IFN-g(Th1)
by PBMC after stimulation with HCV core proteini®!, Bergamini
et al. obtained the similar result that the percentage of Thl
cells was significantly increased in CD4+, CD8+, ‘ naive' -
CD45RA+and* memory’ -CD45RO+ T-cdll subsets(PBMC by
mitogen-stimulation) from patients versus controlsi®!, and
Sobuel et al.* also found that a shift to Thl cytokine profile
correlated with the progress of liver damage, which could be
related to the higher proportion of CD4+T cells. Although in
chronic hepatitis C infection, the levels of mononuclear cells
derived from peripheral blood reflected thelevel of mononuclear
cells derived from liver, the profile of Th1/Th2 in liver tissue
and in peripheral blood was different!®?. In liver tissue, a
predominance of Thl-type cytokineswas seenin CD4+T cellg%,
while a predominance of Thl type cytokineswas observed in
CD8+ cellsin peripheral blood. Thus, the elevated cytokine
production may also have been caused by a higher proportion
of CD4+T cellsin theliver tissue of patientswith chronic HCV
infection compared with that in hedlthy controls, and intrahepatic
CDA4+T cells may be more important than CD8+T cellsin the
pathogenesis of liver damage in chronic hepatitis C infection.
In addition, the percentage of CD4+T cellsin liver correlated
with the histological activity of hepatitig®. These results
may indicate a preferential compartmentalization of Thl
cytokine-producing CD4+T cellsin theliver®, suggesting that

some liver-derived CD4+T cellshad adirect cytotoxic effect!+24,
Meanwhile cytokines produced may inhibit viral replication,
such as IFN-gand TNF-a?,

The probable mechanism of Thl predominance in HCV
infection is that in order to eliminate HCV and inhibit viral
replication, the compartmentaized CD4+T cells may shift to a
Th1 profileand induce nonspecific immune responsesto activate
nongpecific immune cells and effector molecules, resulting in
liver cell damage. Nevertheless, further studies are needed to
investigate the significance of CD4+T cellsin liver tissue.

But the different result was observed regarding Thl or Th2
predominancein patients with chronic hepatitis C, which was
probably due to the administration of PBMC and the
measurement for Thl cytokines from CD4+T, or both CD4+
and CD8+ T cdlls Itisaso possiblethat theHCV -related antigen
influences T helper cellsto produce adifferent cytokine profile
from that in healthy subjects. For example, in transgenic mice
with HBeAg, the T cell response against peptide 120-31 of
HBeAg was predominantly Thl, whereas the response against
peptide 129-40 was predominantly Th2-likel*d. Moreover,
escaping variants of HCV epitope attenuate or fail to stimulate
T-cell proliferation, which isaccompanied by ashift in cytokine
secretion patterns from one characteristic of a Thl antiviral
responses to a Th2 formi*d. Recent evidence suggests that the
polymorphic nature of the MHC binding sites and differences
in the T-cell repertoire among persons lead to highly variable
binding affinity for the immunodominant HBV peptides, which
in turn determines the outcome after acute HBV infection#4%,

The role of IL-12 in hepatitis disease

IL-12, a heterodimer composed of 2 subunits of p40 and p35
and secreted mainly by antigen-presenting cells (APC) such as
activated macrophages and dendritic cells (DCs), isacrucial
mediator between innate and adaptive immune responses. The
transcriptional factor T-bet, which can induce transcription of
an IFN-greporter gene and is specifically expressed in Thl
cells generated in the presence of IL-12%!, suppresses the
expression of genesencoding I L-4, IL-5 and inducesthesynthesis
of IFN-g These studies suggest that Th1 development process
isgoverned by cytokine IL-12 to agreat degree.

IL-12 isakey cytokine not only promoting Thl—synergizing
withIL-2, IL-12 inducesrapid and efficient production of IFN-g*"
by stimulation of the TCR—CD3 complex and activation of the
CD28 receptor, but aso maintaining Thl responses® (Figure 1),-
inthat Th-cell differentiation is determined most probably early
after infection by the balance between IL-12 and IL-10 ,IL-4,
which favour Th1- and Th2-cell development, respectively. In
addition, IL-12 correlateswith virus clearance. In HBV-infected
patients, a significant increase in IL-12 production was
observed only in patients who cleared the virus. The peak of
serum IL-12 associated with Thl cytokines (IFN-g) occurred
after the ALT flare and preceded or coincided with the time of
HBe seroconversiont®. Thus, the findings in patients with
chronic HBV infection support a proposed combination
strategy for therapy with IL-12 plus vaccination!®*, After the
ALT flare, the occurrence of 1L-12 peak would be the reason
that hepatocellular necrosis induced by CTL leads to the
recruitment of macrophages and noncommitted T helper cells
in the liver. Then the native particles of HBCAQ are rel eased
from damaged hepatocytes and provide potent antigenic
stimulation for these cells. In patients who are able to respond
with anincreasein IL-12 production, thiswill promote Th1 cell
development and stimulate the production of IFN-gand TNF-a,
which will exert their noncytolytic antiviral effects.

IL-12 may beingtrumentd in the defense mechanism against
HBYV infection, and the elevation of itslevel can be indicative
of hepatitis recovery!®l. The enhancing effect of I1L-12 on IFN-g
production of PBMC in patients with chronic hepatitis B virus
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infectionisincreased during IFN-a treatment. Therefore, IFN-
a and |L-12 may enhancetheefficacy for thetrestment of chronic
HBYV infection, and HCV-related cellular immune defect in
patients with hepatitis C can be restored in most patientsby IL-
120581, However, Quiroga et al’® found that HCV-infected
patients with greater necro-inflammatory activity of liver
showed greater |L-12 production by PBMC than those with
minimal or mild activity and normal donors. Massiveinduction
of the proinflammatory cytokines IL-12 and IFN-gin liver
specimens is apparently not counterbalanced by the anti-
inflammatory cytokineIL-10, which may play animportant role
in promoting inflammatory reactions leading to massive liver
damage in murine models of fulminant hepatitis B

IL-4, IL-6

e

IL-4
IPNg IL-4, IL-1
Lymphotoxin ’ 0 IL-10
T-cell mediated Allergic
autoimmune diseases
diseases B cell
activation| activation

Figure 1 Development of Th1/Th2 From Marc and Weeber.

BLANCE OF MACROPHAGE IN PATIENTS WITH HEPATITIS

Macrophage and macrophage activation

Macrophages can be segregated into two broad groups:
resident tissue macrophages and inflammatory macrophages.
Tissue macrophages are heterogeneous, and those isolated
from different anatomical sites differ in function presumably
because of adaptive responsesto the local micro-environment!>,
Inflammatory macrophagesare derived largely from circulating
monocytes, which infiltrate damaged tissue, but some arise by
local cell division™. Thereis now increasing evidence for the
heterogeneity of macrophages that have infiltrated inflamed or
otherwise damaged tissue, depending on the type and severity
of injury, the stage of its evolution and the localization of the
macrophages within the tissue’®.

Onemajor function of macrophagesisto provide adefense
line against microbial invasion and to recognize and kill tumor
cells. Macrophages can accomplish thisin a direct manner,
involving the release of products such as oxygen radicals and
tumor necrosis factor that are harmful to microorganisms or
cancer cells. On the other hand, they play an indirect rolein
these anti-microbial or anti-tumor activities by secretion of
cytokines or by antigen processing and presentation, thereby
regulating theimmune system.

The macrophage presents HBV-derived proteins which
activates CD4+T cells. The effects of stimulation on
macrophages include increased cytokine production (TNF-a,
IFN-g IL-1), expression of inducible nitric oxide synthase, nitric
oxide secretion, and up-regulation of adhesion molecules. All
these processes can lead, directly or indirectly, to increased
cytotoxicity of the macrophages. We also found the higher
expression level of granulate and activation —linked surface
antigen CD69 by CD14 macrophage from peripheral blood in
patients with chronic hepatitis than in control§%. This activity
was associated with high level transcription of IL-1, IL-6 and
TNF-a (unpublished data). Probably, plasma HBV antigens
activate macrophages from peripheral blood. Subsequently,
such cytokinesare produced. In addition, the increasing number
of macrophage functions and heterogeneity in vitro and in
vivo has led to the definition of macrophage activation states

in parald to the Th 1/2 paradigm. |FN-ghas long been known
asthe classical macrophage activating factor inducing cytokine
secretion by macrophages supporting Thl-driven immune
responses. IL-4 which washistorically regarded as macrophage
deactivatorsis now thought to induce alternativeimmunol ogical
activation of macrophages?, in that it enhances of the capacity
of macrophages for endocytosis and antigen presentation by
the induction of mannose receptor expression*”. In normal
immunological process, classical and alternative macrophage
activation maintains the balance of macrophage.

Balanced macrophage activation hypothesis

Figure 2 showsamacrophage activation cyclewherein multiple
steps occur during variousforms of activation and recycling of
macrophage function so as to achieve balanced macrophage
activation (Steps 1-5), When hepatitis virusinvades the body,
tissue-resident macrophages undergo local activation and
engulf the virus or antigen and enhanced recruitment of
monocytes and precursors from bone-marrow poolsresultsin
the accumulation of tissue macrophages that have enhanced
turnover and an altered phenotypel®.After the antigen
presentation, Th cells are activated through MHC class 1. Thl
(stand for active Th) cell produces IL-2 and IFN-gand Th2
(stand for inhibitor T) cell secrets|L-4 and IL-10, which is
involved in B cell activation aswell as providing signals for
balanced macrophage activation. Production of IL-4 isknown
to activate the aternative macrophage activation pathway!*%
(step 5). Although IL-4 induces mannose receptor expression
and enhance the capacity of macrophagesfor endocytosis and
antigen presentation!®?, alternative pathway activated
macrophages in vitro actively inhibit mitogen-induced
proliferation of peripheral blood lymphocyted® and CD4+T
cell9%+%8 These findings convincingly confirm that alternative
activation generates immunosuppressive macrophage
populations. In fact, co-induction of IL-10 with IL-4 secreted
by Th2 cells, mainly contributesto the inhibition effect. The
net result of excess1L-10 production shutsoff the Thl activation
pathway!®Y. Therefore, the balance of macrophage and these
cytokines are closely related to viral infectious diseases such
asAIDS and viral hepatitis.

Classical Inflammation
macrophage /
activation = IFN-g
[t IL-2
N 3 e
{ * 1 g, | ACHNE
1 % TINF, IL-67-C
o A
Phagocytosis = & M £ 2 ]_ 4
."} B
Alternative P ilnhibito:l
macrophage 5 X ’
activation IL-4
AMAP

Anti-inflammation
Figure 2 Blanced macrophage activation cycles From Michael®!.

Macrophages may contribute either directly or indirectly to
the hepatonecrosis with fulminant virus infection'®” through
classical macrophage pathway. Macrophagesin theliver called
Kupffer cells activate Th1(IFN-g), IFN-gwill activate Kupffer
cellg%%, Thisresultsin Kupffer overactivation, which in turn
promotes cytokines production (TNF-a, |FN-g), expression of
inducible NOS (iNOS), nitric oxide (NO) secretion. All these
processes can lead, directly or indirectly, to increased
cytotoxicity of the macrophages-thisisthe classical macrophage
activation pathway.

IL-12 is a cytokine secreted by APCs such as activated
macrophages and DCd™. It has an important role against
intracellular pathogens by promoting Thl cell development,
cell mediated cytotoxicity and |FN—g productiont™, For
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example, asignificantincreasein | L-12 production wasobserved
only in patients with chronic hepatitis C who cleared the virug™.
On the one hand, IFN-g, activating macrophage and TNF-a
secreted by macrophage, exert their noncytolytic antiviral
effects. On the other hand, macrophage kills small fraction of
infected hepatocytes. As mentioned above, the increase of
serum | L-12 and Th1 cytokinesawaysfollowed the ALT flare™,
confirming the function of IL-12 in promoting Thl cell
development, and binary function of macrophage. This also
explains that HCV-infected patients with greater necro-
inflammatory activity of liver showed greater I1L-12 production
by PBMC than those with minimal or mild activity in normal
donors, and why Thl predominance in HCV infection was
correlated with the direct cytotoxic effect!*>? and the inhibition
of viral replication.

The greater production of I1L-12 associated with greater
necro-inflammatory activity of liver in HCV -infected patientd>!
and response of IFN-gto HCV core protein with chronic liver
disease suggest a cellular immune response to the onset of the
necroinflammatory process of hepatitig®. In murine mode! of
fulminant hepatitis B, massive liver damage was associated with
the massive induction of IL-12 and IFN-gin liver specimens.
Probably, the proinflammatory cytokines are apparently not
counterbal anced by the anti-inflammatory cytokine IL-10. Thus
IL-12 may play an important role in promoting inflammatory
reactions™!. These cases suggest that the macrophages arein the
hyperactive stuation, probably due to the imbalance of Th1/Th2
and failing to establish the alternative macrophage activation,
which results in the imbalance of macrophage. Thus massive
hepatocytes are killed by macrophages or overactivited CTLs.

The steps 2 and 3 in Figure 2 are continually stimulated
when foreign virus can not be cleared by successful immune
response for Lack of optimal T-cell reactivity that would
reestablish balanced macrophage activation. Theimmunologic
overstimulation would predictably lead to pathol ogic sequelae
such as cirrhosis and hepatomain chronic hepatitis B and C
infectiong ™!

After long periods of time during which steps 2 and 3 are
overemphasized, there would be a predicted shortage of cells
to accomplish steps 5 and 1.There would also be an initial
overdrive of Thl cell population. Patients with HIV also have
been observed to have adramatic Thl to Th2 shift as described
in step 4 and patients with chronic hepatitis B appeared to be
Th2 predominant®@. The balanced macrophage activation
theory predicts that this shift is compensatory in nature with
the T cells attempting to regulate balanced macrophage
activation through production of I1L-4 which induces step5.
Th2 predominance would be suffered by patients with chronic
viral disease, which would cause secondary immunopathogenic
changes, such as HCV-related liver cirrhosistHCC)!™, while
patients with histology of inflammation showed a significantly
higher CD4+Th1 responseto the HCV coreantigen ascompared
to patients with histology of fibrosis/cirrhosis™!. These
findings suggest that Th1/Th2 imbalance in HCV -related
cirrhosis would decrease the antitumor immunity and its
improvement might present the protective effect from HCC™,
At the sametime, there exists the exhaustion of cellsin steps5
and 1.Thiswould decrease the rate of phagecytosis.

Alternative macrophage pathway (step 4) hasthefollowing
features: (1) the production of angiogenic factors, (2) inhibition
of T cell responses, (3) associated downregulation of
inflammatory-mediator production characteristic of classica
activated macrophages, and (4) with the alternative macrophage
activation chemokine-1 (AMAC-1)I"1, also known as
macrophage inflammatory protein-4 (M1P-4). But few studies
were performed in aspect of macrophage, and little is known
about the mechanism of the balanced macrophage theory in
chronic virusliver infection.

CONCLUSION

Recent data have made amajor shift in the role of macrophages
in HIV™® and inflammatory kidney disease. They can no longer
be regarded solely as causing injury but rather as cellsthat can
also promote resolution!”™®, This means that strategies to
prevent macrophage influx may be beneficia to patients with
hepatitis. Future experiments will need to define methods for
determining the functional attributes of macrophagesin clinical
liver biopsies, and effective ways to manipul ate the function of
inflammatory macrophagesin vivo.

Given the diverse range of functions macrophages can
assume, it becomes possible to modulate disease by altering
macrophage activity. The classic view would be that the overall
inflammatory environment is a balance between pro- and anti-
inflammatory cytokines, determining infiltrating and resident
cell function. An increase of pro-inflammatory cytokines from
macrophagessuch asTNF-a or IL-1b thusworsensinflammation,
whereas antagonists of these molecules such as1L-1 receptor
antagonist (IL-1ra), IL-1 type Il decoy receptor (IL-1RII) and
soluble TNF receptor result in reduced injury®. A number of
cytokinesare described as anti-inflammatory, including the Th2
cytokinesIL-4,1L-10andIL-13, IL-6 and TGF-b. rIL-10treatment
of patients with advanced fibrosis who had failed antiviral
therapy appeared to decrease disease activity!®?. TGF-b2
significantly suppressed IFN-g production at the single-cell
level, indicating that the enhanced down-regulation of Thl by
TGF-b2 in patients with HCVrelated liver cirrhosis might be
effective against hepatomal®. But not all anti-inflammatory
cytokines are equal in their ability to modulate macrophage
functionin vivo. In contrast to the resultswith the Th2 cytokines,
IL-4and|L-10, infusionsof TGF-b donot modulateinflammatory
macrophage function in glomerulonephritis. For example,
Infusion of TGF-b3 in ratswith NTN (nephrotoxic nephritis
RANTES) before the onset of disease did not alter the degree
of proteinuria, athough the number of infiltrating macrophages
was reduced®. The study about TGF-b treatment of animal
models and patients with hepatitisis still unknown.

Advanced clinical studies of WF10 (completely blocked
antigen activation of T cells responsiveness -in step 2) are
currently underway in the USA for treatment of patients with
HIV disease. The patients who received two cycles of WF10
showed chronic immunological changes by downregulating
inflammatory macrophages and reestablished alternative
macrophage activation, which was consistent with induction
of balanced macrophage activation®!. Similarly, itispossibleto
modify inflammeatory virusliver diseaseusing arange of cytokines
(Thl/Th2 types) with well-defined effects on macrophage
activation. For example, defectsin T cell response have been
suspected as a major factor involved in the pathogenesis of
chronic hepatitis B, and favoring Th2 type cytokine may
lead to chronic infectionswith HBV. Recent study has shown
that activation of Th1 immunity accompanied by enhancement
of CTL activity during therapy isacommon immune mechanism
for the successful treatment of hepatitis B and C®9, Using
HBV core gene transduced DCs as APCs, HBcAg specific
CTLsand Thl type immune responses could be generated in
the mice, which would be a new way to deal with the vira
hepatitid®. Thus, treatment with IL-12to drive T cell reactivity!®®,
and usage of IL-4 receptor antagonist are probably the
practicable way to clear virus and remove HBV -infected
hepatocytes. Although IL-12 as monotherapy in patients with
HCV did not alter the production of regulatory cytokines
produced by Th1/2 cells® and had low efficacy!®®, IL-12
combining with IFN-a may enhance the efficacy for the
treatment of chronic hepatitis B virusinfection!®?and may be
a predisposition for elimination of HBeAg and successful
treatment of hepatitis BI*,
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Abstract

AlIM: To identify the altered gene expression patterns in
squamous cell carcinoma of esophagus (ESCC) in relation
to adjacent normal esophageal epithelium.

METHODS: Total RNA was extracted using SV total RNA
isolation kit from snap frozen tissues of ESCC samples and
normal esophageal epithelium far from the tumor. Radio-
labeled cDNA were synthesized from equal quantities of
total RNAs of tumor and normal tissues using combinations
of 24 arbitrary 13-mer primers and three different
anchoring oligo-dT primers and separated on sequencing
gels. cDNA with considerable different amounts of signals
in tumor and normal tissue were reamplified and cloned.
Using southern blot, the clones of each band were controlled
for false positive results caused by probable heterogeneity
of cDNA population with the same size. Clones that
confirmed differential expression by slot blot selected for
sequencing and northern analysis. Corresponding full-length
gene sequences was predicted using human genome
project data, related transcripts were translated and used
for various protein/motif searches to speculate their
probable functions.

RESULTS: The 97 genes showed different levels of cDNA
in tumor and normal tissues of esophagus. The expression
of mal gene was remarkably down regulated in all 10
surveyed tumor tissues. Akrlc2, a member of the aldo-
keto reductase 1C family, which is involved in metabolism
of sex hormones and xenobiotics, was up-regulated in 8
out of 10 inspected ESCC samples. Rablla, RPL7, and
RPL28 showed moderate levels of differential expression.

Many other cDNAs remained to further studies.

CONCLUSION: The mal gene which is switched-off in all
ESCC samples can be considered as a tumor suppressor
gene that more studies in its regulation may lead to valuable
explanations in ESCC development. Akrlc2 which is up-
regulated in ESCC probably plays an important role in tumor
development of esophagus and may be proposed as a
potential molecular target in ESCC treatments. Differential
display technique in spite of many disadvantages is still a
valuable technique in gene function exploration studies to
find new candidates for improved ones like gene chips.
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INTRODUCTION

Esophageal squamouscell carcinoma(ESCC) isapredominant
kind of cancer in the developing world as well as the north
and northeast of Iran, which show age-standardized incidence
rate of about 150 per 100 000 person-years for both sexes¥.
The exposure of esophageal cells to both exogenous agents
such as food, alcohol, smoke and endogenous causes such
as genetic and inflammation of esophagus tissue as well as
the race and cultural habits have been accounted for high
incidence in certain geographical regions?. Many genes
including several oncogenes and tumor suppressor genes
are deregulated in esophageal cancrcinoma® 4. Some new
publications reported gene expression profiles of normal and
ESCC tissues recently!®3.,

Two-dimensional gel electrophoresis has been already
studied in Institute of Biochemistry and Biophysics, University
of Tehran, Tehran, Iran to compare the protein populations of
normal esophagus and ESCC tissues®. A predominant
transition of Cto T at CpG dinucleotides has been reported for
p53 gene as well as over expression of cox-2 gene and
accumulation of nitrotyrosine was detected in ESCC tumors of
Iranian patients*® confirming the concept of chronicinflammatory
stressand sengtivity of esophaged cellsto exogenousrisk factors
areinvolved in ESCC development in Iranian patients.

In order to find new molecular markerssuitablefor diagnosis
and to identify probable potent molecular targets for drug
design we started to screen genes with different levels of
expression in normal and ESCC tissues of patients that were
operated in 2 000 in Madean Hospital. Using differentia display
methodol ogy on fresh normal and cancer tissuesin this propose
we scanned expression of almost 6 000 genes. Using this
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technique we tried to screen out all real mMRNA population of
transcribed genesin tumor and normal tissuesin order toinclude
the probable unknown genestoo. Among them 97 cDNAswere
found with lower or higher expression levelsin comparing normal
and tumor tissues. 47 cDNAs with remarkable different levels
of expression between normal and tumor states were cloned.
Six genesthat confirmed to have different expressionin normal
and ESCC tumor tissues are reported here.

MATERIALS AND METHODS

Tissue collection and sample preparation

Tumor tissues of ESCC patientsand normal adjacent partswere
surgically removed and snap frozen in liquid nitrogen and stored
at -80 C until use. By histopathologica examinations tumors
were classified into three mgjor groups of well, moderately, and
poorly differentiated squamous cell carcinoma according to
WHO classification by a pathologist. A brief pathologica and
clinical dataof the patientswere shownin Table 112, Histological
normal adjacent epithelium from the same patient was used as
the normd pair. A pair of tumor and normd tissuesboth from the
same patient (RP, asreference patient) was chosen randomly for
differential display. According to the clinical datethis patient is
a47-year-old woman carried moderately differentiated tumor with
reactive lymph nodes, which isan indicative of non-metastatic
tumor. For asurvey of gene expression in other ECSS patients,
northern blotting was conducted for RP and nine other ESCC
patientsat different stages of tumor development. Patients were
middle- to old-age dl living in north of Iran.

Table 1 Sex, age and histopathological status of the inspected
ESCC patients

No Sex Age Differentiation degree Metastatic
of ESCC tumor lymphnodes

1 F 47 Moderately differentiated None

2 M 53 Well differentiated 3 out of 8

3 F 47 Well differentiated 2 out of 10

4 F 50 Moderately differentiated loutofl

5 M 69 Moderately differentiated 3outof9

6 F 60 Moderately differentiated 1 outof6

7 M 66 Moderately differentiated All five

8 M 76 Moderately differentiated None

9 F 55 Poorly differentiated No evidence

10 F 70 Well differentiated All three

RNA purification

Using SV Total RNA extraction Kit (Promega), total RNA was
purified from ESCC tumor and normal tissue pairs of the same
patient in parallel. After DNase-1 treatment, DNA-free RNA
was recovered in asolution of 0.01 mol/L dithiotriotol (DTT),
10 U/L RNasin (Promega) in diethyl pyrocarbonate-treated
water. The quality of RNAs and quantifications were done by
spectrophotometry of Absorbency at 260 nm and gel
electrophoresis.

Differential display reverse transcriptase-PCR

After 5min of incubation of 0.2 g of RNA samplesat 65 C, reverse
transcriptionswere donein 20 L reactions RT buffer containing
50mmol/L Tris-HCI (pH 8.3), 125 mmol/L KCl,5mmol/L MgCl,,
0.01mol/L DDT, 0.2 mal/L of aanchored oligo-dT11M (where
MisA, Cor G),20mol/L dNTPsand 200 U SuperScript™ RNase-
H- Reverse Transcriptase (Gibco BRL), for 60 minat 37 °C . For
amplification 2.0 L of each reversetranscribed RNA was added
into a201 reaction containing 1.25 mmol/L MgCl,, 2.0 nmol/L
dNTPs, 0.2 nmol/L of therespectiveoligo-dT 11 mol/L, 0.2 mol/L
of one13-mer arbitrary primer, 1nk. [®SdATP[4.44x10* GBg/mmoL

(2200 Ci/mmoL), Amersham] and 1.0 U of Ampli-Taq (Perkin
Elmer). PCR cycles/parameters were: a denaturation step at
94 °C for 5 minfollowed by 3 cyclesat 94 °C for 30s,42 °C for
2min, 72 °C for 30 s, and 37 cyclesat 94 °C for 30's,45 °C for
2min, 72 C 30sand afinal extenson at 72 ‘C for 5min.

Identification and cloning of differentially expressed cDNA bands
The amplified products of DDRT-PCR were fractionated on
standard 60 g/L poly-acrylamide/ureagel, and then transferred
to 3 mm filter paper (Amersham) without methanol/acetic acid
fixing, dried and exposed to X-ray film overnight. The putative
differentially displayed bandsthat showed the same pattern of
expressionin repeated DDRT gelswere eluted and re-amplified
by the same primers used in related first amplification sets.
Molecular mass and quality of re-amplified cDNA fragments
were checked by gel electrophoresis before cloning into the
cloning vector pCR2.1 (Invitrogen Co, CA). Escherichia coli
TOP10 harboring recombinant plasmidsof pCR2.1 were selected
on agar plates containing ampicillin and X-gal. Since probable
heterogeneity in cDNA populations of the same sizeexigtingin
each band can leads to false positive results, for each cloned
band six singlewell grown col onies were subjected to Southern
blot. Radio-labeled probe was prepared from the inserted
fragment of one of these six colonies.

Slot and northern blots analysis

For dot blots preparation, 2.0 g of RNA sampleswere vacuum-
dried and resuspended in 50 L of DEPC-dd H,O. Fifty microliters
of formaldehyde/20SSC solution (1:1 vol/vol) was added and
incubated forl5 min at 60 ‘C before loading on nylon filters
(Hybond, Amersham, UK). For northern blots, 30gof Nand T
total RNAs were run on denaturing 1.2 g/L agarose gel and
blotted onto Hybond membranedried at 37 “C and fixed using
UV cross-linking. As probes, gel purified cDNA fragments of
interest were radio-labeled using High Prim™ DNA labeling
system (Boheringer) and 4 of [-*P]-dCTP[1.11x10° GBg/mmoL
(3 000 Ci/mmoL), Amersham]. Blots were hybridized with
respective probesin hybridization solution containing 0.5 mol/L
phosphatebuffer pH 7.2, 10mmol/L EDTA and50g/L SDSa 60 C
overnight. Filterswerewashed twicea 55 “C in0.1 hybridization
solution for 15 min and scanned with a phosphor imager SF
(Molecular Dynamics) following 4 h exposure at room
temperature. Differentially expressed cDNA clones were
sequenced using Sequenase kit Version 2.0 (USB) and
fractionated on standard sequencing gels*¥.

Analysis of the sequences

Data entry, sequence management, sequence alignment and
protein sequence analysis were performed by Lasergene
software package!?. Sequence similarity search and several
structural featureswere predicted by the use of online databases
and related softwareincluding BLAST N, X and P (www.nchi.
nim.nih.gov/BLAST/ )34, Pfam (www.sanger.ac.uk/Software/
Pfam/search.shtml)¥, PRINTS (www.bioinf.man.ac.uk/
dbbrowser/PRINTS/)1*617 Blocks (condor.urbb.jussieu.fr/
logiciels/Protein_Blocks/Structural_Words/motif PB_m.html )3,
SMART (www.bork.embl-heidelberg.de/NAIL/RSmart)i292,
PROSI TE (www.expasy.org/prosite/)i? and PSORT (psort.nibb.
ac.jp/form.html)i22,

RESULTS

Isolation of differentially expressed genes

The expression pattern of about 6 000 genes was scanned using
combinations of 24 arbitrary 13-mer primersand three different
anchoring oligo-dT primers in differential display reverse
transcription-PCR reactions. We identified 97 genes with
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different levels of cDNA in tumor and normal tissues of
esophagus. 47 bands with considerable differential level of
cDNA signalsin tumor and normal tissues (Figure 1 panel A;
Table2) werereamplified and cloned. Theclonesthat confirmed
differential expression by slot blot (Figure 1 panel B) were
selected for sequencing and northern analysis on other tumor
samples. To annotatetheisolated cDNA fragments, corresponding
full-length gene sequences was predicted by the use of human
genome project data (Table 2). The generated transcripts were
translated and used for various protein motif searches.

Down regulation of mal gene

A 360-bp cDNA fragment, ESC1 clone, was found down
regulated in ESCC tumor cells (Figure 1). ESC1 sequence was
localized to 2cen-g13 locus of chromosome 2 that encompass

mal gene, a T-cell differentiation antigen. The amino acid
sequence encoded by ESC1 aligned with the last 34 amino
acids at the C-terminal of human MAL protein family members
(Table 2). The available data shows that mal gene encodes four
transcript variants as a result of alternative splicing. The
detected band with estimated mRNA size of almost 1.1 kb by
northern blot, strongly suggests that Mal-a variant is the only
form expressed in normal esophagus. The expression of this
genewasfound to be down regulated in all 10 surveyed patients
carrying tumors at different stages of ESCC (Figure 2).

Induced expression of a member of ras oncogene family

Another under-represented gene wasfound asa 273-bp cDNA
fragment named ESC2 (Figure 1). The expression level of the
related geneto ESC2, with approximatelength of 1.0 kb mRNA,
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Figure 1 Parts of DDRT gels including cDNA fragments that show transcriptional alteration in comparing normal esophageal and
ESCC tissues (have been pointed with arrows (panel A)), and the results of slot blots containing two microgram RNAs of normal
(N) and tumor (T) tissues of esophagus in hybridization with radio-labeled related cDNAs (panel B). All of the slots have been
prepared simultaneously and from the same RNA stocks of T and N. One piece of the slots has been hybridized with radio-labeled
GADPH probe as shown in the right most side in panel B.
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Figure 2 Northern results of patient 1 (RP) and other patientsin hybridization with radio-labeled probes of ESC1, ESC2 and ESC3.
Each northern membrane contains about 30 micrograms RNA of normal (N) and tumor (T) tissues of esophagus. The differentiation
status of each tumor has been shown as W: Well differentiated tumor; M: Moderately differentiated tumor; P: poorly differentiated
tumor. The estimated sizes of each bands has been shown on the right side and the ethidium bromide stained gel on top showsthe
relative amounts of RNAs|oaded in each lane.

Table 2 The cDNAs, primers have been used in RT reactions and their related genes with different expression level in normal
esophageal and ESCC tissues

cDNA name cDNA’s length (bp) 3' end primer (5'—3") 5'end primer (5'—3") GeneBank accession number
ESC1 360 AAGCTTTTTTTITTTIT G AAG CTT TACGTAC BC000458

ESC2 273 AAGCTTTTTTTTTTT A AAG CTT CTC AGA C BC013348

ESC3 300 AAGCTTTTTTTTTTTC AAG CTT CTC AGA C BC007024

ESC4 325 AAGCTTTTTTTTTTTC AAG CTT AAC GAGG BC006095

ESC5 442 AAGCTTTTTTTITTTT G AAG CTT GATTCG C BC000072

ESC6 271 AAGCTTTTTTTTTTTC AAG CTTGCG ATG T AF_061732

ESC7 273 AAGCTTTTTTTTTTTC AAG CTTTGG TCA G NMO001759
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in RP and patient no. 6 was consistent with that observation.
However it showed increased level of expressionin fivetumors
(no. 2,5, 7,9, 10) out of eight other patients (Figure 2). The
sequence of ESC2 was identical to a sequence localized at
chromosome 15021 of human genome corresponding to the 3'
region of human rabllagene. The expression of thisgenewas
down regulated in RP and patient no.6 while over-expressed in
5 other surveyed patients and unchanged in three others. No
clear correlation was detected between the rabl1a expression
and pathological parameters and/or patients prognosis.

Up-regulation of an aldo-keto reductase encoding gene

A 300 bp of cDNA fragment, ESC3 clone, was clearly up
regulated in ESCC tumor (Figure 1). ESC3 sequenceidentified a
locus on chromosome 10 p15 encoding AKR1C1, 2 and 3 three
members of aldo-keto reductase protein family 1C. The
nucleotide sequence of ESC3 isidentical to 3' end of AKR1C2.
The corresponding protein sequence encompasses all six
conserved blocks of the family. Thisgeneis highly expressed
in8 out of 10tumorsof different tagesof ESCC (Figure2). Low
abundance of its transcripts was detected in the other two
patients. Again, no clear correlation was found between the
expression level and histopathological classification of tumor
samples (Figure 2) (Table 2).

Other differentially expressed genes

The expression of two cDNA fragments ESC4 and 5 with the
length of 325 bp and 442 bp, respectively, were found to be
induced in tumor tissues (Figure 1). They arelocalized onlocus
5032, the location of ribosomal protein L7 (RpL7), whichisa
member of RPL30 gene family, and on chromosome 19913.4
that juxtaexpose the location of ribosomal protein 28 (RpL 28)
encoding gene respectively. Both of these ribosomal proteins
are the components of 60S subunit of ribosome. Northern blots
showed increase expression of RpL7 (ESC4) in three tumor
samples of ESCC (pair no.1; 4 and 5if RNA shownin thefirst
panel isnormalized), whilethereis no substatial alterationsfor
itsexpression in other pairs (Figure 3). The over-expression of
RpL 28 (ESC5) was confirmed on at least 4 out of 6 ESCC tumor
samples by northern (Figure 3, pair samplesNo: 1, 3, 5and 8).
ESC6 clone carries a 271 bp cDNA fragment that contains a
sequenceidentical to100-amino acid hypothetical protein, which
ismoderately over expressed in tumor tissues of RP. A longer
transcript of this sequence is also seen in related counting
congtructed from ESTsin TIGR and GeneBank (Table 2). This
contig for ESC6 locates on 19p13.2 as shown by BLAST
searchesin Map Viewer. Thisaligned with afetus brain protein
called My029. Themotif searchesin BLOCKS, Pfam, CD, TIGR
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fam failed to identify any conserved motif, while there are two
bi partite nuclear targeting sequence (RRgpdrglksrrkprc), three
protein kinase C phosphorylation sites as showed by PSORT
seraches. Northern analysis shows amoderate over expression
of thisgenein at least 4 out of 6 samplesof well and moderately
differentiated ESCC tumors (Figure 3).

The sequence of a273 bp cDNA fragment, ESC7, localized
in 12p13 that code for cyclin D2. Northern analysis on normal
and tumor RNA of RPindicatesthe over expression of thisgene
in ESCC (Figure 1). No further work was done on this clone.

DISCUSSION

Theexpressionleve of two genesencoding MAL, and AKR1C2
have been enormously atered, so that they may be mentioned
as switched off and on genes respectively, while the other
genes as ribosomal proteins L7 and L28 and a hypothetical
protein showed moderate differences of expression between
normal and tumor tissues. Except for mal gene®, differential
expression of the other genesin ESCC isreported for the first
timein this study.

ESC1 and 2 are therelated clonesfor genes encode for two
membrane proteins MAL and Rabl1la respectively. A clear
suppression of mal geneisseenindl ten ESCC samples(Figure 2).
Mal gene has been already shown to expressinfour aternatively
spliced forms of transcripts during intermediate and | ate stages
of T-cell differentiation, dsoin differentiating epithelial cell$%.
The possiblerolesfor MAL™ Cglycosphingolipid complexesin
cell signaling, differentiation and apical sorting have been
suggested®!. Here, we report down-regulation of thisgenein
all surveyed Iranian ESCC patients with different stages of
tumor development, which isin good agreement by similar
observations from China®! and Japan'®!. As mal gene is up-
regulated during the late stages of T-cell® and urothelia cell§
differentiation, the switching-off of this genein ESCC may
suggest itsinvolvement in a determining event in developing
esophageal cancer. Although further studies are needed to
clarify theroleof MAL innormal esophagesal cellsand regulation
of its expression, in arecent study the ectopic expression of
MAL in carcinomaTE3 cellsled to repressed formation of tumor
induced by TE3 cellsin nude mice, inhibition of cell motility and
production of apoptosis by Fas pathway!?. These observations
suggest MAL protein asapotentid candidatefor ESCC diagnosis/
trestment and we expect it to be atumor suppressor protein asit
has been reported just recently?,

Rabl1a, a non-oncogene member of small GTPase Ras
oncogene family, involves in secretory pathways, vesicle
trafficking and apical recycling system in epithelial cellg??. The
most important roleof Rabl1lamight betofacilitatecell migration
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Figure 3 Northern results of patient 1 (RP) and other patients in hybridization with radio-labeled probes of ESC4, ESC5 and ESC6. Each
northern membrane contains about 20 ng RNA of normal (N) and tumor (T) tissues of esophagus. The differentiation status of each
tumor has been shown as W: Well differentiated tumor; M: Moderately differentiated tumor. The estimated sizes of each bands has been
shown on the right side and the ethidium bromide stained gel on top shows the relative amounts of RNAs loaded in each lane.
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by internalizing integrins at the rear of cell and transporting
them forward at the leading edge to form new contacts with the
extracellular matrix'?®, To our knowledge, thisisthefirst report
of alterations of Rabl1aexpressionin ESCC cancer. Similarly,
massive synthesis of MRNA and protein of Rab11 was observed
in cell line of esophagus adenocarcinoma and in low-grade
dysplastic cells during esophageal adenocarcinoma
development!®!. Rolesrabllacan play in ESCC isto be studied.

One of the most important results of this study was
demongtration of the up regulation of gene encoding AKR1C2
that catalyzes the interconversion of aldehydes and ketonesto
their corresponding alcohol compounds in sex hormones and
similar substrates. Such reactions lead to the production of
reactive oxygen species (ROS) and consequent DNA damage
as carcinogenesis progresses™. Akrlc2 isalso over expressed
inlung carcinomacell ling®Y, in non-small cell lung cancert®?,
and in ovarian carcinomacel %, The pertinent enzyme activity,
dehydration dehydrogenasetype2 (DDH2), (EC1.1.1.213) plays
acritical rolein metabolism of steroid hormone®, drugs® and
polycyclic aromatic hydrocarbons (PAH)®. Asthe esophagus
tissueis not directly involved in steroid hormone metabolism
the most probabl e substrate for this enzyme can be polycyclic
aromatic hydrocarbons (PAH), some drugs and so on'®. During
metabolic pathway of these xenobiotic compounds, the resulting
o-quinones |ead to stable depurination of DNA adducts® that
inturn can establish futile redox cyclesand amplify ROS. These
by-products are potent causative agents for establishing G to
T transversion commonly found in ras and p53 genes®"= as
shown to occur in ESCC tumors too?. Indeed oxidative stress
has been considered asamajor pathogeni ¢ factor in esophageal
carcinoma®,

Furthermore oxidative stress leads to 4-hydroxy-2-nonenal
(HNE) formation during lipid peroxidation, which diffuses
through the cell membranes and with alonger half-life, it is
even more destructive than ROS*. On the other hand HNE
specifically inducestheexpression of AKR1C1isoform®?, Since
AKR1C2 and AKR1CL1 differ for only seven amino acids, it is
indistinguishable if AKR1C1 isalso being over-expressed in
ESCC. Asthese two enzymes differ just slightly in their un-
trandated 3' end regions, at least some portions of the signal in
northern can belong to akrlcl transcripts so that both enzymes
may be up-regulated in ESCC.

A clear up-regulation of akr1c2in 8 out of 10 tumor samples
of Iranian ESCC patients with different degrees of tumor
development was shown in Figure 2. Thisenzyme is suggested
to beinvolved in esophagea carcinogenesisat least indirectly,
and this speculation isin agood agreement with the hypothesis
of PAH exposure association with carcinogenesis of this
tissuetl. However AKR1C2 is of special interest in cancer
biology and drug design for prostate cancer!* and may be
considered also asapotent molecular target in ESCC treatments.

The expression of RpL 7 ishigher in tumor tissues of dl three
samples of ESCC, wherein the amount of normal and tumor
RNA can be normalized, considering the signals showed in
Figure 2 for ESCA4. Theup-regulation of RpL7 hasbeen reported
recently in prostate cancer too'*¥, Several ribosomal proteins
are suggested to be involved in cell proliferation, apoptosis,
DNA repair, regulation of development and malignancies as
their second function®, however the possible role of this
proteinin cancer cellsremainsto beclear. ESC5 cDNA fragment,
that identified as RpL 28 shows a higher expression in tumor
tissues of ESCC. RpL28 seemsto have aregulatory roleasit is
strongly ubiquitinated during S phase in Saccharomyces
cerevisiae, whilethe levels of RpL 28 ubiquitination is reduced
in G1. Asthe human ortholog of RpL28 is a so ubiquitinated,
thismodificationishighly conservedin evolution, and aprobable
regulatory rolefor multiubiquitin of RpL 28 has been speculated
not necessarily as atarget for degradation(*!.

We have seen also the over expression of cyclin D2 using
Northern blot on RNA samplesof RP, but no more experiments
have done on other patients because of low amountsof available
RNA. Although the over expression of Cyclin D2 in different
kinds of squamous carcinoma cell lines has been shown to
modulate proliferation after induced quiescence and enhance
in vivo aggressive growth behavior!*, however the RP sample
has no metstasisin pathology report of tumor.

Itisobviously anticipated that many genesare involved in
carcinogenesis of esophagus, although differential expression
of these genes could be the consequence rather than a cause.
Many complicated events like cell to cell/matrix interactions,
cell communi cations and transportations, normal regulation of
protein synthesis, translation and cell cycle regulation aswell
as metabolic enzymes are affected by cancer development of
esophagus.
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Abstract

AIM: To explore the reversal effect of mifepristone on
multidrug resistance (MDR) in drug-resistant human gastric
cancer cell line SGC7901/VCR and its mechanisms.

METHODS: Expression of multidrug resistance-associated
protein(MRP) was detected using reverse transcription-
polymerase chain reaction(RT-PCR). Flow cytometry was
used to assay the expression of P-glycoprotein(P-gp), Bcl-2,
Bax, and the mean fluorescent intensity of intracellular
rhodamine 123 in the cells. Meanwhile, the protein levels
of Bcl-2 and Bax were also detected by Western blotting
analysis. The sensitivity of cells to the anticancer agent,
vincrimycin(VCR), and the intracellular [?*H]VCR accumulation
were determined by tetrazolium blue (MTT) assay and a
liquid scintillation counter, respectively.

RESULTS: Expression of MRP and P-gp in SGC7901/VCR
cells was 6.04-and 8.37-fold higher as compared with its
parental SGC7901 cells, respectively. After treatment with
1, 5, 10, and 20 nmol/L mifepristone, SGC7901/VCR cells
showed a 1.34-, 2.29-, 3.11-, and 3.71-fold increase in the
accumulation of intracellular VCR, a known substrate of MRP,
and a 1.03-, 2.04-, 3.08-, and 3.68-fold increase in the retention
of rhodamine 123, an indicator of P-gp function, respectively.
MTT assay revealed that the resistance of SGC7901/VCR
cells to VCR was 11.96-fold higher than that of its parental
cells. The chemosensitivity of SGC7901/VCR cells to VCR
was enhanced by 1.02-, 7.19-, 12.84-, and 21.17-fold after
treatment with mifepristone at above-mentioned dose. After
96 h of incubation with mifepristone 10 mmol/L, a concentration
close to plasma concentrations achievable in human, the
expression of Bcl-2 protein was decreased to (9.21+0.65)%
from (25.32+1.44)%, whereas the expression of Bax protein
was increased to (19.69+1.13)% from (1.24+0.78)%
(P<0.01). Additionally, the effects of mifepristone on the
expression of Bcl-2 and Bax proteins in SGC7901/VCR cells
were further demonstrated by Western blotting analysis.

CONCLUSION: Mifepristone has potent reversal effect on
MDR in SGC7901/VCR via inhibiting the function of MRP and
P-gp, modulating the expression of Bcl-2 and Bax proteins,
and enhancing the sensitivity to anticancer agent VCR.
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of multidrug resistance in drug-resistant human gastric cancer
cell line SGC7901/VCR by antiprogestin drug mifepristone.
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INTRODUCTION

Gastric cancer is still the second most common cancer and the
second most cause of cancer-related mortality™™2. Surgery is
effective for the majority of cases but chemotherapy plays an
important role in the management of the patients with
advanced gastric cancer®4. However, intrinsic or acquired
resistance of gastric cancer cells to a broad spectrum of
structurally and functionally unrelated anticancer agents,
termed multidrug resistance(MDR), is a major obstacle to
effective chemotherapy!>". Thus, there is an urgent need to
identify effective reversal agents against the tumor.

The accumulating evidence®2 showed that the mechanisms
respons ble for the MDR of gastric cancer involve, at least in part,
overexpression of two ATP-dependent drug transporter proteins,
P-glycoprotein(P-gp) and multidrug resistance-associated
protein(MRP), as well as maladjustment of apoptosis-related
genes Bcl-2 and Bax. Recent studies!***® proved that
mifepristone, asapotent antiprogestin agent, effectively reversed
P-gp-and MRP-mediated M DR inmouse S7CD-5 thymomacells
and human GL C4/sb30 lung cancer cells, and induced apoptosis
in human LNCaP prostate cancer cells by regulating the
expression of Bcl-2 and Bax. However, the effectsof mifepristone
on MDR in human gastric cancer cells remain unknown. The
present study was therefore undertaken to explore the reversal
effect of mifepristone on the MDR in drug-resistant human
gastric cancer cell line SGC7901/V CR and its mechanisms.

MATERIALS AND METHODS

Cell culture and treatment

Human gastric cancer cell line SGC7901, and its drug-resistant
counterpart SGC7901/V CR selected by stepwise exposure of
parental SGC7901 cdlsto increasing concentrationsof vincristine
(VCR), were purchased from Wuhan University Type Culture
Collection (Wuhan, China). Both cell lineswere maintained in
RPMI11640medium(GibcoBRL, Grandldand, NY) supplemented
with 100 mL/L heat-inactivated fetal bovine serum(Hyclone,
Logan, UT), 10°U/L penicillin and 100 mg/L streptomycinina
incubator containing 50 mL/L CO, at 37 “C. When cellswere
grown to approximately 50% confluence, the medium wasthen
replaced with serum- free RPM11640. After 24 h, fresh media
containing 1, 5, 10, and 20 mmol/L mifepristone (SigmaChemical
Co., St Louis, MO) was added, respectively. Control cellswere
treated with the samevolumeof vehicle (ethanol). Unlessotherwise
indicated, the cellswere harvested after 96 h of incubation.

RT-PCR for MRP

Total RNA was extracted form the cultured cells using Trizol
reagent (Gibco BRL) according to the manufacturer’ s
ingtructions. Two milligrams of total RNA was used for reverse
transcription in atotal volume of 20 ni. with the SuperScript
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preamplification system (Gibco BRL). Aliquotsof 2 mi. cDNA
were then amplified using aPCR kit (Promega,USA) following
conditions recommended by the manufacturer. The sense and
antisense primers for MRP, designed according to the
sequences published previously®, were 5" -AGGAGAGAT-
CATCATCGATGG-3 and5' -GCCTCCTGCACATTCATGG-3
respectively. The sense and anti-sense primersfor b-actin were
5 -ATCTG-GCACCACACCTTCTACAATGAGCTGC-G-3 and
5 -CGTCATACTCCTGCTTGCTGATCCACATCTGC-3',
respectively. The cycling conditions were 95 ‘C for 1 min,
followed by 30 cyclesof 94 °C for 60,58 °C for45s,and 72 °C
for L minand afinal extension of 72 “C for 8 min. PCR products
were separated on a 20 g/L agarose gel and visualized by
ethidium bromide staining. The density of each band was
measured on a densitometer, and the relative level of MRP
MRNA expression in cellswas cal culated according to theratio
of MRP geneto b-actin.

Detection of P-gp, Bcl-2, Bax by flow cytometry

The harvested cellswere fixed with 40 g/L paraformal dehyde
for 10 min, followed by treatment with 2 g/L. Triton X-100 for
10 min. After incubation with normal rabbit serum for 10 min
to block non-specific binding, the cellswere incubated for 1 h
at 4 'C with mouse anti-human monoclonal antibodies against
P-gp, Bcl-2, Bax(Santa Cruz Biotechnology, Inc., USA)
respectively, followed by treatment with FITC-conjugated goat
anti-mouse 1gG for 30 min at 4 “C. The percentage of positive
cells were determined using the FACS Calibur flow cytometry
(Becton & Dickinson) with an excitation wavelength of 488 nm.

Western blotting analysis of Bcl-2 and Bax

Western blotting analysis was made to detect Bcl-2 and Bax
protein levels according to the published method with some
modifications'. Briefly, proteins were extracted from the
harvested cells using a lysis buffer containing 50 mmol/L
HEPES, pH7.2, 100mmol/L NaCl, 200 mL/L glycerol, 0.1 mmol/L
EDTA, pH8.0, 2g/L Triton X-100, 2 mmoal/L phenylmethylsulfonyl
fluoride (PM SF) and 1 mmol/L dithiothreitol(DTT), and then
guantitated using the Bio-Rad Detergent Compatible Protein
Assay kit(Bio-Rad, Hercules, CA). Equal amounts of protein
(10-20 ng) were resolved on a 100 g/L minigel by SDS-
polyacrylamide gel electrophoresis. Proteinswere transferred to
aPVDF membrane(Millipore, Bedford, MA) using the Multiphor
Novoblot electrophoresis transfer system, followed by
immunoblotting using amonoclona mouse anti- human antibody
against Bcl-2 and Bax (Santa Cruz Biotechnology, Inc., USA),
respectively. A horseradish peroxidase-conjugated secondary
antibody (goat anti-mouseHRP, Amersham, Arlington Heights,
IL) was used at adilution of 1:3 000. The membranes were
subsequently devel oped using Enhanced Chemiluminescence
(ECL, Amersham) and exposed to film.

Intracellular [*H]VCR accumulation
Cdlswereincubated with 20 nmol/L [*H]V CR(specific activity

5.8 Ci/mmol, Amersham PharmaciaBiotech Co.) at 37 °C for
90 min in the absence or presence of various concentrations of
mifepristone. Cells were then washed three times with ice-cold
PBSand lyzed in digtilled water by ultrasoni cation. Radioactivity
of [*H]VCRinthe cdll extract was then determined with aliquid
cintillation counter (Beckman LS1801, USA) and normalized to
cellular protein content.

Rhodamine 123 retention assay

Retention of rhodamine 123(Sigma) was determined by flow
cytometry asafunctional index of P-gp activity. Cells (2x10°)
weretrested with various concentrations of mifepristonefor 24 h
prior to the addition of 10 g/L rhodamine 123. After incubation
at 37 °C for 1 h, cellswere harvested and centrifuged at 300 g
for 10 min. Cell pelletswere resuspended with 500 ni. of PBS
and immediately used for flow cytometric analysis of rhodamine
123 retention.

Drug-sensitivity assay

The sengitivity of cellsto VCR was determined usingthe MTT
assay as described previously®. The drug concentration
producing 50% inhibition of growth (1Cs,) was determined
graphically for VCR using the relative survival curves. The
reversal effects of mifepristone were determined as the 1Cs,
value in the absence of mifepristone to that in the presence of
mifepristone. Assays were performed in quadruplicate for at
least three times.

Statistical analysis

Data were expressed as meantSD. Statistical analysis of the
data was performed using the Student’ st test and the Chi-
sguare test. P<0.05 was considered statistically significant.

RESULTS

Expression of MRP mRNA and P-gp protein

To examine the relationship between the levels of MRP and
P-gp expressionin SGC7901 /VCR and SGC7901 cellsand the
changesin drug resistance, RT-PCR and flow cytometry were
used to detect the expression of MRP mRNA and P-gp protein.
Asindicated in Figure.1, a 6.04-fold overexpression of MRP
mMRNA was found in SGC7901/VCR cells as compared with
the parental line. Therelativelevel of MRP mRNA expression
in drug-resistant cells and drug-sensitive cells was 1.45+0.23
and 0.24+0.17, respectively. Similarly, the expression of P-gp
was significantly increased in the SGC7901/VCR cellsin
comparisonwiththeparental cells(57.64+8.56% vs 6.89+1.25%,
8.37-fald, P<0.005).

Intracellular [*H]VCR accumulation and rhodamine 123 retention
Intracellular accumulation of [*H]VCR, a known substrate of
M RP, was measured in the presence or the absence of various
concentrations of mifepristonein both cell lines. After treatment
with 1, 5, 10, and 20 mmol/L mifepristone for 90 min, the

Table 1 Effects of of mifepristone on intracellular VCR accumulation and rhodamine 123 retention in drug-resistant human gastric
cancer cell line SGC7901/VCR and its parental counterpart SGC7901

Intracellular [*(H]VCR accumulation (pmol/mg protein)

Mifepristone

Fluorescent intensity of intracellular rhodamine 123

(mmol/L) SGC7901 SGC7901/VCR SGC7901 SGC7901/VCR
0 (control) 3.36+0.54 0.98+0.20 82.36+4.23 22.32+3.14
1 3.41£0.49 1.31+0.292 83.21+5.50 28.89+4.25%
5 3.54+0.68 2.24+0.62° 85.12+4.89 45.63+6.34°

10 3.65+0.87 3.05+0.75° 86.01+6.12 68.69+7.40°

20 3.84+0.79 3.64+0.84° 88.20+6.45 82.10+9.21°

ap<(.05, °P<0.01 vs control group.
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accumulation of intracellular VCR in SGC7901/VCR cellswas
enhanced by 1.34-, 2.29-, 3.11-, and 3.71-fold ascompared with
medium control, respectively (Table1). It had been documented
that the efflux of rhodamine 123 correlated with well P-gp
expresson. By thisrational, we used rhodamine 123 to evaluate
the function of P-gp. As shown in Table 1, after treatment
with various concentrations of mifepristone for 24 h, the
retention of rhodamine 123 in SGC7901/ VCR cells was
increased by 1.03-, 2.04-, 3.08-, and 3.68-fold as compared with
the medium control. In contrast, no significant increase in the
intracellular rhodamine 123 retention and VCR accumulation
was observed in mifepristone-treated SGC7901 cells.

1 2 3

500 b-actin
300

100

MRP

Figure 1 RT-PCR analysis of MRP mRNA expression in hu-
man gastric cancer cell line SGC7901 and its drug-resistant coun-
terpart SGC7901/VCR. Lane 1-3: marker(bp), SGC7901/VCR,
SGC7901, respectively.

Expression of Bcl-2 and Bax

Flow cytometric assay revealed that the expression of Bcl-2
protein was significantly increased, whereas the expression of
Bax was decreased in SGC-7901/V CR cells as compared with
drug-sensitive SGC7901 cells(Table 2). Mifepristonewhen used
at 10 nmol/L, a concentration close to plasma concentrations
achievablein human, markedly up- regulated the expression of
Bax and simultaneously down-regulated the expression of Bcl-
2in SGC7901/ VCR cdls(Table 3). Additionally, theresultswere
further demonstrated by Western blotting analysis (Figure 2).
Western blotting revealed that mifepristone dose-dependently
modulated the expression of Bcl-2 and Bax proteins, which was
especially remarkable at the 20 mmol/L concentration.

Table 2 Flow cytometric analysis of Bcl-2 and Bax expression
in human gastric cancer cell line SGC7901 and its drug-resistant
counterpart SGC7901/VCR

Cell line Bcl-2(%) Bax (%)
SGC7901 17.23+0.86 5.85+0.56
SGC7901/VCR 25.32+1.442 1.24+0.782

2P<0.05 vs SGC7901 cell line.

Table 3 Effect of mifepristone on Bcl-2 and Bax expression in
SGC7901/VCR cells

Mifepristone (mmol/L) Bcl-2(%) Bax (%)
0 (control) 25.32+1.44 1.24+0.78
10 9.21+0.65% 19.69+1.132

3P<0.05 vs control group.

Drug sensitivity assay

The sengitivity of SGC7901/VCR cellsand its parental cellsto
VCRisshown in Table4. Our results showed that the resistance
of the SGC790L/VCR cdIsto VCRwas 11.96-fold higher than thet
of itsparental counterpartsintermsof |Csvaue. After incubation
with 1, 5, 10, and 20 mmol/L mifepristonefor 96 h, the sensitivity
of SGC7901/V CRcdlstoVCRwasenhanced by 1.02, 7.19, 12.84,
and 21.17 times, respectively. In contrast, mifepristone did not
obvioudy ater thesengtivity to VCRin parental SGC-7901 cells.

T _— | 5o
= !
o e . D02

— — S | D-actin

Figure 2 Western blotting analysis of Bcl-2 and Bax proteins in
cellular extracts of SGC7901/ VCR cells cultured for 96 h in
the absence or the presence of miferpstone. Lanel-3: control,
1 mmol/L and 10 nmol/L mifepristone, respectively.

Table 4 Effects of mifepristone on the sensitivity of SGC7901
cells and its drug-resistant counterpart SGC7901/VCR to VCR

SGC7901 SGC7901/VCR
Mifepristone
(mMmol/L) 1Cso Reversal fold 1Cs Reversal fold
0 (control)  4.23+1.02 46.3615.14
1 4.19+1.00 1.01 45.23+4.21 1.02
5 4.05+0.94 1.04 6.45+1.23° 7.19
10 3.81+0.89 1.11 3.61+0.87° 12.84
20 3.49+0.74 1.21 2.19+0.542 21.17

Data represent ICs, values of VCR (nmol/L) expressed as
meanzSD of 3 independent experiments. P<0.005, °P<0.01, vs
control group.

DISCUSSION

Mifepristone is a potent antiprogestin agent that has been
widely used as the first-line drug for the termination of early
pregnancy!®®®, |nterestingly, recent studies??! have proved
that mifepristone exerts markedly anticancer effectsand reversa
effectson MDR in some cancer cdllswith no serious side-effects.
Thus, thereisan increasing interest in exploring thereversal effect
of mifepristone on MDR in human gastric cancer cells. In the
present study, we reported for the first time that mifepristone
effectively reversed MDR in SGC7901/VCR via multiple
mechanisms.

Previous studies®?! have proved that MDR in gastric
cancer cellsis closely related to overexpression of two ATP-
dependent transporter proteins, P-gp encoded by MDR1 gene
and MRPidentified by Cole et al.* from adriamycin-selected
MDR Iung cancer cell line H69/ ADR. Both proteins belong to
the ATP-binding cassette{ABC) protein superfamily, and efflux
anticancer agents out of cells and therefore decrease their
intracellular accumulation. Thus, we firstly determined the
relationship between the levels of P-gp and MRP expressionin
SGC7901/ VCR and its parental cells and the changes of drug
resistance. Results showed that the expression of P-gp and
MRPin SGC7901/VCR cdlswas8.37- and 6.04-fold higher as
compared with its parental counterparts. The dataindicate that
the overexpression P-gp and MRP confers, at least in part, the
MDR phenotype of VCR-sdl ected SGC7901/VCR cells.

To determine the effects of mifepristone on the function of
P-gp and MRP, we further investigated the accumulation of
intracellular VCR, a substrate of MRP, and the retention of
rhodamine 123, an indicator of P-gp function, in both cell lines.
Results revead ed that mifepristone dose-dependently enhanced
theintracellular V CR accumul ation and rhodamine 123 retention
in SGC7901/VCR cells. In contrast, mifepristone had no
significant effects on the drug-sensitive SGC7901 cells. The
results were further proved by the drug sensitivity assay. We
found that, after incubation with 1, 5, 10, and 20 nmol/L
mifepristonefor 96 h, the sengitivity of SGC7901/ VCR cellsto
VCRwasenhancedby 1.02,7.19, 12.84, and 21.17 times, whereas
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no significant changes in the sensitivity to VCR were observed
in mifepristone-treated SGC901 cells. The findings arein
agreement with those of previous studies on other cancer cell
lines in vitrol*34, Taken together, it seems reasonable to
conclude that mifepristone can inhibit the function of P-gp and
MRP and therefore enchance the sensitivity of cells to
anticancer agent VCR.

Although overexpression of the P-gp and MRP plays an
important role in the MDR of gastric cancer, this does not
explain all of the MDR®!, Recent studies have shown that
overexpression of anti-apoptotic proteins, such asBcl-2, Bcl-X,.
and Mcl-1, induces cancer cellsresistance to chemotherapeutic
agentsin cancer cellsthat act by apoptosis, whereas high levels
of pro-apoptotic proteins, Bcl-Xs and Bax, contribute to
sensitize MCF-7 breast cancer cellsto etoposide (VP16), taxol
and epirubicin. These data were also proved by the work of
Zhao et al.l*%, who reported that the Bax gene-transfected
SGC7901/VCR cdlsweremoresengtiveto adriamycinand VCR
than mock vector transfected cells. Inaword, Bcl-2/ Bax pathway
may be an aternative mechanism of drug resistance in gastric
cancer. In this study, we proved that mifepristone when used
at 10 nmol/L, a concentration close to plasma concentrations
achievablein human, significantly up-regulated the expression
of Bcl-2 and simultaneoudly down-regul ated the expression of
Bax in SGC7901/VCR cells. In addition, the modulating effects
of mifepristone on the expression of Bcl-2 and Bax proteinsin
SGC7901/ VCR cells were further demonstrated by Western
blotting analysis. These results may partly explain the reversal
effectsof mifeprigone on SGC790L/VCR.

In conclusion, mifepristone exerts potent reversal effect on
MDRin SGC7901/V CR viainhibiting M RP- and P-gp-mediated
drug transporter, modulating the expression of apoptosis-
related genes Bcl-2 and Bax, and enhancing the sensitivity of
cellsto anticancer agents such as VCR. These resultsindicate
that mifepristone may be a promising chemosensitizer likely
dlowingto reversethe M DR of human gadtric cancer cellsathough
further studies are clearly needed to prove the possibility.
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Abstract

AIM: To investigate the effects of mifepristone on the invasive
and metastatic potential of human gastric adenocarcinoma
cell line MKN-45 and its mechanisms.

METHODS: After incubation with various concentrations of
mifepristone (5, 10, 20 nmol/L), the adhesion to artificial
basement membrane, Matrigel, and the migration of MKN-45
cells were assayed using MTT assay and Transwell cell culture
chambers, respectively. Enzyme- linked immunoabsorbent
assay (ELISA) and flow cytometry were used to determine
the expression of vascular endothelial growth factor (VEGF)
and integrin b3 in the cells. After subcutaneous transplantation
of MKN-45 cells in nude mice, mifepristone (50 mg/kg-d)
was administrated subcutaneously for 8 wk to assess its
effects on tumor metastasis. Immunohistochemical analysis
was used to detect the expression of VEGF and microvascular
density (MVD) in xenografted tumors.

RESULTS: Mifepristone dose-dependently inhibited the
heterotypic adhesion to Matrigel of MKN-45 cells. The
inhibition was accompanied by a significant down-regulation
of integrin b3 expression in the cells. After incubation with
5, 10, 20 mmol/L mifepristone, the number of migrated MKN-
45 cells was 728, 50+6, 4145 in experiment group, and
94+16 in control group (P<0.01). Meanwhile, secreted VEGF
protein of MKN-45 cells in mifepristone-treated group
(14.2+2.9, 8.9+3.1, 5.4+2.1 ng/g per liter) was significantly
lower than that in control group (22.7+4.3 ng/g per liter,
P<0.01). In vivo, mifepristone decreased the number of
metastatic foci in lungs of nude mice and down-regulated
the expression of VEGF and MVD in the xenograted tumors.

CONCLUSION: Mifepristone can effectively inhibit the
invasive and metastatic potential of human gastric
adenocarcinoma cell line MKN-45 in vitro and in vivo through
inhibition of heterotypic adhesion to basement membrane,
cell migration and angiogenesis.

Li DQ, Wang ZB, Bai J, Zhao J, Wang Y, Hu K, Du YH. Effects of
mifepristone on invasive and metastatic potential of human gastric
adenocarcinoma cell line MKN-45 in vitro and in vivo.World J
Gastroenterol 2004; 10(12): 1726-1729
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INTRODUCTION
Mifepristone is a progesterone receptor (PR) antagonist that
has been widely used asthe firgt- line drug for the termination
of early pregnancy!®. Recently, considerable studies®? have
proved that mifepristone exerts markedly anti-tumor effects
on PR-positive tumor cells, such as breast cancer and ovarian
cancer, without obvious side-effects and drug resistance. Its
similar effect on PR-positive human gastric adenocarcinoma
cell line MKN-45 was also demonstrated in our laboratory.
More interestingly, accumulating evidences show that
embryo implantation and tumor metastasis share striking
similarities in biological behaviors, such as cell adhesion!¥,
immune escape!®, angiogenesis'®, invasion!” and tumor
metastasis-related gene expression’®. By thisrational, thereis
an increasing interest in addressing the role of mifepristone,
an agent against embryo implantation, in anti-tumor invasion
and metastasis. Therefore, the present study was undertaken
to further invedtigate the effects of mifepristone on theinvasive
and metastatic potential of MKN-45 cellsin vitro and in vivo
and its possible mechanisms.

MATERIALS AND METHODS

Cell culture and treatment

Human gastric adenocarcinomacell line MKN-45 was obtained
from Wuhan University Type Culture Collection (Wuhan,
China), and maintained in phenol red-free RPM 11640 (Gibco
BRL, Grand Island, NY) supplemented with 100 mL/L*fetal
bovine serum (Hyclone, Logan, UT), 10° U/L penicillin and
100 mg/L streptomycin at 37 C in a humidified atmosphere
containing 50 mL/L CO, in air. When cells were grown to
approximately 50% confluence, the medium wasthen replaced
with serum-free RPM11640. After 24 h, fresh media containing
5, 10, 20 mmol/L mifepristone (Sigma Chemical Co., St Louis,
MO) were added, respectively. Control cellswere treated with
the same volumes of vehicle (ethanol). Unless otherwise stated,
the cells were harvested after 96 h of incubation.

Adhesion assay

Each well in 96-well tissue culture plates was coated with 2 ng
of Matrigel (Collaborative Research Inc., Bedford, MA) and
allowed to dry in alaminar flow cabinet overnight at room
temperature. After washed three times with PBS to remove
excess and unbound Matrigel, the wells were blocked with
20 nL of a 20 mg/L bovine serum albumin (BSA, Sigma)
solution in RPM11640 medium for 1 h at 37 ‘C. Aliquots of
8x10* cells, in 100 nlL of serum-free RPM11640 medium
containing various concentrations of mifepristone, were added
to each well and the cells were allowed to adhere for 1 h at
37 "C. When the incubation was completed, the wells were
washed three timeswith PBS to remove unbound cells. Then,
the remaining cells were continuously incubated with MTT
solutions (40 ng/well) for 4 h at 37 °C, followed by treatment
with 200 nL of dimethyl sulfoxide (DMSO) for 10 min.
Finally, Aszonm Of each well was measured using an ELISA
plate reader(Bio-Rad, USA). Results were expressed as the
adhesive rate(%) that was calculated according to the
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following formula: (Aszonm Of the adhered cells/Aszonm Of total
cells)x100%.

Detection of integrin b3 by flow cytometry

The harvested cellswere fixed with 40 mg/L paraformaldehyde
for 10 min, followed by treatment with 2 mg/L Triton X-100
for 10 min. After trestment with normal rabbit serum for 10 min
to block non-specific binding, the cells were incubated for 1 h
at 4 'C with mouse anti- human monoclonal antibody against
b3(Santa Cruz, USA), followed by treatment with FITC-
conjugated goat anti-mouse 1gG (Vector, Burlingame, CA) for
30minat 4 “C. The percentage of positive cellswas determined
using the FACS Calibur flow cytometry (Becton & Dickinson)
with an excitation wavelength of 488 nm.

Migration assay

Migration of MKN-45 cells was assayed in Transwell cell
culture chambers with 6.5-mm- diameter polycarbonate
membranefilters containing 8-nm-pore size (Becton Dickinson
Labware, Bedford, MA). Fibroblast-conditioned medium,
obtained from confluent NIH 3T3 cell cultures in serum-free
RPMI 1640, was used as the chemoattractant and added to
the lower wells of the chambers. Aliquots of 2x10* cellsin
300 ni fresh medium containing various concentrations of
mifepristone were seeded into the upper wells of the call inserts.
After 24 h of incubation a 37 “C, the non-migrating cellswere
removed from the upper surface of the membrane with acotton
swab. The cellson the lower surface of the membrane werefixed
with ice-cold methanol and then stained with haematoxylin
and eosin. The number of migrated cells was counted under a
light microscope. Five random microscopic fields (x400) were
counted per well and the mean was determined.

Measurement of VEGF by ELISA

The media were collected after 48 h for VEGF ELISA
determinations as described below. The cells were taken
through three freeze-thaw cycles, centrifuged and supernatant
was collected for determination of protein concentration as
described previously. VEGF levelsin the cell culture media
were measured using a Quantikine kit from R & D Diagnostics
(Minneapolis, MN) using the procedure provided by the
supplier. Human recombinant VEGF included in the kit was
used to construct a standard curve and obtain absolute values
of VEGF protein content. The values were then normalized to
the total protein concentration in each dish.

Xenografts of MKN-45 cells in nude mice

Twox10” MKN-45 cells were subcutaneously xenografted in
theright flank of 8-wk-old mae BAL B/c-nu/nu mice (Shanghai
Experimental Animal Center, Chinese Academy of Sciences,
China). When tumors reached amean volume of 100 mm?, mice
were randomly divided into two groups (8 mice in per group)
and treated as the following. Mice in experiment group were
administrated subcutaneously with mifepristone at the dose of
50 mg/kg- d, whereas mice in control were subcutaneouely
injected with saline every day. After 8 wk of treatment, lungs
were harvested, and the weights of lungs were determined. The
number of metastatic foci in lungs fixed with Bouin’ s solution
for 24 h was counted under a stereomicroscope. Meanwhile,
the tumors were resected, fixed with 40 g/L formaldehydein
PBS, embedded in paraffin and dliced into 4-mm-thick sections
for immunohistochemical analysis.

Immunohistochemical staining for VEGF and MVD

The expression of VEGF and MVD in harvested tumors was
determined immunohisto- chemically using an avidin-biotin-
peroxidase complex (ABC) kit (Vector Laboratories, USA).

Unless otherwise stated, all steps were performed at room
temperature. Briefly, after removal of wax, tissue sectionswere
treated with 30 mL/L hydrogen peroxidase for 30 min to block
endogenous peroxidase activity, and microwaved in 10 mmol/L
citrate buffer for 10 min to retrieve antigens. After blocked
with normal goat serum, rabbit anti-human polyclona antibody
against VEGF and factor VIlI-related antigen (Santa Cruz
Biotechnology, USA) at a 100-fold dilution were separately
applied to sections and incubated overnight at 4 C. Thiswas
followed by treatment with biotin-labeled goat anti-rabbit IgG
for 60 min. The ABC complex was added and allowed to stand
for 30 min. Sites of immunoreaction were visualized with 3,
3’ -diaminobenzidine (DAB), followed by counterstaining with
Mayer’ s haematoxylin, if necessary. Between each step, the
sections were washed three times with 100 mmol/L Tris-HCI
buffer containing 0.1 mg/L Triton X-100. For apositive control,
breast cancer tissue was used and the primary antibody was
replaced by normal rabbit serum as a negative control.

Statistical analysis

Data were expressed as mean+SD. Statistical analysis was
performed using the Student’ st test and chi-squaretest. P<0.05
was considered statistically significant.

RESULTS

Adhesion assay and expression of integrin b3

MTT assay revealed that mifepristone dose-dependently
inhibited the cell adhesion to artificial basement membrane,
Matrigel. The adhesive rate of MKN-45 cells was 78.2+5.0%,
65.4+4.7%, 49.8+4.2% in mifepristone-treated group, and
85.6+6.3% in control group (P<0.05). To further explore
whether the change of cell adhesion molecule expression in
MKN-45 cells contributed to the inhibition, flow cytometry
was used to detect the expression of integrin b3 in the cells.
Results showed that the expression of integrin b3 in MKN-45
cdlstreasted with 5, 10, 20 mmol/L mifepristonewas significantly
lower than that in control group (25.4+3.6%, 19.6+2.9%,
15.842.2% vs 31.8+4.1%, P<0.05).

Migration assay

The effect of mifepristone on the migration of MKN-45 cells
was evaluated in the Transwell cell culture chambers. As
shown in Figure 1, there was a significant decrease in the
number of migrated MKN-45 cells in mifepristone-treated
group (72+8, 50+6, 41+5) as compared with that in control
group (94+16, P<0.01).

Expression of VEGF protein

After treatment with 5, 10, 20 mmol/L mifepristone for 48 h,
secreted VEGF protein in the cell culture media measured by
ELISA assay, was 14.242.9, 8.9+3.1 and 5.442.1 ng/gper liter,
respectively. Therewasadggnificant differencein VEGF expression
as compared with that in the control cells (22.7+4.3 ng/g per
liter, P<0.01).

Xenografts of MKN-45 cells in nude mice

During necropsy, lung metastasis of gastric cancer was found
in 6 mice of the control group, and in 4 mice of mifepristone
group (Figure 2). Asfar as the number of metastatic foci in
lungs was concerned, there was a significant difference in
mifepristone-treated group as compared with control group
(8+2 vs 1817, P<0.05). In addition, the weights of xenografted
tumors in nude mice treated with mifepristone (201+36 mg)
were dgnificantly lower than thosein control group (29854 mg,
P<0.05). To evauate the effects of mifepristone on MVD and
VEGF expression in xenografted tumors, immnunohistochemical
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staining was performed using ABC method. Results reveal ed
that VEGF was highly expressed in xenografted gastric cancer
in nude mice (Figure 3A). After treatment with mifepristone
for 8 wk, the expression of VEGF was markedly down-
regualted in the tumors (Figure 3B). In addition, MVD of
xenografted tumors was (11.2+2.5)/400xvisual field in
mifepristone-treated group, and (29.8+7.6)/400xin the control

group (P<0.01).
FETY A,

N

Figure 1 Effect of mifepristone on migration of MKN-45 cells
incubated in Transwell cell culture chambers for 24 h in the
absence (A) or presence of 10 nmol/L (B) and 20 nmol/L (C)
mifepristone (H.E, x200).

b

Figure 2 Metastatic foci in lungs of nude mice (arrow). After
24 h of fixation with Bouin’s solution, lung tissues exhibited
yellow, whereas the tumors exhibited white.

Figure 3 Immunohistochemical detection of VEGF expression in
xenografted gastric cancer tissues of nude mice treated for 8 wk
without (A) or with (B) 50 mg/kg -d mifepristone (ABC, x100).

DISCUSSION

Although considerable evidence!®?, both clinical and
experimental, has demonstrated that mifepristone exerts
markedly anti-proliferative effects on PR-positive malignant
tumor cells, the role of mifepristone in anti-tumor invasion
and metastasis, especially on gastric cancer, is poorly
understood. In the presnet study, we demonstrated that
mifepristone effectively inhibited the invasive and metastatic
potential of human gastric adenocarcinomacell [ine MKN-45
in vitro and in vivo through multiple mechanisms.

For tumor cells, increase of heterotypic adhesion to
basement membrane and decrease of homotypic adhesion to
the same cells have been defined as the critical event of tumor
invasion that signals the initiation of metastatic cascade!***?,
In the present study, heterotypic adhesion of MKN-45 cellsto
artificial basement membrane, Matrigel, was examined with
MTT dye assay to stain the adhered cells. Results showed that
mifepristone dose-dependently decreased the adhesive rate of
MKN-45 cells. Moreover, the findings were further proved by
the down- regulation of integrin b3 expression in the cells
treated with mifepristone.

Integrin b3, one member of integrins superfamily, playsa
fundamental role in tumor cell heterotypic adhesion to
extracellular matrix and basement membrane, which has been
found to be mediated through a specific arginine-glycine-
aspartic acid (RGD) amino acid sequence™. Brakebusch et al.[*4
reported that high expression of integrin b3 directly correlated
with tumorigenicity and tumor progression. To further explore
whether the change of integrin b3 expressionin MKN- 45 cells
contributed to the inhibitory effect of mifepristone on cell
adhesion, flow cytometry was perfomed. We found that
mifepristone down-regulated the expression of integrin b3 in
MKN-45 cellsin a dose-dependent manner. The results were
also demonstrated by the work of Li et al.l*¥, who reported
that mifepristone significantly down-regulated the expression
of integrin b3 in deciduaand chorionic villi of early pregnancy,
and the effect might be related with the anti-pregnancy
mechanism of mifepristone. Taken together, the inhibitory
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effect of mifepristone on heterotypic adhesion of MKN-45 cells
may be associated with the down-regulation of integrin b3.
Moreover, integrin b3 has been found to function not only as
acell adhesion molecule, but also as a signaling molecule for
regulation of angiogenesig*®. Therefore, down- regulation of
integrin b3 expression in MKN-45 cells may be partially
responsible for the inhibition of angiogenesisin the cells by
mifepristone.

Continuous growth, invasion and metastasis of malignant
tumors including human gastric cancer are dependent on
angiogenesis factors regulated by peptide growth factors, of
which VEGF is one of the most selective and potent!*”). Hyder
et al.*® reported that progestins could induce the expression
of VEGF mRNA and protein in human breast cancer cell line
TA47D, and this effect was blocked by the antiprogestin agent
mifepristone. The finding suggests that mifepristone may be
useful to inhibit proliferation and metastasis in some tumors
by blocking VEGF production. Thus, thereis a great interest
in exploring the effect of mifepristone on the expression of
VEGF in MKN-45 cells. After exposure of MKN-45 cellsto
various concentrations of mifepristone for 48 h, a dose-
dependent decrease in the medialevels of VEGF was observed.
Furthermore, the results were further supported by animal
experiments. |mmunohistochemical analysis showed that
mifepristone significantly down-regulated the expression of
VEGF and MVD in xenografted gastric cancer in nude mice.
Summarily, it seems reasonable to conclude that the inhibitory
effect of mifepristone on the invasive and metastatic potential
of MKN-45 cells is medicated partially via blocking VEGF
production.

On the other hand, tumor cell migration was necessary at
the initiation of metastatic cascade, when the tumor cells left
the primary site and gained access to the circulation and also
at the end of invasion, when they were entering the secondary
sitel®®. Theoretically, the decrease of tumor cell migration
would contribute to the inhibition of tumor invasion and
metastasis. In the study, the effect of mifepristone on the
migaration of MKN-45 cellswas estimated in Transwell cell
culture chambers. Results showed that a significant decrease
in the number of migrated MKN-45 cells was observed in
mifepristone-treated group as compared with control group.

In summary, mifepristone effectively inhibited the invasive
and metadtatic potential of human MKN-45 gastric adenocarcinoma
cellsthrough inhibition of the heterotypic adhesion to basement
membrane, cell migration and angiogenesis. These findings,
linked toitsanti- proliferative effects, indicate that mifepristone
may be a beneficial agent for additional and complementary
use in the management of gastric cancer.
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Abstract

AlM: To study the difference of microvessel density (MVD)
between malignant and benign hepatic lesions and study
the relationship between MVD and dynamic enhanced
magnetic resonance imaging (MRI) for evaluation of
microvessels within malignant and benign hepatic lesions.

METHODS: A total of 265 specimens of hepatocellular
carcinoma (HCC), 122 cirrhosis tissues and 22 hepatic benign
lesions were enrolled for MVD by immunohistochemistry
on tissue microarray, of which 49 underwent MRI
examination before surgery, then contrast-to-noise ratios
(CNR) and enhancement index (EI) in all the phases were
calculated. Pearson correlation was performed for correlation
analysis between CNR, El and MVD.

RESULTS: MVD of HCC was 22.7+15.8 (mean+SD), which
was obviously higher than that of cirrhosis tissue (8.317.6,
P<0.01), but was not statistically different from that of benign
lesions (31.3+22.7, P>0.05). Among HCC, MVD of gradesl-
Il was 29.9+18.6, which was much higher than those of
grade 11l (22.2+18.2, P<0.01) and gradelV (22.9+19.0,
P<0.01). MVD of HCC (P=0.018) and of benign lesions
(P=0.014) were both correlative with CNR in arterial phase.

CONCLUSION: Neoangiogenesis is an important feature
for malignant tumor, and MVD may act as a biological
marker in differentiating malignant from benign hepatic
lesions. Dynamic enhanced MRI, especially image in arterial
phase, may act as an MVD evaluation criterion for malignant
and benign hepatic lesions.

Lu JP, Wang J, Wang T, Wang Y, Wu WQ, Gao L. Microvessel
density of malignant and benign hepatic lesions and MRI
evaluation. World J Gastroenterol 2004; 10(12): 1730-1734

http://www.wjgnet.com/1007-9327/10/1730.asp

INTRODUCTION

It iswell known that hepatocellular carcinoma (HCC) isatype
of hypervascular lesion!®, but there were seldom reports on

difference of microvessel density (MVD) between HCC and
benign hepatic lesions. The tissue microarray, which has been
developed recently as a high-throughput technique for rapid
scanning hundreds or thousands of samples at the same time,
can be applied in analyzing expression of some DNA, RNA or
proteini?. Inthisresearch, differencesof MV D of alarge number
of hepatic malignant and benign lesionswere studied with tissue
microarray, which further demonstrated somebiological features
of HCC.

Recent advancesin magnetic resonanceimaging (MRI) have
led to the establishment of fast scan techniques, which, combined
with bolusinjection of contrast material, allows the acquisition
of dynamic enhanced MRI for higher confident detection of
HCC!®¥, There have been reports on correl ation among digital
subtraction angiography (DSA), ultrasound angiography
(USAG), computed tomography during arterial portography
(CTAP) and immunohistochemical findings'®, but the
relationship between MV D and dynamic MRI has been seldom
reported. In this research, correlation between MVD and
dynamic enhanced MRI of hepatic malignant and benign
lesionswas studied in order to establish atheoretical foundation
for microvessels evaluation within these lesions with MRI
images, which will give more referencesto clinical diagnosisor
HCC therapy.

MATERIALS AND METHODS

Tissue specimens

Tissue specimens were obtained at surgery from Eastern
Hepatobiliary Surgery Institute, including 265 of HCC, 122
of cirrhosistissue adjacent to carcinoma, 5 of hepatocellular
adenoma and 17 of focal nodular hyperplasia (FNH). The
265 specimens of HCC included 45 of small HCC (tumor
diameter<3 cm). All the case of HCC were graded by
Edmondson-Steiner’ spathological criteriainto 3 groups: grades
I-11 (37 cases), gradel ] (218 cases) and grade |V (10 cases). All
the specimens were fixed in 10% formalin and embedded in
paraffin. All the pathologic diagnoses were confirmed by two
the pathologists.

Constructing tissue microarray

For tissuemicroarray congtruction, ahematoxylinand eosin (H& E)-
stained section was made from each block to define representative
regions. With a tissue-microarray-constructor (Beecher
Instruments, Silver Spring, MD), a hole (diameter=6 mm) was
punched into arecipient paraffin block, and then a cylindrical
core sample (diameter=6 mm), which had been punched from
the donor tissue block, was deposited into the hole. This
process was repeated till all the samples were deposited into
therecipient block. After finishing the recipient block, multiple
sections were cut from the block with amicrotome.

Immunohistochemical staining and evaluation criteria

Avidin-biotin-peroxidase complex (ABC) method was used for
immunohistochemical staining with monoclonal antibody CD-
34 (Antibody DignogticInc., U.SA.). After staining, thetubular,
sSnusoidal, cystiform or vacuolar structures shaped by endothelial
cells or immature endothelia cells, which were stained yellow
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or brown by CD34, were considered as positive microvessels.
In high power microscopic views, all the positive microvessels
were counted for MVD.

MRI technique

Forty-eight patients with 49 of the lesions underwent MRI

examination before surgery, including 33 HCC (only one
belonged to grade |V, and the others belonged to grade 111 and
all diameters were<3 cm) and 16 benign lesions. MRI was
performed with a 1.5 T system (Symphony, Siemens) and a
phased array coil was used. All the patients underwent axial T1
weighted (fast low angle shot, FLASH, TR=123ms, TE=4.8ms),

T2 weighted (half-fourier acquisition single-shot turbo spin
echo, HASTE, TR=1200 ms, TE=57 ms) and multiphasedynamic
gadolinium-DTPA enhanced (the same sequence as T1 weighted)

imaging. The section thicknesswas 8 mm, with an intersection
gap of 0.5-2mm. Thecontrast materid dosewas0.2 mmol/kgb.w.

and was administered as a rapid bolus. Arterial phase images
were obtained in 15-20 s after the start of bolus administration.

Portal venous and equilibrium phase images were obtained in
the 45 sand 90 s, respectively.

Image analyses

Indl theimages, sgnd intendtiesof lesons(S)), liver parenchyma
(Sl,) and background noise (S,) were evaluated, respectively.
Signal-to-noiseratios (SNR) of lesions and parenchymawere
both calculated as SNR=Sl,,,/Sl .. Contrast-to-noiseratios (CNR)
in all the phases were calculated as CNR=SNR-SNR,.
Enhancement indexes (El) of lesionsin all the phases were
CaICUIataj as EI = (SN Rcontrasled'SN Runcontrased)/ SN Runcontrased-

Statistical analyses

All datawere analyzed by SPSS 9.0. Analysis of variance was
used to determine significant differences of MV D among HCC,
cirrhosis and benign lesion, of MVD of HCC among different
pathological grades and tumor diameters, and of CNR between
HCC and benign lesion among nonenhanced, arterial, portal
venous and equilibrium phases. Pearson correlation was
performed for correlation anaysisamong CNRs, Elsand MVD
in arterial, portal venous and equilibrium phases of HCC or

benign lesion, respectively.

RESULTS

Outcome of tissue microarray constructing, immunohistochemical
staining and MR

Overview of apiece of tissue microarray isshown in Figure 1.
Microvessel density stained by immunohistochemistry and
dynamic MR images of HCC, hepatocd lular adenomaand FNH
areshownin Figures 2, 3 and 4, respectively.

LA S |

Figure 1 Overview of a piece of tissue microarray including
234 samples (HE staining).

Table 1 MVD of malignant and benign liver lesions

Number MVD (meanzSD)
HCC 265 22.7+15.8°
Cirrhosis 122 8.3+7.6
Benign lesion 22 31.3+22.7

bP<0.01 vs cirrhosis.

MVD of hepatic benign and malignant lesions

MVD of HCC was significantly higher than that of cirrhosis,
but there was no significant difference between those of HCC
and of benign lesions (Table 1).

Figure 2 HCC in right lobar of liver. A: Microvessel density, stained by CD34 (Original magnification: x200); B: MR image, T1
weighted, nonenhanced, CNR=-1.50; C: MR image, arterial phase, CNR=11.00; D: MR image, portal venous phase, CNR=10.50;

E: MR image, equilibrium phase, CNR=-6.00.
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Figure 3 Hepatocellular adenoma in right lobar of liver. A: Microvessel density, stained by CD34 (Original magnification: x200); B:
MR image, T1 weighted, nonenhanced, CNR=-0.10; C: MR image, arterial phase, CNR=16.93; D: MR image, portal venous phase,

CNR=9.42; E: MR image, equilibrium phase, CNR=6.42.

Figure 4 FNH in left inner lobar of liver. A: Microvessel density, stained by CD34 (Original magnification: x200); B: MR image, T1
weighted, nonenhanced, CNR=-3.48; C: MR image, arterial phase, CNR=15.43; D: MR image, portal venous phase, CNR=5.81;
E: MR image, equilibrium phase, CNR=2.97.

MVD of HCC among different pathological grades and tumor sizes
MV D of grades|-Il was29.9+18.6 (mean+SD), which wasmuch
higher than those of grade Il (22.2+18.2, P<0.01) and grade 1V
(22.9+19.0, P<0.01). Therewasno significant differenceinMVD
between smal HCC (26.1+115.3) and thoseHCC whosediameters
weremorethan 3cm (22.1+15.8).

CNR of HCC and benign lesion in all the phases
CNRsof HCC and benign lesion in T1 weighted nonenhanced,
arterial, portal venous and equilibrium phases are shown in

Table 2. There was significant difference among al the phases
(F=9.761, P<0.001), but no significant difference among
nonenhanced, portal venous and equilibrium phases (P=0.279)
or between HCC and benign lesion (F=0.380, P=0.539).

Correlation between MVD and CNRs

Forty-eight patients with 49 of the lesions underwent MRI
examination before surgery, including 33 HCC (only one
belonged to grade |V, and the others belonged to grade 111 and
al the diameters were<<3 cm) and 16 benign lesions. Pearson
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Corréation coefficientsamongMVD and CNRsof HCCinarterid,
portal venous and equilibrium phaseswere 0.409 (P=0.018),
0.264 (P=0.138) and 0.212 (P=0.236), respectively, whilePearson
Correlation coefficients between MVD and CNRs of benign
lesionsin arterial, portal venous and equilibrium phases were
0.599(P=0.014),0.581 (P=0.018) and 0.540 (P=0.031), respectively.

Table 2 CNR of HCC and benign lesion (meanzSD)

Nonenhanced  Arterial  Portal venous  Equilibrium
phase phase phases
HCC
(n=33) -2.86+2.94 3.8845.63  -1.43+8.39 -1.08+2.80
Benign lesion
(n=16) -2.91+2.79 2.1249.08 -2.05+8.56 -0.92+6.59

Correlation between MVD and Els

Pearson Correlation coefficients between MVD and Els of the
33 specimensof HCC in arterial, portal venous and equilibrium
phaseswere0.155(P=0.389), 0.072 (P=0.692) and-0.122 (P=0.497),
respectively, while Pearson Correlation coefficients between
MVD and Els of the 16 specimens of benign lesions in
arterial, portal venous and equilibrium phases were 0.077
(P=0.776), 0.180 (P=0.506) and-0.062 (P=0.821), respectively.

DISCUSSION

Utilization of tissue microarray technique in detecting nucleic
acid and protein has recently made great progress in basic
research of tumor. A large number of samplesin one section of
tissue microarray can be stained under the same pre-treatment
condition, the same antibody titer and the same detection
systems. And reproducibility of the staining reaction, as well
as the speed and reliability of the interpretation, isimproved,
since all the samples are on the same dide’8. Then, quickly
and efficiently scanning agreat number of specimenswith tissue
microarray can reduce mistakes not only from sample selecting
and statistical analysis but also from tumor heterogeneity. In
MVD counting, utilization of tissue microarray can standardize
sample areas and overcome manual deviation. In this research,
tissuemicroarray technigue, combined withimmunohistochemistry,
was used to study difference of MV D between malignant and
benign hepatic lesions in order to further demonstrate some
biological features of these lesions.

CD34, whichisexpressed in blood stem cells and neovessel
endothelia cdlls, isthemogt digtinctive marker for demonstrating
vessel endothelial cellg*?, especially for demonstrating
sinusoid-like vessels in tumor tissued**4. Angiogenesis is
very common within normal and pathologic tissues and is
regulated by many factors, such as hypoxia-inducible factor
lalpha (HIF-1a), vascular endothelial growth factor (VEGF),
human macrophage metall oelastase (HME), basic fibroblast
growth factor (bFGF) and so on'**9, Vessels, as an important
part of tumorousinterstitial tissue, interact with tumor cellsto
construct microenvironment of tumor. Researches showed that
angiogenesisplaysanimportant rolein tumor invasion™, MVD
isanovel prognostic marker in patients after resection of small
HCC820 and high expression of CD34-positive sinusoidal
endothelial cdlsisarisk factor for HCCin patientswith chronic
liver diseases?!. Sun et al.™® reported that MV D level was not
related to tumor size, capsule status, Edmondson-Steiner’ s
grade, alpha-fetoprotein (AFP) level, associated cirrhosis,
gamma-glutamyltransferase and serum HBsA(Q status.
Yamamoto et al.'*? demonstrated that sinusoidal capillarization
occurringinwell-differentiated HCC isrelated to dedifferentiation
of parenchymal tumor cells, but not to tumor size. But some
reports showed that tumor size, poor differentiation and portal
invasion are significantly related to MV D™23, | n thisresearch,

MVD of HCC was significantly higher than that of cirrhosis,
but there was no significant difference between those of HCC
and of benign lesion, which probably means that microvessels
play an important role not only in occurrence and development
of HCC, but also in some other benign lesions, thus may be
helpful to identify malignant lesions or precancerous lesions
(for example, high-grade dysplastic nodule) from regenerative
nodules or low-grade dysplastic nodules®#!, MVD in grades
I-11 was higher than thosein grade 111 and grade 1V, suggesting
that angiogenesis is more active during the beginning of
hepatocarcinogenesis.

DSA and CTAP have been used for assessing angiogenesis
of HCC, but these examinations are all invasive and expensive
with dangerousnesses of ionized radiation and allergy induced by
iodic contrast material. Shimizu et al .'* used xenon-enhanced
CT to quantitatively measure tissue blood flow in HCC, but
xenon isakind of scarce gas. Compared with DSA, CTAPand
xenon-enhanced CT, MRI isuninvasive, safe, rapid, and cheap.
Gadolinium hasastrong hydrogen-proton spin-latticerelaxation
effect, which will increase the signal intensity of adjacent tissue
on T1 weighted images. The MRI contrast agent, gadolinium-
DTPA, does not penetrate cell membrane and only diffuses
into vascular space and interstitial space, which may reveal
that the signal intensity of tissue on enhanced T1 weighted
imageiscorrelated with thevascularity. There have been reports
on correlation of dynamic contrast enhancement MRI withMVD
in prostate cancer and in breast cancer!?2, With development
of fast scan technique, rapid MRI is available to image the
wholeliver during the arteria phase®. Inthisresearch, CNRin
arterial phase, regardless of malignant or benign lesions, was
correlativewith MVD. SinceMV D of HCCismuch higher than
that of cirrhosis, arterial phaseimages of MRI could be a useful
method to distinguish HCC from regenerative nodules. Some
reports have confirmed thisview!®. In thisresearch, CNR of
HCC in portal venous or equilibrium phase was not correlated
with MV D. This phenomenon probably demonstratesthat CNR
is regulated by many factors besides MVD. Reports have
shown that with small HCC increasing in size and becoming
increasingly dedifferentiated, the number of portal tracts
apparently decreases and intratumoral arteriole devel ops?#,
Because of portal tracts decreasing and intratumoral arteriols
developing, therewas no unified blood supply in HCC nodules,
which would not demonstrate unified relationship between
MVD and CNR in portal venous or equilibrium phase. There
was no change of blood supply in benign nodules, so unified
relationship between MVD and CNR in portal venous or
equilibrium phase was demonstrated. CNR in arterial phaseis
mostly regulated by MV D, whilein portal venousor equilibrium
phase, blood supply playsamoreimportant role. Thishypothesis
should be tested by advanced research.

In conclusion, angiogenesisis secondary to occurrence and
development of benign and malignant tumors. Since dynamic
MRI could evaluate microvessel of lesions, it isavery useful
method to demonstrate HCC.
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Abstract

AlIM: To clone, identify and study new NS5ATP2 gene and
its spliced variant transactivated by hepatitis C virus non-
structural protein 5A.

METHODS: On the basis of subtractive cDNA library of genes
transactivated by NS5A protein of hepatitis C virus, the coding
sequence of new gene and its spliced variant were obtained
by bioinformatics method. Polymerase chain reaction (PCR)
was conducted to amplify NS5ATP2 gene.

RESULTS: The coding sequence of a new gene and its
spliced variant were cloned and identified successfully.

CONCLUSION: A new gene has been recognized as the
new target transactivated by HCV NS5A protein. These results
brought some new clues for studying the biological functions
of new genes and pathogenesis of the viral proteins.

Yang Q, Cheng J, Liu Y, Hong Y, Wang JJ, Zhang SL. Cloning
and identification of NS5ATP2 gene and its spliced variant
transactivated by hepatitis C virus non-structural protein 5A.
World J Gastroenterol 2004; 10(12): 1735-1739
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INTRODUCTION

Hepatitis C virus (HCV) isthe major causative agent of non-A,
non-B hepatitis worldwide, which often leads to cirrhosis and
anincreased risk of hepatocdlular carcinoma. The single-stranded
RNA genomeof HCV isa9.6 kb-long positive-sense molecule,
belonging to the Flaviviridae family. Thevira genome encodes
asingle polyprotein precursor of approximately 3 010 amino
acids, whichiscleaved by both host and vira proteasesto generate
putative structural proteins (core, E1, and E2/p7) and the
nonstructural proteins (NS2, NS3, NSAA, NSAB, NS5A, and
NS5B)*3, Thenongructurd protein 5A (NS5A) isaphosphoprotein
consisting of 447 amino acid residues. NS5A existsin two

forms of polypeptide p56 and p58, which are phosphorylated
mainly at serine residues both in vitro and in vivo3.,

It was previously shown that NS5A could function as a
transcriptional trans-activator. Although these reportsimplicate
afunctional role of NS5A in transcription, the exact nature of
itsrole or the mechanism (s) involved in regulating the cellular
transcription has not been investigated. NS5A islocalized to
the endocytoplasmic reticulum (ER), whereas transcriptional
trans-activation traditionally requires the protein to be in
the nucleus. The NS5A protein must participate in signal
transduction pathwaysthat areinitiated in the cytoplasm where
it resided®”. However, some studies show NS5A protein
possesses a huclear localization-like signal sequence and is
present in the nuclear periplasmic membrane fraction related
to transcription or trandlation®®. The present study shows NS5A
protein has transactivating effect on SV40 early promoter.

MATERIALS AND METHODS

Plasmid construction

The HCV-NS5A sequences were generated by PCR
amplification of HCV plasmid (HCV strain 1b). The plasmid
contains coding sequencesfor al of the nonstructural proteins.
The PCR conditions were as follows: 94 °C for 40 s. 10 ng of
PCR product was cloned with pEGM-T vector (Promega). The
primary structure of insert was confirmed by direct sequencing.
To create pcDNA3.1 (-)-NS5A, the fragments of encoding
NS5A were released from the pEGM-T-NSBA by digestion
with EcoR | and Kpn |, and ligated to pcDNA3.1 (-)¥.

Cell culture and transfection

The hepatoblastomaccell line HepG2 was propagated in DMEM
supplemented with 10% FBS, 200 nmol/L L-glutamine,
penicillin, and streptomycin. The HepG2 cells were plated at
a density of 1x10° /well in 35-mm dishes. About 60-70%
confluent HepG2 cells were cotransfected with plasmids
pcDNA3. 1(-)-NS5A and pCAT3-promoter, transfected with
pcDNA3.1 (-)-NS5A, pcDNA3.1 (-) with FUGENE 6(Roche).

Confirmation of protein expression of HCV-NS5A
Expression plasmid pcDNA3.1 (-)-NS5A wastransfected using
FUGENE 6 into HepG2 cells. The proteins expressed in these
cellswere analyzed on animmunobl ot using the NS5A -specific
antibody. The proteins were resolved by electrophoresis on a
sodium dodecy! sulfate 125 g/L polyacrylamide gel. Thelysate
of cellstransfected with expression vector pcDNA3. 1(-) served
as negative control 9,

CAT assay

Cellswerethen harvested after 48 h for CAT assay. Lysates of
transfected cells were analyzed for CAT density using a
commercial enzyme-linked immunosorbent assay (Roche
Molecular Biochemicals). The absorbance of the sampleswas
measured at 405 nmY,

RNA extraction and SSH
MRNASs from HepG2 cdllstransfected with plasmids pcDNA3.1
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(-)-NS5A and pcDNA3.1(-) were extracted by using QuickPrep
micro mRNA Purification Kit (Amersham Pharmacia). The
amount of mRNA from two samples was 3-4 ny.

SSH was performed with the cDNA Substraction Kit
(Clontech) according to the manufacturer’ s protocol. cDNA
was synthesized from 2 ng of poly A+RNA from two samples
being compared. The cDNA from pcDNA3.1 (-)-NS5A acted
asthe tester, the cDNA from pcDNA3.1 (-) asthe driver. The
tester and driver cDNAs were digested with Rsa |, which
yielded blunt ends. Two different PCR adaptors that could join
only 5 ends DNA were ligated to different aliquots of tester
DNA. These ligated DNASs were denatured, mixed with an
excess of driver DNA (that had no adaptors), and allowed to
anneal. The two DNA pools were then mixed together, and
more denatured driver DNAswere added to further bind tester
that was a so present in the driver. Remaining complementary
single strands of tester DNA were allowed to anneal, and the
adaptor sequences were copied into their 3' ends. PCR was
then performed to obtain exponential amplification of tester
DNAswith different adaptors at each end. PCR amplifications
products were directly purified by using Wizard PCR Preps
DNA Purification System (Promega), and subcloned into
PEGM-T easy vectors (Promega) to set up the subtractive
library!213],

New gene cloned

Onthebasisof subtractive cDNA library of genestransactivated
by NS5A protein of hepatitis C virus, the coding sequence of
anew gene, named NS5ATP2, was obtained by bioinformatics
methods. The standard PCR cloning technique was used to
amplify NSSATP2 gene. Cytoplasmic RNA wasisolated from
HepG2 cells. RNA was used for RT-PCR as described
previoudly, primerswere: sense5’ -GGA TTCATG GCT TCG
GTCTCC TCT GC-3', antisense 5’ -GGT ACC TCA GGA
GTG TGG CTC ACT GG -3' (HepG2 cDNA). The PCR
conditionwas asfollows: at 94 °C for 60 s, at 60 C for 60 s, at
72 °C for 60 s, for 30 cycles. The PCR product was cloned
with pGEM-T vector (Promega). The primary structure of insert
was confirmed by direct sequencing.

RESULTS

NS5A protein expressed in HepG2 cells

NS5A protein expressed in cellswas analyzed by Western blot.
The lysates of cellstransfected with plasmid pcDNA3.1 (-)-
NS5A were specifically detected by NS5A specific antibody
(Figure 1).

58 ku

Figure 1 Western blotting of NS5A protein expression in
HepG2 cells. Lane 1: Expression plasmid pcDNA3.1 (-)-NS5A;
Lane 2: Plasmid pcDNA3.1 (-)-vector.

Transactivating effect of NS5A on SV40 early promoter

To determine whether NS5A protein has transactivating effect,
we constructed plasmid pcDNA3.1 (-)-NS5A, and HCV NS5A
protein expressed in Hep G2 cells was detected by reverse
transcription PCR (RT-PCR) and Western blotting. HepG2
cells were transiently cotransfected with pcDNA3.1 (-)-
NS5A/pCAT3-promoter, pcDNA3.1(-)/pCAT3-promoter.
Chloramphenicol acetyltransferase (CAT) activity in cells

that were cotransfected with pcDNA3.1 (-)-NS5A/pCAT3-
promoter is shown in Figure 2.

0.8
0.7F [C] OD of CAT activity
0.6
0.5
0.4
03]

0.2
0.1
0.0 !

1 2

Figure 2 Transactivation on SV40 promoter by NS5A. 1: Plasmid
pcDNA3.1 (-)-NS5A was cotransfected with pCAT3-promoter
in HepG2 cells. 2: Plasmid pcDNA3.1 (-) was cotransfected with
pCAT3-promoter in HepG2 cells.

Construction of subtractive cDNA library

Our studies showed NS5A protein had transactivation effect
on SV40 promoter. In order to investigate influence of NSBA
protein on cells gene expression, Suppression subtraction
hybridization (SSH) was introduced to establish substractive
cDNA library of HepG2 transfected with plasmid pcDNA3.1
(-)-NS5A. We performed the PCR experiment to analyse the
ligation efficiency. The result showed that at least 25% of the
cDNA had adaptors at both ends. The efficiency of subtraction
was estimated by PCR experiment. The test was done by
comparison of the abundance of G3PDH before and after
subtraction. G3PDH primerswere provided by the kit (Figure 3).

M12345678

Figure 3 Reduction of G3PDH amount by PCR-selective
subtraction. PCR was performed on unsubtracted (Lanes 1-4)
and subtracted (Lanes 5-8) secondary PCR products with the
G3PDH 5” and 3” primers. Lanes 1, 5: 18 cycles; Lanes 2,6: 23
cycles; Lanes 3,7: 28 cycles.

M 40 41 42 43 44 45 46 47 48 49 50

1 000 bp

1 000 bp

M 51 52 53 54 55 56 57 58 59 60 61

Figure 4 Map of colony PCR on 9 g/L agarose/EtBr gel.

After tester cDNA was hybridized with driver cDNA twice
and underwent nested PCR twice, they were then subcloned
into pGEM-T easy vectors to set up the subtractive library.
Amplification of the library was carried out with E. coli strain
JM109. The amplified library contained 121 positive clones.
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Colony PCR showed that 115 clones contained 200-1 000 bp
inserts (Figure 4). The nucleotide sequences of 90 clonesfrom
thiscDNA library was analyzed, thefull length sequenceswere
obtained with Vector NTI1 6 and BLAST database homol ogy
search (http://Awww. nchbi. nlm. nih. gov/). Altogether 44 kinds
of coding sequences were obtained, consisting of 29 known
and 15 unknown ones. Some genes code for proteinsinvolved
in cell cycle regulation, cell apoptosis, signal transduction
pathway and tumour (Table 1).

Table 1 Sequence analysis of 46 clones isolated from subtrac-
tive cDNA library

Known genes Number of clones Homology (%)

Ribosomal protein 15 99
Eukaryotic translation initiation factor 4 99
HCV NS5A protein 4 98
Sentrin 4 99
Pro-oncosis receptor inducing 3 100
membrane injury (Porimin)

Importin 3 98
Serine/threonine kinase 3 100
Cadherin-associated protein 2 100
Mitogen-activated protein 2 99
kinase phosphatase

Adenylyl cyclase-associated protein 2 100
Serum response element 2 100
Rho GTPase activating protein 2 100
Fibronectin 3 99
Laminin 3 99
Lysophospholipase A2 2 100
Lysophospholipase B 2 100
Dual specificity phosphatase 6 1 99
Putative homeodomain 2 92
transcription factor

Transcription factor B2 2 100
NF-E2-like basic leucine zipper

Transcriptional activator 2 98
Transcriptional elongation factor (TFIIS) 2 100
MHC-I binding protein 1 100
C response protein binding 1 99
protein (CRPBP)

Integrin 2 99
Iron-regulated transporter (IREG) 1 99
Tumor associated protein L6 2 100
WW domain-containing 1 100
protein 1 (WWP1)

Nascent polypeptide-associate 1 99
complex a(NACA)

Thioredoxin reductase 1 99

Confirmation of new gene expression by RT-PCR

We found the spliced variant of NS5A-TP2 (Figures 5, 6). After
EST database homology search (http:/imawww. ncbi. nim. nih. gov/),
thelocations of NS5A-TP2 and its spliced variant were detected
on chromosome 6¢22. 1-23. 3. The exons and introns of two
new genes were compared (Figure 7). The direct sequencing
showed we acquired the ORF of NS5A-TP2 (Figure 8).

2 000

M

Figure 5 NS5A-TP2 fragment amplified by RT-PCR. M: Marker.

M 1 2

Figure 6 pEGM-T-NS5A-TP2 cut by EcoR I/Kpn I. M: Marker;
Lane 1: A 512-bp fragment; Lane 2: A 615-bp fragment.

NS5A-TP2 (615)

| [ F | [ — | —
97844 9794598799 98938 114538 114609 120411 120515 122235 122359 123547 123630

< ——

. 122235 122359 123547 123630
4 <= exon intron —

NS5A-TP2 (512)

Figure 7 Comparison of exons and introns of NS5A-TP2 (615)
and (512) gene.

615 ATG GCT TCG GTC TCC TCT GCGACCTTCTCG
512 ATG GCT TCGGTC TCC TCT GCGACCTTC TCG

615 GGC CAC GGG GCT CGG TCCCTA CTGCAGTTC
512 GGC CAC GGG GCT CGG TCCCTA CTGCAGTTC

615 CTG CGG CTG GTA GGG CAG CTCAAGAGA GTC
512 CTG CGG CTG GTA GGG CAG CTCAAGAGA GTC

615 CCA CGA ACT GGC TGG GTA TACAGA AAT GTC
512 CCA CGA ACT GGC TGG GTA TACAGA AAT GTC

615 CAG AGG CCG GAG AGC GTT TCA GAT CACATG
512 CAG AGG CCG GAG AGC GTT TCA GAT CACATG

615 TAC CGG ATG GCA GTT ATG GCT ATGGTGATC
513 TACCGG ATG GCA GTT ATG GCT ATGGTGATC

615 AAA GAT GAC CGT CTT AAC AAA GACCGA TGT
512 AAA GAT GACCGT CTT AACAAAGACC-- -

615 GTA CGC CTA GCC CTG GTT CAT GAT ATG GCA

615 GAA TGC ATC GTT GGG GAC ATA GCA CCA GCA

615 GAT AAC ATC CCC AAA GAA GAA AAA CAT AGG

615 CGA GAA GAG GAA GCT ATG AAG CAGATA ACC
512 --- --- --GGAA GCT ATGAAGCAGATAACC

615 CAG CTC CTA CCA GAG GAC CTC AGA AAG GAG
512 CAG CTC CTA CCA GAG GAC CTC AGA AAG GAG

615 CTC TAT GAA CTT TGG GAA GAG TACGAGACC
512 CTC TAT GAA CTT TGG GAA GAG TACGAGACC

615 CAA TCT AGT GCA GAA GCCAAATTT GTG AAG
512 CAA TCT AGT GCA GAA GCCAAA TTT GTG AAG

615 CAG CTA GAC CAA TGT GAA ATGATT CTT CAA
512 CAG CTA GAC CAA TGT GAA ATGATT CTT CAA

615 GCA TCT GAA TAT GAA GACCTT GAA CACAAA
512 GCA TCT GAA TAT GAA GAC CTT GAA CACAAA

615 CCT GGG AGA CTG CAA GACTTC TAT GAT TCC
512 CCT GGG AGA CTG CAA GACTTC TAT GAT TCC
615 ACA GCA GGA AAA TTC AAT CAC CCT GAG ATA
512 ACA GCA GGA AAA TTC AAT CACCCT GAG ATA

615 GTC CAG CTT GTT TCT GAA CTT GAG GCA GAA
512 GTCCAG CTT GTT TCT GAA CTT GAG GCA GAA

615 AGA AGC ACT AAC ATA GCT GCA GCT GCC AGT
512 AGA AGC ACT AAC ATA GCT GCA GCT GCC AGT

615 GAG CCA CACTCCIGA
512 GAG CCA CACTCC TGA

Figure 8 ORF comparison of NS5A-TP2 (615) and (512).
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DISCUSSION

Hepatitis C virus often causes persistent infection with a
significant risk of end-stage cirrhosis and hepatocellular
carcinoma. HCV may benefit by regulation of celluar genes
leading to the disruption of normal cell growth. Viral genescan
override cellular control mechanisms, which in untransformed
cells regulate cell cycle progression in response to various
antiproliferative signals. In HCV persistently infected cells,
the continued presence of viral gene products is likely to
be detrimental for host cells. Many studies demonstrated
NS5A protein of HCV transcriptionally modulates cellular
genes and promotes murine fibroblast cell growth into a
tumorigenic phenotype. It may be possible that the NS5A
protein playsarolein hepatocarcinogenesis, since many other
viral proteins that play arolein carcinogenesis often function
as transcriptional activators**'". However, the precise
mechanism is still unknown.

In the present study, we investigated the possible mechanism
by which NS5A protein transactivated gene expression and its
role in hepatocarcinogenesis. NS5A protein in Hep G2 cells
was detected by RT-PCR and Western blotting. HepG2 cells
were transiently cotransfected with pcDNA3.1 (-)-NS5A/
pCAT3-promoter. CAT activity was evidently higher in the
cotransfected cells than in control. It is suggested that NS5A
protein has transactivating effect on SV40 early promoter. We
predicted that NS5A protein transcriptionally regulated gene
expression through regulating promoter activity, either directly
or through signal transduction pathways.

On the basis of thisstudy, we congtructed subtractive cDNA
library by SSH. After sequencing analysis, we obtained coding
sequences of 46 genes, which consisted of 26 kinds of known
and 15 kinds of unknown ones. Some genes code for proteins
involved in cell cycle regulation, cell apoptosis, and tumor
angiogenesis. Sentrinisa 101-amino acid ubiquitin-like protein
that interacts with the death domains of Fas and TNFR1, with
PML, atumor suppressor implicated in the pathogenesis of
promyelocytic leukemia, with Rad51 and Rad52, proteins that
are involved in repairing double-stranded DNA breaks, and
with RanGAPL, a GTPase-activating protein that iscritically
involved in nuclear protein transport*®2, Overexpression of
sentrin in mammalian cells protects them against anti-Fas or
tumor necrosis factor-induced cell death™. Poriminisahighly
glycosylated protein that can be classified as a member of the
cell membrane-associated mucin family?d. Porimin is a
membrane mucin that mediates cell death. Although mucins
mainly affect cell adhesion and ligand binding, several
membrane mucins have also been documented to trigger cell
death or inhibit cell proliferation, such as CD43 (leukosiain,
sialophorin), CD162 (PSGL-1), and CD164 (MGC-24v)!=.
Likewise, serine/threonine kinase, cadherin-associated protein,
adenylyl cyclase-associated protein, mitogen-activated protein
kinase phosphatase involving in cell cycleregulation, and cell
growth may be correlated with hepatocarcinogenesis of NSSA
proteinf2+2,

Alternative preemRNA splicing isafundamenta mechanism
for differential gene expression that has been reported to
regulate the tissue distribution, the intracellular localization,
and the activity of different protein kinases. In the process of
our study on new genes, we accidentally acquired the spliced
variant of NS5A-TP2 and confirmed the ORF of NS5A-TP2
(516) and its location on chromosome. Both of NS5A-TP2
(615) and its spliced variant- NS5A-TP2 (516) locate on
6022.1-23.3, but they have different exons and introng?*34,

The result of this study shows that the NS5A proteinisa
potent transcriptional activator and transactivates some genes
involved in cell cycle regulation, cell apoptosis, and tumor
angiogenesis. The study on new genes NS5A-TP2 (516), and

NS5A-TP2 (615) brings some new clues to the biological
functions of novel genes and pathogenesis of the viral proteins.
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Abstract

AIM: To study interactions between hepatitis B virus (HBV)
and interferon-a in liver- derived cells.

METHODS: mRNAs were separately isolated from an HBV-
transfected cell line (HepG,2.2.15) and its parental cell line
(HepG,) pre- and post-interferon-a (IFN-a) treatment at 6,
24 and 48 h, followed by hybridization with a cDNA microarray
filter dotted with 14 000 human genes. After hybridization
and scanning of the arrays, the data were analyzed using
ArrayGauge software. The microarray data were further
verified by Northern blot analysis.

RESULTS: Compared to HepG; cells, 14 genes with known
functions were down-regulated 3 to 12- magnitudes, while 7
genes were up-regulated 3-13 magnitudes in HepG,2.2.15
cells prior to IFN-a treatment. After interferon-a treatment,
the expression of four genes (vascular endothelial growth
factor, tyrosine phosphate 1E, serine protein with IGF-binding
motif and one gene of clathrin light chain) in HepG;2.2.15
were up-regulated, while one gene encoding a GTP-binding
protein, two genes of interferon-induced kinases and two
proto-oncogenes were further down- regulated. Interestingly,
under IFN-a treatment, a number of differentially regulated
genes were new ESTs or genes with unknown functions.

CONCLUSION: The up-regulated genes in HepG,2.2.15
cell line suggested that under IFN-a treatment, these
repressed cellular genes in HBV infected hepatocytes could
be partially restored, while the down- regulated genes were
most likely the cellular genes which could not be restored
under interferon treatment. These down-regulated genes
identified by microarray analysis could serve as new targets
for anti-HBV drug development or for novel therapies.

Wang X, Yuan ZH, Zheng LJ, Yu F, Xiong W, Liu JX, Hu GX,
Li Y. Gene expression profiles in an hepatitis B virus transfected
hepatoblastoma cell line and differentially regulated gene
expression by interferon-a. World J Gastroenterol 2004; 10
(12): 1740-1745
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INTRODUCTION

Viral hepatitis B continuesto be asignificant global problem. It
is estimated that there are approximately 350 million chronic
hepetitisB virus(HBV) carriersworld-wide. Furthermore, chronic
hepatitis B patientsare at high risk of developing liver cirrhosis
and hepatocellular carcinomawith high mortality rates.

In the past two decades, interferon-a (IFN-a) has proven
effective in the treatment of chronic hepatitis B patients.
However, sustained responses were observed in only one-
third of chronic hepatitis B patientsi*®. In the normal
physiological state, interferon-a is expressed at alow level and
isinduced to high levelsby viral or bacteria infections and the
exposure to double-stranded RNAM. In contrast to other types
of vird infections, IFN-a was either non-detectable or present
in extremely low levelsin HBV chronically infected patients®®,
Additionally, decreased synthesis of 2’ -5 A synthetase,
belonging to afamily of enzymesinduced by IFNs, has been
reported in chronic hepatitis B patients”®. To date, mechanisms
underlying defective production of IFN or defective responses
to IFN in chronic hepatitis B patients have not been fully
elucidated.

Development of microarray technology has provided a
powerful tool for study of the complicated biological process
in cellswhich resultsin altered global gene expression. cDNA
microarray has been used to analyze virus-host cell interactions
in Human Immunodeficiency Virus (HIV), Human
Cytomegalovirus (HCMV), Herpes Simplex Virus (HSV) and
Influenza Virus infected cell cultured®*®. By comparing virus
infected cell cultureswith non-infected cdll cultures, anumber of
differentially expressed geneswereidentified. For HBV, athough
severa studies have been undertaken to clarify the effects of
HBYV infection on hepatocyted+*, the global effectsof all HBV
proteinsor HBV replication on hogt cells, epecidly theinteraction
between HBV and interferon remain unclear. Therefore, in this
study, cDNA microarray filters dotted with 14 000 human genes
were used to analyze transcriptional changes between an HBV
DNA-transfected cell line (HepG,2.2.15)1*"*8 and its parental
cdl line (HepG,) pre- and post- I FN trestment. Based on analysis
of altered MRNA expression, several |FN-differentially regulated
genesincluding new ESTSs or genes with unknown functions
were further investigated for their potential antiviral activity.

MATERIALS AND METHODS

Cell culture

TheHBV DNA transfected hepatoblastomacell lineHepG;2.2.15,
that has been confirmed to produce infectious virug*®¥, and
its parental cell line HepG, were maintained in Dulbecco’ s
modified Eagle’ s medium supplemented with 10 mL/L fetal
calf serum and antibiotics. The cellswereincubated at 37 °C in
50 mL/LCO.. Cell viability was estimated by the trypan blue
dye exclusion method.

Preparation of cell samples for cDNA microarray
The cells were separately seeded into T-75 flasks at 40%
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confluence (4x104 cells'cm?) one day prior to the experiment.
After overnight culture, two flasks of cells for each cell line
were harvested beforetreatment with IFN-a for RNA preparation
and were regarded as 0 h cellsfor IFN-a treatment. The other
cellswere exposed to 5x10°1U/mL of IFN-a (Calbiochem, San
Diego, CA, USA) and harvested 6, 24 and 48 h after IFN-a
treatment. The culture mediawere removed and stored at -70 C.
For each flask of cells, 5 mL of TRIzol Reagent (Gibco BRL) was
added directly into the flask.

RNA extraction

Total RNA was extracted using standard TRIzol RNA isolation
protocol (Gibco BRL). Theisolated total RNA wasdivided into
two aliquots, onefor RNA dot anaysisand the other for mMRNA
preparation.

Generation of microarray

Generation of microarraysand microarray analysiswere carried
out by the Institute of Biochemistry and Cell Biology, CAS as
described previously®?. Human cDNA clones were derived
from liver, hepatocarcinoma cell lines and hypothalamus-
pituitary-adrenal libraries’? or purchased from Research
Genetics (Huntsville, AL, USA). A cDNA array wasassembled
with 14 000 cDNA clones representing the same number of
independent cDNA clusters, of which 7 565 clusters were
homologous to that in the UniGene Database. All cDNA
fragments were amplified and verified by gel electrophoresis
and sequencing. The average length of the cDNA fragmentswas
-1 kb. PCR productswere precipitated in isopropanol, redissolved
in10 . of denaturing buffer (1L.5mol/L NaCl, 0.5 mal/L NaOH) and
spotted onto 8x12 cm Hybond-N nylon membranes (Amersham
Pharmacia, Buckinghamshire, UK) using anarrayer (BioRobotics,
Cambridge, UK). Each spot carried -100 nL in volume and was
0.4 mm in diameter; each cDNA fragment was spotted as two
different spots (double-offset). Lambdaphage and pUC18 vector
DNA were spotted as negative controls.

Eight housekeeping genes encoding ribosoma protein SO
(RPS9), b-actin (ACTB), glyceraldehydes-3-phosphate
dehydrogenase, hypoxanthine phosphoribosyltransferase 1,
M, 23 000 highly basic protein (RPL13A), ubiquitin C,
phospholipase A2, and ubiquitin thiolesterase (UCHL 1) were
each evenly distributed in 12 spotson each 8x12 cm array asan
intramembrane control. Hybridization data were considered
invalid if the intensity of the darkest spot exceeded 1.5 times
that of the weakest spot among the 12 spots representing the
same gene.

mRNA isolation and probe preparation

The poly (A)* mRNA was isolated from the total RNA using a
poly (dT) resin (Qiagen, Hilden, Germany). Approximately 1 - 2 ny
of MRNA were labeled in areversetranscription reaction in the
presence of 200 nCi [a*P] deoxyadenosine 5’ -triphosphate
(DuPont NEN, Boston, MA, USA) using Moloney murine
leukemia virus reverse transcriptase as recommended by the
manufacturer (Promega Corp., Madison, WI, USA).

Hybridization and Image Procession
Prehybridization was carried out in 20 mL of prehybridization

solution (6xSSC, 5 g/L SDS, 5xDenhardt’ s and 100 ng/mL
denatured salmon sperm DNA) at 68 ‘C for 3 h. Overnight
hybridizationwith the®P-labeled cDNA in6 mL of hybridization
solution (6xSSC, 5 g/L SDS, and 100 ng/mL denatured salmon
perm DNA) wasfollowed by stringent washing (0.1xSSC, 5 g/L
SDS, at 65 °C for 1 h). Membranes were exposed to Phosphor
Screen overnight and scanned with an FLA-3 000A Plate/
Fluorescent Image Analyzer (Fuji Photo Film, Tokyo, Japan).
Radioactive intensity of each spot waslinearly digitalized to
65 536 gray-gradein apixel size of 50 mmin the Image Reader
and recorded using the Array Gauge software (Fuji Photo Film,
Tokyo, Japan). After subtraction of background (3+3) chosen
from an areawhere no cDNA was spotted, geneswith intensities
>10 were considered as positive signals to ensure that they
were distinguished from background with statistical
significance >99.9%. Normalization among arrays was based
on the sum of background-subtracted signals from all genes
on the membrang'?.

RNA slot analysis

Total cellular RNA, 10 ng/sample was mixed with 7 L
formaldehyde, 20 ni. formamideand2 L. 20xSSC (1xSSC=0.15
mol/L NaCl plus 0.015 mol/L sodium citrate). After being
denatured at 65 °C for 15 min and immediately cooled in an
ice bath, the RNA samplewas applied to the nylon membrane
(Boehringer Mannheim, Germany) with Minifold | (Schleicher
& Schuell). After fixation at 120 °C for 30 min, the membrane
waspre-hybridizedin 20 mL of prehybridization solution (6xSSC,
5 g/L SDS, 5xDenhardt’ s and 100 ng/mL denatured salmon
sperm DNA) at 42 °C for 6 h, and followed by hybridization
with 20 mL hybridization solution (6xSSC, 5 g/L SDS,
5xDenhardt’ s and 100 mg/mL denatured salmon sperm DNA)
including [a-**P]dCTP labeled cDNA probes (Random labeling
kit, Boehringer Mannheim, Germany) at 42 °C for 16 h. The
cDNA probes represented the unique sequence of IFN related
P27, KIAA0919, beta3gal-T5 and FLJ12673. After stringent
membrane washing process (0.1xSSC, 5 g/L. SDSat 68 °C for
30 min, thrice), autoradiographs were exposed to X-ray film
(Fijifilm, Japan) overnight at - 70 °C . Quantitative analysiswas
undertaken by scanning the intensity of the membranes. In
order to normalize the total RNA quantity in each blot, an
[a®-P]dCTP labeled b-actin probe was hybridized to the
membrane again after thefirst probe wasremoved. The change
of regulated gene expression between different cell samples
could be detected by comparing the intensity ratio of specific
gene and b-actin.

RESULTS

Validation of microarray results
Similar to previousstudy, resultsfrom thereproducible analysis
confirmed that the replicated experimentswerein concordance
with an R? (square of Pearson correlation coefficiency,
measuring similarity in gene expression pattern) of 0.97-0.98
on scatterplot!?,

To confirm the altered expression level, 4 genes (interferon
related genes P27, KIAAQ919, b-3-gal-T5 geneand FLJ12673
human cDNA clone) were selected and tested by RNA slot

Table 1 Comparison of microarray and RNA slot analyses on 4 selected genes

X67325 AB023136 AA622328 NM_018300
Accession
ID Ratio of arrays Ratio of slot ~ Ratio of arrays Ratio of slot Ratio of arrays Ratio of slot Ratio of arrays Ratio of slot
6h/0h 3.6 Undetectable 34 1.3 2.0 0.5 1.1 2.9
24h/0h 5.9 >31 7.2 35 3.9 1.6 4.9 3.4
48 h/0 h 6.1 >33 8.4 6.2 3.8 5.7 1.0 1.3
Description IFN-inducible P27 Sec15B(vesicle traffic protein) beta3gal-T5 gene cDNA FLJ12673
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analysis(Figure 1). Theratios of the signal intensity of specific
genes and b-actin and their comparison with microarray result
arelistedin Table 1. It is observed that the results of RNA slot
analysis are aligned with those from the microarray analyses
(Figureland Table 1).

Hours after IFN-a treatment O 6 24 48
A IFN-inducible P27

b-actin

Hours after IFN-a treatment
B KIAA0919 (Secl15B) ; —_

b-actin

Hours after IFN-a treatment O 6 24 48
C beta3gal-T5 - -

b-actin -

Hours after IFN-a treatment
D FLI12673 = = - -

b-actin -

Figure 1 RNA slot analyses of IFN-inducible P27, KIAA0919
(Sec15B), beta3gal-T5 and FLJ12673 genes in HepG,2.2.15 be-
fore and after IFN treatment Four genes (interferon related
genes P27, KIAA0919, b-3-gal-T5 gene and FLJ12673 human
cDNA clone) were selected and tested by RNA slot analysis to
confirm the altered expression level indicated by the results of
the microarrays.10 ng/sample total cellular RNA was blotted
to the nylon membrane. The membrane was then hybridized
with [a-*P]dCTP labeled cDNA probes. Autoradiographs were
exposed to X-ray film overnight at-70 ‘C. The b-actin gene was
used as the control to normalize the total RNA quantity.

Differentially expressed genes in HepG,2.2.15 cell line and HepG;
cell line prior to IFN-a treatment

To study the basic differentiated expressed genes between
HepG,2.2.15 cdl lineand itsparental cell line HepG, systematic
comparison of gene expression profiles from both cell lines
before treatment with IFN-a was done at 0 h. Totally 89 genes
were either up- or down-regulated three-fold (Table 2). In these
89 genes, 22 genes have defined functional activities (Table 3)
while 67 geneswere new ESTswith unknown functions. Fifteen
of the 22 known geneswere down-regul ated by three- to twelve-
fold, while 7 geneswere up-regulated by three- to thirteen-fold.
4 genes could be catalogued in four classes, such as cell cycle
(Y13467), ligands and receptors (AF022375), phosphatase
(U12128), and transcription factors (D87258).

Table 2 Gene expression profiling in the microarray analysis

Differentially regulated genes in HepG,2.2.15 cell line and HepG;
after IFN-a treatment

Six hours after treatment with interferon-a, significant changes
in mRNA expression were observed in both HepG, and
HepG,;2.2.15 cdls, with 83 and 34 genes up- or down-regulated
by at least three-fold (Table 2). A moderate increase in changes
of cellular gene expression wasdetected at 24 h, at which time,
103 and 48 genes were up- or down-regulated respectively by
at least three-fold (Table 2). Approximately half of these genes
could be classified in functional categories, including interferon
responsive proteins, signal transducing genes such as kinase,
phosphatase and ligand as well as receptors (Table 4). It is
interesting to note that the number of differentially expressed
cellular genesin HepG, and HepG,2.2.15 cell lines could be
decreased by interferon-a treatment from 89 to 40, 33 and 36
genesat 6, 24, 48 h post treatment (Table 2). The differentially
regulated gene expressed profilein HepG, 2.2.15 and HepG, cell
lines after IFN-a treatment are available at http://www.mvlab-
fudan.cn/microarray databases.

Kinetics of IFN-treated gene expression profile in 23 genes from
HepG, and HepG,2.2.15 cell lines

Twenty three selected genes, belonging catalogues of interferon
induced proteins kinase/phosphatase, ligands and receptors,
phosphatase, protein degradation, viral and clathrin receptors,
protooncogenes and transcription factors respectively, were
further compared between HepG,;2.2.15 and its parental cell line
HepG,; to study the effect of interferon-a treatment on HBV
and cellular gene expressions (Table 5). From thistable, it is
noted that most of these selected genes with known functions
have two- three-fold expression regulated in both HepG, cell
line and HepG,2.2.15 cell post interferon treatment. However,
fivegenes(U02680, U07358, U52969, U50529and U70321), were
up-regulated only in HepG2 cell line, while down-regulated in
HepG;2.2.15cdls.

DISCUSSION

DNA microarray isanimportant and powerful tool for surveying
changesin cellular gene expression on alarge scale. Several
groups have used this approach to analyze virus-host cell
interactionsin HBV infection. Rho et al. constructed aHepG;
cell line stably expressing HBx (HepG2-HBXx), and performed
cDNA microarray analysis on 588 cellular cONAsto study the
effect of HBx on the transcriptional regulation in the human
liver cell*, To gain more information on how HBV proteins
regulate host cellular gene expression, Otsuka et al. examined
the differencesin the gene expression profiles of HepG,2.2.15
and HepG,; cells, using an in-house cODNA microarray dotted
with 2 304 cellular genes®®. To identify hepatocellular genes
whose transcriptional regulation istightly linked with IFN-g-and
IFN-a/b-mediated inhibition of HBV replication, Chisari et al.
used DNA microarraysand ahigh-throughput cDNA differential
display method (total gene expression analysis (TOGA) to
examinethe gene expression profiles of HBV transgenic mouse
livers before and after the intrahepatic induction of IFN-a/b
and IFN-dg?¥. To further understand molecular mechanisms
underlying HBV pathogenesisand identify novel cellular genes
as new targets for anti-HBV drug development or for novel

Gene differences in HepG,2.2.15

Gene differences in HepG,

Gene differences in HepG,2.2.15/HepG;

Ratio
6h/0h 24h/0h 48 h/0 h 6 h/0h 24 h/0h 48 h/0 h Oh 6h 24 h 48 h
34 48 45 83 103 48 89 40 33 36
10 18 12 37 37 23 27 12 8 11
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Table 3 Differently expressed known genes in HepG,2.2.15 and HepG; cell lines before IFN-a treatment
Accession ID HepG, HepG;2.2.15 Ratio Description Unigene
Cettcycle
Y13467 101.95 29.54 -3.45 RB18A Hs.15589
Ligands and receptors
AF022375 16.17 5.19 -3.12 vascular endothelial growth factor Hs.73793
Phosphatase
u12128 152.03 27.26 -5.58 tyrosine phosphatase 1E (PTP1E) Hs.211595
Transcription factors
D87258 156.76 37.78 -4.15 serin protease with IGF-binding motif Hs.75111
Miscellaneous
X69962 242.93 73.77 -3.29 FMR-1 Hs.89764
X56597 1.64 21.98 13.40 humFib mRNA for fibrillarin Hs.99853
u76713 403.90 123.59 -3.27 apobec-1 binding protein 1 Hs.81361
uU50410 189.94 27.03 -7.03 heparan sulphate proteoglycan (OCI5) Hs.119651
u23070 5.35 16.82 3.14 putative transmembrane protein (nma) Hs.78776
S68805 4.12 12.74 3.09 L-arginine:glycine amidinotransferase Hs.75335
M22430 13.63 50.17 3.68 RASF-A PLA2 Hs.76422
M16961 221.65 61.50 -3.60 alpha-2-HS-glycoprotein alpha and beta chain Hs.75430
M13928 21.15 163.32 7.72 delta-aminolevulinate dehydratase Hs.1227
L40157 14.58 92.98 6.38 endosome-associated protein (EEAL) Hs.2864
L24123 1 309.05 430.92 -3.04 NRF1 protein (NRF1) Hs.83469
D00096 7.61 31.28 4.11 Prealbumin Hs.194366
AJ006835 150.29 49.21 -3.05 U17 small nucleolar RNA host gene Hs.196769
AF073308 237.11 78.45 -3.02 nonsyndromic hearing impairment protein (DFNA5) Hs.13530
AF050127 823.97 71.21 -11.57 hypoxia inducible factor (aHIF) Hs.197540
AC002045 237.87 67.71 -3.51 Chromosome 16 BAC clone CIT987SK-A-589H1 Hs.253182
AB027013 15.62 2.31 -6.76 Nucleosome Assembly Protein 1-like 2 Hs.66180
AB023136 544.25 44.18 -12.32 KIAA0919 Hs.44175

Table 4 Functional catalogues of 3 fold regulated genes in HepG, and HepG,2.2.15 cell lines post IFN-a treatment

3-fold regulated gene number in HepG,2.2.15

Catalogue

3-fold regulated gene number in HepG,

6 h/0 h

24 h/0 h

48 h/0 h 6h/0h 24h/0h 48h/0h

Cell cycle -
Coagulation -
Cytokine/receptors 1
Extracellular matrix and cell adhesion -
GTP binding proteins and signal transduction
Interferon

Kinase and phosphatase -
Ligands and receptors -
Mitochondrial -
Phosphatase and phosphodiesterase
Protooncogenes -
Transcription factors -
Viral and clathrin receptors -
Miscellaneous 7
New ESTs
Total

N P e

'
N O R PR e

N EFE NR WRRNR R
,

NN
\

'
e e
_
_

18
68
103

21
45

therapies, we used cDNA microarray filters dotted with 14 000
human genes to analyze transcriptional changes between an
HBV DNA-transfected cell line (HepG,2.2.15) and its parental
cell line (HepGy,) pre- and post-1FN treatment. The HepG,;2.2.15
cell line, that hasfour copies of HBV genomeintegrated in the
cellular chromosome and can persistently secrete HBV virions,
wasused for HBV infected liver-derived cel 91718, The parental
hepatoblastomacell line, HepG,, from which HepG,2.2.15 cell
line was generated, was used as the uninfected cell control. In
this study, the differentially expressed cellular genes detected
between these two cell lines could be due to the integration of

HBV DNA, thereplication of HBV or the expression of HBV
proteins. In chronic HBV infections, the virus usually persists
in hepatocytes similar to the status of HBV in HepG,2.2.15 cell
line; the differentially expressed cellular genesin HepG,2.2.15
cell line could reveal similar changes in the hepatocytes of
HBV chronically infected patients.

Prior to interferon-a treatment, compared to HepG; cells, 15
known geneswere more than three-fold down-regulated, while 7
genesweremorethan 3-fold up-regulated (Teble 3) in HepG,2.2.15
cells. To concentrate on the down-regulated genes, 4 genes
belonging to the categories of cell cycle, ligands and receptors,
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Table 5 Kinetics of IFN-treated gene expression profiles in 23 selected genes from HepG, and HepG,2.2.15 cells

HepG,2.2.15 cell lines
Accession 1D

HepG; cell lines

Description

6h/0h 24h/0h 48h/0h

6h/0h 24h/0h 48h/0h

Interferon

X57352 3.8 31 25 6.5
X57351 3.4 2.2 2.2 4.3
M87503 2.3 1.7 1.7 3.2
M33882 2.4 1.6 1.5 2.5
M11810 9.1 5.7 4.4 8.4
L07633 2.0 1.3 1.5 2.0
J04164 6.7 5.0 2.9 6.4
D28137 3.0 33 2.8 2.7
AJ225089 3.9 1.3 1.1 1.9
Kinase/Phosphate

U07358 -1.3 -1.3 -2.5 11
U02680 -1.1 14 -2.5 15
AF032437 -1.1 -2.5 -1.7 -1.3
Ligands and receptors

D86096 2.3 4.6 35 1.9
AF022375 1.8 1.8 3.2 -1.2
Phosphatase

u12128 3.0 4.8 4.7 -1.2
Protein degradation

Z14977 2.2 1.2 14 2.7
AF061736 2.6 1.5 1.4 2.3
Protooncogenes

U52969 1.1 -2.0 -1.3 2.2
U50529 -2.5 -5.0 -2.5 1.7
Transcription factors

D87258 1.6 2.3 25 1.0
Viral and clathrin receptors

X81636 1.1 5.5 5.2 -1.1
u70321 -1.3 -2.0 11 2.0
AF079221 1.0 12 2.9 17

8.1
4.4
2.4
2.1
7.7
2.7
7.0
2.6
2.1

2.4
7.1
-3.3

1.8
-1.1

-1.1

1.3

2.3

1.6
1.5

-1.1

6.4

1.2
2.2

6.4 1-8U gene from interferon-inducible gene family

4.4 1-8U gene from interferon-inducible gene family

2.6 IFN-responsive transcription factor subunit

1.6 p78 protein

3.9 (27-57) oligo A synthetase E gene

1.3 (clone 1950.2) interferon-gamma IEF SSP 5111

6.5 Interferon-inducible protein 9-27

1.8 BST-2

1.2 27-5” oligoadenylate synthetase 59 kDa isoform

1.4 Protein kinase (zpk)

1.6 Protein tyrosine kinase

-2.0 Mitogen activated protein kinase activated protein kinase

2.3 Prostaglandin E receptor EP3 subtype

1.1 Vascular endothelial growth factor

-1.2 Protein tyrosine phosphatase 1E (PTP1E)

1.6 Major histocompatibility complex encoded
proteasome subunit LMP2

2.0 Ubiquitin-conjugating enzyme RIG-B

2.1 PEP19 (PCP4)

2.2 BRCAZ2 region, mRNA sequence CG016

-1.5 Serin protease with IGF-binding motif

-1.7 Clathrin light chain a

1.6 Herpesvirus entry mediator

1.9 BCL2/adenovirus E1B 19kDa-interacting protein 3 a

phosphatase and transcription factors were down-regulated more
than three-fold in HepG, 2.2.15 cells (Table 3). In amicroarray
study on HCMV-host cdll interactions compared to non-infected
human fibroblasts, down-regulated genes belonging to these
categorieswerealso reported in HCMV infected cell$%%. Though
identical down-regulated genes from these categories were not
foundinthe HCMV infected and HBV transfected cells, changes
in the expression of cellular genes in these categories could
reflect the common adverse effects of virus infections on host
cdls. Infuture studies, when more microarray analyses on virus-
host interactionswill be performed, it may be possibleto identify
significant changes of cellular gene expression due to HBV-
hepatocyte interactions.

The effects of IFN-a on the global gene expression of HepG;
and HepG,2.2.15 cells revealed interesting differences (data
availableat http://www.mvlab-fudan.cn/microarray databases).
In HepG,; cells, compared with the expression of cellular genes
at 0 h, no known gene was three-fold down-regulated 48 hr
after IFN-a treatment. In contrast, 21 geneswere up-regul ated
three-fold or more, and among these, five were |FN-induced
genes, one belonging to the GTP-binding protein and signal
transduction category, and one belonging to the phosphatase
and phosphodiesterase category associated with the 1FN-
induced cascade. In HepG,2.2.15 cells, after being treated with
IFN-a for 48 h, eight genes remained down-regulated three-
fold or more. In comparison to the known functional genes,
one gene was predicted as encoding the regulatory G protein

beta subunit, one was predicted as encoding an antigen of B
cell differentiation, one encoding the thymosin beta 4Y
isoform, one encoding aL DL -receptor related protein, which
was also reported as encoding a human IFN-g receptor, and
one was an exon encoding a protein of the phosphatase and
phosphodiesterase category, and the other 3 genes belonged
to coagulation, mitochondrial and miscellaneous categories,
respectively. These genes remained down-regulated and thus
seemed refractory to the treatment of IFN-a. Since 2 of these
genes are associated with thymosin and IFN-g, microarray
studiesof HepG,2.2.15 cellstreated with I FN-gand/or cytokines
may be able to elucidate whether these defects in cellular
functions could be reversed. In HepG,2.2.15 cells, anumber of
IFN induced genes were up-regulated post IFN-a treatment;
among these, genesp27 and 2’ -5’ A synthetase E were the top
two up-regulated genes, being 6.1 and 9.1 respectively.
Compared to the increasesin these two genes up-regulated in
HepG; (being 7.1 and 8.4 respectively), IFN-a was as effective
in inducing these two genesin HBV infected cellsasthat in the
uninfected hepatocytes.

To analyzewhether therewere HBV specific down-regulated
cellular genes, which could be restored by IFN-a trestment, 23
matched genes from HepG, and HepG,2.2.15 cell lines were
compared post |FN-a treatment. Asshown in Table 5, the three
geneswhich were found down-regulated in HepG,2.2.15 prior
to IFN-a treatment (Table 3), namely described as encoding
vascular endothelial growth factor, tyrosine phosphatase 1E,
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serine protease with |GF-binding motif were all up-regulated
by IFN-a treatment. In addition, agene described as coding for
clathrin light chain, which belongs to the viral and clathrin
receptor category was also up-regulated 5.2 times. However,
even after IFN-a treatment, the down-regulated protein kinase
zpk and protein tyrosine kinase genes could not be restored
(Table5), which suggested apossible defectivelink in the IFN-a
induced cascade. Measures for restoring the functions of the
kinases could help to improve the therapeutic efficacy of IFN-a.
The clinical implications of non-restorable down-regulated
protooncogenesin HepG, 2.2.15 cell lines merit further study.

Anaysis of gene expression profilesin HBV-hepatocyte
interaction by microarray isan interesting field. Theinformation
gathered in this study, though preliminary in scope, provides
animportant basisfor further study. The differentially expressed
genes detected in this study should be further evaluated by
cell transfection or by in vivo studies and should provide new
insight into the molecular mechanisms of HBV infection. In
addition, therewere approximately 200 unknown genesor ESTs
being up- or down-regulated in HepG,2.2.15 cells. Preliminary
transiently co-transfected functional assay has already shown
that some of cellular genes significantly regulated by HBV
infection and |FN are associated with the inhibition of HBV
genereplication and expression (datanot shown). It ispredicted
that other IFN-inducible proteins could be discovered and new
mechanisms of this cytokine may be reveal ed.

ACKNOWLEDGMENTS

Thiswork was supported by the Chinese State Basic Science
Foundation (N0.1999054105) and Med-X Foundation of Fudan
University. Xun Wang and Wei Xiong are Ph.D. students
supported by the Chinese Ministry of Education.

REFERENCES

1 Hoofnagle JH. Alpha-interferon therapy of chronic hepatitis
B: Current status and recommendations. J Hepatol 1990; 11
(Suppl 1): $100-107

2 Korenman JB, Baker B, Waggoner J, Everhart JE, Di Bisceglie
AM, Hoofnagle JH. Long-term remission of chronic hepatitis B
after alpha-interferon therapy. Ann Intern Med 1991; 114: 629-634

3 Caselmann WH, Eisenburg J, Hofschneider PH, Koshy R. Beta-
and gamma-interferon in chronic active hepatitis B. A pilot
trial of short-term combination therapy. Gastroenterology 1989;
96(2 Pt 1): 449-455

4  Samuel CE. Antiviral actions of interferons. Clin Microbiol Rev
2001; 14: 778-809

5 Wen YM, Qian LS, Lou HZ, Gao JQ, Wu XH, Yang PZ. Stud-
ies on production of interferon | by peripheral blood mono-
nuclear cells in chronic hepatitis B patients. Chin Med J 1980;
60: 239-241

6  Wen YM, Luo HZ, Qian LS, Duan SC, Zhu QR, Wu XH. Serial
study on production of interferon by leucocytes in viral hepati-
tis B. Chin J Microb Immunol 1981; 1: 342-345

7 Wen YM, Yu CZ, Huang YX, Wu XH, Zheng HD, Liu XY.
Studies on 27-5” oligo-isoadenylate synthetase and virus repli-
cation in hepatitis B. Chin J Inf Dis 1985; 3: 106-109

8  Fujisawa K, Yamazaki K, Kawase H, Kitahara T, Kimura K,
Ogura K, Kameda H. Interferon therapy for chronic viral hepa-

10

11

12

13

14

15

16

17

18

19

20

21

22

23

titis and the use of peripheral lymphocytic 2°-5”-oligoadenylate
synthetase In: Zuckerman AJ, eds. Viral hepatitis and liver
disease. New York: Alan R Liss Inc 1988: 834-839

Geiss GK, Bumgarner RE, An MC, Agy MB, van’t Wout AB,
Hammersmark E, Carter VS, Upchurch D, Mullins JI, Katze MG.
Large-scale monitoring of host cell gene expression during HIV-1
infection using cDNA microarrays. Virology 2000; 266: 8-16
Zhu H, Cong JP, Mamtora G, Gingeras T, Shenk T. Cellular
gene expression altered by human cytomegalovirus: global
monitoring with oligonucleotide arrays. Proc Natl Acad Sci U S A
1998; 95: 14470-14475

Browne EP, Wing B, Coleman D, Shenk T. Altered cellular
mRNA levels in human cytomegalovirus-infected fibroblasts:
viral block to the accumulation of antiviral mRNAs. J Virol
2001; 75: 12319-12330

Stingley SW, Ramirez JJ, Aguilar SA, Simmen K, Sandri-Goldin
RM, Ghazal P, Wagner EK. Global analysis of herpes simplex
virus type 1 transcription using an oligonucleotide-based DNA
microarray. J Virol 2000; 74: 9916-9927

Geiss GK, An MC, Bumgarner RE, Hammersmark E,
Cunningham D, Katze MG. Global impact of influenza virus
on cellular pathways is mediated by both replication-depen-
dent and —independent events. J Virol 2001; 75: 4321-4331
Lara-Pezzi E, Majano PL, Gomez-Gonzalo M, Garcia-Monzon
C, Moreno-Otero R, Levrero M, Lopez-Cabrera M. The hepati-
tis B virus X protein up-regulates tumor necrosis factor a gene
expression in hepatocytes. Hepatology 1998; 28: 1013-1021
Han J, Yoo HY, Choi BH, Rho HM. Selective transcriptional
regulations in the human liver cell by hepatitis B viral X protein.
Biochem Biophys Res Commun 2000; 272: 525-530

Otsuka M, Aizaki H, Kato N, Suzuki T, Miyamura T, Omata
M, Seki N. Differential cellular gene expression induced by
hepatitis B and C viruses. Biochem Biophys Res Commun 2003;
300: 443-447

Knowles BB, Howe CC, Aden DP. Human cell lines secrete the
major plasma proteins and hepatitis B surface antigen. Science
1980; 209: 497-499

Sells MA, Chen ML, Acs G. Production of hepatitis B virus
particles in Hep G, cells transfected with cloned hepatitis B
virus DNA. Proc Natl Acad Sci U S A 1987; 84: 1005-1009
Gerber MA, Sells MA, Chen ML, Thung SN, Tabibzadeh SS,
Hood A, Acs G. Morphologic immunohistochemical and ultra-
structural studies of the production of hepatitis B virus in
vitro. Lab Invest 1988; 59: 173-180

Xu L, Hui L, Wang S, Gong J, Jin Y, Wang Y, Ji Y, Wu X, Han Z,
Hu G. Expression profiling suggested a regulateory role of
liver-enriched transcription factors in human hepatocellular
carcinoma. Cancer Res 2001; 61: 3176-3181

Hu RM, Han ZG, Song HD, Peng YD, Huang QH, Ren SX, Gu
YJ, Huang CH, Li YB, Jiang CL, Fu G, Zhang QH, Gu BW, Dai
M, Mao YF, Gao GF, Rong R, Ye M, Zhou J, Xu SH, Gu J, Shi JX,
Jin WR, Zhang CK, Wu TM, Huang GY, Chen Z, Chen MD,
Chen JL. Gene expression profiling in the human hypothala-
mus-pituitary-adrenal axis and full-length cDNA cloning. Proc
Natl Acad Sci U S A 2000; 97: 9543-9548

Rhee CH, Hess K, Jabbur J, Ruiz M, Yang Y, Chen S, Chenchik
A, Fuller GN, Zhang W. cDNA expression array reveals hetero-
geneous gene expression profiles in three glioblastoma cell lines.
Oncogene 1999; 18: 2711-2717

Wieland SF, Vega RG, Muller R, Evans CF, Hilbush B, Guidotti
LG, Sutcliffe JG, Schultz PG, Chisari FV. Searching for inter-
feron-induced genes that inhibit hepatitis B virus replication in
transgenic mouse hepatocytes. J Virol 2003; 77: 1227-1236

Edited by Xu FM and Wang XL



PO Box 2345, Beijing 100023, China
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com  www.wjgnet.com

World J Gastroenterol 2004;10(12):1746-1749
World Journal of Gastroenterology
Copyright ©2004 by The WJG Press ISSN 1007-9327

* VIRAL HEPATITIS =

Transactivating effect of hepatitis C virus core protein: A suppression

subtractive hybridization study

Min Liu, Yan Liu, Jun Cheng, Shu-Lin Zhang, Lin Wang, Qing Shao, Jian Zhang, Qian Yang

Min Liu, Shu-Lin Zhang, Qian Yang, Department of Infectious
Diseases, The First Hospital of Xi’ an Jiaotong University, Xi’ an
710061, Shaanxi Province, China

Yan Liu, Jun Cheng, Lin Wang, Qing Shao, Jian Zhang, Gene
Therapy Research Center, Institute of Infectious Diseases, 302
Hospital of PLA, Beijing 100039, China

Supported by the National Natural Science Foundation of China,
N0.39970674

Correspondenceto: Dr. Jun Cheng, Gene Therapy Research Center,
Ingtitute of Infectious Diseeses, 302 Hospitd of PLA, 100 Xishuanzhong
Road, Beijing 100039, China. ¢j@genetherapy.com.cn

Telephone: +86-10-66933392 Fax: +86-10-63801283

Received: 2003-11-21 Accepted: 2003-12-29

Abstract

AlIM: To investigate the transactivating effect of hepatitis C
virus (HCV) core protein and to screen genes transactivated
by HCV core protein.

METHODS: pcDNA3.1(-)-core containing full-length HCV
core gene was constructed by insertion of HCV core gene
into EcoRl/BamH]I site. HepG2 cells were cotransfected with
pcDNA3.1(-)-core and pSV-lacZ. After 48 h, cells were
collected and detected for the expression of b-gal by an
enzyme-linked immunosorbent assay (ELISA) kit. HepG2 cells
were transiently transfected with pcDNA3.1(-)-core using
Lipofectamine reagent. Cells were collected and total mRNA
was isolated. A subtracted cDNA library was generated and
constructed into a pGEM-Teasy vector. The library was
amplified with E. coli strain JM109. The cDNAs were
sequenced and analyzed in GenBank with BLAST search after
polymerase chain reaction (PCR).

RESULTS: The core mRNA and protein could be detected in
HepG2 cell lysate which was transfected by the pcDNA3.1(-)-
core. The activity of b-galactosidase in HepG2 cells transfected
by the pcDNA3.1(-)-core was 5.4 times higher than that of
HepG2 cells transfected by control plasmid. The subtractive
library of genes transactivated by HCV core protein was
constructed successfully. The amplified library contained 233
positive clones. Colony PCR showed that 213 clones
contained 100-1 000 bp inserts. Sequence analysis was
performed in 63 clones. Six of the sequences were unknown
genes. The full length sequences were obtained with
bioinformatics method, accepted by GenBank. It was
suggested that six novel cDNA sequences might be target
genes transactivated by HCV core protein.

CONCLUSION: The core protein of HCV has transactivating
effects on SV40 early promoter/enhancer. A total of 63 clones
from cDNA library were randomly chosen and sequenced.
Using the BLAST program at the National Center for
Biotechnology Information, six of the sequences were
unknown genes. The other 57 sequences were highly similar
to known genes.

Liu M, Liu Y, Cheng J, Zhang SL, Wang L, Shao Q, Zhang J,

Yang Q. Transactivating effect of hepatitis C virus core protein:
A suppression subtractive hybridization study. World J
Gastroenterol 2004; 10(12): 1746-1749
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INTRODUCTION

Hepatitis C virus (HCV) isamajor causative agent of chronic
liver diseases including chronic hepatitis, liver cirrhosis, and
hepatocellular carcinoma worldwide*#. The majority of
individuals infected with HCV cannot resolve their infection
and suffer from persistent chronic hepatitis. The molecular
mechanism of HCV persistence and pathogenesisis not well
understood. HCV contains a single-stranded positive-sense
RNA genome which encodes a precursor polypeptide of
approximately 3000 amino acids. After trandlation, a capsid
protein (core), envelope glycoproteins (E1 and E2), and
nonstructural proteins (NS2, NS3a, NS3b, NS4A, NS4B,
NS5A, and NS5B) are processed from the polyprotein by
cellular and viral proteases>?,

HCV core gene contains the most conserved sequencesin
the coding region of most HCV genotypes, which implies an
important biological function. Since suitable viral culture
systems are not generally availablel***?, analysis of HCV
genome organization and viral-product function is important
to understand the viral life cycle and the pathogenesis of HCV
infection. In order to understand the pathogenesis of HCV
infection, we investigated the transactivating effect of HCV
core protein.

MATERIALS AND METHODS

Construction and identification of expression vectors

pcDNA3.1(-)-core containing full-length HCV core gene was
constructed by insertion of HCV core gene into EcoRI/BamHI
site, which could directly express core protein. pcDNA3.1(-)
was obtained from Invitrogen. The gene wasidentified by PCR
and digested by EcoR |, BamH |, and Hind I11 (Takara). PCR
primerswere: up primer, 5" -GAA TTC AAT GAG CACGAA
TCC TAA-3' ;down primer, 5" -GGA TCC AGG CTG AAG
CGG GCA CA-3 (Shanghai BioAsiaBiotechnology Co., Ltd).

Cotransfection with reporter vectors pSV-lacZ

HepG2 cells were transfected by various concentrations of
pSV-lacZ (0.1-1.8 pg) (Promega). Expression of b-gal was
detected by using b-gal assay kit (Promega). The best
concentration of pSV-lacZ was selected, HepG2 cells with
pcDNAZ3.1(-)-core and pSV-lacZ were cotransfected. At the
same time, HepG2 cells were cotransfected with empty
pcDNA3.1(-) and pSV-lacZ as control. After 48 h, cellswere
collected and the expression of b-gal was detected.

Expression of pcDNA3.1(-)-core in HepG2 cells

HepG2 cells were transiently transfected with pcDNA3.1(-)-
core using Lipofectamine. At the same time, empty vectors
were also transfected into cells as control. HepG2 cells were



Liu M et al. Transactivating effect of hepatitis C virus core protein 1747

plated at a density of 1x10° on a 35 mm plate in RPMI11640
containing 100 U/mL of penicillin, 100 pg/mL of streptomycin,
and 100 mL/L heat-inactivated FBS. After 24 h of growth to
40-50% confluentce, the cells were transfected with plasmids
by using Lipofectamine according to the manufacturer’ s
protocol (Gibco Co.).

mRNA and cDNA isolation

Total cellular RNA was isolated using TRIzol (Invitrogen)
according to the manufacturer’ sinstructions. cONAs were
reversaly-transcribed from total RNA. Theresult wasidentified
by PCR. Cellswere collected and mRNA wasisolated by using
amicro mRNA purification kit (Amersham Biosciences).

Generation of a subtracted cDNA library

Genome comparisons were performed by suppression
subtraction hybridization according to the manufacturer’ s
instructions of PCR-selectTM cDNA subtraction kit
(Clontech). In brief, 2 pg aliquots each of poly(A)+ mRNA
from the tester and the pooled driver were subjected to cDNA
synthesis. Tester and driver cDNAs were digested with Rsal.
The tester cDNA was subdivided into two portions, and each
was ligated with a different cDONA adapter. In the first
hybridization reaction, an excess of driver was added to each
sampl e of tester. The sampleswere heat denatured and allowed
to be annealed. Because of the second-order kinetics of
hybridization, the concentration of high- and low-abundance
sequences was equalized among the single-stranded tester
molecules. At the sametime single-stranded tester mol ecules
were significantly enriched for differentially expressed
seguences. During the second hybridization, the two primary
hybridization samples were mixed without denaturation.
Only the remaining equalized and subtracted single-stranded
tester cDNASs could reassociate, forming double-stranded
tester moleculeswith different ends. After the endswerefilled
with DNA polymerase, the entire population of molecules
was subjected to nested PCR with two adapter-specific
primer pairs.

Cloning subtracted library into pGEM-Teasy vector
Products of these amplified A overhangs containing a
subtracted cDNA library (3 pL) were ligated into a pGEM-
Teasy plasmid (Promega). Subsequently, the plasmid was
introduced into Escherichia coli strain IM109. Bacteriawere
transferred into 800 pL of SOC medium and allowed to be
incubated for 45 min at 37 ‘C and centrifuged at 225 rpm.
Then they were plated onto agar plates containing ampicillin
(50 pg/mL), 5-bromo-4-chloro-3-indolyl-b-D-galactoside
(X-Gd; 20 pg/cm?), and isopropyl-b-D-thiogaactosde (IPTG;
12.1 pg/cm?) and incubated overnight at 37 'C. White colonies
were picked and identified by PCR. Primers were T7/SP6
primer of pGEM-Teasy plasmid. After the positive colonies
(Shanghai BioAsia Biotechnology Co., Ltd) were sequenced,
nucleic acid homology searches were performed using the
BLAST (basic local alignment search tool) server at the
National Center for Biotechnology Information.

RESULTS

Identification of expression vector

Figure 1 shows pcDNA3.1(-)-core of the PCR assay for
plasmid and digestion of restriction enzyme analysis.
Restriction enzyme analysis of pcDNA3.1(-)-core plasmid with
EcoRI/BamH | yielded two bands: 4 900 bp empty pcDNA3.1
(-) and 573 bp HCV core. Cleavage with Hind |11 produced
only one 5 500 bp band (4 900 bp+573 bp). The products of
plasmid were amplified by PCR. Analysis of the PCR reaction

products by agarose gel electrophoresis showed a clear band
with the expected size (573 bp). Sequence of the PCR product
was correct.

5 000 bp

750 bp
500 bp

573 bp

M 1 2 3

Figure 1 Products of pcDNA3.1(-)-core PCR and restriction
enzyme cleavage were electrophoresed in 1% agarose gel. Lane
1: EcoRI/BamHI cleaved; lane 2: Hindlll cleaved; lane 3: prod-
ucts of plasmid PCR; M: DNA marker, (15 000 bp+ 2 000 bp).

Identification of HCV core transient expression

The total MRNA was reversely-transcribed by three different
Oligo dT, identification of cDNA by PCR yielded a common
573 bp band (Figure 2). Table 1 shows co-transfected pcDNA3.1
(-)-core and pSV-lacZ into HepG2 cells, transient expression
of HCV core was positive. On the contrary, empty pcDNA3.1
() co-tranfected HepG2 cells were negative.

750 bp

500 bp 573 bp

M 1 2 3 4 5 6

Figure 2 RT-PCR products were electrophoresed in 1% agar-
ose gel. Lane 1: negative control; lanes 2-4: total RNA was iso-
lated from pcDNAS3.1(-)-core and RT-PCR was performed by
three different Oligo dT; lane 5: blank control; lane 6: positive
control; M: DNA marker (2 000 bp).

Table 1 Transient expression of pcDNA3.1(-)-core in HepG2
cells

Group Coat Ag P P/N Results
(n=0.05) (+/-)
pcDNAZ3.1(-)-core  pcDNA3.1(-)-core  0.219 4.38 +
lysate
Blank plasmid pPcDNA3.1(-) lysate 0.034 0.68 -
Positive control HCV core Ag 1.299 24.60 +
Negative control ~ PBS 0.012 0.24 -

Result of pcDNA3.1(-)-core and pSV-lacZ cotransfection
Selection of 0.3 ug pSV-lacZ served as the best concentration
by analysis. After cotransfection of pcDNA3.1(-)-core and
pSV-lacZ, the A value of expression of b-gal was 0.219. In
contrast, the A value of expression of b-gal by cotransfected
empty pcDNA3.1(-) and pSV-lacZ was 0.034. Expression of
b-gal was 5.4-fold higher in cotransfected pcDNA3.1(-)-core
and pSV-lacZ than in cotransfected empty pcDNA3.1(-) and
pSV-lacZ (Figure 3). The significant increase of expression of
b-gal was attributed to the transactivating effect of HCV core
on early promoter of SV40, leading to the increased expression
of downstream gene lacZ.
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Figure 3 Comparison of A values among transfection groups.
1. Negative control (PBS); 2. pcDNA3.1(-)-core; 3. Blank plasmid;
4. Positive control.

Analysis of subtraction library

Using suppression subtractive hybridization technique (SSH),
we obtained atotal of 233 positive clones. These clones were
prescreened by using PCR amplification to make sure that only
clones with different inserts were subjected to sequencing
(Figure 4). Two hundred and thirteen clones contained
100-1 000 bp inserts. A total of 63 clonesfrom cDNA library
were randomly chosen and sequenced. Using the BLAST
program at the National Center for Biotechnology Information,
six of the sequences were unknown genes. The full length
sequences accepted by GenBank were obtained with
bioinformatics method. The other 57 sequences had a high
similarity to known genes. Twenty-one of the sequences were
100% identical in nucleotide sequence to previoudy described
sequences. Summary of the datais presented in Table 2.

M 30 31 32 33 34 35 36 37

1 000 bp |
250 bp

38 39 40 41 42 43 44 45

1 000 bp
100 bp

Figure 4 Agarose gel electrophoresis of PCR products of some
clones (30-45). M: DNA marker (2 000 bp).

Table 2 Comparison between positive clones and similar
sequences in GenBank

High similarity to known genes Number of similar clones

Ribosomal protein 21
Eukaryotic translation elongation factor
Eukaryotic translation initiation factor
Heat shock factor binding protein (HSBP)
Apolipoprotein

NADH dehydrogenase

Heterogeneous nuclear ribonucleoprotein
D-like (HNRPDL), transcript variant
Alpha-2-macroglobulin (A2M)

Bile acid-binding protein (BABP)
Cathepsin C (CTSC)

Fibronectin (FN precursor)

w w o1 o g o

Magnesium-dependent protein phosphatase
Thioredoxin-related transmembrane protein

L L N

WEEL gene for protein kinase

DISCUSSION

Thediversefunctional activitiesof HCV putative core protein
have already been noted by a number of investigators. These
include nucleocytoplasmic localization!*, regulation of
cellular and unrelated viral promotersinin vitro studieg>,
inhibition of apoptosis under certain conditiond®¥, physical
association with apolipoprotein 112 and cytoplasmic tail of
the lymphotoxin b-receptor!?22, promotion of normal cells
to a transformed phenotype!?®, and transactivation of
suppression of cell growthft224,

We cotransfected HepG2 cellswith pcDNA3.1(-)-core and
pSV-lacZ and demonstrated that the HCV core was successfully
expressed in transfected HepG2 cells. Expression of b-gal was
5.4-fold higher in cotransfected pcDNA3.1(-)-core and pSV-
lacZ than in cotransfected empty pcDNA3.1(-) and pSV-lacZ.
HCV core had significant transactivating effects on the early
promoter of SV40, through increasing the expression of
downstream gene lacZ. Thisresult indicates that the HCV core
protein expressed in HepG2 cellsretainsits biological activity
in terms of transcriptional activation, which was inconsi stent
with the previous report!?3,

The nucleocapsid core protein of HCV has been shown to
trans-act on several viral or cellular promotersg?®162528, To get
insight into the trans-action mechanism of HCV core protein,
an SSH was used for identification of relatively transactivated
target genes of HCV core protein. HCV core protein relatively
transactivated gene subtractive library was set up successfully.
Sequence analysis was performed in 63 clones. Five of the
sequences matched strongly (>97% nucleotide identity) with
the apolipoprotein (Apo) sequence. Two of those sequences
matched strongly (>97% nucleotideidentity) with the bile acid-
binding protein (BABP).

Several lines of evidence suggest that HCV core protein
may modulate cellular transduction signals and alter lipid
metabolism. A characteristic of HCV infection isthe presence
of liver steatosis. It is plausible that this steatosis could arise,
at least in part, from direct effects of HCV proteins on lipid
metabolism. Thelevels of apoAl and high density lipoprotein
areindependent predictive factorsresponseto treatment(?”. Apo,
aprotein that bind to lipids and renders them water solublein
the form of lipoproteins, could be a good candidate for an
interaction with the core protein. HCV has been described as a
lipid-containing virus and in plasma of patients shows a
heterogeneous density distribution partially dueto its binding
to low density lipoprotein, very low density lipoprotein, 19G,
and to aminor degree of IgM and high density lipoprotein'®.,
Barba et al.!*® by double immunofluorescence and confocal
analysis of the core and apo revealed colocalization of apoAll
and the HCV core protein in the globular structures. Sabile
et al.™ investigated the binding of HCV core protein to cellular
proteins expressed in HepG2 cells by combining 2 yeast hybrid,
confocal and surface plasmon resonance assays. The results
showed the direct binding of the viral protein to apolipoprotein
All (apoAll) and mapped the interaction domain to the C-
terminal of HCV core protein. Taking advantage of the well-
established increase in apoAll expression caused by fibersin
HepG2 cells, they identified that apoAll was one of the cellular
targetsfor HCV core protein and the intervention of fenofibric
acidin cellular lipid metabolism directly affected the expression
pattern of HCV core protein.

It has been discovered that bile acids are the natural ligand
for a nuclear receptor termed farnesoid X receptor (FXR,;
NR1H4)#%%2, Therefore, bile acids may beimportant regulators
of geneexpressionin theliver and intestines. To date, the genes
that have been shown to be responsive to regulation by FXR
encoded proteins are involved in the biosynthesis and transport
of bile acidd*!. Bile acids have been shown to modulate a
variety of other cdllular functions, such as secretion of lipoproteins
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from hepatocytes®* and trand ocation of bile acid transporters
to the hepatocyte canalicular membraneg®, Our resultsindicate
that HCV core protein interactswith bile acid-binding proteins.
Maybe it isaway that HCV core protein affects cellular lipid
metabolism.

Our results revealed a number of novel and known genes
that responded to HCV core. The 6 unknown nucleotide
sequences of SSH fragments are deposited in GenBank under
accession numbers of AY 038359, AY 038361, AY 039041,
AY 039042, AY 039043, and AY 039044.
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Abstract

AIM: The pathogenesis of delayed gastric emptying in
patients with non-ulcer dyspepsia (NUD) remains unclear.
We aimed to examine whether gastric emptying rate in
NUD patients was associated with Helicobacter pylori (H pylori)
infection and whether it was affected by eradication of
the infection.

METHODS: Gastric emptying rate of a mixed solid-liquid
meal was assessed by the paracetamol absorption method
in NUD patients and asymptomatic controls (n=17). H pylori
status was assessed by serology and biopsy urease test.
H pylori-positive NUD patients (n=23) received 10-day triple
eradication therapy. H pylori status was re-assessed by
biopsy urease test four weeks later, and if eradication was
confirmed, gastric emptying rate was re-evaluated.

RESULTS: Thirty-three NUD patients and 17 controls were
evaluated. NUD patients had significantly delayed gastric
emptying compared with controls. The mean maximum
plasma paracetamol concentration divided by body mass
(Cmax/BM) was 0.173 and 0.224 mg/L-kg respectively
(P=0.02), the mean area under plasma paracetamol
concentration-time curve divided by body mass (AUC/BM)
was 18.42 and 24.39 mg-min/L-kg respectively (P=0.01).
Gastric emptying rate did not differ significantly between
H pylori-positive and H pylori-negative NUD patients. The
mean Cmax/BM was 0.172 and 0.177 mg/L-kg respectively
(P=0.58), the mean AUC/BM was 18.43 and 18.38 mg-min/
L-kg respectively (P=0.91). Among 14 NUD patients who
were initially H pylori-positive, confirmed eradication of
the infection did not significantly alter gastric emptying rate.
The mean Cmax/BM was 0.171 and 0.160 mg/L-kg before
and after Hp eradication, respectively (P=0.64), the mean
AUC/BM was 17.41 and 18.02 mg-min/L-kg before and after
eradication, respectively (P=0.93).

CONCL USION: Although gastric emptying is delayed in NUD

patients compared with controls, gastric emptying rate is
not associated with H pylori status nor it is affected by
eradication of the infection.

Leontiadis GI, Minopoulos Gl, Maltezos E, Kotsiou S, Manolas
KI, Simopoulos K, Hatseras D. Effects of Helicobacter pylori
infection on gastric emptying rate in patients with non-ulcer
dyspepsia. World J Gastroenterol 2004; 10(12): 1750-1754

http://www.wjgnet.com/1007-9327/10/1750.asp

INTRODUCTION

Dyspepsiais defined as pain or discomfort centered in the
upper abdomen, according to the Rome 1 criterid. Discomfort
refersto a subjective, unpleasant feeling that the patient does
not interpret as pain and which caninclude any of thefollowing:
upper abdominal fullness, early satiety, bloating, or nausea.
Functional or non-ulcer dyspepsia (NUD) is defined as
persistent or recurrent dyspepsiafor at least 12 wk, which need
not to be consecutive, within the preceding 12 mo of persistent
or recurrent dyspepsia, with no evidence of organic disease
that islikely to explain the symptoms, and no evidence that
symptoms are exclusively relieved by defecation or
associated with the onset of a change in stool frequency or
stool form (i.e., not irritable bowel syndrome)t.

NUD isacommon hedthcare problem: The estimated annual
prevalence in Western countriesis 15%?. Despite agreat deal
of scientific attention, little is known about the pathogenesis
of NUD. Helicobacter pylori (H pylori) infection and delayed
gastric emptying have both been documented to have higher
prevalencein patients with NUD compared with asymptomatic
control$® 4, However, itisunknown if H pylori infection and/or
delayed gastric emptying are involved in the pathogenesis of
NUD. Furthermore, it is still unclear whether there is a causal
association between these two factors in patients with NUD.

Therefore, we designed this study to investigate whether
gastric emptying rate in patients with NUD was associated
with the presence of H pylori infection, and whether the
eradication of the infection affected the gastric emptying rate
in these patients. We also sought to confirm in our population
thewell-known finding of delayed gastric emptying in patients
with NUD compared with asymptomatic controls.

MATERIALS AND METHODS

Subjects

Consecutive patients with dyspeptic symptomswho attended the
self-referred out-patient clinic of the 2™ Department of Internal
Medicine, General Regiona Hospital of Alexandroupoliswere
candidatesfor inclusion in the study. Incluson criteriawere: (1)
age between 18 and 65 years; (2) presence of dyspeptic
symptoms, defined as upper abdominal pain, upper abdominal
discomfort, upper abdominal fullness, early satiety, or nausea/
vomiting, continuoudly or intermittently for at least three mo; (3)
no relevant findings revealed by physical examination other
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than epigastric tenderness; (4) normal gastroscopy except mild
erythemaof gastric or duodenal mucosg; (5) normal abdominal
ultrasound scan; (6) normal full blood count, liver function tedts,
fasting glucose, ureg, creatinine, eectrolytes, amylase and thyroid
function tests. Exclusion criteriawere: (1) presence of any organic
or psychiatric disease that could affect the evaluation, trestment
or compliance of the patient; (2) heartburn as the predominant
symptom; (3) predominant symptoms being compatible with
the diagnosis of irritable bowel syndrome or functional
constipation as defined by Rome | criteria®; (4) pregnancy or
breast feeding; (5) chronic alcoholism or drug abuse; (6) past
medical history of peptic ulcer disease, oesophagitis,
pancrestitis, abdomina trauma, or abdominal surgery other than
uncomplicated appendectomy; (7) intake of antibiotics 4 wk
prior to inclusion; (8) regular intake of non steroidal anti-
inflammatory drugs, including aspirin, or other medicationsthat
could cause dyspepsia during the 3 mo prior to inclusion.

The asymptomatic controls were recruited from the
employees of General Regional Hospital of Alexandroupalis.
Eligibility criteriawere: (1) age between 18 and 65 years; (2)
absence of dyspeptic symptoms; (3) absence of any organic or
psychiatric disease that could affect the evaluation, treatment
or compliance of the participant; (4) intake of antibiotics 4 wk
prior to inclusion.

Proton pump inhibitors and H,-receptor antagonists were
withheld from all participants for 7 d before gastroscopy or
gastric emptying testing. Paracetamol and all medicationswith
any known potential effect on gastrointestinal motility were
withheld for, respectively, two and three days before gastric
emptying testing.

Study prolocol

Study procedures were timed as follows: NUD patients
underwent gastroscopy and two biopsy specimens were
collected, one from the antrum and one from the corpus, for
urease testing for H pylori (CLOtest®, Delta West Ltd,
Australia). The presence of H pylori 1gG antibodiesin serum
was assessed by ELISA (H pylori GVE 57311 1gG, PLK, Italy).
On the following day, gastric emptying rate was assessed by
the paracetamol absorption method as described below.
H pylori -positive NUD patients received 10 d of H pylori
eradication therapy consisting of omeprazole 20 mg twice daily,
amoxicillin 1 000 mg twice daily and clarithromycin 500 mg
twice daily. Four weeks later, H pylori status was re-assessed
by biopsy urease test. If eradication of H pylori infection was
confirmed, gastric emptying rate was re-evaluated.
Asymptomatic controls were tested for H pylori infection by
serology (H pylori 1gG ELISA) and had gastric emptying rate
assessed by the paracetamol absorption method.

The study protocol conformed to the World Medical
Association Helsinki Declaration in 1964 as amended in 1996
and was approved by theregiona Ethics Committee. Informed
consent was obtained from all study subjects. This work was
not financidly supported by any outside agency or pharmaceutical
company.

Assessment of gastric emptying rate

Gastric emptying rate was assessed by the paracetamol
absorption method, which was conceived by Heading et al's”
and recently re-evaluated® 9. The test meal was administered
following overnight fasting and consisted of: (1) three cream
crackers (total massis 35 g); (2) a200-mL carton of Fortimel®
(Nutritcia Clinical, Holland; liquid nutritional supplement;
410mOsM/L; 4.184x10°kJ/L; containing 19.4 g of protein, 4.2g
of fat and 20.8 g of carbohydrates per carton); (3) 1 g of
paracetamol as two tablets 500 mg Depon®, Bristol-Myers
Squibb; (4) 200 mL of tap water. Peripheral venousblood samples
were obtained via a heparinised cannulaimmediately after the

ingestion of paracetamol (time 0) and at 30 min intervasover a
3-h period (7 samplesin total). During the 3-h test period, the
subjects were freeto sit, stand or walk; they were not adlowed to
egt, drink or smoke.

Paracetamol plasma concentration was determined with the
TDXFLx®System (Abbott, IL, USA) by using fluorescence
polarization immunoassay technology. The following
parameterswere calculated: timeto detect paracetamol in plasma
(lag phase), maximum plasmaparacetamol concentration divided
by body mass (C..» /BM); time to reach maximum plasma
paracetamol concentration (T.«), area under the plasma
paracetamol concentration —time curve divided by body weight
(AUC/BM).

Primary outcomes were the absolute difference in gastric
emptying rate as assessed by Cmax/BW and AUC/BW in
H pylori-positive and H pylori-negative NUD patients, and in
H pylori- positive NUD patients before and after eradication.

Secondary outcomes were the absolute difference in gastric
emptying rate as assessed by Cmax/BM and AUC/BM in NUD
patients compared to asymptomatic controls. We also assessed
gastric emptying lag phase and T« in all study groups.

Sample size calculation

Samplesizewascalculated a priori with the Altman nomogram*?,
A pilot study of five H pylori-positive NUD patients provided
an estimate of mean C../BM (19.0 mg- mir/L - kg) and standard
deviation (5.0 mg- min/L- kg). We calculated that at least 10
subjectswere required in each study group (H pylori-negative
NUD patients, H pylori-positive NUD patients, post-
eradication NUD patients, asymptomatic controls) in order to
detect aclinically important relative difference (a priori set
as=25%) between two study groups or within person comparison
beforeand after H pylori eradication (1-b=0.8,a=0.05, twotailed
significance).

Statistic analysis

Statistical analysis was carried out according to a pre-
established analysis plan. Proportions were compared by c¢?
test with Fisher’ s exact test when appropriate. Regarding
continuous outcomes, study groupswere compared by theMann-
Whitney U test, while differences before and after H pylori
eradication were assessed by Wilcoxon matched pairs signed
rank test. Two sided significance tests were used throughout.
The software used was Statistical Package for the Social
Sciences 10.0.1 for Windows(rel ease 1999, SPSSInc., Chicago,
IL). Confidence intervals were calculated with Confidence
Interval Analysissoftware 2.0.0 (release 2000, T. Bryant, Univ.
of Southampton).

RESULTS

Thirty-three patientswith NUD and 17 asymptomeatic volunteers
were included in the study during two recruitment periods
(January to March 1997 and March to April 1998). All
participants were Caucasian. Twenty-three of the NUD
patients (70%) had both a positive serum anti-H pylori 1gG
and biopsy urease test and were considered H pylori- positive.
The remaining 10 NUD patients had both tests negative and
were considered H pylori- negative. Thebasdine characteritics
of the study groups are displayed in Table 1. The only significant
difference found was a difference in age between control group
and NUD group (P=0.02). Nevertheless multiple regression
(ANOVA) revesaled that age had no effect on any of the study
outcomes. Therewas, therefore, no need for adjustment for age.

All study subjects underwent eva uation of gastric emptying.
There was no significant difference in gastric emptying rate
between H pylori-positive and H pylori-negative NUD patients
as assessed by the primary study parameters C.»/BM and
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AUC/BM (Téable2). NUD patientshad significantly delayed gastric
emptying compared with asymptomatic controls as assessed by
Crax /BM and AUC/BM (Table 3). Gadtric emptying lag phaseand
Tmadid not differ sgnificantly in any comparison (detanot shown).

All 23 H pylori-positive NUD patients received eradication
therapy. Of those, 18 completed the 10-d course and 4 wk later
underwent repeat gastroscopy and biopsy urease test,
eradication was confirmed in 14 patients (per protocol
eradication rate 77.8%). Of the remaining five patients who
received eradication therapy, 4 did not consent to repeat
gastroscopy and 1 discontinued the course on the third day
due to severe diarrhea (C. difficile toxin negative). No other
side effects of the eradication regimen were reported on direct
questioning.

All 14 NUD patients with confirmed H pylori eradication
underwent repeat assessment of gastric emptying. No
significant difference was found in the gastric emptying
parameters C... /BM and AUC/BM compared with the values
prior to eradication (intra-individual comparisons) as shown
in Table4. Neither gastric emptying lag phase nor T, differed
significantly compared with the values prior to eradication
(data not shown).

DISCUSSION

This study confirmed that gastric emptying is significantly
delayed in patients with NUD compared to asymptomatic
controls (Table 3). This has been well established for yeard® 4.

In fact, our results showed that the 95% confidence interval
(CI) for the absolute difference between the medians of gastric
emptying parameters, C» /BW and AUC/BW, was compatible
with arelative difference encompassing the predefined limit of
clinical importance (i.e. 25%). Consequently, our results need
to be interpreted as evidence of a statistically significant
differencein gastric emptying rate between patients with NUD
and asymptomatic controls, which however isunclear if it is
clinically relevant. The above comparison was not the primary
outcome of our; Nonethelss the fact that these results arein
agreement with the current medical literature corroborates the
methodologica validity of our study and the credibility of the
main outcomes.

The pathophysiology of delayed gastric emptying in patients
withNUD, aswell asitsclinical implications, remainsunknown.
H pylori gastritis - which was also more prevalent in patients
with NUDE! - has been suggested as a causal factor for the
gastric motility disorders found in these patients. Thereisno
solid evidence supporting this hypothesis although there is
some biological plausibility since a mucosal inflammatory
reaction could affect the function of enteric nerves and smooth
muscle?,

In our attempt to investigate the potential role of H pylori
in the above mentioned motility disorders, we found that the
gastric emptying rate in patients with NUD did not differ
significantly between H pylori-positive and H pylori-negative
patients (Table 2). Furthermore, eradication of H pylori infection
in patientswith NUD did not induce any significant modification

Table 1 Baseline characteristics of patients with non-ulcer dyspepsia (NUD)

Charateristics Controls (n=17)

All NUD pts (n=33)

Hp positive NUD pts (n=23) Hp negative NUD pts (n=10)

Sex (Male:Female) 9:8 20:13

Age (yr) (meantSD) 27.7+6.7 37.3114.5
Body mass (kg) (meantSD) 66.6+13.8 74.3+10.0
Hp(+) (%) 9 (52.9) 23 (69.7)
Smokers (%) 8 (47.1) 10 (30.3)

13:10 7:3
39.3+14.2 35.2+18.4
75.6+9.8 71.2+10.1
23 (100) 0 (0)

7 (30.4) 3(30)

Table 2 Gastric emptying: H pylori-positive NUD patients vs H pylori-negative NUD patients

parameters (meantSD, M) Hp positiveNUD pts (n=23)

Hp negative NUD pts (n=10) Mann-Whitney U test

95% CI for difference between
medians (Hp pos. —-Hp neg.)

Cmax/BM(mg/L - kg)
AUC/BM(mg-min/L-Kkg)

0.17240.070 (0.153)
18.43+6.93 (18.53)

0.177+0.050 (0.176)
18.38+5.94 (19.42)

P=0.58
P=0.91

-0.050 to 0.037
-5.36 to 4.62

Cimax /BM: maximum plasma paracetamol concentration divided by body mass; AUC/BW: area under the plasma paracetamol

concentration-time curve divided by body mass. M: median.

Table 3 Gastric emptying: NUD patients vs asymptomatic controls

Parameters (meantSD, M) NUD pts (n=33)

Controls (n=17)

95% CI for difference between
medians (NUD pts—Controls)

Mann-Whitney U test

Cmax/BM (mg/L-kg)
AUC/BM (mg-min/L-kg)

0.173£0.064 (0.163)
18.42+6.56 (18.53)

0.224+0.076 (0.221)
24.34+8.06 (25.53)

P=0.02
P=0.01

-0.012 t0-0.095
-2.11 t0-10.93

Crax /BM: maximum plasma paracetamol concentration divided by body mass; AUC/BM: area under the plasma paracetamol

concentration — time curve divided by body mass. M: median.

Table 4 Gastric emptying: H pylori-positive NUD patients before and after eradication (intra-individual comparisons)

Initially Hp positive NUD pts (n=14)

Parameters (meantSD, M)

Wilcoxon matched pairs test 95%CI for the median

Before eradication

After eradication

difference (after — before)

Cmax/BM (mg/L -kg)
AUC/BM (mg-min/L-kg)

0.171+0.074 (0.167)
17.41#5.25 (18.95)

0.160+0.064 (0.146)
18.02+7.25 (16.88)

P=0.64
P=0.93

-0.047 to 0.278
-3.04 to 4.38

Cimax /BM: maximum plasma paracetamol concentration divided by body mass. AUC/BM: area under the plasma paracetamol

concentration-time curve divided by body mass. M: median.
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of the gastric emptying rate (Table 4). However, for both
comparisons, the 95% ClI for the absolute difference between
the medians of gastric emptying parameters was marginally
compatible with the pre-defined level of aclinically important
relative difference of 25%. Thisshould beinterpreted, therefore,
as insufficient evidence to confirm or exclude a clinically
important differencein gastric emptying rate between H pylori-
positive and H pylori-negative patients with NUD. The same
conclusion applies to the changes of gastric emptying rate
following eradication of H pylori infection in patientswith NUD.

Our resultsarein agreement with most previous publications,
which did not detect any influence of H pylori statuson gastric
emptying ratein patientswith NUD!**%1, However, itispossible
that some of these studies were not adequately powered to
detect the targeted difference. Some investigators were able to
demonstrate significant differences, but their conclusions
differed. For example, Fock et al . found that gastric emptying
was slower in H pylori-positive NUD patients compared to
H pylori-negative NUD patients, while Tucci et al.!* found
the opposite. No meta-analysis has yet addressed this issue.

Regarding the effect of the eradication of H pylori infection
on gastric emptying ratein NUD patients, our resultsarein line
with three other trials, which were unableto detect any changes
in gastric emptying rate after afollow up period of ong®, six(?
and 12 mo'®!, Nonetheless, other investigators found that
eradication of the infection significantly increased gastric
emptying rate after a follow-up of 1 mo® or “normalised”
previously abnormal (i.e. rapid or delayed) gastric emptying
after a2-mo follow up™. There wasconsiderable methodological
heterogeneity among these trials, which complicates any
attemptsto draw a conclusive answer.

Further larger trials would be helpful. These would be
facilitated by using safe and non-invasive methods of gastric
emptying assessment, such as the parecetamol absorption
method, ultrasonography®, or **C octanoic acid breath test.
Utilization of urea breath testing for confirmation of H pylori
eradication®, which was not available to us at the time of the
research, might improve the compliance of participants and
could allow investigators to lengthen the post-eradication
follow-up timewithout asignificant dropout rate. Future studies
should also explore whether specific H pylori characteristics,
such as CagA phenotype™®, or differencesin host response
areimplicated in the pathogenesis of gastric emptying disorders
in patientswith NUD.

In conclusion, gastric emptying is delayed in patients with
NUD but isunrelated to H pylori status. Eradication of H pylori
infection in H pylori-positive patients with NUD does not
significantly alter the gastric emptying rate. Although our
results are not definitive, they will contribute to a better
understanding of the pathogenesis of NUD - especially when
quantitatively synthesised with analogous datain future meta-
analyses.
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Abstract

AIM: To demonstrate the effect of lactose as an inducer
on expression of the recombinant proteins encoded by
Helicobacter pylori ureB and hpaA, and Escherichia coli
LTB and LTKA63 genes and to determine the optimal
expression parameters.

METHODS: By using SDS-PAGE and BIO-RAD gel image
analysis system, the outputs of the target recombinant
proteins expressed by pET32a-ureB-E.coliBL21, pET32a-
hpaA-E.coliBL21, pET32a-LTKAG63-E.coliBL21 and pET32a-
LTB-E.coliBL21 were measured when using lactose as inducer
at different dosages, original bacterial concentrations,
various inducing temperatures and times. The results of
the target protein expression induced by lactose were
compared to those by isopropyl-b-D-thiogalactoside (IPTG).
The proteins were expressed in E.coli.

RESULTS: Lactose showed higher efficiency of inducing
the expression of rHpaA, rUreB, rLTB and rLTKA63 than
IPTG. The expression outputs of the target recombinant
proteins induced at 37 “C were remarkably higher than those
at 28 C. Other optimal expression parameters for the original
bacterial concentrations, dosages of lactose and inducing
time were 0.8, 50 g/L and 4 h for rHpaA; 0.8, 100 g/L and
4 h for rLTKA63; 1.2, 100 g/Land 5 h for both rUreB and
rLTB, respectively.

CONCLUSION: Lactose, a sugar with non-toxicity and low
cost, is able to induce the recombinant genes to express
the target proteins with higher efficiency than IPTG. The
results in this study establish a beneficial foundation for
industrial production of H pylori genetic engineering vaccine.

Yan J, Zhao SF, Mao YF, Luo YH. Effects of lactose as an
inducer on expression of Helicobacter pylori rUreB and rHpaA,
and Escherichia coli rLTKA63 and rLTB. World J Gastroenterol
2004; 10(12): 1755-1758

http://www.wjgnet.com/1007-9327/10/1755.asp

INTRODUCTION
In China, chronic gastritisand peptic ulcer aretwo most common

gastric diseased¥, and gastric cancer is one of the malignant
tumorswith high mortalities and morbidities.

Helicobacter pylori (H pylori), amicroaerophilic, spiral
and Gram-negative bacterium, isrecognized asahuman-specific
gastric pathogen that colonizes the stomachs of at least half of
the world’ s populations. Most infected individuals are
asymptomatic. However, in some subjects, H pylori infection
causes acute, chronic gastritis and peptic ulcerationt®4,
and acts as a high risk factor on development of gastric
adenocarcinoma®>¥, and mucosa-associated lymphoid tissue
(MALT) lymphoma®-23,

Itisgeneraly considered inoculation of H pylori vaccineis
amost efficient measure for prevention and control of H pylori
infection*). However, high nutrition requirements, poor growth
for along time, easy contamination during the cultivation and
difficulty of bacterial strain conservation make whole cell
vaccine of H pylori impracticable. Genetic engineering vaccine
seemsto be apossible pathway for developing H pylori vaccine.

I sopropyl-b-D-thiogalactoside (IPTG), a highly stable and
effective inducer on T7lac promoter for target recombinant
protein expression, iswidely used in laboratories. However,
IPTG isareagent with potential toxicity and high cost*™!, which
limitedit asapractical inducer for industrial production of genetic
engineering vaccines. It was reported that lactose, a common
disaccharide, is aso able to induce T7lac promoter after it is
transformed into allolactose*®. The low-cost and non-toxicity
make lactose a practical potential for engineering products. In
comparison with IPTG, the parameters of lactose inducing
different recombinant protein expression vary greatly and
its optimal working conditions are established usually by a
large number of laboratory tests*”. In our previous studies,
urease subunit B (UreB) and H pylori adhesin (HpaA) were
demonstrated as fine candidates in H pylori engineering
vaccine®®%9, For improving immunogenicity of the vaccine,
heat-labile enterotoxin subunit A mutant at the 63rd position
(LTKAB3) and subunit B (LTB) of Escherichia coli were
selected as adjuvantsi?”. In this study, 4 constructed
prokaryotic expression systems of ureB, hpaA, LTKA63 and
LTB were used as the target genes to determine the inducing
effectswith different lactose dosages, temperatures and times,
and original bacterial concentrations on expression of the
recombinant proteins.

MATERIALS AND METHODS

Materials

Four prokaryotic expresson sysemsof pET32a-ureB-E.coliBL21,
pPET32a-hpaA-E.coli BL21, pET32a-LTKAG3-E.coliBL21 and
pET32a-LTB-E.coliBL21 were constructed and offered by our
laboratory. Tryptone, yeast extract for LB medium were
purchased from OXOID (Basingstoke, Hampshire, England).
IPTG and lactose used for inducement, and SDS, glycine and
DTT were offered by BBST (Shanghai, China). Acrylamide, N,
N’ -methylen-bis-acrylamid and TEMED were obtained from
Serva(Heidelberg, Germany).

Methods
Deter mination of optimal inducing concentr ationsof lactose
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and temperatures A colony of each the four engineering
bacteriain LB agar plateswasinoculated into 5 mL of LB liquid
medium and then incubated on rotator with 200 r/minat 37 °C for
12 h. The values at Aspx measured by spectrophotometry were
used to indicate the bacterial concentrations. Lactose at thefinal
concentrations of 5, 10, 50 and 100 g/L were added into the
cultures of the 4 strains with the Agy values of 1.2, respectively,
and then incubated on 200 r/min shaking a 28 °C or 37 °C for 4 h.
The bacteriain the medium were collected by centrifugation. By
using SDS-PAGE, the expression and outputs of the target
recombinant proteins (rUreB, rHpaA, rLTKA63 and rLTB) were
examined and estimated, respectively. BIO-RAD gel image
analysis system was applied to measure the outputs of target
protein fragments by their area percentagesin thetotal bacterial
proteins. 0.5 mmol/L PTG was s multaneoudy used asan inducer
control, which inducing effectsfor the four recombinant proteins
had been confirmed in our previous studieg*®2%,

Deter mination of optimal original bacterium concer ntrations
for inducement Four engineering bacterial strains were
inoculated with proportion of 1:100 (V/V) intoL B liquid medium
and then incubated on 200 r/min shaking at 37 “C. According to
the results obtained above, lactose at the final concentrations
of 100, 50, 100 and 100 g/L for inducement of rUreB, rHpaA,
rLTKAG3 and rLTB expression was added into the cultures
with the Agy values of 0.2, 0.4, 0.8, 1.2, 1.6, 2.0 and 2.4,
respectively. The lactose added cultures were continuously
incubated on 200 r/min shaking at 37 “C for 4 h. The outputs of
rureB, rHpaA, rLTKA63andrLTB wereexamined by SDS-PAGE
and BIO-RAD gel image analysis system.

Effects of thetarget protein expression by using different
inducing time According to the results obtained above, the
optimal original bacteria concerntration for inducement was
1.2 (Asx)- Thefour different bacterial cultures (Asw=1.2), which
expressing rureB, rHpaA, rLTKAG3 or rLTB, were added with
lactose at the final concentrations of 100, 50, 100, 100 g/L,
respectively. The cultures were continuously incubated on
200 r/min shaker at 37 °C for 1, 2, 3,4, 5,6 and 7 h, respectively.
Theoutputsof rUreB, rHpaA, r(LTKA63and rLTB wereexamined
by SDS-PAGE and BIO-RAD gel image analysis system.
SDS-PAGE A vertical discontinious plate polyacrylamide gel
eletrophoresiswas applied?!. Theisolation gelswith 8%, 10%,
12% and 15% concentrations (W/V) were used to detect the
expressed rUreB, rLTKAB3, rHpaA and rLTB, respectively,
based on their different molecular weights. The start voltage
was 8 V/cm and then changed to 15 VV/cm while the samples
went into isolation gels. The gels after electrophoresis were
stained by Coomassie brilliant blue and then decol orized with
methanol -acetic acid solution.

RESULTS

Optimal inducing concentrations and temperatures of lactose
Lactose with multiple appropriate concentrations could

effectively induce expression of 4 target recombinant proteins
(Figure 1). Beginning with the original bacterial concentrations
of 1.2 A values, the outputsof rUreB, rHpaA, rLTKA63 and
rLTB at the inducing temperature of 37 ‘C were 27.3-53.9%,
7.4-30.9%, 0.8-79.8% and 12.7-119.1% increased as compared
withthoseof 28 °C, regpectively (Table 1). When theconcentretions
of lactose were 100, 50, 100 and 100 g/L inducing at 37 °C for
4 h, outputs of the 4 recombinant proteins reached the highest
(Table 1). In comparison with the inducing expression effects
of 0.5 mmol/L IPTG, the highest outputs of rUreB, rHpaA,
rLTKA63 and rLTB induced by lactose were 203.2%, 98.4%,
114.0% and 245.1% increased, respectively (Table 1).

1 2 3 4 1 2 3 4
A 130ku | B 974kut™s
97.0 ku 66.2 ku » "
rUreB
66.2 ku ke 43.0 ku
rHpaA
43.0 ku 31.0 ku
C 1 2 3 D 1 2 3 4
97.4 ku =3 2 97.4 ku
66.2 KU w = ——
a 66.2 ku
43.0 ku - 43.0 ku
rLTKA63

rLTB
31.0 ku

31.0 ku = *

Figure 1 Effects of lactose on inducing expression of target
recombinant proteins compared to IPTG. A: rUreB; Lane 1:
Marker; Lane 2: Induced with 0.5 mmol/L IPTG; Lane 3: In-
duced with 100 g/L lactose; Lane 4: Non-induced. B: rHpaA,
Lane 1: Marker; Lane 2: Induced with 0.5 mmol/L IPTG; Lane
3: Induced with 50 g/L lactose; Lane 4: Non-induced. C:
rLTKAGB3 expression; Lane 1: Marker; Lane 2: Induced with 0.5
mmol/L IPTG; Lane 3: Induced with 100 g/L lactose. Lane 4:
Non-induced; D: rLTB; Lane 1: Marker; Lane 2: Induced with
0.5 mmol/L IPTG; Lane 3: Induced with 100 g/L lactose; Lane
4: Non-induced.

Effects of the target protein expression of original bacteria
with different Agy values under inducement by lactose

By using the inducing concentrations of lactose with 100, 50,
100and 100 g/L inducing at 37 “C for 4 h, the expression outputs
of the4 recombinant proteinswith the different original bacterial
concentrations (0.2-2.4 Agy Values) are showed in Figure 2.
Theresultsindicated that a better expression effect for any of
the 4 recombinant proteins was present when the original
bacterial concentration used was higher (As=0.8-1.2).

Table 1 Expression outputs of rUreB, rHpaA, rLTKAG63 and rLTB proteins induced by different concentrations of lactose and

temperatures

Concentrations
of lactose(g/L)

Expression outputs (% of total bacterial proteins)

and IPTG(mmol/L) rUreB rHpaA rLTKAG3 rLTB
(37 C) (28 C) (37 C) (28 C) (37 C) (28 C) (37 C) (28 C)
Lactose (50) 40.59 26.38 50.35 44.72 23.36 22.41 39.55 21.91
(10) 50.52 39.70 57.61 44.86 35.84 27.09 42.66 26.17
(5) 30.51 22.17 60.80 46.42 35.64 22.09 26.99 23.94
(1) 27.33 18.92 54.00 50.29 21.91 21.73 23.33 10.65
(0.5) 20.78 13.63 42.29 36.05 22.01 12.24 14.72 10.31
IPTG (0.5) 16.66 14.72 30.65 22.61 16.75 14.48 12.36 10.06
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Figure 2 Expression of target recombinant proteins of original
bacteria with different Asy Values under inducement by lactose.
<:rHpaA; B rUreB; A: rLTB; [: rLTKAG3.

Effects of the target protein expression using different inducing
time

When the original bacteria concentrations as Asy Values of 1.2
and the lactose concentrations of 100, 50, 100 and 100 g/L, the
outputs of rUreB, rHpaA, rLTKA63 and rLTB were shown in
Figure 3. The resultsindicated that a higher output for any of
the 4 recombinant proteins was present when the inducing
timewas4-5h.
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Figure 3 Expression outputs of the target proteins by using
different inducing time. <: rHpaA; B: rUreB; A: rLTB; [:
rLTKAG3.

DISCUSSION

H pylori causesalocal superficial infection in human stomach
and duodenum'??, So orally inoculating of H pylori vaccine
has agood protective effect'®, So far, no commercia H pylori
engineering vaccine hasbeen available. An engineering vaccine
has many advantages but itsimmunoprotective effect is usually
poor because of the unitarity for antigen components. Using
adjuvant is an efficient measure to improve immune effect of
engineering vaccined?!. UreB and HpaA were demonstrated
to be excellent antigen candidates as their stable and high
expression, strong antigenicity, universal distribution in
different H pylori isolates and exposure on the surface of the
bacterium®29, E, coli LTKA63 and LTB were recently found
and were generally considered as the most efficient adjuvants
for mucosal immunization so far?"#1, So we planed to use the
rUreB and rHpaA asantigensand LTB or LTKAG63 asadjuvants
to develop an oral-taken double-valence genetic engineering
vaccine of H pylori.

Almost of all the recombinant proteins show avery low
expression or non-expression without inducement. IPTG isa
routinely laboratory used inducer with high efficiency on
recombinant protein expressionin E. coli but it must beremoved
by complicated methods from the induced products because
of itstoxicity. When at the efficient inducing dosages, the cost
of IPTGisapproximate hundredfold of lactose. Therefore, lactose
asan inducer hasindustrially remarkable advantages. Lactose,
differsfrom IPTG, is unableto enter the bacterial body. It must

be helped by a special enzyme called as primase to be
trangported into host bacterium. The lactose in bacterial cell
must be transferred into allolactose by b- galactosidase and
thelatter isableto tart T7 Lac promotor. Inthe processinducing
expression of recombinant protein, lactoseismuch more complex
than IPTG. So lactose, if used it asan efficient inducer, must be
clarified itsinducing parameters such as dosage, temperature,
timeand original bacterial concentration.

It was proved by our study that lactose at the multiple tested
concentrations could efficiently inducethe expression of rUreB,
rHpaA, rLTKAG3 and rLTB. The effects of lactose on inducing
expression of the 4 recombinant proteins were much stronger
than that by PTG, which demonstrated by 98.4-245.1%
increased outputs (Table 1). Furthermore, it was reported that
lactose is a carbon source for bacteria to promote growth and
increase number of bacteria in culture, which resultsin the
increase of output of the target recombinant protein.

The results of this study indicated that at 37 °C for 4 h
inducement the lactose concentration to obtain the highest
expression outputs of rUreB, rHpaA, r(LTKA63 and rLTB were
100, 50, 100 and 100 g/L, respectively. It wasfound in the study
that inducing temperatures can obvioudly affect the expression
of the recombinant proteins. For example, with the original
bacterial concentration of 1.2 Agy value for 4 h inducement,
using 37 ‘C as the inducing temperature could increase the
expression outputs of rUreB, rHpaA, rLTKAB3 and rLTB with
27.3-53.9%, 7.4-30.9%, 0.8-79.8% and 12.7-119.1% of those
induced by 28 “C. The original bacterial concentrations when
lactose addition was found to affect the outputs of the recombinant
proteins. There were preferable expression effects of the
recombinant proteinsto add lactose when the original bacterial
concentrationswith the Asy values of 0.8-1.2. With the original
bacteria concentration of 1.2 Asy Valuesand at temperature 37 °C,
the outputs of the recombinant proteins for 4-5 h inducement
by the optimal concentrations of lactose wererelatively higher.

Summarily, using lactose as an inducer on the expression of
PET32a-ureB-E.coliBL21, pET32a-hpaA-E.coli BL21, pET32a-
LTKAB3-E.coliBL21 and pET32a-LTB-E.coliBL21, the optimal
temperature was 37 C. The rest optimal parameters for the
original bacterial concentrations, dosages of lactose and
inducing timewere 0.8, 50 g/L and 4 h for rHpaA; 0.8, 100 g/L
and 4 hfor rLTKABG3; 1.2, 100 ¢g/L and 5 h for both rUreB and
rLTB, respectively. The results from this study established a
beneficial foundation for industrial production of H pylori
genetic engineering vaccines.
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Abstract

AlIM: To detect the telomerase activity and c-Myc expression
in gastric diseases and to examine the relation between
these values and Helicobacter pylori (H pylori) as a risk
factor for gastric cancer.

METHODS: One hundred and seventy-one gastric samples
were studied to detect telomerase activity using a
telomerase polymerase chain reaction enzyme linked
immunosorbent assay (PCR-ELISA), and c-Myc expression
using immunohistochemistry.

RESULTS: The telomerase activity and c-Myc expression were
higher in cancers (87.69% and 61.54%) than in noncancerous
tissues. They were higher in chronic atrophic gastritis with
severe intestinal metaplasia (52.38% and 47.62%) than in
chronic atrophic gastritis with mild intestinal metaplasia
(13.33% and 16.67%). In chronic atrophic gastritis with
severe intestinal metaplasia, the telomerase activity and
c-Myc expression were higher in cases with H pylori infection
(67.86% and 67.86%) than in those without infection (21.43%
and 7.149%). c-Myc expression was higher in gastric cancer
with H pylori infection (77.27%) than in that without
infection (28.57%). The telomerase activity and c-Myc
expression were coordinately up-regulated in H pylori
infected gastric cancer and chronic atrophic gastritis with
severe intestinal metaplasia.

CONCLUSION: H pylori infection may influence both
telomerase activity and c-Myc expression in gastric diseases,
especially in chronic atrophic gastritis.
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INTRODUCTION

Gadtric cancer isone of the most common malignant tumorsin
the world. Gastric carcinogenesis is a multi-step process
progressing from chronic gastritis to glandular atrophy,
metaplasia, and dysplasia*?. Genetic analyses of gastric

cancers suggest alterations are involved in the structures and
functions of several oncogenes and tumor suppressor genes
aswell as genetic instability®¥. However, in addition to these
genetic changes, cell immortality isimportant for the sustained
growth propertiesof gastric cancer cellg*®. Theribonucleoprotein
enzyme telomerase that synthesizes the G-rich strand of
telomeric DNA in germlinetissuesand in immorta tumor cells
playsacritical rolein the maintenance of telomered®. By using
ahighly sensitive PCR-based TRAP assay, telomerase activity
has been observed in awide range of human cancers, including
cancers of breast, bladder, stomach, colon, prostate, and liver,
so telomerase may be regarded asamolecular marker for cancer
diagnosis and therapeutic strategied”*¥l. Telomerase activity
isalso positivein gastric preneoplastic lesiong*4. Therefore it
isthought that reactivation of telomerase may occur at an early
stage of carcinogenesig*¥.

Myc network proteins are known to be oncoproteins, which
areinvolved in the control of cell porliferation, differentiation
and apoptosig*>*¥. The c-Myc oncogene isimplicated in the
transformation and progression of mutated cells!*"9,
Deregulation of Myc genesisusually caused by chromosomal
translocation involving the c-myc gene as well as by gene
amplification. Overexpression of Myc is frequently observed
in a wide variety of tumor types, and affects both the
development and progression of hyperproliferationg?24,

It iswell known that Helicobacter pylori (H pylori), the
main cause of chronic gadtritis, isaclass | gadtric carcinogen'®.
It contributes to the induction of chronic gastritis to cancer
through precursor lesions, such as atrophy, metaplasia and
dysplasia®!. Precancerous phenotypic expression is generaly
associated with acquired genomic instability and activation of
telomerase activity!®. H pylori inoculation into Mongolian
gerbils has been reported to induce chronic gastritis and
intestinal metaplasia. Chronic infection with H pylori induces
activations of telomerasein gastric mucosa exhibiting intestinal
metaplasid®. In patients with intestinal-type gastric cancer,
telomerase activity was higher in intestinal metaplasiawith
H pylori infection than in that without infection®?!, These
data indicate that H pylori infection may contribute to the
precancerous stage through induction of telomerase activity,
and that telomerase activation in intestinal metaplasia with
H pylori infection may be correlated with oncogenesis, though
the mechanism remainsto be defined. To our knowledge, littleis
known about whether H pylori infection induces both genetic
dterationsand cell immortality in gastric mucosa. Recent evidence
suggested that Myc protein wasimplicated in the regulation of
hTERT®2"2, Therefore we measured telomerase activity and c-
Myc expression in H pylori infected gastric cancer, chronic
atrophic gastritis and chronic superficial gastritis. The results
indicate that H pylori infection may induce telomerase activity
and c-Myc protein expression in the process of carcinogenesis.

MATERIALS AND METHODS

Tissue samples

Samples were obtained from upper gastrointestinal endoscopy
or surgical operation during the period of September 2000 to
May 2001. It included 20 of chronic superficial gastritisS(CSG),



1760 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

June 15, 2004 Volume 10 Number 12

30 of chronic atrophic gastritis(CAG) with mild intestinal
metaplasia(lM), 42 of chronic atrophic gastritis with severe
intestinal metaplasia, 14 of dysplasia(Dys) and 65 of gastric
cancer(GC). Haematoxylin and eosin stains were used for the
histopathological diagnosis. Degree of inflammatory reaction
and glandular atrophy, intestinal metaplasia, and cellular
dysplasiawere evaluated according to the criteriaof the updated
Sydney system. The diagnosis of each sample was based on
agreement between two pathologists.

H pylori infection

H pylori infection was detected by rapid ureasetest and bacteria
culture. Infection was defined as positive when H pylori was
detected and/or urease test was positive.

Immunohistochemistry

For each case, 4-mm thick seria sectionswere cut from paraffin
wax blocks, mounted on acid-cleaned glass slides, and heated
at 55 °C for 60 min. Slideswere dewaxed and rehydrated, then
endogenous peroxidase activity was inhibited by incubation
with 30 mL/L H,O,in methanol for 20 min at room temperature.
To reduce non-specific background staining, dideswereincubated
with 50 mL/L goat serum for 15 min at room temperature. To
enhanceimmunostaining, sectionswere treated with an antigen
retrieval solution (10 mmol/L citric acid monohydrate, pH 6.0,
adjusted with 2 mol/L NaOH) and heated three timesin a
microwave oven at high power for five min. Finaly, dideswere
incubated with appropriate primary antiserum in a moist
chamber overnight at 4 “C. The monoclona primary antibody,
anti-c-Myc, was purchased from Maxim Biotech, Inc. (USA). S
P kit was purchased from Fujian Maixin Ltd (China). Samples
were detected according to manufacturer’ sinstructions. The
degree of immunopositivity was evaluated semi-quantitatively.
A totd of 300 cdllswere counted inrandom fid dsfrom representative
areas of thelesions, and theimmunoreactive cellswere roughly
assessed and expressed as percentages. The scoring system
for the antibody teted was: 0-5%(negative), 5-25%(low positivity),
25-50%(moderate positivity), >50%(high positivity).

Telomerase assay

Telomerase activity wasmeasured by amodified version of the
standard TRAP method, using PCR-EL 1 SA detection kit (Roche
Molecular Biochemicals), according to its manufacturer’ s
instructions. Five 10-nm thick cryostat sections of were
transferred into a sterile reaction tube containing 200 i ice-
cold lysisreagent. Thelysateswere homogenized and incubated
on ice for 30 min. After centrifuged at 16 000 g for twenty
minutes at 4 ‘C, 175 niL of the supernatant was collected and
transferred to a fresh tube. Three micro-litter of tissue extract
wasincubated with 25 . of reaction mixtureincluding abiotin
labeled P1-TS primer and P2 primer, telomerase substrate, and
Tag polymerasefor 20 min at 25 C. After further incubation at
94 °C for 5minfor telomeraseinactivation, the resulting mixture

was subjected to PCR for 30 cyclesat 94 °C for 30s, at 50 C for
30sanda 72 °C for 90 s thereactionwashedat 72 °C for 10 min.

PCR products were denatured and hybridized with a
digoxigenin labeled, telomeric repeat specific detection probe.
The resulting product was immobilized through the biotin
labeled TS primer to astreptavidin coated microtitre plate and
detected with antidigoxigenin antibody conjugated with
peroxidase. Absorbance values were measured using a
microtitre (ELISA) reader at 450 nm with areferencewavel ength
of approximately 690 nm within 30 min after addition of the stop
reagent. Heat-treatment of the cell extract for 10 min at 65 C
prior to the TRAP reaction was used to inactivate telomerase
protein for producing negative controls. Positive controls were
the 293 cdllsthat expressed the telomerase activity. Sampleswere
regarded as telomerase-positive if the difference in absorbance
(AA) washigher than 0.2 (A 450 nm=A 690 nm units).

Statistical analyses

The correlations between qualitative data were studied with
the c2 and Fisher tests. A probability P value <0.05 was
considered statistically significant.

RESULTS

H pylori infection

One hundred and twelve of 171 cases were H pylori positive.
TheH pylori infection ratewas65%(13/20) in CSG, 63.89%(46/72)
in CAG, 64.29%(9/14) in Dys, and 67.69%6(44/65) in GC. It had
no significant difference among these groups.

Telomerase activity
Telomerase activity was measured by a telomerase polymerase
chain reaction (PCR) enzymelinked immunosorbent assay, which
does not require radioactive PCR amplification and yields a
samiquantitative measurement. Telomerase activity was detected
in57(87.69%) of 65 gastric carcinomas examined, 46(63.89%) of
72 CAG and 9(64.29%)of 14 Dys. No telomerase activity was
detected in all the 20 CSG. The mean telomerase activity was
higher in gastric cancer than in CAG, CSG and Dys (P<0.01 or
P<0.05). Based onintestinal metaplasia, CAG wasclassified into
two groups, severe IM and mild IM. Thetelomerase activity was
higher in CAG with severe IM than that inmild IM (P<0.01).
Twenty-nine gastric cancerswith complete clinical datawere
classified by histologic parameters such asgender, tumor location,
tumor sze and microscopic morphology. The telomerase activity
among these groups had no significant difference (datanot shown).
H pylori infection and telomerase activity in patients with
gastric cancer and CAG are shown in Table 1. The mean
telomerase activity was higher in CAG with severe intestinal
metaplasiaand H pylori infection than in that without infection
(P<0.05), but there was no significant difference between those
with and without H pylori infection in gastric cancer and CAG
with mild intestinal metaplasia.

Table 1 Telomerase activity and c-Myc expression in H pylori infected gastric diseases

Diagnosis Samples number  H pylori infection Telomerase activity + (%) P c-Myc expression + (%) P

GC 65 +(44) 38 (86.36) >0.05 34 (77.27) <0.052
-(21) 19 (90.48) 6 (28.57)

CAG with MM 30 +(18) 3(16.67) >0.05 4 (22.22) >0.05
-(12) 1(8.33) 1(8.33)

CAG with SM 42 +(28) 19 (67.86) <0.01° 19 (67.86) <0.01¢
-(14) 3 (21.43) 1(7.14)

c? test and Fisher’s exact test. ®P<0.05 vs c-Myc expression from samples without H pylori infection. °P<0.01 vs telomerase activity
from samples without H pylori infection. 9P<0.01 vs c-Myc expression from samples without H pylori infection. MM, mild intestinal

metaplasia SM, severe intestinal metaplasia.
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Figure 1 c-Myc protein expression in chronic superficial gastritis, chronic atrophic gastritis and gastric adenocarcinoma. A: c-Myc
protein expression in chronic superficial gastritis. B: c-Myc protein expression in chronic atrophic gastritis. C: c-Myc protein

expression in gastric adenocarcinoma.

c-Myc expression

c-Myc wasexpressed in 40 of 65(61.5%) gastric cancers, 20 of
42(47.62%) CAG with severe IM, 5 of 30(16.67%) CAG with
mildIM, 8 of 14(57.14%) Dysand 1 of 20(5%6) CSG. Theexpression
of c-Myc was highest in gastric cancer, and c-Myc expression
in CAG with severe IM was significantly higher than that in
CAG with mild IM. Thec-Mycimmunoreactivity waslocalized
in both cytoplasm and nucleus (Figure 1).

H pylori infection and c-Myc expression in patients with
gastric cancer and CAG are shown in Table 1. The expression
of c-Myc was higher in H pylori infected gastric cancer and
CAG with severe IM than in those without infection (P<0.01),
but there was no significant difference between those with and
without H pylori infection in CAG with mild IM.

Coordinate up-regulation of telomerase activity and c-Myc
expression in H pylori infected gastric cancer and CAG with
severe intestinal metaplasia

The telomerase activity and c-Myc expression were
coordinately increased in H pylori infected gastric cancer and
CAGwithsevereIM (Figure2). Therate of co-expressionwas
89.47%(34/38) and 100%(19/19), respectively.
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Figure 2 Coordinate increase of telomerase activity and c-Myc
expression in H pylori infected gastric cancer and CAG with
severe intestinal metaplasia. The rate of co-expression was
89.47%(34/38) and 100%(19/19), respectively. (CAG-MM:
chronic atrophic gastritis with mild metaplasia; CAG-SM:
chronic atrophic gastritis with severe metaplasia.).

DISCUSSION

In the present study, we demonstrated that most gastric tumors
displayed telomerase activity, regardless of histologica types.
Telomerase activity was highest in cancer tissue, followed by
chronic atrophic gastritis with complete intestinal metaplasia,
dysplasia, chronic atrophic gadtritiswith mild intestind metaplasa
and chronic superficia gadritis Telomerase activity was higher in
CAG with severe metaplasiaand H pylori infection than in that

without H pylori infection (P<0.01). Our results indicate that
telomerase activity is one of the most common and fundamental
eventsof gadric cancers. What ismoreimportant isthat telomerase
was activated in precursor lesions, such as chronic atrophic
gastritis with intestinal metaplasia and dysplasia. It suggested
that there were acertain number of immorta cellsexigting in these
lesions. In addition, H pylori infection might induce telomerase
activity in chronic atrophic gagtritiswith intestina metaplasia

Recently, it was reported that H pylori infection played a
rolein activation of telomerase. Chronic infection with H pylori
induced the activation of telomerase in gastric mucosa
exhibiting intestinal metaplasid®!. In patients with intestinal-
type gastric cancer, telomerase activity was higher in intestinal
metaplasiawith H pylori infection than in that without infection’,
We found that telomerase was activated in H pylori infected
precursor lesions, such as chronic atrophic gastritis and
dysplasia, and telomerase activity rose higher during the
progression of the lesions. These data indicate that H pylori
infection may contribute to gastric tumorigenesis through
induction of telomerase activity, and that telomerase activation
in H pylori infected chronic atrophic gastritis with intestinal
metaplasia and dysplasia may be correlated with oncogenesis.
It remains to be defined how H pylori infection activates
telomerase. H pylori infection might influence the negative
regulator of telomerase activity during early stages of stomach
carcinogenesis?®. In addition, inflammatory gastric mucosa
caused by H pylori infection could produce free radicals and
cytokines that may induce telomerase activity.

Frequent genetic alterations, such as c-myc proto-oncogene
have been found in gastric pre-maignant lesiong®-*. Amplified
c-Myc, which controls cell growth and cellular differentiation’®34,
has been reported in small percent of gastric carcinomag®%!,
Expression of c-Myc was proved to be more frequent in poorly
differentiated gastric cancer cells, and more frequent in gastric
adenocarcinoma than in adenoma and has al so been proposed
as an aid to differentiate between the two conditiong®’#!, In
the present study, c-Myc was expressed in 61.54%(40/65) of
gastric cancers, 47.62%(20/42) of chronic atrophic gastritiswith
severe M, 16.67%(5/30) of CAG with mild IM, and 5%(1/20) of
chronic superficia gastritis patients. The expression of c-Myc
was highest in gastric cancers, and c-Myc expression in CAG
with severe intestinal metaplasia was significantly higher than
that in CAG with mild intestinal metaplasia. The expression of c-
Myc was higher in H pylori infected gastric cancer and CAG
with severe intestinal metaplasia than in that without infection
(P<0.01). Wefound that c-Myc expression in both gastric cancer
and chronic atrophic gastritiswith severeintestinal metaplasiais
correlated with H pylori status. Previoudy, a study by Nardone
et al showed that H pylori infection affected the expression of c-
Mycin chronic gagtritis, but the positive rate was very low (15%).
The expression of c-Myc was very high in H pylori infected
CAG in our study because we classified chronic gadtritisas CSG
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and CAG, the latter was further classified as CAG with mild
intestinal metaplasia and with severe intestina metaplasia.
Recent evidence suggested that the Myc protein could bind
to the promotor of human telomerase reverse transcriptase
(hTERT), the catalytic subunit of telomerase?-?¥ . It has been
shown that hTERT is the determinant of telomerase activity
control. A study by Hiyama et al. demonstrated a close
association between a high level of telomerase activity and
amplification of the myc locus in neuroblastomas. Thus, up-
regulation of Myc due to gene alterations leading to subsequent
activation of hTERT expression, may beone causefor telomerase
activation in tumors. Interestingly, we found that telomerase
activity and c-Myc were co-expressed in H pylori infected
chronic atrophic gastritis. The correlation wasnot significant in
patients without H pylori infection or in patients with H pylori
infection but without gastric atrophy. Therefore, it is suggested
that the presence of both gastric atrophy and chronic H pylori
infectionisessentia for cell immortdity and genomic instability.
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Abstract

AlM: Colonic epithelium is known to secrete both CI- and
HCOg, but the secretory mechanisms of different colonic
cell types are not fully understood. The present study aimed
to investigate the differential activation of Cl-and HCO3
secretion by tetramethylpyrazine (TMP) in human crypt-like
cell line, T84, and villus-like cell line, Caco-2, in comparison
to the TMP-induced secretory response in freshly isolated
rat colonic mucosa.

METHODS: Colonic epithelial anion secretion was studied
by using the short circuit current (Is¢) technique. RT-PCR
was used to examine the expression of Na*-HCOj; -
cotranspoter in different epithelial cell types.

RESULTS: TMP produced a concentration-dependent lsc
which was increase in both T84 and Caco-2 cells. When
extracellular Cl- was removed, TMP-induced Iy was abolished
by 76.6% in T84 cells, but not in Caco-2 cells. However,
after both Cl- and HCO; were removed, TMP-induced Isc in
Caco-2 cells was reduced to 10%. Bumetanide, an inhibitor
of Na*-K*-Cl-cotranspoter, inhibited the TMP-induced lsc by
96.7% in T84 cells, but only 47.9% in Caco-2 cells. In the
presence of bumetanide and 4, 4”-diisothiocyanostilbene-2,
27 -disulfonic acid, an inhibitor of Na*-HCOjs™ cotransporter,
inhibited the TMP-induced current in Caco-2 cells by 93.3%.
In freshly isolated rat colonic mucosa, TMP stimulated distinct
Isc responses similar to that observed in T84 and Caco-2
cells depending on the concentration used. RT-PCR revealed
that the expression of Na*-HCO; cotransporter in Caco-2
cells was 4-fold more greater than that in T84 cells.

CONCLUSION: TMP exerts concentration-dependent
differential effects on different colonic cell types with
stimulation of predominant CI- secretion by crypt cells at a
lower concentration, but predominant HCO3; secretion by
villus cells at a higher concentration, suggesting different
roles of these cells in colonic ClI- and HCO; secretion.

Zhu JX, Yang N, He Q, Tsang LL, Zhao WC, Chung YW, Chan

HC. Differential Cl-and HCO; mediated anion secretion by
different colonic cell types in response to tetromethylpyrazine.
World J Gastroenterol 2004; 10(12): 1763-1768
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INTRODUCTION

Colonic epithelium, which lines the surface of both cryptsand
villi, plays an important role in the maintenance of water and
eectrolytebalance. Whileit iswell established that colonic fluid
secretion is driven by electrogenic colonic Cl- secretion!¥,
HCO; secretion has also been shown to be important in the
human colon. In many diarrheadisorders, ahigh concentration
of HCO; wasfrequently found in stool water and patients with
severe diarrhea often suffered from metabolic acidosis due to
sustained HCO5 lossesin the stool(@. However, the contribution
of cryptsand villus epitheliato colonic Cl- and HCOs secretion
is not known. Although it has been generally believed that
colonic villus (or surface) epithelium is mainly involved in
NaCl and water absorption while crypt epithelium isinvolved
in secretion™3, There is now clear evidence that electrolyte
secretion islocated in bothi*#. The cystic fibrosistransmembrane
conductance regulator (CFTR), acAM P-dependent CI- channel
known to mediate both CI® and HCO; secretion!®”, has been
shown to be present in both crypt and villus epithelial cells
although higher expression level of CFTR wasfound in crypts
than in villi®®®, Human colonic cell lines have been derived to
provide useful models in studying electrolyte transport
properties of colonic cryptsand villus epithelia cells. T84 cell
line is a well-characterized colonic epithelial model that
maintains a secretory phenotype similar to crypt base cells,
and has been widely used to examine the regulation of intestinal
Cl- secretion since CFTR and Na'-K*-Cl- cotransporter (NKCC)
arehighly expressedinthiscell lind*, The propertiesof human
colonic Caco-2 cdlsaremogily closeto those of mature absorptive
villug/surface cdllsbut they possessacertain CFTR characteristic
of secretory cells*12%3, However, few studies have been
conducted to compare the secretory properties of these cell lines.

Tetramethylpyrazine (TMP, also named ligustrazine), a
compound purified from Ligustium Wollichii Francha, isa
widely used active ingredient in Chinese herbal medicine for
the treatment of cardiovascular diseases dueto its vasodilatory
actions and antiplatelet activity™*¢, TMP has been proposed
to act asan inhibitor of phosphodiesterase (PDE) and thereby
itincreasesintracel lular cAM P, We have recently demonstrated
astimulatory effect of a TMP-containing herbal formula on
the anion secretion in human colonic!*” and pancreatic duct
cell lined*d, indicating theinvolvement of cAMP and activation
of CFTR. The present study aimed to compare the stimulatory
effects of TMP on colonic anion secretion in different colonic
cell types, T84 and Caco-2, aswell asfreshly isolated rat colonic
mucosa, in an attempt to assess the different contribution of
these two cell typesto colonic anion secretion.

MATERIALS AND METHODS

Chemicals and solutions
Tetramethylpyrazine was purchased from Beijing Fourth
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Pharmacy (Beijing, Chind). Diphenylamine-2, 2’ -dicarboxylic
acid (DPC) was obtained from Riedel-de Haen Chemicals
(Hannover, Germany). Amilorode hydrochloride was obtained
from Sigma Chemica Company (. Louis MO). Calbiochem (San
Diego, CA) wasthe sourcefor 4, 4’ -diisothiocyanostilbene-2,
2' -disulfonic acid (DIDS), bumetanide, tetrodotoxin (TTX),
indomethacin and glybenclamide. Dulbecco’ s modified
Eagle’ smedium (DMEM)/F12, Hanks balanced salt solution
(HBSS) and fetal bovine serum were from Gibco Laboratory
(New York, NY). Krebs-Henseleit solution (K-HS) had the
following compositions (mmol/L): NaCl, 117; KCl, 4.5; CaCl,,
2.5; MgCl,, 1.2; NaHCO;, 24.8; KH,PO,, 1.2; glucose, 11.1.
The solution was gassed with 950 mL/L O, and 50 mL/L CO,,
and kept the pH at 7.4. In some experiments gluconate was
used to replace anions Cl- or CI/HCO; for making aCl- free or
CI'/HCOs free K-HS. For CI'/HCO;-free K-HS, HEPES and
Triswere used and the solution was gassed with absolute O,.

Cell culture

Human colonic T84 and Caco-2 cells were purchased from
American Type Culture Collection (Rockville, MD). The cells
wereroutinely maintained in DMEM/F12 for T84 orin DMEM
for Caco-2 with 100 mL/L fetal bovine serum, 100 kU/L
penicillinand 100 mg/L gtreptomycin. Thecdlswerefed 3times
aweek, and (2-3)x10° cells were plated on to the floating
permeable support, which was made of a Millipore filter with
asilicone rubber ring attached on top of it for confining the cells
(0.45 cm?). Cultures were incubated at 37 “C in 950 mL/L O, -
50 mL/L CO, for 4-5 d before experiments.

Colonic mucosa preparation

Adult male Sprague-Dawley rats (Laboratory Animal Services
Center, the Chinese University of Hong Kong) ranging in age
from 8 to 12 wk had free accessto standard rodent laboratory
food and water until the day of the experiments. The animals
were killed by exposure to absolute CO,. Segments of distal
colon about 8 cm proximal to the anus were quickly removed,
cut along the mesenteric border into flat sheets and flushed
with ice-cold K-HS bubbled with 950 mL/L O,-50 mL/L CO.,.
The tissues were pinned flat with the mucosal side downin a
Sylgard-lined petri dish containing ice-cold oxygenated
solution. The serosa, submucosa, and muscular layer were
stripped away with fine forcepsto obtain amucosa preparation
which was pretreated with indomethacin (10 pmol/L), a
synthesis inhibitor of prostaglandins (PG), and 1 umol/L of
tetrodotoxin (TTX), ablocker of neuron sodium channel, 30 min
before treatment with TMP. Three or four of these stripped
mucosal preparations were obtained from each animal.

Short-circuit current measurements

The measurement of |5 was described previously!*®. Between
thetwo halves of the Ussing chamber, in which thetotal cross-
sectional areawas 0.45 cm?, monolayers of cell lines grown
on permeable supports were clamped and flat sheets of rat
stripped colonic mucosa were mounted, which were bathed in
both sideswith K-HS and maintained at 37 “C by awater jacket
enclosing the reservoir. K-HS was bubbled with 950 mL/L O,
-50 mL/L CO,to maintain the pH of the solution at 7.4. Drugs
could be added directly to apical or basolateral side of the
epithelium. Transepithelial potential difference for every
monolayer or colonic mucosa was measured by the Ag/AgCl
referenceeectrodes (World Precison Ingrument, USA) connected
to apreamplifier that wasin turn connected to a voltage-clamp
amplifier DV C-1000 (World Precision Ingrument, USA). In most
of the experiments, the changein | - was defined as the maximal
risein lscfollowing agonist stimulation and it was normalized
to current change per unit area of the epithelial monolayer

(WA/cm?). The total charge transported for 15 min (the area
under the curve of the agonist-induced |sc response) was also
used to describe the agonist-induced response (nmC/cm?).
Experiments were normally repeated in different batches of
culture to ensure that the data were reproducible.

Reverse transcription PCR (RT-PCR) analysis

Total RNA (15 pg) was extracted from T84, Caco-2 cellsand
rat colonic mucosa. Human pancreatic duct epithelial cells,
CAPAN-1, were used as a positive control. Expression of NBC
was analyzed by competitive RT-PCR. The specific oligo
nucleotide primers for NBC were CCT CAG CTC TTC ACG
GAA CT for senseand AGC ATG ACA GCC TGC TGT AG
for antisense corresponding to nucleotides 333-949 with
expected cDNA of 616 bp??. Internal marker, GAPDH was
used for semi-quantitative analysis of NBC expression in
Caco-2 and T84 cells. The specific oligo nucleotide primers
for GAPDH were TCC CAT CACCAT CTT CCA Gfor sense
and TCCACCACT GACACG TTGfor antisense corresponding
to nucleotides 249-764 bp with expected cDNA of 515 bp'®,

Statitical analysis

Results were expressed as mean+SE. The number of
experiments represented independent measurements on
separate monolayers. Comparisons between groups of data
were made by either the Student’ st-test (2-group comparison)
or one-way ANOVA with Newman-Keuls post-hoc test (3-
group comparison). A P value less than 0.05 was considered
statistically significant. ECs, values were determined by
nonlinear regression using GraphPad Prism software.

RESULTS

TMP- induced Isc responses in T84 and Caco-2 cells

TMP stimulation increased s in both Tg, and Caco-2 cells
when the drug was added to either the apical or basolateral
membrane. However, greater responses were achieved when
TMP was added to apical membrane of T84 and basolateral
membrane of Caco-2. The TMP-induced responses were
concentration-dependent with an apparent ECs, at 0.5 and
5.1 mmol/L for T84 and Caco-2 cellsrespectively (Figure 1A).
The TMP-induced changesin |sc were calculated as the total
charge transported for 15 min (the area under the curve of the
TMP-induced | sc response for the given time period) since the
current kinetics was different in the two cell types. TMP
produced afast and sustained increase of | in T84 cellswith
averaged total charge of 6100+451 nC/cm? (n=8, Figure 1B)
trangported over 15 min in responseto TMP at a concentration
close to corresponding ECs, (1 mmol/L). However, TMP
produced a |5 response in Caco-2 cells with afast transient
peak followed by alower but sustained plateau with averaged
total charge of 2 293+214.7 nC/cm? (n=7) in responseto TMP
at corresponding ECs, (5 mmol/L, Figure 1C). Similar TMP-
induced | s characteristics were observed in the same cell type
at all concentrations of TMP used.

Involvement of Clrand HCOj3 in TMP-induced Isc responses
in colonic cell lines

Removal of ClI- from the bathing solution inhibited TMP-induced
Isc increase by 76%, from 6 1004451 pC/cm? to 1 375+103
pC/cm?in T84 cells (n=7, P<0.001, Figure 2). In Caco-2 cells
the TMP-induced current in Cl-free solution was not reduced,
but rather increased to 3 700+£388 uC/cm? (n=6, P<0.001,
Figure 3). However, the TMP-induced Isc in Caco-2 was
reduced by 90%, to 228.9+27.6 uC/cm? (n=6, P<0.001) when
both extracellular CI- and HCO; were removed (Figure 3).
Apical addition of CI- channel blockers, DPC (2 mmol/L) or
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glibenclamide (1 mmol/L), could completely abolish the TMP- TMP-induced Isc response in colonic mucosa

induced response in T84 (Figure 2A,B) and Caco-2 cells Infreshly isolated rat colonic mucosa, TMP induced different
(Figure 3A,B). Basolateral addition of Na'-K*-2Cl- cotransporter Isc responses depending on the concentration used. One
(NKCC) inhibitor, bumetanide (100 umol/L), inhibited TMP- mmol/L of TMP evoked a sustained | sc increase (Figure 5A)
induced Isc in T84 cellsby 96.7%, from 6 100+451 pC/cm? similar to that observed in T84 cells, with averaged total charge
(n=8) to 200+71 pC/cm? (n=5, P<0.001, Figure 4A), but only of 5 133+465 uC/cm? (Figure 5C, n=11). However, at the
47.9% in Caco-2 cells, from 2 720£144 uC/cm?(n=6) to concentration greater than 5 mmol/L, TMP induced a lsc
1 3044200 uC/cm? (n=5, P<0.001, Figure 4B). However, when response similar to that observed in Caco-2 cells, atransient
aninhibitor of NBC, DIDS (200 pmol/L), was combined with peak followed by a more sustained phase (Figure 5B), with
bumetanide, it reduced TM P-induced current in Caco-2 cells averaged total charge of 18 945+2 023 uC/cm? (Figure 5C,
to 181+41 pC/cm? by 93.3% (n=5, P<0.001, Figure 4B). n=11). Removal of extracellular Cl- inhibited 65.5% of the |
Pretreatment with epithelial Na* channel (ENaC) blocker, induced by 1 mmol/L TMP (Figure 5C, n=10, P<0.001).
amiloride (10 umol/L) (n=5, P>0.05) or removal of Na" from However, the Isc induced by 5 mmol/L of TMP was not
apical solution (n=4, P>0.05) did not significantly affect the significantly reduced by CI- removal (n=6, P>0.05) but was
TMP-induced |s: (data not shown), indicating that TMP- reduced by 71.6% in Cl- and HCOj5 -free solution (Figure 5,
produced responseswere mediated by ClI/HCO; secretion, but n=5), indicating a greater extent of the involvement of HCO5
not Na" absorption. in the response to 5 mmol/L TMP as compared to the response

10 000
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5000 L) 1nm
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TMP-induced change in
total charges (nC/cm?)

Figure 1 TMP-induced Isc response in T84 and Caco-2 cell lines. The concentration-response curve for TMP-induced response in
T84 and Caco-2 cells, and each datum was obtained from at least 4 individual experiments. A: Values are mean+SE of maximal lsc
increase; B: Representative Isc recordings in response to apical addition of TMP (1 mmol/L) in T84 cells; C: Basolateral application
of TMP (5 mmol/L) in Caco-2 cells.
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Figure 2 Cl-dependence of TMP-induced Isc increase in T84 cells. Representative lsc recording with arrows indicating TMP
(Immol/L) added apically, which was blocked by apical adding DPC. Values are meanzSE; °P<0.001. A: Normal; B: Clfree; C: K-
HS, comparison of TMP-induced total charge transferred in normal and Cl-free K-HS.
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Figure 3 HCOj; dependence of TMP-induced Isc increase in Caco-2 cells. Representative Isc recording with arrows indicating TMP
(5 mmol/L) added basolaterally, which was abolished by apical application of glybenclamide. Values are meanzSE; ?P<0.05, °P<0.01
and °P<0.001. A: Normal; B: Cl-free; C: K-HS, comparison of TMP-induced total charges transferred in normal and Cl-free K-HS.
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to 1 mmol/L TMP. Basolateral addition of bumetanide
(100 pmol/L) blocked 80.9% responses induced by 1 mmol/L
TMP, from 5 133+465 uC/cm? to 978+357 pC/cm? (n=9,
P<0.001, Figure 5D), but only blocked 43.2% of the responses
induced by 5 mmol/L of TMP, from 18 945+2 023uC/cm? to
1 076242 513 pC/cm? (n=7, P<0.05). Basolateral addition of
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< 5000 -
gE
© 1%}
T O
[N e))
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25
' ®
S5 c
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TMP-induced changes in

DIDS (100 pmol/L) had no significant effect on the response
induced by 1 mmol/L of TMP(n=7, P>0.05), but inhibited
66.5% of the responses induced by 5 mmol/L of TMP, from
17 143+2 408 puC/cm?to 8 248+2 328 uC/cm? (n=7, P<0.001),
indicating possibleinvolvement of NBC in the 5 mmol/L TMP-
induced response.
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Figure 4 Effect of inhibitors of basolateral anion transporters on TMP-induced lsc responses. Values are mean+SE; °P<0.001. A:
Comparison of TMP (1 mmol/L)-induced Isc responses in T84 cells in the absence and presence of basolateral addition of bumetanide
(100 mmol/L); B: Comparison of TMP (5 mmol/L) -induced Isc responses in Caco-2 cells in the absence and presence of basolateral

addition of inhibitors indicated.
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Figure 5 TMP-induced anion secretions in rat colonic mucosa. Representative Isc recording values are meanzSE; *P<0.05, °P<0.01,
°P<0.001. A: 1 mmol/L; B: 5 mmol/L of TMP added basolaterally in normal K-HS; C: Comparison of TMP (1 and 5 mmol/L)-
induced Isc obtained in normal and Cl-free as well as both of CI-and HCO; -free solutions; D: Comparison of TMP (1 and 5 mmol/L)-
induced Isc obtained in basolateral pretreatment of colonic mucosa with bumetanide (100 pumol/L) and DIDS (100 pmol/L).
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Figure 6 RT-PCR analysis of mMRNA expression of Na*- HCO; cotransporter (NBC) in colonic cells. A: RT-PCR results with
products as expected of NBC found in rat colon (1), T84 (2) and Caco-2 (3) with positive control (4) using pancreatic duct cells
(CAPAN-1) and negative control (5) where cDNA was omitted. B: Semi-quantitative analysis of NBC expression in Caco-2 (1) ; C:
T84 (2) cells with NBC to GAPDH (internal marker) ratio shown.
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RT-PCR analysis of NBC expression in T84, Caco-2 cells and
colonic mucosa

NBC was expressed in al cells and tissues examined by RT-
PCR (Figure 6A). However, semi-quantitative analysis showed
that the nucleotide expression level in Caco-2 cdlswas 4.8-fold
over that of T84 (Figure 6B). The NBC nucleotide fragment
was confirmed by nucleotide sequencing (Figure 6C).

DISCUSSION

The present study has demonstrated for the first time the effects
of TMP on the colonic anion secretion and revealed that the
different doses of TMP could induce differential Cl- and HCO4
mediated anion secretion by different colonic cell types. The
differential effects of TMP on T84 and Caco-2 cells were not
only reflected by the differencesin the concentration-dependent
Isc responses and the Isc kinetics, but also in the extents to
which CI- and HCO; were involved in mediating the TMP
responses. Thiswas supported by the observation that the TMP-
induced response in T84 was sensitive to extracellular ClI-
replacement or an inhibitor of basolateral NKCC, bumetanide,
while the response in Caco-2 cells was relatively insensitive
to these treatments, at least to a much less extent. Instead, the
response in Caco-2 cells was sensitive to the removal of
extracellular HCO5 and an inhibitor of basolateral NBC, which
has been shown to mediate HCOj3 entry into the cellsin a
number of tissues including the pancreas®?2, intesting®!,
kidney'? and endometrium®, Although DIDS is also known
to inhibit ClI/HCO; exchanger (AE), the involvement of AE
in this case was unlikely since it was not electrogenic. The
high expression of NBC in Caco-2 cells but not T84 cellswas
also consistent with the DIDS sensitivity profilesin the two
cell types, suggesting the involvement of NBC in mediating
basolateral HCO; transport in Caco-2 cells. The observed
predominant Cl- secretion elicited by TMP in T84 cells was
consistent with the Cl- secreting characteristics of this colonic
crypt-like cell model. Although secretory properties were less
well characterized in Caco-2 cells, a previous study!® has
demonstrated |sc increases in response to cAMP-evoking
agentsincluding PDE inhibitor, 3-isobutyl-1-methylxanthine
(IBMX), in Caco-2 cells with biphasic current kinetics and
DIDS sensitivity similar to that of the TMP-induced |sc
response observed in the present study. Interestingly, in the
same study alkalization of the apical solution could be induced
which was also inhibited by basolateral addition of DIDS.
Similar HCO;-dependent and DIDS-sensitive | was also
observed in the intestine?”?, Together with the presently
demonstrated NBC expression in Caco-2 cells, these results
strongly indicate arole of villus-like Caco-2 cellsin HCO;-
potentiated secretion. Thus, it appears that colonic Cl- and
HCO; potentiated secretion may be differentially mediated by
different colonic cell types.

The observed difference between T84 and Caco-2 cellsin
their | responsesto different concentrationsof TM P suggested
that colonic Cl- and HCO; mediated secretions might be
differentially elicited by the same agent depending on the
concentrations used, probably due to differential expression
of receptors, cotranspoters, exchangers and ion channel g%
leading to differential reponsesto TMP. Thisnotion issupported
by the observation that TMP at different concentrations could
elicit different Isc responses from freshly isolated rat colon
mucosa with distinct current characteristics. Interestingly, the
colonic mucosal |sc response elicited by 1 mmol/L of TMP
had characteristics similar to the TMP-induced response in
T84 cells (e.g. sensitive to Cl- removal and bumetanide but
insensitive to DIDS), indicating predominant Cl- secretion,
whereas the colonic mucosal |sc response elicited by TMP at

concentrations greater than 5 mmol/L resembled the response
observed in Caco-2 cells (e.g., more sensitive to DIDS than to
ClI- removal and bumetanide), indicating predominant HCO5-
potentiated secretion at this concentration range. The fact that
distinct TMP-induced | s responses with characteristics similar
to those observed in human colonic T84 and Caco-2 cells could
be observed in intact rat colonic mucosa suggests that the
secretory activities of T84 and Caco-2 cells may reflect the
secretory properties of the colon, which may be similar in rats
and humans. The present findings suggest that by having
different sensitivities to stimulation in distinct colonic cell
types, the colonin ratsor humans, may be able to secrete either
Cl=-rich fluid or HCO;y-rich fluid. In other words, colonic CI-
and HCOs-mediated secretions may be differentially
regulated by the same physiological regulator depending on
itslocal concentration. Possible candidates of physiological
regulators may include prostaglandins, VIP and secretin, all
of which are known to be present in the colon and able to
increase intracellular cAM P32, |n fact, secretin has been
shown to stimulate Cl- secretion in the colon®¥ and HCOs
secretion in Caco-2 cellg?, It should be noted that TMP has
been shown to be a cAMP-evoking agent having an action
similar to PDE inhibitor in antiplatelet activity*™. The further
study isrequired to identify the signaling pathway in mediating
TMP effects on colonic célls.

The present finding of predominant HCO5 -mediated
secretion by villus-like Caco-2 cellsisof physiological interest.
Although a constant pH microclimate at the luminal surface
has been considered to have a decisive influence on the
reabsorption of Cl- and absorption of weak e ectrolytes such
as short-chain fatty acidg®!, the mechanismsinvolved in the
maintenance and regulation of the pH microclimate are poorly
understood. A recent study has demonstrated that HCOs' is
the most important factor in maintaining a constant pH
microclimate at the luminal surface’®. However, the origin of
HCO; responsible for this was not demonstrated although a
continuous secretion of HCO; at the luminal surface of the
colonic epithelium has been observed®. The present study
suggested that the villus/surface-like epithelial cells were
capable of secreting HCO; upon stimulation, and thus, they
are likely to contribute to the maintenance and regulation of
the pH microclimate observed at the luminal surface of the
colon. Being situated at the luminal surface, villus epithelial
cells have the advantage over crypt cellsin that they can sense
the small variations in the pH microclimate at the luminal
surface and secrete HCOy3 directly adjusting the luminal
microclimate. This suggests that the secretory role of villus/
surface epithelium is distinct from that of crypts which are
mainly responsible for Cl- secretion on which colonic fluid
secretion depends. The differential expression of NBC, the
major basolateral transport mechanism for HCOs entry®, in
the two human colonic cellslines also supports this contention.

The mechanism(s) by which Cl- and HCOj5 exit through the
apical membrane remainsto be elucidated. The fact that both
Cl- and HCO; secretions could be compl etely blocked by DPC
and glibenclamide, both of which are known to inhibit CFTR,
suggest that a common mechanism may be involved. CFTR
appears to be a possible candidate since its involvement in CI-
and HCO; secretion hasbeen demonstrated™ ™. Theinvestigation
of detail mechanism involved in mediating the TM P-stimulated
anion secretions is currently undertaken in our laboratory.

It should be noted that while TMP has been used clinically
to treat cardiovascular disorderd*¥, no study has been reported,
at the time of writing, on its effect on colonic secretion. The
present results suggest that potential application of TMP asan
aternative treatment of Gl disorders may be further explored,
considering itsnatural origin and differential effectson colonic
ClI- and HCO; secretion.
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Abstract

AlIM: To investigate Time- and pH-dependent colon-specific
drug delivery systems (CDDS) for orally administered diclofenac
sodium (DS) and 5-aminosalicylic acid (5-ASA), respectively.

METHODS: DS tablets and 5-ASA pellets were coated by
ethylcellulose (EC) and methacrylic acid copolymers
(Eudragit® L100 and S100), respectively. The in vitro release
behavior of the DS coated tablets and 5-ASA coated pellets
were examined, and then in vivo absorption kinetics of DS
coated tablets in dogs were further studied.

RESULTS: Release profile of time-dependent DS coated
tablets was not influenced by pH of the dissolution medium,
but the lag time of DS release was primarily controlled by
the thickness of the coating layer. The thicker the coating
layer, the longer the lag time of DS release is. On the
contrary, in view of the pH-dependent 5-ASA coated pellets,
5-ASA release was significantly governed by pH. Moreover,
the 5-ASA release features from the coated pellets depended
upon both the combination ratio of the Eudragit® L100 and
S100 pH-sensitive copolymers in the coating formulation and
the thickness of the coating layer. The absorption kinetic
studies of the DS coated tablets in dogs demonstrated that
in vivo lag time of absorption was in a good agreement with
in vitro lag time of release.

CONCLUSION: Two types of CDDS, prepared herein by
means of the regular coating technique, are able to achieve
site-specific drug delivery targeting at colon following oral
administration, and provide a promising strategy to control
drug release targeting the desired lower gastrointestinal region.

Cheng G, An F, Zou MJ, Sun J, Hao XH, He YX. Time- and pH-
dependent colon-specific drug delivery for orally administered
diclofenac sodium and 5-aminosalicylic acid. World J Gastroenterol
2004; 10(12): 1769-1774
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INTRODUCTION
Currently, anovel oral colon-specific drug delivery system

(CDDS) has been devel oping as one of the site-specific drug
delivery systems. Thisdelivery system, by means of combination
of one or more controlled release mechanisms, hardly rel eases
drug in the upper part of the gastrointestinal (Gl) tract, but
rapidly releasesdrug in the colon following ord administration.
The necessity and advantage of CDDS have been well
recognized and reviewed recently!*3. In view of CDDS
specifically delivering drug to the colon, alot of benefitswould
be acquired in terms of improving safety and reducing toxicity
when treating local or systemic chronic diseases. First, asfor
treating localized colonic diseases, i.e. ulcerative colitis,
Crohn’ sdisease and congtipation etc., the optimal drug delivery
system, such as CDDS, should selectively deliver drug to the
colon, but not to the upper Gl tract!¥. For this reason, the drug
concentration was significantly lessened in the upper Gl
tract, while increased considerably in the colon, resulting in
aleviated Gl side effects. Second, the colon is referred to as
the optimal absorption site for protein and polypeptide after
oral administration, because of the existence of relatively low
proteolytic enzyme activities and quite long transit timein
the colon>3. To our knowledge, CDDS could provide reliable
protection against Gl enzymatic degradation by releasing the
polypeptide and protein nearly unchanged and fully efficacious
in the preferred colon, thereafter resulting in remarkably
increased bioavailability for protein and polypeptide. Finaly,
CDDS would be advantageous when a delay in absorption is
desirablefrom atherapeutical point of view, asfor the treatment
of diseasesthat have peak symptomsin the early morning and
that exhibit circadian rhythms, such as nocturnal asthma, angina
and rheumatoid arthriti g4+,

There were currently a few strategies to achieve colonic
specificity, such asbacterially triggered and pressure-controlled
CDDS®. The aim of this study was to explore the feasibility
of thetime- and pH-dependent CDDS, diclofenac sodium (DS)
and 5-aminosalicylic acid (5-ASA) being selected as model
drugs, respectively. Besides, we were intended to exploit the
typical pharmaceutical coating technology to attain the time-
and pH-dependent colon-specific drug delivery. Time-
dependent colon-specific DS coated tablets consisted of atablet
core and a coating layer composed of a water-insoluble
ethylcellulose (EC) and awater-soluble channeling agent. pH-
dependent colon-specific 5-ASA coated pellets consisted of a
pellet core and a coating layer of the pH-sensitive methacrylic
acid copolymers (Eudragit®L 100 and S100).

DS was frequently used for treating rheumatoid arthritis?,
which had apparent circadian rhythms and peak symptomsin
the early morning. When orally administering DS conventional
formulation, it was difficult to achieve thedesired clinical effect,
because it elicited patients' incompliance of administration in
the early morning to coordinate the rhythm of rheumatoid
arthritis, due to rapid absorption of the conventional
formulation. However, colon-specific DS delivery wasnot only
effective, but also more convenient for administration than the
conventional formulation. On the other hand, 5-ASA was
usually used to effectively treat ulcerative colitisand Crohn’ s
diseasein clinical practice”. It was unstable in the stomach,
and readily absorbed in the small intestine, eliciting the
undesirable adverse effect. Thereby, 5-ASA was prepared as
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the CDDSin this study, which protected 5-ASA from the upper
Gl conditions® and allowed for 5-ASA rapid release in the
designated colonic region.

MATERIALS AND METHODS

Preparation of time-dependent colon-specific DS coated
tablets and in vitro/in vivo tests

Preparation of DS cor etablets Coretablets consisted of 40%
(w/w) diclofenac sodium (Y anzhou Pharm., China), 40% (w/w)
sodium carboxymethyl starch sodium, 8% (w/w) sodium
chloride, 2% (w/w) other excipients. Drug and excipients were
blended and sieved (mesh 80); the mixtures were granulated
with adhesivesand dried 1 hat 55 “C. Coretabletswith average
weight of 100 mg were prepared using a single punch tablet
machine (Type-TDP, 1% Pharm Machine Manu. Co., Shanghai,
China). The diameter of core tablets was 6 mm.

Tablet coating The core tablets were coated in aconventional
rotating pan. For the coating process, the rotation speed was
adjusted to 36 r/min with the coating pan set at an angle of
45°, nozzle port size 0.8 mm; inlet air temperature was 35 C;
tablet bed temperature was 25 °C; the coating solution was
sprayed onto the tablets at a flow rate of 0.8 mL/min. The
coating solution was 30 g/L EC (Colorcon Co., China) in ethanol
solution which contained diethyl phthalate (20% of EC, w/w)
as plasticizer, and PEG 400 (15% of EC, w/w, Pharm. Med.
Supply Ltd. Co., China) as channeling agent.

Dissolution test Dissolution studies were carried out with
paddle method at a rotation speed of 100 r/min and 900 mL
distilled water as medium at 37 C (n=6). Samples were
collected at predetermined time points, analyzed for DS
contents using a UV -spectrophotometer (UV-9100, Ruili Co.,
China) at 276+1 nm and cal culated cumulative rel ease amounts
of DS over the sampling times.

Absorption kinetics of time-dependent colon-specific DS
coated tablets

Experimental protocol Six male dogs (weight 20+2.5 kQ)
were randomly assigned to one of two crossover experiments
with a 7-d washout period. Dogs were fasted overnight for 12 h
before administration and free access to water was allowed.
Each dog was orally administered either reference formulation
(four enteric coated tablets, Liaodong Pharm. Ltd. Co., batch:
010910, tablet containing 25 mg of DS) or test formulation
(four EC coated tablets, each tablet containing 25 mg of DS
with 7.5% coating level), respectively. Blood samples were
collected at predetermined timesfor each protocol, respectively:
(1) 1,2, 25,3,35,4,45,5,6, 7, 8, 10, and 24 h for the
reference; (2) 1, 3,4,5,5.5,6,6.5,7,75,8,9,10,12, and 24 h
for the test. Plasmawas immediately obtained by centrifuging
the blood samplesat 3000 r/min for 10 min. The plasmasamples
were maintained in afreezer at -20 “C until analysis.
Chromatographic conditions The quantitative determination
was performed on a high-performance liquid chromatograph
equipped with a PU-1580 pump (Jasco, Japan) and 970/975
UV detector (Jasco, Japan). The column was a Hypersil ODS
C-18 (250 mmx4.6 mm, 5 mm). The mobile phase consisted
of methanol: water: triethylamine: glacia acetic acid (68:22:
0.044:0.044, viv)®. The eluate was monitored at 274 nm, with
asensitivity of 0.001 AUFS. A flow rate was 1.0 mL/min, and
the column temperature was maintained at 35 C.

Sample preparation A 0.5 mL plasma sample was mixed
with 20 ni of 4.8 mmol/L inuprofen (internal standard) and
0.6 mL of 1.0 mol/L phosphate buffer in a glass centrifuge
tube. The solution was mixed on avortex mixer for 2 min, and
then added 3 mL of asolution of hexane and isopropy! acohol
(4:1, v/v). The mixture was mixed on avortex mixer for 2 min

again and centrifuged at 3 000 r/min for 5 min. The organic
layer was transferred into a clean tube and evaporated to
dryness under nitrogen at 35 “C. Theresidue was dissolved in
100 ni. of maobile phase and 20 ni of the solution wereinjected
into the HPLC system.

Dataanalysis G, representsthe maximum drug concentration,
tmax the time to reach peak concentration, and t, the lag time
of drug. These values were obtained as directly measured
values. The elimination rate constant (K.) was calculated from
the slope of the logarithm plasma concentration to time at the
end four points. The areas under the plasma concentration-time
curve (AUC,.,) were calculated by the trapezoidal method.
Thereative bioavailability (F %) wascalcul ated by the equation:
F (%) :(A U CTest formulation* DoseReference formulation)/(A U CReference
formulation® DOSE Testformuiation) - 1 NE percentages of absorption in vivo
were calculated by the Wagner-Nelson method.

Preparation of pH-dependent colon-specific 5-ASA coated

pellets

Preparation of 5-ASA pellets Pellets(1.0-1.2 mmin diameter)
consisted of 5-aminosalicylic acid (5-ASA, Genlou Chem. Ltd.
Co., China), microcrystalline cellulose (MCC, Avicel PH101,
Asahi Chem. Ind. Ltd. Co., Japan) and lactose. Drug and
excipients were blended and sieved (mesh 80); the mixtures
were prepared as wet mass with adhesives. Pellets were
prepared by extruder and spheronizer (Institute of Machinery
for Chemical Industry East China University of Science and
Technology, Shanghai, China). The speed of the extrusion was
30 r/min. The speed of the spheronization was 1 200 r/min
and the time of the spheronization was 5 min®,

Pellet coating The pellets were coated in a fluidized-bed
coating apparatus (Shenyang Pharm. Univer., China). For the
coating process, nozzle port szewas 0.8 mm; inlet air temperature
45 °C; atomizing pressure 1.2 kg/cm?; coating solution was
sprayed onto the pellets at a flow rate of 0.8 mL/min. The
coating solution was aqueous dispersions of various
proportions of Eudragit® L100 and Eudragit® S100 (R6hm
Pharma GmbH, Germany). The plasticizer TEC was added
directly to the polymer dispersions*¥.

Dissolution test Dissolution studies were carried out with a
basket method at a 100 r/min rotation speed and 37 °C, 900 mL
dissolution medium according to ChP 2000. The dissolution
testswere performed in HCI pH 1.2, phosphate buffer solution
pH 6.0, 6.8, 7.2 or 7.5, respectively. Samples were collected
at predetermined time points, analyzed for 5-ASA content using
a UV -spectrophotometer (UV-9100, Ruili Co., China) at
302 nm and 330 nm for 5-ASA assay in 0.1 mol/L HCI and
the phosphate buffer solutions, respectively.

In order to simulate the pH changes along the Gl tract,
three dissolution mediawith pH 1.2, pH 6.0, and pH 7.2, were
sequentially used, referred to asthe sequential pH change method
(Tablel). pH 6.0, and pH 7.2 mediawere 0.05 mol/L phosphate
buffer solution. When performing rel ease experiments, the pH
1.2 medium wasfirst used for 2 h, then removed, and the fresh
pH 6.0 dissolution medium was added. After 1 h, the medium
was removed again, and fresh pH 7.2 dissolution medium
added. The UV readings were taken at 302 nm and 330 nm for
5-ASA measurement in 0.1 mol/L HCI and the buffer media,
respectively*>13, And then the 5-ASA cumulative release
percentage was cal culated over the sampling times.

Table 1 Dissolution conditions of 5-ASA coated pellets

pH | max (NM) Time (h) Simulated Gl region

1.2 302 Stomach

6.0 330 Duodenum

7.2 330 Lower small intestine and colon
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RESULTS

Time-dependent colon-specific DS coated tablets

The DS core tablets were coated by the coating formulation,
congigting of 30 g/L EC, diethyl phthalate (20% of EC, w/w) asa
plasticizer and PEG 400 (15% of EC, w/w) asachannding agent
in ethanol solution. Thein vitro release behavior of the DS coated
tabletswith different coating levels (3%, 5%, 7%, 9%, and 11%,
wi/w), was studied. As shown in Figure 1, the coating level
exercised asignificant effect on thelag time of DS release from
the coated tablets. Manifestly, the greater the coating level, the
longer the lag time of DS release from the coated tablets.
However, once the coating layer was broken up, DS then was
rapidly released from the coated tablets (Figure 1). The effects
of dissolution medium pH on the release profiles of the DS coated
tabletsat 7.5% coating level areshownin Figure 2. To beevident,
the pH values of media did not exert asignificant effect on the
DS release pattern from the coated tablets. The in vitro release
profileof tes DS coated tabletsat 7.5% coating level wascompared
with the marketed DS enteric tablets, as shownin Figure 3.
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Figure 1 Effect of different coating levels on the DS release
from the coated tablets in distilled water. The tablets were
coated at five levels of 3% (<), 5% (O), 7% (A), 9% (C@11%(X)
(w/w, total solid applied) (n=6).
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Figure 2 Effect of pH of the dissolution medium on DS release
from the coated tablets. The tablets were coated at 7.5% (w/w,
total solid applied) level (n=6). pH1.0 (<), pH2.0 (M), pH5.0
(A), pH6.8 (O), pH7.6 (A) of the dissolution media.
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Figure 3 DS dissolution profiles of test coated tablets (O) and
the reference enteric coated tablets (#) (n=6).

The reference enteric tablets started DSrelease a 2 h, while
the test DS coated tablets began to release DS at 4 h, after
being put in the dissolution medium. Thelag time of DSrelease
from the test tablets was significantly longer than that of
reference enteric tablets. Moreover, the cumulative DS release
percentage of test tablet was nearly 100% within 7 h.

pH-dependent colon-specific 5-ASA coated pellets

The 5-ASA pelletswere coated with combination of Eudragit®
L 100 -Eudragit®S100 methacrylic acid pH-sensitive copolymers,
and their release characteristics were examined by three
sequential dissolution mediawith different pH valuesin order
to mimic pH changesaong Gl tract. Weinvestigated the effect
of combination ratios of Eudragit®L100-Eudragit® S100 in
the coating formulation on the release profiles of 5-ASA coated
pellets, as shown in Figure 4.

The combination ratios of Eurdragit® L 100-Eudragit®
S100 in the coating formulation played a significant role in
regulating the rel ease behavior of 5-ASA coated pellets. When
employing 1:4 (w/w) combination ratio of Eudragit®L100-
Eudragit®S100 asthe coating formulation, 5-ASA wasreleased
lessthan 1.0%in pH 1.2 dissolution medium (simul ated gastric
fluid) until 2 h, and less than 3.0% in pH 6.0 (simulated
duodenum fluid) at 1 h after changed to fresh medium, and
more than 80% in pH 7.2 (simulated lower small intestinal
and colonic fluid) at 1.5 h after changed to fresh medium. When
the pellets were coated with Eudragit® L 100-Eudragit® S100
combination (w/w) ratios of 1:0, 4:1, and 1:1, the cumulative
release percentage of 5-ASA was 1.0-3.6% in pH 1.2 until 2 h,
11-37%inpH 6.0 a 1 h, and morethan 80% inpH 7.2 a 1.5 h,
the results indicating that the earlier measurable release
occurred. Pellets coated with Eudragit® S100 alone displayed
the slowest release rate, the cumulative release percentage of
5-ASA waslessthan 0.5%in pH 1.2 upto 2 h, waslessthan 1.0%
inpH 6.0 a 1 h, and was not morethan 10%inpH 7.2 at 1.5 h.

The effects of the coating level on the release properties of
5-ASA coated pellets were also examined, with the coating
level ranging from 0% to 25% and the combination ratio of
Eudragit®L 100-Eudragit® S100 set at 1:4 (w/w), asshown in
Figure 5. As the coating level and thickness of coating layer
increased, the acid-resistant property of coating layer was
enhanced. The coating level being 25% (w/w), amost none of
the 5-ASA was released from coated pelletsin pH 1.2 and pH
6.0 dissolution media. By contrast, the cumulative release
percentage of 5-ASA was more than 80% inpH 7.2 a 1.5 h,
regardless of the coating levels. Accordingly, thisformulation,
with the combination ratio Eudragit® L 100-Eudragit® S100
being 1:4 (w/w) and the coating level being 25%, would be a
promising candidate for designed DS pH-dependent CDDS.

Moreover, we examined the influences of medium pH
values on the release characteristics of the 5-ASA coated pellets,
utilizing 1:4 (w/w) combination ratio Eudragit®L 100-Eudragit®
S100 asthe coating formulation and setting the coating level at
25%. Five pH values (1.2, 6.0, 6.8, 7.2 and 7.5) of dissolution
mediawere utilized. Asshownin Figure 6, pH values of medium
notably affected 5-ASA release profilesfrom the pH-dependent
coated pellets. When pH increased from 1.2 to 7.5, the release
rate of 5-ASA from the coated pell etswas outstandingly enhanced.

In vivo absorption kinetics of time-dependent colon-specific
DS coated tablets

Either DS reference formulation (four 25 mg enteric coated
tablets) or DStest formulation (four 25 mg EC coated tablets)
was orally administered in the two crossover experimental
design in dogs at a dose of 100 mg/body, respectively. The
concentration-time curve of DSin plasmaisillugtrated in Figure 7.
The pharmacokinetic parameters are calculated and listed in
Table 2. The mean lag time of DS absorption from the test
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formulation was aslong as 5.80 h, while that for the reference
formulation was 2.80 h after oral administration. This result
waswell congistent with themeanin vitro lag timeof DSrelease
from two formulations, the test tablets being 4 h versus
reference enteric tablets being 2 h. In addition, C. of the test
and the reference formulationswas 8.17 mg/L and 10.05 mg/L,
respectively. The relative bioavailability of test formulation
versus reference formulation was 86.38%.

Absorption percentage in vivo of DS for test formulation
was assessed by the Wagner-Nelson method. Both absorption
percentage in vivo of DS (F(t)) and the cumulative release
percentagein vitro of DS (f(t)) versustime profiles, demonstrate
asimilar contour curvein Figure 8. Furthermore, there existed
asignificant correlation between F(t) and f (t) (r=0.95) for test
formulation, indicative of the good relationship between in
vitro release and in vivo absorption processes.

Cumulative
5-ASA released (%)

10

Figure 4 5-ASA release profile of pellets coated at 25% level
with various Eudragit® L100-Eudragit® S100 combination ra-
tios of 1:0 (@), 4:1 (), 1:1 (A), 1:4 (O) and 0:1 (@) (W/ W),
using the sequential pH change method (n=6).

Cumulative
5-ASA released (%)

10

Figure 5 5-ASA release profile of pellets coated at 5 levels of
uncoated (@), 5% (O), 10% (A), 15% (O), 25% (@) (w/w, total
solid applied) with Eudragit® L100-Eudragit®* S100 combinations
of 1:4 (w/w), using the sequential pH change method (n=6).

Cumulative
5-ASA released (%)

Figure 6 Effect of pH of the dissolution medium on 5-ASA release
of coated pellets coated at 25% level with Eudragit® L100-Eudragit®
S100 combination ratios of 1:4 (w/w) (n=6). PH 1.2 (#), pH 6.0
(M),pH 6.8 (A), pH 7.2 (O), pH 7.5 (<) of the dissolution media.
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Figure 7 DS plasma concentration-time profiles after oral ad-
ministration of coated formulation (A\) and reference enteric
formulation (@) in dogs at a dose of 100 mg/body. Each value
represents mean+SE (n=6).
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Figure 8 Comparison between the cumulative DS release per-
centage in vitro f(t) and the absorption percentage in vivo F(t)
of coated formulation (n=6).

Table 2 Pharmacokinetic parameters after oral administra-
tion of DS coated formulation and reference enteric formula-
tion in dogs at a dose of 100 mg/body (n=6, mean+SE)

Parameter Test formulation Reference formulation
Crnax (M@/L) 8.17+1.35 10.05+1.66

tomax () 7.40%0.35 4.50+0.20
Ke(L/h) 0.56+0.06 0.44£0.11

tiag () 5.80+0.42 2.800.21
AUC,n(mg-h/L) 17.21+2.09 19.91+2.83

F (%) 86.38+10.51 -
DISCUSSION

It has been well found that gastric emptying of a preparation
was variable and depended primarily upon whether subjects
were fed or not, and upon the properties of the preparation.
On the contrary, the transit time in small intestine for the
preparation was surprisingly constant at 3+1 h and appeared to
be independent of the types of the preparations and whether
subjectswerefed or not!*4, Onthebasisof theabove understandings,
we designed the time-dependent colon-specific drug delivery
to achieve no measurable drug release in the upper part of Gl
tract and a considerable drug release after arrival at colon.
The time-dependent DS coated tablets were prepared by
means of the coating technology, with the coating formulation
consisting of the water-insoluble EC, the water-soluble
channeling agent PEG 400 and the membrane plasticizer
diethyl phthalate. Generally, the coating layer of EC wasmainly
hydrophobic and was moderately impermeable to water
molecules. And the water-soluble channeling agent wasrapidly
dissolved in water, resulting in the formation of numerous
micro-channelsacrossthe coating layer. Then, water molecules
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could penetrate into the tablet core via these channelsto cross
the hydrophobic EC membrane. Water uptake caused the
expansion of the disintegrating agent within the tablet core,
resulting in a gradual build-up of pressure within the coated
tablets. Oncetheinside pressure exceeded the critical disrupted
value that the coating layer resisted most, the coating layer
would be ruptured and release drug in a manner of burst, thus
forming the delay effect of drug rel ease from the coated tabl ets.
Taken together, the formation of micro-channels was the first
crucial step, and the critical disrupted pressure governed by
the coating layer and the expansibility of the disintegrating
agent were the key factors for time-dependent controlled
release®®.

The release profiles of the DS coated tablets at 7.5% coating
level were not affected by the pH values of media (Figure 2).
Thiswas reasonably expected, since the channeling agent PEG
400 was pH-insensitive and formation of the micro-channels
was not affected by pH. The effects of the coating level on the
lag time of DS release from the coated tablets were tested,
indicating that the coating level played a significant role in
controlling thelag time of release. To increase the coating level
would extend thelag time of DS release from the coated tablets
(Figure 1). There were two possible mechanisms contributing
to this phenomenon. For one thing, since the hydrophobic EC
membrane was relatively impermeable to water molecules,
substantial effect on the rate of the water molecules diffusion
and water uptake, was exerted by the number, size, length and
tortuosity of the aqueous micro-channelsin the coating layer.
The coating level and thickness of the coating layer certainly
determined the rate of water uptake, by controlling the
formation rate and physical characteristics of the agueous
channels. To be evident, theincrease of the coating level would
elicit the longer and more tortuous aqueous micro-channels,
severely impairing the rate of water uptake. Alternatively, the
thicker coating layer developed the higher critical resistant
pressure to be surpassed for disrupting the coating membrane,
required the greater water uptake to gradually build up inside
pressure by the disintegrating agent’ sexpansion and prolonged
the lag time of drug release from the coated tabletg €.

The meanin vivo lag time of the DS absorption from coated
tablets was significantly longer than that from enteric tablets,
being 5.80 hvs2.80 h (Figure 7 and Table 2). Theresults were
in accordance with the in vitro lag time of DS release from
two formulations, and the lag time of DS release from test
tabletswas nearly 2 h longer than that from the enteric tablets
(Figure 3). Furthermore, the in vivo absorption kinetics of the
time-dependent DS coated tabl ets was assessed by the typical
Wagner-Nelson method. The absorption percentage in vivo
versus time profile was analogous to the cumulative release
percentage in vitro versus time profile, which validated the in
vitro dissolution conditions and verified the utility of thetime-
dependent CDDS (Figure 8). The good correlation coefficient
(r=0.95) between in vivo absorption and in vitro release
percentages, further confirmed this conclusion.

To our knowledge, there existsa pH gradient along the GI
tract, afact that pH in the stomach is approximately 1.5 in the
fasted state, ranges roughly from 5.0 to 7.0 in the small
intestine, and from 6.0 to 7.2 in the colon¥. The pH values at
the end of ileum and in the colon are notably higher than the
upper Gl tract, therefore providing the rationale for developing
pH-dependent CDDS. In addition, anovel dosageform, pellets,
isthemultipleunits drug delivery system, and it issuperior to
the conventional preparation, such astablets, for the following
reasons. The pellets appear to be less influenced by the
physiologic factors, such as the gastric emptying, intestinal
transit, than tablets. Moreover, the pellets could be widely and
evenly distributed in the Gl tract surfaces, which increase the
drug-tract contact surface and thus improve bioavailability.

Finaly, the release failure of the individua unit hardly affects
the total release behavior due to the multiple units, whereas
tablets do not”.

Eudragit® L100 and S100 were methacrylic acid pH-
sensitive copolymers and began to be dissolved from pH 6.0
and pH 7.0, respectively. The combination utilization of L100
and S100 would be capable of designing the suitable copolymers
intended to begin being dissolved from the desired pH
environment in the lower Gl tract (pH variation range of 6.0-
7.0). Clearly, the combination ratio of L100 and S100 exerted
a great effect on the 5-ASA release characteristic from the
coated pellets. The combination ratios (1:0, 4:1, 1:1, and 1:4,
0:1) of L100 and S100 hardly released drug in pH 1.2 until 2 h,
indicating the acid-resistant properties of the coated polymers
(Figure 4). After changing to pH 6.0 fresh medium, L100 could
to be dissolved and the channels were then quickly created in
the coating membrane; conversely, S100 did not. Therefore,
the higher the proportion of L100 in the coating formulation,
the more channelsformed, thus allowing for the higher 5-ASA
release®. After converting into the pH 7.2 fresh medium, both
L 100 and S100 could be dissolved; by contrast, the dissolution
rate of L100 was faster than S100. Thus the higher amount of
L 100 in the coating formulation, the faster dissolution and
disappearance of the coating layer, leading to rapid release of
5-ASA (Figure 4). The dissolution profile for the 0:1 coating
formulation at pH 7.2 demonstrated that the dissolving process
of the coating layer of S100 alonewasrather sow, resultingin
very slow drug release.

Fixing the combination ratio of Eudragit®L 100 and S100
at 1:4, the coating level remarkably influenced the 5-ASA
release from coated pellets (Figure 5). When the coating level
was less than 25%, a measurable 5-ASA release was observed
in pH 1.2 and 6.0 media. The coated pellets at 25% coating
level scarcely released 5-ASA in pH 1.2 and 6.0 media, and
rapidly released in pH 7.2 medium. This coating level of pellets
(25%) was significantly higher than that of tablets (10%) in
this study, because of the ratio of surface area of pellets
considerably greater than tablets. The lower coating level for
pellets would form an incompl ete closed membrane around
pellets, and elicited a measurable drug release in pH 1.2 and
6.0 media (Figure5). The coating level of pellets 25%, however,
could form uninterrupted and homogenous coating layer,
swiftly released 5-ASA in pH 7.2, but not in pH 1.2 and 6.0
media. On the other hand, the higher coating level would
requirethelonger processing time, escalation of cost and further
5-ASA wasincapable of being rapidly released from pelletsin
pH 7.2 medium (the coating level =35%, unpublished data).
Sincethe coating copolymerswere pH-sensitive, 5-ASA release
from the coated pellets was expected to be influenced by the
dissolution medium pH, as confirmed in Figure 6.

In summary, two controlled release mechanisms, i.e. time-
and pH-dependent, could achieve colonic-specific drug
delivery following oral administration. In addition, both CDDS
were relatively inexpensive and easy to be manufactured using
conventional pharmaceutical coating technique, and provided
the promising candidates for specifically delivering drug to
the targeted colon region, in particular for DSand 5-ASA in
this study, respectively.
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Abstract

AlM: Bicyclol, 4,4’ -dimethoxy-5,6,5”,6” -dimethylene-dioxy-
2-hydroxymethyl -2”-carbonyl biphenyl, is a new anti-hepatitis
drug. The aim of the present study was to investigate the
protective effect of bicyclol on concanavalin A (Con A)-induced
immunological liver injury in mice and its mechanism.

METHODS: Liver injury was induced by injection of Con A
via tail vein of mice and assessed biochemically and
histologically. Serum transaminase and tumor necrosis factor
alpha (TNF-a) were determined. Liver lesions were observed
by light microscope. Expressions of TNF-a, interferon gamma
(IFN-g), Fas and Fas ligand (FasL) mRNA in the livers were
measured by RT-PCR.

RESULTS: Serum transaminase level and liver lesions in
Con A-induced mice were markedly reduced by oral
administration of 100, 200 mg/kg of bicyclol. TNF-a level in
serum was also reduced by bicyclol. Con A injection induced
up-regulation of TNF-a, IFN-g Fas and FasL mRNA expression
in liver tissues. Bicyclol significantly down-regulated the
expression of IFN-g, Fas and FasL mRNA, but only slightly
affected TNF-a mRNA expression in liver tissues.

CONCL USION: Bicyclol protects against Con A-induced liver
injury mainly through inhibition of Fas/FasL mRNA expression
in liver tissues and TNF-a release in mice.

Li M, Liu GT. Inhibition of Fas/FasL mRNA expression and TNF-a
release in concanavalin A-induced liver injury in mice by bicyclol.
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INTRODUCTION

Viral hepatitisis a serious health problem worldwide, as more
than two billion people alive today have been infected by
hepatitis B virus, and 170 million people have been infected
by hepatitis C virug¥. Although a number of drugs such as
interferon-2a and lamivudine have been used in the treatment
of viral hepatitis, the efficacy of these drugsis still limited and
some side effect are severe!?d. Therefore, it is necessary to
develop new anti-hepatitis drugs. Bicyclol is new synthesized
anti-hepatitis drug, chemically named 4, 4’ -dimethoxy-5, 6,

5, 6’ -dimethylene-dioxy-2-hydroxymethyl- 2’ -carbonyl
biphenyl. Our previous studies demonstrated that bicyclol has
anti-liver injury, anti-liver fibrosis and anti-hepatitis virus
activitied¥. Clinical trials indicated that bicyclol markedly
normalized the elevated level of serum transaminasein patient
with viral hepatitis B, and also inhibited HBV-DNA
replication!®. It isknown that the liver injury induced by CCl,,
acetaminophen and D-gal actosamine is mainly caused by free
radicals and oxidative stress®”. The protection of bicyclol
against CCl,-, acetaminophen-induced liver injury, is closely
related to its elimination of free radicals and inhibition of
oxidative stress. However, the pathogenesis of human viral
hepatitisis different from hepatotoxicantsinduced liver injury.
Human viral hepatitis is a disease resulting from destruction
of virus-infected hepatocytes through immune-mediated
mechanismi®9. Thus, it is necessary to further investigate if
there are other mechanisms involved in the protective effect
of bicyclol against liver injury in addition to its anti-oxidative
activity. Recently, amodel of immune-mediated liver injury
in mice was established by injection of T cell mitogen Con A,
whichisan available animal model relevant to human hepatitis
and hepatocel lular damagel*®. Previous studies demonstrated
that activated T cell-mediated cellular immunity isresponsible
for the liver damagesin Con A model. TNF-a released from
activated T lymphocytes and Kupffer cells playsacritical role
in the process of liver damage and hepatocyte apoptosig*-23,
In addition, Fasand Fasligand (FasL) pathway isinvolved in
the pathogenesis of hepatocytes apoptosis and necrosisi*4.
Therefore, the present study was to investigate the effect of
bicyclol on Con A induced immune-mediated liver injury and
itsmechanisms. Figurel showsthe chemica structure of bicyclal.

Figure 1 Chemical structure of bicyclol.

MATERIALS AND METHODS

Animals

Male C57BL/6 mice weighing 21-25 g were obtained from
the Animal Center of Chinese Academy of Medical Sciences.
They were fed standard maintenance diet and water throughout
the experiments. All animals received carein compliance with
the guidelines of China Ministry of Health.

Reagents

Bicyclol was kindly provided by Professor Zhang CZ in the
Department of Pharmaceutical Chemistry of our ingtitute. The
purity of bicyclol was over 99% and not dissolved in water.
TypelV Con A was purchased from Sigma Chemical Co. (St
Louis, MO, USA). ALT kit was purchased from BHKT
Chemical Reagent Co., Ltd (Beijing, China). ELISA kit for
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TNF-a determination was provided by Jingmei Biotechnology
Co, Ltd (Beijing, China).

Con A-induced hepatitis in mice and drug administration
Control mice were injected pyrogen-free phosphate-buffered
saline (PBS). A dose of 23 mg/kg of Con A was injected
via tail vein. Bicyclol was suspended in 5 g/L sodium
carboxymethylcellulose (Na-CMC) just before use. The
200 mg/kg and 100 mg/kg of bicyclol were administered orally
three times, 24, 12, 1 h before Con A injection.

Assay for serum ALT activity and TNF-a levels

Serum from individua mousewas obtained at variousintervals
after Con A injection. Alanine aminotransferase (ALT) level
was determined by a biochemical kit according to the
manufacturer’ sinstruction. The assay of serum TNF-a level
was performed with specific ELISA kit.

Histopathological examination of liver tissue

Liver samples from individual mouse were fixed in 40 g/L
neutral formaldehyde solution, embedded in paraffin, sliced
into sections 5-mm of thickness and stained with hematoxylin
and eosin for histological examination. The degrees of liver
injury were graded based on a score of 0-31* and expressed as
the mean of 10 different fields of each dlide.

Detection of Fas, Fas ligand (FasL), TNF-a, and IFN-gexpression

by semiquantitative RT-PCR

Total RNA from mouse liver was extracted by TRIzol reagent
(Gibco USA), RT-PCR was conducted to detect Fas, FasL,
TNF-a and IFN-ggene expression. The primersfor Faswere as
follows 5 -TGCACAGAAGGGAAGGAGTA-3 and5 -ATG
GTTTCACGACTGGAGGT-3 ;for FasL: 5 -GACAGCAGTG
CCACTTCATC-3 and5 -TTAAGGCTTTGGTTGGTGAA-3 ;
forIFN-g 5 -CTCAAGTGGCATAGATGTGG-3 and5 -ACT
CCTTTTCCGCTTCCTGA-3' ;for TNF-a: 5 -GGCGGTGCCT
ATGTCTCAG-3 and5 -GGGCAGCCTTGTCCCTTGA-3 ;
and for Cu/Zn SOD: 5 -TCTGCGTGCTGAAG GGCGAC-3';
and 5 -CTCCTGAGAGTGAGATCACA-3 . mRNA was
reversely transcribed with AMV reverse transcriptaseand then
amplified using Tfl DNA polymerase for 35 cycles asfollows:
a 94 °C for 30 s(dissociation), at 60 C for 60 s (annedling), and
at 72 °C for 90 s(primer extension). PCR amplification products
werevisualized in 2% agarose gelsafter staining with ethidium
bromide. The density of the PCR products was compared with
Cu/Zn SOD, which was used as an internal control. Briefly,
the spot density of each band in the gel was measured with
the Kodak digital imaging system (Kodak DC120, Digital
science 1D system, USA). The percentage of geneexpression
was cal culated by thefollowing equation: (density of cytokine
product/density of SOD product) x100.

Statistical analysis
All data are expressed as mean+SD and analyzed by Student’ s
t-test.

RESULTS

Effect of bicyclol on Con A-induced aminotransferase
elevation in serum

Injection of Con A to mice caused atime dependent increase
inserumALT levels(Figure2). ALT levelsincreased Sgnificantly
and reached amaximum at 6 h and maintained at plateau for
16 h after Con A injection. Administration of 200 mg/kg and
100 mg/kg of bicyclol to mice for three times significantly
reduced the elevated serum ALT levelsat 12 h and 16 h after
Con A administration (Table 1).

Effect of bicyclol on liver histology

Twelve hours after Con A injection, histological analysis of
the liver sections of Con A-treated mice showed widespread
areas of necrosis and inflammation within the liver lobules
and around the central veins and portal tracts (Figure 3A,B).
Extensive lesions were characterized by massive hepatocytes
coagulative necrosis, and cytoplasmic swelling of most living
hepatocytes and nuclear chromatin condensation were found
frequently, which indicated hepatocytes apoptosis. A moderate
infiltration of lymphocytes and mononuclear cellsin the portal
areaand around the central vein were also observed. As shown
in Figure 3C, bicyclol reduced the areas of lesions and the
extent of liver injury induced by Con A. The extent of lymphocyte
infiltration in bicyclol treated mice also reduced significantly.
The extent of liver necrosis was classified using afour degree
score as shown in the footnote of Table 2.

g
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Figure 2 Time-course of Con A-induced liver serum ALT el-
evation in mice. °P<0.01 vs other time.

Figure 3 Light micrographs of livers from mice treated with
Con A alone or in combination with bicyclol. Original
magnificationx200. A: normal control mouse. B: Con A injected
mouse; C, mouse treated with bicyclol 200 mg/kg.
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Table 1 Protection of bicyclol against Con A induced liver
injury in mice as determined by ALT(U/L)

Time Con Aalone Con A+bicyclol Con A+bicyclol

200 mg/kg 100 mg/kg
12h 161.5%+63.11 27.1+10.8° 50.1£15.92
16 h 165.8+8.76 10.6+12.8° 30.7+27.4°

Data are mean£SD of 8 mice per group. 3P<0.05, *P<0.01. vs
Con A alone. Serum ALT levels were measured 12 h and 16 h
after Con A injection, respectively.

Table 2 Effect of bicyclol on liver histology by evaluation the
degree of liver injury 12 h after Con A injection

Grade of liver injury

Group

0 1 2 3
Normal (n=7) 7 0 0 0
Con A alone (n=7) 0 0 0 7
ConA+bicyclol 200 mg/kg (n=8) 3 2 1 2
ConA+bicyclol 100 mg/kg (n=7) 1 2 3 1

Histological degree of liver injury is classified according to the
area of coagulative necrosis in hepatic lobules as follows: grade
0, no coagulative necrosis; grade 1, coagulative necrosis area
<10%; grade 2, coagulative necrosis area between 10% and 25%;
grade 3, coagulative necrosis area >25%.

Lowering effect of bicyclol on serum TNF-a level in Con A-
injected mice

Mice were killed at the indicated time points after injection of
23 mg/kg Con A. As shown in Figure 4, serum TNF-a level
increased significantly 1-2 h after Con A injection, and then
showed a marked decline at 4 h. At 24 h, the level of TNF-a
level was still slightly higher than the normal mice but not
significantly (Figure 4).

The treatments of mice with bicyclol 200 mg/kg caused a
decrease of the elevated TNF-a level by about 50% two hours
after Con A injection (P<0.05). Bicyclol 100 mg/kg also
decreased serum TNF-a concentration about 25% but not
significantly statistically (Figure 5).
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Figure 4 Dynamic changes of serum TNF-a level after Con A
injection in mice. Each point represents mean=SD of six mice.

Effect of bicyclol on expressions of liver TNF-a, IFN-g, Fas
and FasL mRNA in Con A-treated mice

One hour after the last administration of bicyclol, mice were
injected 23 mg/kg of Con A. The livers were removed 2 h
later. Total liver RNA was isolated, reversely transcribed, and
amplified by PCR usingprimersfor TNF-a, IFN-g Fasand FasL,
respectively. Cu/Zn SOD was used as an internal control. As
shownin Figure 6, TNF-a and IFN-gmRNA were undetectable
in livers from normal control mice, while the mice injected
with Con A showed TNF-a and IFN-g mRNA expression

apparently. Prior administration of bicyclol 200 mg/kg reduced
about 40% IFN-g mRNA expression induced by Con A, but
had dight influence on up-regulation of TNF-a mRNA in Con
A injected mice.

Although Fas and FasL mRNA levels were detectable in
normal control mice, significant increase of both Fas and FasL
mMRNA levels was demonstrated in Con A challenged mice.
Mouse liver FasmRNA level was more than that of FasL both
in normal control and Con A injected groups. Administration
of bicyclol down-regulated Fas and FasL mRNA expression
to approximately normal level.
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Figure 5 Lowering effect of bicyclol on the elevated serum
TNF-a Level induced by Con A injection in mice. Each bar
represents mean+SD of 6 mice per group °P<0.01 vs Con A alone.
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Figure 6 Effect of bicyclol on Con A induced TNF-a, IFN-g Fas
and FasL mRNA expression determined by RT-PCR. A: Pho-
tograph of ethidium bromide-stained amplification products.
Lane 1, molecular mass markers; lane 2 and lane 3, control
liver; lane 4 and lane 5, liver 2 h after Con A administration
alone; lane 6 and lane 7, liver 2 h after injection of Con A in
combination with 200 mg/kg bicyclol. B: Relative band intensity
of amplification products compared with Cu/Zn SOD mRNA.
Data represent the mean of two lanes. Each lane corresponds
to the pooled livers from two mice. 2P<0.05 vs Con A alone.

DISCUSSION

Theimmune cell-mediated liver injury isacritical event in the
pathogenesis of human viral hepatitig*”*°. Cell immunity is
involved in theimmune clearance of virus-infected hepatocytes
and at the same time damage virus-infected hepatocytes. This
conclusion came from the findingsthat infiltrating T cellswere
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observed in the liver tissue of hepatitis patients?*?, Con A
induced liver injury is a T-cell-dependent hepatitis model,
which situation is relevant to human liver injury®?. In Con A
induced hepatitis, T cell activation plays acrucia rolein the
process of liver injury, because lymphocytes depleted mice or
severe combined immunodeficiency disease (SCID) mice can
not develop liver injury after Con A injection, and pretreatment
of mice with a monoclonal antibody which in vivo destroys
Thy1.2 antigen-bearing T cells abrogated the susceptibility of
these animals toward the hepatotoxicity induced by Con AR,
In the present study lymphocyte infiltration was observed in
the portal area and around the central vein of damaged liver
tissue. Biochemical and histological data showed that prior
administration of bicyclol, a new anti-hepatitis drug has
protective effect against Con A induced liver injury in mice.
In order to elucidate how bicyclol exertsits protective effect
against Con A induced liver injury, mice were pretreated with
bicyclol. The results showed that bicyclol markedly decreased
lymphocyte accumulation into liver.

Cytotoxic T lymphocytes play an important role in the
pathogenesis of viral hepatitis by inducing hepatocyte
apoptosis?8, In the study of Moriyama et al.?¥ transfer of
HBV-specific cytotoxic T lymphocytes can mediate liver cell
necrosis in the HBV transgenic murine. As viral hepatitis,
hepatocytes apoptosisis a dominant feature of Con A induced
hepatitis as measured by DNA fragmentation and morphological
observation. The apoptosis cascade can beinitiated by aligand,
which binds to its receptors on the cell surface. Ligands such
as FasL and TNF-a play an important role in Con A induced
hepatitis. I nteraction of Fasand FasL is an important pathway
that mediatesthe target cytolysis by cytotoxic T lymphocytes®!.
In gld/gld mice, in which FasL is defective, the development
of the disease is completely suppressed and in Ipr/lpr mice,
the suppression of Fas mRNA is incomplete, the hepatitisis
partially suppressed. Antibody against Fas can block the
development of hepatitid'?. When FasL binds to Fas, the
receptor molecules trimerize, leading to clustering of death
domains, activation of a series of caspases and the final
apoptosis of liver cell§%. In chronic hepatitis B (CHB), the
intensity of FasL mRNA showed a positive correlation with
the histological activity and serum alanine aminotransferase
level?, Immunohistochemica study suggested that Fas antigen
expression plays an important role in inflammation in the
hepatitis C virus-infected liver®. In our previous study, wefound
that bicyclol inhibited Con A induced DNA fragmentation'®.
To further investigate the mechanism of bicyclol in protection
againgt liver injury, we measured the expression of Fas/FasL
in Con A-induced liver injury.

In our study, we found that both FasL and Fas mRNA
expressions were up-regulated significantly after Con A
injection. Bicyclol down-regulated the expression of FasL
and Fas close to normal level. The results explained why
bicyclol could inhibit apoptosis of hepatocytesin Con A
hepatitis model in our previous experiment!®.. It is known that
Fas expression can be activated by |FN-gto enhance apoptosis.
Fas MRNA expression was reduced by 50% in the liver of
IFN-g"- mice compared with that in IFN-g™ mice®*?. Because
IFN-g can affect the expression of Fas, we further investigated
the effect of bicyclol on IFN-gmRNA expression. Our results
indicated that bicyclol reduced the expression of IFN-gmRNA
by about 40% in the livers of Con A treated mice, which was
associated with the inhibition of Fas.

TNF-a is another important ligand to induce hepatocyte
apoptosis. Activated lymphocytes stimulated the macrophages
to release TNF-a and the activated lymphocyte itself is the
potential source of TNF-a®¥, This proinflammatory cytokine
can produce adirect cytotoxic effect to transcription-inhibited
hepatocytesin vitro when bound to TNF-RI®. |n addition to

the effect on Fag/FasL. pathway, bicyclol significantly inhibited
therelease of TNF-a. Con A significantly increased therelease
of serum TNF-a and mRNA expressionin liver tissue. Bicyclol
reduced the serum level of TNF-a by about 50%. It, however,
showed adlight effect (10%) onthe mRNA expressionin liver.
It seems that bicyclol inhibited TNF-a release mostly at
posttranscriptional level, which needs further investigation.

In conclusion, bicyclol protects mice againgt Con A-induced
liver injury through at least two mechanisms: down-regulation
the expression of Fas/FasL mRNA, and prevention of
proinflammatory cytokine TNF-a release.
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Abstract

AIM: To investigate the expression of gonadotropin-releasing
hormone (GnRH) receptor and the effects of GnRH analog
(alarelin) on proliferation of cultured gastric smooth muscle
cells (GSMC) of rats.

METHODS: Immunohistochemical ABC methods and in situ
hybridization methods were used to dectect protein and
mMRNA expression of GnRH receptor in GSMC, respectively.
Techniques of cell culture, OD value of MTT test, measure
of *H-TdR incorporation, average fluorescent values of
proliferating cell nuclear antigen (PCNA) and flow cytometric
DNA analysis were used in the experiment.

RESULTS: The cultured GSMC of rats showed immunoreactivity
for GNRH receptor; positive staining was located in cytoplasm.
GnRH receptor mRNA hybridized signals were also detected
in cytoplasm. When alarelin (10°, 107, 10-° mol/L) was
administered into the medium and incubated for 24 h, OD
value of MTT, *H-TdR incorporation and average fluorescent
values of PCNA all decreased significantly as compared with
the control group (P<0.05). The maximum inhibitory effect on
cell proliferation was achieved a concentration of 10-° mol/L
and it acted in a dose-dependent manner. Flow cytometric
DNA analysis revealed that alarelin could significantly
enhance ratio of G, phase and decrease ratio of S phase of
GSMC of rats (P<0.05).The maximum inhibitory effect on
ratio of S phase was at the concentration of 10 mol/L and
also acted in a dose-dependent manner.

CONCLUSION: Our data suggest that GnRH receptor can
be expressed by GSMC of rats. GnRH analogue can directly
inhibit proliferation and DNA synthesis of rat GSMC through
GnRH receptors.
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INTRODUCTION

Gonadotropin releasing hormone (GnRH), a decapeptide
synthesized by the neuroendocrine cells in the pro-optic area
of brain, plays an important role in regulation of reproductive
function. After released from the hypothalamus, GnRH binds
to a specific receptor on the plasma membrane of the pituitary
gonadotroph, resulting in stimulation of FSH and LH
biosynthesis and release. Thereis evidence that GnRH and its
receptorsare expressed in numerous extrapituitary tissues, such
as syncytiotrophoblast cells¥, human granulosa-L uteal cells?,
human peripheral lymphocytes®# and so on. They are not only
expressed in normal tissues, but also widely exist in various
carcinomathat derived from reproductive (ovary cancer'™ and
prostate cancer!®) or non-reproductive tissues (breast cancer!”,
lung cancer!®, pancreas cancer!® and hepatocellular carcinoma?,
et al). Our previous studies have shown the presence of GhRH
and its receptor in rat digestive tracti*¥, submaxillary gland*2,
thyroid glang™® and pancreas™ and proposed that GnRH could
be classified as akind of brain-gut hormone. Presently, we first
invedtigated the expression of GnRH receptor in cultured rat gastric
smooth muscle cells (GSMC) and investigate the effect of GnRH
analogue (alarelin) on the proliferation of cultured GSMC of rats.

MATERIALS AND METHODS

Materials

GnRH anti-idiotypic antibody was prepared by our department!®®!,
ABC kit wasthe product of VVector Company (Vector Laboratories
Burlingame, CA, U.SA.). MTT (3-(4, 5-dimethythiazol -zyl-
2)-2, 5-diphenyltetrazolium), colleagnase I, PPO (2, 5-
diphenyloxazole) and POPOP (1, 4-bis (5-phenyloxazol-2-yl)
benzene) were purchased from Sigma Company (Staint Louis,
Missouri, U.S.A.). DMEM and Trypsin were the products of
Gibco Company (Carlsbad, California, U.S.A.). Alarelin was
purchased from Shanghai Lizhu Biochemica and Pharmaceutical
Company, Shanghai, China. PCNA (Proliferating cell nuclear
antigen) antibody and immunofluorescent kit were purchased
from Boster Company (Wuhan, China). *H-TdR waspurchased
from Academy of Atomic Energy Sciences of China(Shanghali,
China). The 1-3-day-old male Sprague-Dawley rats were
purchased from the Center of Laboratory Animal Medicine,
the Fourth Military Medical University, (Xi’ an, Ching).

Preparation and culture of GSMC of rats

The culture of GSMC of rats was performed as described
previously with modificationg¢*", 1-3-day-old immature male
Sprague-Dawley ratswere gterilized by 750 mL/L dchol; removed
the stomaches and put them into cool Hanks solution (mmol/L:
CaCl, 1.3,KCl 5.4, KH,PO, 0.4, MgCl,- 6H,00.4, MgSO,- 7H,0O
0.4, NaCl 137, glucose 5.6) immediately. The mucosas were
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removed by scrapping with razorblade. The gastric smooth muscle
tissues were minced into 1.0 mm?® pieces with tissue chopper,
then put them into DMEM containing 1 mg/L collagenase | at
37 °C for 30-60 min, and the GSM Cswere collected at an interval
of 20 min. The cell suspension was centrifuged at 500 r/min
for 5 min, washed 2 timesin DMEM, then cultured in DMEM
containing 100 mL/L calf serum, 100 U/mL pencillin G and
100 U/mL streptomycin under a humidified atmosphere of
50 mL/L CO,in air. To obtain pure GSMC and remove the
fibroblasts, the cells were preattached in flasks with 10% calf
serum under DMEM in a humidified atmosphere of 5% CO,
or 90 min at 37 ‘C. Afterwards, the cells were maintained in
fresh DMEM containing 100 mL/L calf serum and removed it
per 3 d and subsequently subcultured per 4-5 d by treatment
with trypsin (2.5 g/L). The GSMC were identified by “ valley
and hill appearance” 1 and showed a-actin immunoreactivity,
which was located in cytoplasm. The experiments were
performed with monolayer of cells from passage 3-5.

Immunocytochemical procedure

The GSMCs (1x10%mL) were seeded in a six-well plate
containing the coverglasses inside. The cells of passage 3-5
were fixed in 4% paraf ormaldehyde solution for 30 min at
room temperature. The coverglasses were washed 3 timeswith
phosphate-buffered saline (PBS, pH 7.2), and put into
methanol-H,O,for 30 min to remove endogenous peroxidase
activity. Then they were stained using immunohistochemical
ABC method. They were incubated with first antibody, rabbit
GnRH anti-idiotypic antibody (1:200 dilution) at 4 “C for 18-
24 h. Then they wereincubabated with second antibody, biotin
labeled goat anti-rabbit 1gG antibody (1:400 dilution), at room
temperature for 2 h, followed by incubation with ABC complex
(1:400 dilution), at room temperature for 1 h. Finally, DAB
(diaminobenzedin) was used for color developed, and then the
slides were washed in distilled water to stop the reaction,
dehydrated in alcohol, hyalinized in xylene, and mounted on
Canada balsam. The first antibody was replaced by normal
and diluted rabbit serum for the negative control.

In situ hybridization

The probe was produced according to the cDNA sequence of
therat’ spituitary GnRH receptor'22®, The sequencewas. 5' -
ATGTATGCCCCCAGCCTTCATGATGGTGATTAGCC
TGGATC-3' . The digoxigeni was labeled at 5" -end by the
TaKaRaBiotechnology Company, (Dalian, China). Thein situ
hybridization was carried out on the coverglasses after the cells
werefixedin 40 g/L paraformaldehyde containing 1 g/L DEPC
(Diethyl pyrocarbonate) for 30 min. Then they were processed
as follows: The coverglasses were rinsed in 0.01 mol/L PBS
(pH 7.2) for 5minx3, in Proteinase K (1 ng/mL) for 2 min at
37 "C. They were post-fixed in 40 g/L paraformaldehyde for
5 min, washed in distilled water for 5 minx3. After being dried
in the air, each coverglass was applied with the hybridization
buffer containing GnRH receptor oligonuclicotide probe (2.0
ng/mL), and hybridization was carried out in sealed humid
box at 42 °C for 20 h. After that the slides were washed with
2xSSC at 37 'C for 5minx3, 0.1xSSC at 37 C for 10 minx2,
they were incubated with mouse-anti-dig antibody at room
temperature for 2 h. Thereafter, the slides were washed with
0.5mol/L TBSfor 5minx3, followed by incubation with biotin-
labeled goat-anti-mouse |gG antibody for 1 h at 37 ‘C. The
slides were washed with 0.5 mol/L TBS for 5 minx3 and
incubated with SABC-AP for 30 min at 37 "C. The sections
wererinsed in 0.5 mol/L TBSfor 5 minx4, and the alkaline
phosphatase reaction was conducted by incubation with
complex solution of NBT (Nitrio-blue tetrazolium) and BCIP
(5-bromo-4-chloro -3-indo-lyl phosphate) for 20-30 min.

Finaly, the slides were washed in distilled water to stop the
reaction, and then dehydrated in alcohol, hyainized in xylene,
and mounted on Canada balsam. The dideswere incubated with
normal mouse serum instead of the mouse-anti-dig antibody in
absence of the labeled probe for the negative controls.

MTT assay

The cellswere trypsinized in asolution of 2.5 g/L trypsin and
seeded in a96-well plate at adensity of 10*cells/(0.1 mL/well).
After the cells were grown for 24 h to approximately 800 g/L
subconfluent state, 0.1 mL medium containing 2.5% calf serum
and various concentrations (10°, 107, 10° mol/ L) of aarelin
was added to each well, respectively, and incubated for 24 hin
a CO, incubator. Each concentration was tested in at least 12
wells. The MTT assay was performed as described previously
with mondificationd®. Briefly, 15 ni. of MTT solution (5 g/L,
PBS, pH 7.2) was added to each well and incubated for 4 h. Then,
the medium and MTT were removed and 150 ni. of DM SO was
added to each well and shaken for 10 min to dissolve the crystal.
The OD was determined at 490 nm using an ELISA reader.

*H-TdR incorporation

To observe the role of GnRH analogue in growth regulation
of GSMC, a*H-TdR incorporation assay was performed as
previously described. The cells were plated into a 96-well
plate at adensity of 10*cells/(0.1 mL/well). After the cellswere
grown for 24 h, 0.1 mL medium containing 2.5% calf serum
and various concentrations (10°, 107, 10° mol/L) of aarelin
was added to each well, respectively, and incubated for 16 h
in aCO; incubator. Then the*H-TdR (2 nCi/mL) was added to
each well and continuoudly incubated for 8 h. Incubation was
stopped by adding 1 vol of cold 100 mL/L trichloracetic acid (TCA)
which disrupted cells and precipitated the macromolecules.
After being washed with amethanal, the preci pitate was collected
in 9999 fiberglass filter paper, respectively. When the filter
paper was dried, 0.5 mL scintillant liquid were mixed and the
radioactivity was estimated with ascintillation counter (Backman
LS5801). Each concentration was tested in at least 6 wells.

Fluorescent immunocytochemical reaction of PCNA in GSMC
Thecdlswereseeded in six-well plate containing the coverglasses
inside. After the cells were grown for 24 h to approximately
800 g/L subconfluent state, 2 mL medium containing 25 mL/L
calf serum and various concentrations (10°, 107, 10° mol/L)
of aarelin was added to each well, respectively, and incubated
for another 24 h in a CO, incubator. Then the monoplayers
were fixed in 40 g/L paraformaldehyde solution for 30 min.
The cell coverglasses were washed 3 timeswith PBS (pH 7.2),
and then put into methanol-H,O,for 30 min to remove endogenous
peroxidase activity. Then PCNA immunofluorescence reaction
was carried out according to the manufacturer’ ingtructions. The
coverglasses were incubated with the first antibody (mouse
antibody, 1:200 dilution) & 4 “C overnight, followed by incubation
with the second antibody, biotin labeled goat anti-rabbit 1gG
antibody (1:200 dilution), at room temperature for 2 h. Then the
coverglasseswereincubated with SABC-fluo Cy3 (1:100 dilution)
at room temperature for 1 h. At last, the cells were detected by
using the laser confoca microscopy, and scanned the average
fluorescent values of PCNA of GSMC. For the negative controls,
the first antibody was replaced by normal rabbit serum.

Cell-cycle analysis by flow cytomety

The cellswere seeded in 12-well plate at adensity of 107 cells/
(1.5 mL/well). After the cells were grown for 24 h to
approximately 800 g/L subconfluent state, 2 mL medium
containing 25 mL/L calf serum and various concentrations
(10°-10° moal/L) of aarelin was added to each well, respectively,
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and incubated for another 48 h in a CO, incubator. Then the
cellswere trypsinized in asolution of 2.5 g/L trypsin, fixed in
700 mL/L ethanol and stained by PI (propidium iodide) for
DNA analysis. The flow cytometric analyses were performed
using EPICS Profile I1. DNA content was measured and ratio
of each DNA period of cell proliferation was analyzed.

Data analysis

Inthe proliferation study, the data were expressed as mean+SD.
The data were analyzed by SPLM statistical software. P<0.05
was considered statistically significant.

RESULTS

Expression and localization of GnRH receptor

Immunocytochemical reaction showed a dark-brown staining
in cytoplasm for GNRH receptor immnoreactivity; background
was light yellow or no staining; positive cells were identified
easily. Thetwo negative controls showed no staining for GhRH
receptor. All cultured GSMCs showed immnoreactivity for
GnRH receptor in the cytoplasm, but with variationsin degrees
of intensity of the immunorecativity (Figure 1).

In situ hybridization showed GnRH receptor mRNA
hybridized signal wasblue, and the background was not stained.
The GnRH receptor mRNA hybridization signals could be
detected in all cultured GSMCs, but with variation in signal
strength between them. The signals were only distributed in
the cytoplasm with hybridization negative nuclei (Figure 2).
Thetwo negative controlsdid not show GnRH receptor mRNA
hybridized signal.

{"

Figure 1 Gastric smooth muscle cells showed GnRH receptor
immunoreactivity in cytoplasm. (x200).

o
W
-

P

Figure 2 Gastric smooth muscle cells showed GnRH receptor
mMRNA hybridized signal in cytoplasm. (x400).

Effect of alarelin on GSMC viability

Theinfluence of alarelin on GSMC viability was assessed using
the MTT assay. The cell viability in the presence of alarelin
was significantly lower than that in the absence of alarelin
(F=59.083, P<0.01). The maximum stimulatory effect on cell
viability was achieved at a concentration of 10° mol/L and it
acted in a dose-dependent manner (Table 1).

Table 1 Effects of alarelin on A value of MTT of rat GSMC

Group MTT/A value (n=12)
Control 0.728+0.100
10° mol/L alarelin 0.533+0.073
107 mol/L alarelin 0.368+0.029
10° mol/L alarelin 0.243+0.042

*H-TdR Incorporation assay

To evaluate the functional role of GnRH in GSMC, the cells
were treated with different concentrations of alarelin and
incubated for 16 h, and then *H-TdR (2 nCi/mL) was added.
After 8 h, *H-TdR incorporation assays were performed. As
shown in Table 2, alarelin inhibited the growth of GSMCina
dose-dependent manner. A significant inhibition of proliferation
was detected in the different groups, and the antiproliferative
effect was the most evident when the concentration of alarelin
at 10° mol/L (F=22.33, P<0.05).

Table 2 Effects of alarelin on *H-TdR Incorporation of rat
GSMC

Group ®H-TdR Incorporation (n=6)

1 936.50+440.99
1448.17+327.72
945.83+374.32
385.83+184.66

Control

10° mol/L alarelin
107 mol/L alarelin
10° mol/L alarelin

The average fluorescent values of PCNA assay

The cdllswere treated with different concentrations of alarelin
(10°, 107, 10° mol/L) and incubated for another 24 h, and the
average fluorescent values of PCNA assays were performed.
Asshownin Table 3, darelin significantly inhibited the average
fluorescent value in a dose-dependent manner compared with
the control group (F=15.86, P<0.01).

Table 3 Effects of alarelin on average fluorescent values of
PCNA in GSMC

Group Average fluorescent values of PCNA (n=5)
Control 13.48+1.31
10° mol/L alarelin 11.37+1.99
107 mol/L alarelin 9.35+1.38
10° mol/L alarelin 7.37£1.06

Effects of alarelin on GSMC cell cycles

Table 4 showed the ratio of G; phase and S phase of DNA
period of cell proliferation of each group. Theratio of G, phase
of DNA in group II- VI were markedly higher than that of
the control, but did not increase in a dose-dependent manner
(F=74.94, P<0.05). Moreover, theratio of S phase of DNA
was significantly lower in group |-V than that in the control
and acted in adose-dependent manner (F=32.5, P<0.05, except
the Group |11, V compared with their border groups).

Table 4 Effects of alarelin on GSMC cell cycles (n=4)

Group Concentration of alarelin G, phase (%) S phase (%)
Group | Control 70.80+11.30 17.50+3.40
Group Il 10°mol/L alarelin 80.00+9.42 9.93£1.73
Group 111 10 mol/L alarelin 76.60+8.99 7.10£1.05
Group IV 107 mol/L alarelin 79.60+7.43 6.60+1.54
Group V 10 mol/L alarelin 78.50+10.66 5.10£1.01
Group VI 10° mol/L alarelin 80.20+10.03 3.20£1.20
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Figure 3 Effects of alarelin on DNA content of GSMCs cell cycles.

DISCUSSION

GnRH anti-idiotypic antibody has been widly appliedin
immunohistochemical studies of GnRH receptors!*1221,
GnRH and itsreceptor mainly exist in hypothalamus-pituitary
axis, and also expressed in extra- hypothalamically, and has
extra-pituitary activity. Studies have reported that pancreatic
islets have GnRH immunoreactivity!#. Jan et al.l*? reported
that GhRH was a possible transmitter in sympathetic ganglion
in frog, and our previous studies*® revealed that both GnRH
and GnRH receptor were all existed in digestive tract. Our
present study revealed, for the first time, that GnRH receptor
MRNA was expressed in cultured GSMC of rats. Thesefindings
have raised intriguing questionswhich concern the physiological
function of GnRH and its receptor.

GnRH has been suggested to regulate cell growth and
proliferation through its receptor in expituitary tissues. GnRH
analogues not only have been used and proven to be efficient
in treating GNRH receptor-bearing tumors, including
carcinomas of the ovary, breast, and endometrium#2, but
also inhibited the growth and proliferation of normal cell, such
as granulose cells and myometrial smooth muscle cellg26:27,
MTT assays and *H-TdR assays are considered to be the most
reliable techniques for measurement of the cell population.
Using MTT assays and *H-TdR assays, we demonstrated that
GnRH analogue inhibited growth of normal GSMC of ratsin
a dose-dependent manner. Thisinhibitory effect is consistent
with the results of Minaretzis et al.?® in granulosa-lutein cells
and Chegini et al.?7 in myometrial smooth muscle cells. This
inhibitory effect of GhnRH analogue appears to be receptor-
mediated and its exact mechanism of growth inhibitory effect
at the receptor level isunclear.

To examine whether GnRH receptor (GnRHR) mediates
direct antiproliferative effects, we attempted to assess the
effects of alarelin on average fluorescent values of PCNA and
cell cycle of GSMC. PCNA, a protein which functions as a
cofactor to DNA polymerase delta, has many characteristics
which make it an effective marker for evaluating cell
proliferation, particularly in S phase®!. PCNA is astable cell-
cycleregulated nuclear protein, expressed differentially during
the cell cycle?®*¥, and it is believed to reflect the different

10¢ mol/L alarelin

10 mol/L alarelin

stages of the cell cycles, which beginsto increase in terminus
of Gy, reaches at peak in S phase, and decreasesin G, and M
phases, and this is corresponded with the change of DNA
content!?, In the present study, we found that darelin inhibited
the average fluorescent values of PCNA, and acted in a dose-
dependent manner. These might cause by the binding of GhRH
analogue with its receptor, which induced the activation of
phosphatidylinositol kinase activity, known to stimulate
mitogenic response in plasmamembranes®. By flow cytomety,
we demonstrated the GnRH analogue improved the ratios of
G1/Gowhich did not act in a dose-dependent manner, and
inhibited theratios of S phase which acted in a dose-dependent
manner. So, the reason of growth inhibition might bethat GhRH
analogue arrested at G,/S phase, which inhibits DNA synthesis.
These results are consistent with the resultsof MTT assay, °H-
TdR incorporation and fluorescent value of PCNA.

In summary, we have demonstrated for the first time that
GnRH receptor is expressed in GSMC and GnRH analogue
has a direct growth inhibitory effect on GSMC of ratsthat is
mediated through GnRH receptor. Our findings strongly
suggest that GnRH play an important role in digestive tract.
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Abstract

AIM: To evaluate the viability and energy metabolism of
long warm ischemically damaged pancreas during
preservation by the UW solution cold storage method.

METHODS: The pancreas grafts subjected to 30-120 min
warm ischemia were preserved by the UW solution cold
storage method for 24 h. The tissue concentrations of
adenine nucleotides (AN) and adenosine triphosphate (ATP)
and total adenine nucleotides (TAN) were determined by
using high performance liquid chromatography (HPLC) and
the viability of the pancreas graft was tested in the canine
model of segmental pancreas autotransplantation.

RESULTS: The functional success rates of pancreas grafts
of groups after 30 min, 60 min, 90 min, 120 min of warm
ischemia were 100%, 100%, 67.7%, 0%, respectively.
There was an excellent correlation between the
posttransplant viability and tissue concentration of ATP and
TAN at the end of preservation.

CONCLUSION: The UW solution cold storage method was
effective for functional recovery of the pancreas suffering
60-min warm ischemia. The tissue concentration of ATP
and TAN at the end of 24 h preservation by the UW solution
cold storage method would predict the posttransplant
outcome of pancreas graft subjected to significant warm
ischemia.

Yuan CH, Li GC, Zhang H, Cheng Y, Zhao N, Liu YF. Evaluation
of the viability and energy metabolism of canine pancreas
graft subjected to significant warm ischemia damage during
preservation by UW solution cold storage method. World J
Gastroenterol 2004; 10(12): 1785-1788
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INTRODUCTION

Preservation is necessary if organs for transplantation are
removed from donors prior to preparation of the recipient!*3.
The methods used for preservation of pancreas grafts for
experimental transplantation have produced variable results*S.

Aswarm ischemic injury of pancreas graft before and during
procurement strongly influences the results of pancreas
transplantation, it isimportant to predict the viability of the
ischemically damaged pancreas graft before transplantation(®”,
Recently we preserved the segmental pancreasin the UW
solution after 30-120 min, and our experimental model was
heterotopic segmental (left [imb) pancreas autotransplantation
in totally pancreatectomized dogs, and demonstrated that the
UW solution cold storage method was effective for functional
recovery of the pancreas suffering 60-min warm ischemia®.
There are some qualitative differences between warm and cold
ischemic injuried®*2. In this study we examined the viability
and energy metabolism of the pancreas graft after significant
warm ischemia and cold storage, and found tissue
concentrations of ATP and TAN after preservation by the UW
solution cold storage method were excellent markersto predict
the posttransplant outcome!*314,

MATERIALS AND METHODS

Animals
Mongrel dogs of both sexes, weighing 10-15 kg were used for
the experiments. UW solution was from China Pharmaceutical
Corporation Guangzhou Branch. Chemicals were from Sigma
Co.Ltd.

Operative procedures are asfollows. Anesthesiawasinduced
and maintained with sodium pentobarbiturate (25 mg/kg ). The
pancreas was exposed through a midline abdominal incision,
and the left limb (tail) was removed with the splenic vesselsin
preparation for grafting, followed by splenectomy. The
segmental pancreas graft was unflushed and left in situ for
30-120 min. After warm ischemiathe pancreaswasflushed with
30-50 mL heparinized cold UW solution (10 000 units/L heparin)
and preserved in 50 mL heparinized cold UW solution for 24 h.
A splenectomy was performed. The remainder of the pancreas
was excised at the time of transplantation. The pancreatic tail
was autotransplanted heterotopically, immediately or after
preservation, with anastomosis of the splenic vesselstoiliac
vessels. A proper delicate tube was inserted into the pancreatic
duct to drain the pancreatic juice. After operation , the dogs
received saline with 100 g/L glucose (30 mL /kg) and 3.2 Mu
penicillin for 3-5 days, then standard kennel diets were given.

Experimental protocol

There weretwo groupsof control dogs: group 1, sham-operated
group, abdomen was only opened and closed; group 2, no warm
ischemia, pancrestic tail wasflushed and preserved immediately
after being harvested. The experimenta group (group 3) was
divided into 4 subgroups according to the warm ischemiatime:
group 3a, 30minwarmischemia; group 3b, 60 minwarmischemia;
group 3¢, 90 minwarmischemia; group 3d, 1220 minwarmischemia

Functional studies
Blood glucose concentration was determined daily during the
first postoperative week after autotransplantation. An
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intravenous glucosetolerancetest (IVGTT) was performed one
week after transplantation. Glucose, 0.5 g/kg, was administered
asabolusand blood sampleswere collected serially over a2-h
period for plasma glucose. IVGTT K values were calculated
from the plasma glucose levels at the end of 5 to 60 mini*9.
Maintenance of normoglycemiafor at least five days after
transplantation or a key value of IVGTT more than 1.0 one
week after transplantation was considered afunctional success
of pancreas graft. The plasmainsulin levelsin splenic and
peripheral vein one hour after transplantation were examined.
The pancreatic juice was collected every day and amylopsinin
the pancreatic juice of the first and the seventh days were
determined.

Tissue extraction method for adenine nucleotides: After
preservation, a part of pancreas was rapidly frozen in liquid
nitrogen, lyophilized overnight, and kept at -80 °C until analysis.
Thedry tissue powder wasweighed (200 mg) and homogenized
in 3mL of ice cold 0.5 mol/L perchloric acid. The precipitated
protein was removed by centrifugation, and 500 ni of
supernatant was neutralized by the additions of 50 ni. 1 mol/L
KOH and 50 niL Tris. Following centrifugation, 10 ni of
supernatant wasinjected into HPLC for analysis.

Measurement of adenine nucleotides
High-performance liquid chromatography (HPLC, Waters,
510 Pump, 486 Detector) was performed on a reverse-phase
column of Shim-pack, CLC-ODS (15 cmx3.96 mm, 4 mm) which
was equilibrated with 100 mmol/L sodium phosphate buffer
(pH 6.0) according to the method of Wynants et al.

TAN was calculated as the sum of ATP, adenosine
diphosphate (ADP) and adenosine monophosphate (AMP).

Histological studies

Biopsies of the pancreas grafts were taken after cold
preservation and one hour after transplantation. For light
microscopy, the tissues were fixed in 100 ml/L formalin and
stained with hematoxylin and eosin. For electron microscopic
studies the tissues were prefixed in 25 g/L glutaraldehyde,
postfixed in 25 g/L osmium tetroxide, sectioned at 1 mm, and
stained with uranyl acetate and lead citrate.

Statistical analysis

All data were expressed as mean+SD. F test was used to
compare values of different groups, c? test for comparison of
viability. A value of P<0.05 was considered statistically
significant.

RESULTS

Graft function

Pancreatic graft endocrine function Plasma glucose and
IVGTT K valuesin groups 1, 2, 3aand 3b recovered to normal
2-3 days after transplantation, while groups 3c and 3d did not
one week after transplantation(Tablel). The plasma insulin
levelsin splenic and peripherd veinsin groups 1, 2, 3a, and 3b
were much higher than those in groups 3c, and 3d (P<0.05,
Table2).

Pancr eatic graft exocrinefunction The pancrestic juice flow
over the pancreatic duct 30 min after transplantation increased
gradually and came to a climax on the fourth day after
trangplantation, and then declined gradually. The daily amounts
of pancreatic juice of groups 1, 2, 3 aand 3b were much more
than those of groups 3c and 3d (P<0.05). The amylase activities
in the pancreatic juice of the first and seventh daysin groups
1, 2, 3aand 3b were much more than those in groups 3c and
3d (P<0.05, Tables2, 3)

TissueATP,ADP, AMPand TAN after preservation Thetissue
concentrations of ATP, ADP, AMP and TAN after 24-hour
preservation in groups 1, 2, 3 aand 3b were much higher than
those in groups 3c and 3d (P<0.05, Table 4).

Viability of canine pancreas autogr afts after preservation
After significant warm and cold preservation, the functional
success rates of groups 2, 3a, 3b, 3c and 3d were 5/5(100%),
6/6(100%), 6/6(100%), 4/6(66.7%) and 0/4(0%), respectively
(Table3). The UW cold preservation method was effective for
functional recovery of the pancreas after 30 to 60-min warm
ischemia(Table3).

Relationship between posttransplantation viability and tissue
ATPand TAN Therewas no overlap between the lowest ATP
inthe viable grafts and highest ATP in the nonviable grafts. If
ATPleve of 4.0 nmol/g dry weight was determined asacritica

Table 1 Plasma glucose and IVGTT K value at the first week after transplantation and plasma insulin level in splenic and peripheral

vein one hour after transplantation (mean+SD)

Group n Plasma glucose (mol/L) IVGTT K value In splenic vein (mmol/L) In peripheral vein (mmol/L)
1 3 5.6+0.9% 1.7840.17% 53.4+7.1% 8.6+1.3%

2 5 6.6+0.9 1.58+0.15 51.348.2 8.1+1.2

3a 6 6.7£1.1 1.45+0.12 50.6£7.6 7.541.1

3b 6 6.8+0.8 1.42+0.18 47.8+7.6 7.510.8

3c 6 11.9+1.3 0.87+0.16 35.045.2 3.240.7

3d 4 12.9+1.8 0.60+0.13 31.448.1 2.7£0.5

1F=36.9, P<0.05; 2F=32.9, P<0.05; *F=7.38, P<0.05; “F=38.2, P<0.05;5SNK test: between group 1, 2, 3a, 3b, P>0.05; between group

3c, 3d, P>0.05.

Table 2 Pancreatic juice flow during the first week after transplantation (meanSD, mL)

Pancreatic juice flow/d

Group n

1 2 3 4 5 6 7
2 5 2747 70+11% 221+17% 294374 136426 81+21%° 48+147
3a 6 2447 7417 216+36 285+ 36 138+24 91+19 53+15
3b 6 2448 63+15 204+33 287+43 14244 87422 4148
3c 6 12+4 20+6 68+19 69+19 83+18 54+12 307
3d 4 73 15+8 12+6 16+6 8+3 1245 10+4

1F=9.87, P<0.05; 2F=25.9, P<0.05; *F=67.4, P<0.05; “F=88.2, P<0.05; °F=45.2, P<0.05; ®F=15.9, P<0.01;7F=13.2, P<0.01; 8SNK test:
between group 2, 3a, 3b, P>0.05; between group 3c, 3d, P>0.05;°*SNK test: between group 2, 3a, 3b, P>0.05.
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value for the viability following transplantation, the
specificity, sensitivity, predictive value and efficacy were all
100%. And there was also no overlap between the lowest
TAN in the viable grafts and highest TAN in the nonviable
grafts. If TAN level of 7.0 mmol/g dry weight was determined
asacritical value for the viability following transplantation,
specificity, sensitivity, predictive value and efficacy were all
100%. Both ATPand TAN wererdiablemarkersfor determining
the transplantation.

Table 3 Amylase in pancreatic juice of the first and the seventh
day and viability after significant warm and cold preservation
(mean+SD)

Amylase (mkat/L)

Group n Functioning
The first day  The seventh day grafts/rate(%)

2 5 182+45% 359+27% 5/(100)

3a 6 183+48 355+37 6/(100)

3b 6 180+42 327+37 6/100)

3c 6 83+24 29+11 4/(66.7)°

3d 4 77+30 28+10 0/(0)°

1F=10.3, P<0.05; 2F=205.5, P<0.05; 3SNK test: between group 2,
3a, 3b, P>0.05; “SNK test: between group 2, 3a, 3b, P>0.05;
between group 3c, 3d, P>0.05. Scompare with Group 2, P<0.05.

Table 4 Tissue concentration of ATP, ADP, AMP and TAN
(meanzSD, nmol/L)

ATP ADP AMP TAN

Group 1 (n=3) 7.26+0.55 3.3340.20 1.49+0.34 11.43+1.37%

Group 2 (n=5) 5.86+0.52 1.01+0.21 1.51+0.26 7.93+1.30
Group 3a (n=6) 5.28+0.37 1.31+0.35 1.5540.35 8.02+0.78
Group 3b (n=6) 4.74+0.41 2.01+0.31 1.04+0.24 7.36+0.78
Group 3c (n=6) 2.18+0.21 0.83+0.19 0.81+0.23 4.04+0.51
Group 3d (n=4) 2.11+0.17 0.86+0.21 1.04+0.25 3.33+0.27

'F=17.0, P<0.05; 2F=23.9, P<0.05; *SNK test: between group 2,
3a, 3b, P>0.05.

Histologic studies

Under light microscope, the pancreasin groups 1 and 2 stored
for 24 h showed normal architecture. After 24 h, preservation
vacuolization of the acinar cells and interstitial edema were
seen in grafts of groups 3aand 3b, and only mild edema of the
islets was evident. Grafts of groups 3c and 3d showed severe
edema, and after revascularization there was hemorrhagein the
interstitial space.

Under electron microscope, the pancreasin groups 1 and 2
stored for 24 h showed well preserved cells. In grafts of groups
3aand 3b, acinar cells showed no nuclear changes, but rough
endoplasmic reticulum (RER) cisternae were dilated. In grafts
of groups 3c and 3d, irreversible cell damage was seen in most,
but not all, specimens.

DISCUSSION

Pancreas graft injury due to warm ischemia strongly affectsthe
posttransplant outcome!***7, Therefore, resuscitation of an
ischemically damaged pancreasisessentia to enlarge the donor
pool using the pancreas graft from the cardiac arrest donor!*®!,
We have demonstrated that canine pancreases subjected to
60 min of warm ischemiacan beresuscitated during preservation
by the UW solution preservation method at 4 °C for 24 h.
Restoration of cellular function of the pancreas graft
subjected to significant warm ischemia by the UW solution
cold preservation method will makeit possible to use pancreas

grafts from cadaver with cardiac arrest!®®*®, wait safely for the
excision of the pancreas and enlarge the donor pool. Cerrd?-#
reported that the canine pancreatic alografts tolerated warm
ischemia up to one hour. Florack et al.[2*demonstrated that
the canine pancreatic autograftstolerated warm ischemiaup to
60min.

On the other hand, the assessment of a pancreas graft
viability before transplantation is very important to prevent
transplantation of a nonfunctioning allograft especially after
significant warm ischemia because there is progressive
depletion of ANs during warm ischemia®!, ultimately leading
to ischemic damage. But the relationship between the tissue
concentration of ANsbefore transplantation and organ viahility
after transplantation is controversial?®?”, In human liver
preservation, Lanir et al.”®? demonstrated adirect correlation
between a high ATP concentration and good posttransplant
outcome. On the contrary, correlation between the ATP level at
theend of cold preservation and viahility following transplantation
was not proved in the rat livers031,

We have also demonstrated that correlation between high
ATP tissue concentration, which is necessary to maintain
cellular integrity, and good posttransplant outcome of a
canine pancreas graft after preservation by the UW solution
cold preservation method®>3, It is suggested that tissue
concentration of ATP and TAN at the end of 24-h preservation
by the UW solution cold preservation method will predict the
posttransplant outcome of pancreas graft subjected to
significant warm ischemia®, But the mechanism responsible
for the effectiveness of the UW solution cold preservation
method in restoration of function of the pancreas graft
subjected to significant warm ischemiaremains unclear and is
under investigationt®>,

We conclude that the tissue concentration of ATP and
TAN at the end of 24-h preservation by the UW solution cold
storage method will predict the posttransplant outcome of
pancreas graft subjected to significant warm ischemia.
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Abstract

AlIM: To study the effect of cholecystokinin-octapeptide
(CCK-8) on lipopolysaccharide (LPS) -induced pulmonary
artery smooth muscle cell (PASMCs) injury and the role of
heme oxygenase-1 (HO-1), and to explore the regulation
mechanism of c-Jun N-terminal kinase (JNK) and activator
protein-1 (AP-1) signal transduction pathway in inducing
HO-1 expression further.

METHODS: Cultured PASMCs were randomly divided into
4 or 6 groups: normal culture group, LPS (10 mg/L), CCK-8
(10® mol/L) plus LPS (10 mg/L) group, CCK-8 (10¢ mol/L)
group, zinc protoporphyrin 9 (ZnPPIX) (10-°mol/L) plus LPS
(10 mg/L) group, CCK-8 (10*mol/L) plus ZnPPIX and LPS
(10 mg/L) group. Seven hours after LPS administration,
ulterstructrual changes and content of malondialdehyde
(MDA) of PASMCs in each group were investigated by
electron microscopy and biochemical assay respectively.
HO-1 mRNA and protein of PASMCs in the former4 groups
were examined by reverse transcriptase polymerase chain
reaction (RT-PCR) and immunocytochemistry staining.
Changes of c-fos expression and activation of JNK of
PASMCs in the former 4 groups were detected with
immunocytochemistry staining and Western blot 30 min
after LPS administration.

RESULTS: The injuries of PASMCs and the increases of
MDA content induced by LPS were alleviated and significantly
reduced by CCK-8 (P<0.05). The specific HO-1 inhibitor-
ZnPPIX could worsen LPS-induced injuries and weaken
the protective effect of CCK-8. The expressions of c-fos,
p-JNK protein and HO-1 mRNA and protein were all slightly
increased in LPS group, and significantly enhanced by
CCK-8 further (P<0.05).

CONCLUSION: HO-1 may be a key factor in CCK-8
attenuated injuries of PASMCs induced by LPS, and HO-1
expression may be related to the activation of JNK and
activator protein (AP-1).

Huang XL, Ling YL, Ling YQ, Zhou JL, Liu Y, Wang QH. Heme
oxygenase-1 in cholecystokinin-octapeptipe attenuated injury
of pulmonary artery smooth muscle cells induced by
lipopolysaccharide and its signal transduction mechanism. World
J Gastroenterol 2004; 10(12): 1789-1794
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INTRODUCTION

Lipopolysaccharide (LPS), amain component of Gram-negative
bacteria endotoxin, isthemain factor to induce endotoxic shock
(ES). ESisacommon and serious syndrome in clinic and its
mortality is very high. The lung is one of the target organs
easily insulted in ES. It was demongtrated that lung injury in ES
was associated with oxygen free radicals (OFR)!*? and the
content of cholecystokinin (CCK) in serum wasincreased when
ES occurred. Our previous in vivo and in vitro studies
demonstrated that CCK-8 could protect animals from LPS-
induced ES and lung injury, which may be related to its effect
on reducing the production of OFRIE7,

There is arapid increase in those substances that provide
protection against oxidative stress. Among them oneis heme
oxygenase (HO)-1, which has generated much interest as a
novel stress protein that is highly induced by many factors
which induce oxidative injury and protect against oxidative
stress'®13, However, the regulation mechanism of HO-1
expression was till unclear and there were no reports about
the relationship between HO-1 and the protection of CCK-8
in LPS-induced ES and lung injury. One of the earliest
responses to LPS and CCK-8 is the activation of mitogen-
activated protein kinases (MAPKS), including p38, p42/p44
extracellular signal-regulated kinase (ERK) and c-Jun NH_-
terminal kinase (INK)*4, A dlightly later cellular response
isthe activation of activator protein (AP)-1. AP-1lisadimeric
protein complex containing 2 members of the real family of
transcription factors, c-fos and c-Jun. Recent studies showed
that, one or more members of AP-1 were likely involved in
HO-1 gene transcription*>®, The relationship between the
activation of these signaling molecules and downstream HO-
1 expression represents an active line of investigation. This
can provide experimental evidencesto elucidate whether the
protective mechanism of CCK-8 is associated with HO-1.

Pulmonary artery hypertension (PAH) is the typical
pathological change in the early phase of ES. It was reported
that the degree and duration of PAH were the important factors
of ES accompanied by acutelung injury, and pulmonary artery
smooth muscle cells (PASMCs) played an important rolein
maintai ning the tone of pulmonary artery. In the present study,
the effect of CCK-8 pretreatment on the injuries of PASMCs
induced by LPS was observed, and further investigated the
role of HO-1 and the regulation mechanism of ¢-Jun N-terminal
kinase (INK) and AP-1 signal transduction pathway ininducing
HO-1 expression were further investigated.
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MATERIALS AND METHODS
Materials

CCK-8 (sulfated), LPS(E.coli LPS,serotype 0111:B4), ZnPPI X
and Triton X-100 were all purchased from Sigma. Mouse anti-
rat phosphorylate INK (p-JNK) monoclonal antibody, rabbit
anti- rat c-fosand HO-1 polyclona antibody were all purchased
from Santa Cruz. DMEM and fetal calf serum (FCS) were
purchased from GibcoBRL. Total RNA isolation system and
access RT-PCR system were purchased from Promega (USA).
SABC kit was purchased from Boshide(China). All other
reagents used were of analytic grade.

Methods

Cell isolation and culture Rat PASMCs were prepared as
previously described*®. Briefly, male healthy Sprague-Dawley
rats(100-150gBM, Experimental Animal Center of Hebel Province)
were anesthetized with intraperitoneal administration of
pentobarbital sodium (35 mg/kg), and pulmonary arteries were
obtained. The isolated pulmonary arteries were cleaned of
connective tissues, and asepticaly opened longitudinally. The
adventitiawas carefully removed and the lumina surface was
scraped with forceps to remove endothelial cells and then
minced into 1 mm? pieces and plated on culture flasks at 37 C
in humidified air containing 50 mL/L CO, for 2-3 h, and then
cultured in Dulbecco modified Eagle medium (DMEM)
supplemented with heat-inactivated 10 mL/L FCSand antibiotics
(100 U penicillin, 100 my/mL streptomycin) and grew until
confluence. The medium was changed every 3-4 d, and confluent
cellswere passaged with 1.25 g/L trypsin solution every 5-7d,
and experiments were performed in an 80% confluent state on
the sixth- to eighth-passages from primary culture. Cellswere
made quiescent by incubation in each medium without FCSfor
24 h before LPS or CCK-8 addition. PASMCsin culture were
elongated and spindle shaped, grown with the typical hill-and-
valley appearance, and characterized by immunocytochemical
assay with anti-a-actin monoclonal antibody, demonstrating
positive staining in >95% of cells. The cultured PASMCswere
randomly divided into 4 or 6 groups: normal culture (control)
group, LPS (10 mg/L) group, CCK-8 (10° mol/L) group, CCK-8
(10°moal/L) plusLPS(10mg/L) group, ZnPPI X (10°*mol/L) plus
LPS (10 mg/L) group, and CCK-8 (10®mol/L) plusZnPPIX
(20°mol/L) and LPS (10 mg/L) group.

Observation of ultrastructrual changeswith transmission
electron microscopy After treated with LPS, CCK-8 or
ZnPPI X, the cells were washed rapidly with PBS and
harvested, then fixed with 40 g/L paraformaldehyde/5 g/L
glutaraldehyde and postfixed with 40 g/L OsO./potassium
hexacyanoferrate. After embedded in Epon, thin sections
were cut, contrasted with urany! acetate (20 g/L)/lead citrate
(27 g/L) and examined with an EM 10 electron microscope as
described previously!?,

Assessments of PASM Cs malondialdehyde (M DA) content
The cells were harvested after treated with LPS or CCK-8 or
ZnPPIX and washed rapidly with PBS, then immediately
homogenized on icein 9 volumes of saline. The homogenates
were centrifuged at 4 000 r/min at 4 °C for 10 min. The MDA
content in the supernatants was measured using a MDA assay
kit (Nanjing Jiancheng Corp. China).

Analysis of c-fos and HO-1 protein expression by
immunocytochemistry Confluent cells were passaged with
2.5 g/L trypsin solution onto 20 mmx20 mm glass sheetsin a
6-well plate. After treatment with LPS, CCK-8 or both LPS
and CCK-8for 30 minor 7 h, the cellsweretreated with 3mL/L
H,0, in methanol to block endogenous peroxide activity.
Immunocytochemical staining was performed using rabbit
polyclonal antibody against c-fos and HO-1 by an indirect
streptavidin/peroxidasetechnique. Experimentswere performed

following themanufacturer’ srecommendations. The cellswere
incubated with polyclonal anti-rat c-fos and HO-1 antibody for
12hat4 °C after antigen repair. Biotinylated 1gG was added as
the second antibody. Horseradish peroxidase labeled
streptomycin-avidin complex was used to detect the second
antibody. Slideswere stained with DAB and examined under a
light microscope. The brown or dark brown stained cytoplasm
or cell nucleus was considered as positive. Phosphate-buffered
saline (PBS) solution was used as negative control. The result
of immunocytochemistry was analysed by using the CMIAS-8
image analysis system.

Analysis of HO-1 mRNA by RT-PCR After treatment with
LPS, CCK-8 or both LPS and CCK-8 for 7 h, total RNA was
extracted from PASMCs. The concentration of RNA was
determined from absorbent at 260 nm. The primers for HO-1
and b-actinwereasfollows: HO-1 (309 bp), 5’ -CTT TCA GAA
GGGTCAGGTGTCCA-3 ,5 -CTGAGAGGT CACCCAGGT
AGCGG-3' ;b-actin(224bp),5 -CGT GGGCCGCCCTAGGCA
CCA-3 ,5 -CGGTTG CCT TAG GGT TCA GAG GGG-3' .
Polymerase chain reactions(PCR) were performed in a50 ni
reaction volume. Reverse transcriptase polymerase chain
reaction (RT-PCR) was run in the following procedures: at
42 °C for45min, 1 circle; at 95 °C for 3min, at 60 C for 30s, at
72°C for30s, 1circle; & 94 °C for30s,a 60 C for30s a 72 C
for30s,30circles; a 94 °C for 30s,a 60 °C for 30s,at 72 °C for
6 min, 1circle. A 10 nL. PCR product was placed onto 15g /L
agarose gel and observed by EB staining using a Gel-Pro
anayzer.

Western blot analysis of p-JNK proteinin PASMCs After
treatment with LPS or CCK-8 or both LPS and CCK-8 for
30 min, the cells were harvested and then lysed with ice-cold
lysisbuffer [50 mmol/LTris(pH 7.5), 150 mmol/LNaCl, 10 g/L
Triton X-100, 5 g/L deoxycholic acid, 1 g/L sodium dodecy!
sulfate, 1 mmol/L phenylmethysulfonyl (PMSF), 10 mmol/L
NaF, 1 mmol/L sodium vanadate, 5 mmol/L EDTA (pH 8.0) and
a40 ng/mL proteaseinhibitor cocktail] asdescribed previously
for 1 hand then centrifuged at 12000 g at 4 “C for 10 min. After
precipitated unsolubilized fraction was discarded, protein
concentration in the supernatant was determined by
Coomassie blue dye-binding assay (Nanjing Jiancheng Corp.
China). The supernatant containing 30 ny protein was treated
with 2xLaemmli buffer, then subjected to SDS-PAGE using
100 g/L running gel for 3hat 100 V. Protein wastransferred to
nitrocellulose membrane, and immunoblot analysis was
performed as described previously. Briefly, the membranewas
incubated successively with 3 mL/L milk in TPBS at room
temperaturefor 1 h, with 1:1 000 diluted mouse anti-rat specific
antibody of p-INK at 37 “C for 2 h, and then with horseradish
peroxidase-labeled secondary antibody at 37 ‘C for 30 min.
After each incubation, the membrane was washed extensively
with TPBS and the immunoreactive band was stained with
diaminobenzidine (DAB). The brown or dark brown stained
strap was considered as positive.

Statistical analysis

Data were reported as mean+SD. Statistical differences
between values from different groups were determined by
oneway ANOVA and Newman-Keuls q test. Significance was
set at P<0.05.

RESULTS

CCK-8 alleviated PASMC injury induced by LPS

PASMCs were harvested at 7 h. There were significantly
ultrastructural injuriesin LPS group such as serioudly swollen
mitochondria and mitochondria without or partly without
cristallins. CCK-8 could significantly alleviate the above-
mentioned changes. While the ultrastructrual injuriesinduced
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by LPS were aggravated and the protective effect of CCK-8 on
cells was weakened by ZnPPIX. There was no significant
difference between CCK-8 group and control group (Figure 1).

CCK-8 inhibited MDA production

The MDA content of PASMCs was significantly increased in
L PSgroup when compared with control group (P<0.05). Compared
with the LPS group, the MDA content was further increased in
LPS+ZnPPIX group but markedly decreased in CCK-8+L PS
group, however the protective effect of CCK-8 was weakened
by ZnPPIX. There was no significant difference between CCK-
8 group and control group (P<0.05) (Table1).

Table 1 Change of MDA content in PASMCs (mean+SD, n=8)

Group MDA content (nmol/mL )
Control 4.02+2.18

LPS 23.44+1.252
LPS+CCK-8 14.66+1.66°
CCK-8 3.00+2.18
LPS+ZnPP 34.97+1.54%¢

LPS+CCK-8+ZnPP 29.68+2.18°%

3P<0.05 vs Control group, °P<0.05 vs LPS+CCK-8 group, ®P<0.05
vs LPS group.

Change of c-fos and HO-1 protein expression

The expressions of c-fos and HO-1 protein in PASMCs were
demonstrated by immunocytochemical staining. The results
showed that in control group, no brown deposits were present
in PASMCs. In contrast, LPS dightly increased the expressions
of c-fosand HO-1 protein, some strong positive signals were
observed in PASMCs from LPS group. CCK-8 could further
enhance the increased expressions of c-fos and HO-1. The
dimension and intensity of positive signalswere increased also
in CCK-8 group (Figure2).

Table 2 Changes of HO-1 and c-fos protein expression by
immumocytochemistry in PASMCs (mean4SD, n=6)

Area (%) (A)
Group
HO-1 c-fos HO-1 c-fos
Control 2.10£0.01 1.18+0.02 0.02+0.009  0.03+0.021
LPS 20.18+0.08* 18.95+0.07* 0.19+0.07% 0.20+0.01?
LPS+CCK-8 28.91+0.36° 29.87+0.33° 0.4740.04°  0.45+0.02°
CCK-8 21.27+1.05 20.16+0.98 0.31+0.02 0.33+0.01

3P<0.05 vs Control group, °P<0.05 vs LPS group.

RT-PCR detection of HO-1 mRNA

HO-1 mRNA in PASMCs was detected by PT-PCR analysis.
The results showed that the PASMCs of rats 7 h after LPS
administration expressed the gene coding for HO-1, because
RT-PCR generated a DNA fragment corresponding to the
predicted length, 309 bp, of the HO-1 amplification product.
Theexpression of HO-lincreased sgnificantly in LPSand CCK-
8 groups compared with control group. Therate of b-actin was
(11£2) % in control group, while it increased to (30+6) % and
(47+7) % respectively in LPSand CCK-8 groups. Theexpression
of HO-1increased further in LPS+CCK -8 group compared with
LPS group, it increased to (80+8) % in LPS+CCK-8 group. In
each cell sample, al b-actin amplification products were 224 bp
in length and there was no significant difference in b-actin
expression (Figure 3).

Western blot analysis of p-JNK protein

There were afew of activated JNK proteinsin control group.
JNK could be activated by L PS, significant phosphorylation of
JINK wasobserved in PASM Cs 30 min after LPS administration.
CCK-8 could 5gnificantly enhance L PS-induced phosphorylation
of JNK. Phosphorylation of INK was also observed in cells
receiving CCK-8 (Figure4).

Figure 1 Mitochondria ultrastructural changes shown in EM photograph of PASMCs (x25 000). A: Control group, B: LPS group, C:
CCK-8+LPS group, D: CCK-8 group, E: LPS+ZnPP group, F: CCK-8+LPS+ZnPP group.



1792 ISSN 1007-9327 CN 14-1219/R World J Gastroenterol June 15, 2004 Volume 10 Number 12

A B '
| P ~
| »
| &
N
[ ' i
C - r D ® ‘
® »
b3 _
o
! | -
L8 n "
» -
A IB
|
|
. "'~-
c . D

Figure 2 Effect of CCK-8 on LPS-induced c-fos (upper, x400) and HO-1 (lower, x200) protein expression in PASMCs. A: Control
group, B: LPS group, C: CCK-8+LPS group, D: CCK-8 group.
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Figure 3 RT-PCR product gel electrophoresis. M: DNA marker, 1: Control, 2: LPS, 3: CCK-8 + LPS, 4: CCK-8.
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on LPS-induced HO-1 mRNA expression in PASMCs. n=3.
9P<0.01 vs Control; °P<0.01 vs LPS. B: CCK-8 increases JNK
activation induced by LPS in PASMCs. n=3. 2P<0.05 vs Control,;
®P<0.01 vs LPS.

DISCUSSION

CCK isamember of the gastrin-CCK family, first isolated from
hog intestine, and shows awidespread distribution in different
organs and tissues. The sulfated carboxy-terminal octapeptide
(CCK-8), isolated from the centra nervous system and digestive
tract, is the predominant active form. Our previousin vivo and
in vitro studies demonstrated that CCK -8 could protect animals
from LPS-induced ES. Treatment of ES rats and rabbits with
CCK-8 could lead to an increase in decreasing mean arterial
pressureand areductioninincreasing pulmonary artery pressure.
Pethological changes of lung could be ameliorated when CCK -8
wasviavessd inadvance. CCK-8 could protect pulmonary artery
endothelia against detrimental effects and then reverse the
inhibition of endothelia-dependent rel axation of pulmonary artery
induced by LPS, which might be associated with the above-
mentioned protective effect of CCK-8>1%. Despite convincing
dataindicating the protective function of CCK-8 to the organisms
in endotoxic shock or to the cells exposed to LPS, the precise
mechanism remainsunclear.

During stress state induced by administration of LPS,
inflammation or therapeutic doses of inhaled oxygen, the bodies
would evolveacomplex, and redundant network of antioxidants.
It has been found that an important arm of the antioxidant
response consists of antioxidant enzymes and stress-response
proteing?-%1, One such stress-response protein is HO-1, the
rate-limiting enzyme in the oxidative degradation of heme into
bilirubin, carbon monoxide (CO) and freeiron. HO existsin
three isoforms, whereas HO-2 and HO-3 are primarily
congtitutive. HO-1 also known as heat shock protein 32, has
been found to be the only inducible HO isoformi?*27, Thereis
astrong evidence to support the emerging paradigm that HO-1
is essential in maintaining cellular and tissue homeostasisin
variousin vitro and in vivo models of oxidant-induced injury.
Recent analyses of HO-1 null mice aswell asthe first reported

HO-1-deficient human have strengthened the emerging paradigm
that HO-1 isindeed an important moleculein the host’ sdefense
against oxidant stresses such as hypoxia, hyperthermia, and
inflammation. It has been considered as one of the most
sensitive indicators of cellular injury?®31, Recent studies
showed that HO-1 was an important regulator of the vascular
responseto injury. In this experiment we used the specific HO-1
inhibitor-ZnPPIX to study the relationship between induced
HO-1 and injuries of PASMCs. The results showed that HO-1
mMRNA and protein expression increased after LPS administration
and ZnPPI X could worsen L PS-induced injuries, indicating that
overexpression of HO-1in PASM Cscan attenuate their injuries
induced by LPS. It is undoubtedly one of the adaptive and self-
protective responses to the injury.

Given the overall consistency of data that show HO-1
expression isgenerally aprotective response, it is necessary to
study the relationship between HO-1 expression and the
protection of CCK-8. We found that CCK-8 could ameliorate
the ultrastructural injuries of PASMCs induced by LPS.
However, the protective effect of CCK-8 was impaired by
ZnPPIX. To further demonstrate the role of HO-1 in CCK-8
attenuated injury of PASMCs induced by LPS, the HO-1
expression and signal pathway of HO-1 inductionin PASMCs
were studied. The candidate upstream signaling pathways for
HO-1 regulation were MAPKS, agroup of protein kinases that
could mediate the nuclear responses of cellsto awide variety
of extracellular stresses such asinflammatory cytokines, growth
factors, ultraviolet light, and osmotic stresd®>%4, The“ classical”
MAPKSs are the p44 and p42 isoforms. Recently, two novel
MAPK -related enzymes have been identified, oneis INK and
the other is p38*. Although three distinct subfamilies have
been described, there is a significant cross talk between the
pathway and common downstream target'®. In our experiment,
we found that CCK-8 significantly enhanced LPS-induced
overexpression of HO-1 mRNA and protein. We aso observed
that LPS could aso activate c-fos (one of the two membersof the
real family of AP-1) and INK in PASMCs, while CCK-8 could
further enhance the activation of c-fosand JNK induced by LPS.
From all above, therole of MAPK swas potential in HO-1 signal
pathway after LPSand CCK -8 administration to PASMCs, HO-1
might be the key for CCK -8 to exert its protective effect.

In summary, administration of CCK-8 can prevent injuries
of PASMCsinduced by L PS through overexpression of HO-1
mMRNA and protein, which may involve c-fosand JNK.
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Abstract

AlIM: To evaluate the incidence of regurgitation and other
symptoms of gastroesophageal reflux in Indonesian infants.

METHODS: In a cross-sectional study at the University
Outpatient Clinic for vaccination in Jakarta, 138 mothers of
healthy infants less than 12-mo old were prospectively
asked to report the frequency of regurgitation.

RESULTS: Whatever the age was, some infants did not
regurgitate (from 10% during the first month of life to 67%
in 1-year-old infants). Regurgitation of at least once a day
was reported in 77% of infants younger than 3 mo. Daily
regurgitation decreased to 12% in the 9-12 mo old group.
Reported peak prevalence was 81%(26/32) during the first
month of life. Regurgitation decreased sharply between
the 4-6 and 7-9 mo old groups (from 44% to 9%). The
longer the regurgitation persisted, the more frequently the
mother perceived regurgitation as a problem. Volume and
frequency of regurgitation, back arching, irritability, crying
and refusal of feeding were the symptoms causing maternal
anxiety. The longer the regurgitation persisted, the more
frequently the mothers viewed it as a health problem.

CONCLUSION: Regurgitation occurs frequently in Indonesian
infants, and is a frequent cause of concern to mothers.

Hegar B, Boediarso A, Firmansyah A, Vandenplas Y. Investigation
of regurgitation and other symptoms of gastroesophageal reflux
in Indonesian infants. World J Gastroenterol 2004; 10(12):
1795-1797

http://www.wjgnet.com/1007-9327/10/1795.asp

INTRODUCTION

Regurgitation is the effortless return of gastric contents into
the mouth, and the most common symptom of infantile
gastroesophaged reflux (GER). Few attempts have been made
to determine the prevalence of regurgitation and its natural
courseininfants. In the Western world, evaluation of the natural
progression of symptoms of GER at any age has become
virtually impossible because of widespread self-treatment and
alack of medical referral. It isnot clear how important genetic,
racial and ethnic factorsmay beintheclinica presentation, the
prevalence and the natural history of GER disease. Inthe Eastern

part of the world, it is commonly thought that regurgitation is
less frequent than in the United States and Europe. For these
reasons, determining the prevalence of GER in Indonesian
infantsis of interest.

MATERIALS AND METHODS

Datawere collected from mothers bringing their healthy infants
to the Outpatient Clinic of the Cipto Mangunkusumo Hospital,
Jakarta, for routineimmunization. All infantswere born at term
and in good general health with adequate nutritional status
(P50-97 NCHYS). Most of the motherswerefrom the middle-low
socioeconomic class and worked as housewives. The data
were obtained by prospectively interviewing mothersusing a
standard questionnaire about the prevalence of regurgitation
during the previous two wk and other descriptive information.

The same author (BH) interviewed 138 consecutive mothers,
presenting to the outpatient clinic of one of the local authors.
Each interview lasted for 15 to 20 min. All mothers agreed to
participatein the study. Age distribution of the infantsislisted
in Table 1. There were 75 male and 63 female infants. Mothers
were asked the number of episodes of regurgitation per day,
and whether they considered regurgitation asa health problem,
whether thefrequency or volume of emes swasahealth problem
and whether the infant had such symptoms as crying, back
arching, irritability, or refusal to feed, as well as whether the
symptoms had an adverse impact on the baby’ s quality of life.

The two-tailed unpaired t-test was used, statistical
significance was set at P<0.05.

Table 1 Age distribution of studied infants

Age (mo) Infants (n)
0-3 74
4-6 34
7-9 21
10-12 9
Total 138
RESULTS

Table 2 summarizesthe prevalence and frequency of regurgitation
in the infants by month of age. Up to the age of 3 mo, about haf
of theinfantsregurgitated more than two timesaday, the number
wasdightly higher in thefirst mo of lifeand smaller at 3 mo. In
the group regurgitating 1 to 4 times a day, there was a sharp
decrease in the number of episodes of regurgitation to almost
zero by the age of 7 to 8 mo. Twenty-five percent of the infants
regurgitated more than 4 times aday during the first month of
life, but from the age of 6 mo al infantsregurgitated less than
4 timesaday. Table 3 shows the number of motherswho were
concerned about regurgitation. The evolution of concern was
inversely related to the persistence of regurgitation. During
the first month of life, many infants regurgitated, and few
mothers expressed their concerns. However, the mothers of
older infants with persistent vomiting became concerned about
the symptom. Among infants regurgitating more than once a
day, about 40% of the mothers asked for medical advice about
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the symptom. The reasons for maternal concern are listed in
Table 4, and included the excessive volume and frequency of
regurgitation, and symptoms suggesting a decreased quality of
life of the infants such asfood refusdl, crying, back arching and
irritability. The volume of regurgitation was less frequently
considered as a problem than the frequency of regurgitation
(9% vs 66%). Crying and irritability were the second most
frequent reasons for concern among the mothers (57%). Food
refusal and back arching were reported as reasonsfor concern
in 26% and 20%, respectively. Mothers of regurgitating infants
estimated their infantshad animpaired quality of life (75 vs15 %,
P<0.05). Infantsof unconcerned mothershad much lessfrequent
symptoms than infants of concerned mother (P<0.05).

Table 2 Daily frequency of regurgitation in 138 healthy infants

Daily frequency of regurgitation (%)
Age (mo) Infants

0 <1 1-4 >4
1 32 3 (10) 3 (10) 18 (55) 8 (25)
2 25 3(12) 2 (8) 13 (15) 7 (28)
3 17 5 (29) 1 (6) 8 (47) 3(18)
4 10 6 (60) 1 (10) 3 (30) 0 (0)
5 14 3(21) 2 (15) 6 (43) 3(21)
6 10 6 (60) 1 (10) 3 (30) 0 (0)
7 10 6 (60) 2 (20) 2 (20) 0 (0)
8 3 1(33) 2 (67) 0 (0) 0 (0)
9 8 8 (10) 0 (0) 0 (0) 0 (0)
10 5 4 (80) 0 (0) 1 (20) 0 (0)
11 1 1 (100) 0 (0) 0 (0) 0 (0)
12 3 2 (67) 1(33) 0 (0) 0 (0)

138 48(35) 15 (11) 54 (39%) 21 (15%)

Table 3 Number of mothers considering regurgitation as a
health problem

Daily regurgitation frequency (%)

<1 1-4 >4
With concern 3 24 8 35 (25)
Without concern 60 30 13 103 (75)

Table 4 Symptoms of gastroesophageal reflux and number of
mothers showing concern

Symptom n (%)
Crying and irritability 20 (57)
Food refusal 9 (26)
Back arching 7 (20)
Excessive frequency of regurgitation 23 (66)
Excessive volume of regurgitation 3(9)

DISCUSSION

Recent studies have suggested that GER may in part be
genetically determined. Thus, its prevalence and severity might
be expected to vary according to racial or ethnic background.
Radiology is not recommended in the diagnosis of GER. The
radiological method of GER evaluation showed a specificity
of 50% and a sensitivity of 29%, as compared to 24-h pH
monitoring'. A genetic influence on the prevalence of GER was
supported by thefinding that GER symptomsare morefrequently
encountered in the relatives of GER disease patients'?.
Moreover, the concordance for GER is higher in monozygotic
than dizygotic twing®. A locus on chromosome 13q, between
microsatellite D13S171 and D13S263, hasbeenlinked with severe
GERin 5 families with multigenerational histories®, but the

sameabnormal locuswas not found in 5 other families, possibly
due to the genetic heterogeneity of GER and different clinical
presentations among patients studied®. Theincidence of hiatal
herniawas reported to be much lower in Korea (1.4%) than in
Western world (2.3-50%)!¢. Several studies have confirmed the
familial segregation of hiatal hernia, Barrett’ s esophagus,
esophageal carcinomaand GER.

Thereare only afew studiesthat have attempted to describe
the natural history of GER in children. In some of these studies,
infantile GER wasexcluded”. Orenstein devel oped aquestionnaire
to identify infants with GER®. At least regurgitation occurred
onceaday in half of 0- to 3-mo-old white non-Hispanic infants,
and increased up to two thirds at 4 mo and decreased to 5% at
10-12 mo of age!®. Daily regurgitation was present in 50% of
infants younger than 3 mo, in more than 66% at 4 mo, but only
in5% at 1 year of age®'?. Nelson and coworkers documented
the prevaence of regurgitation in awhite non-Hispanic infant
population in USA. However, as the authors stated, their
findings could not be generalized and investigations of different
racial/ethnic and socioeconomic groups are needed to determine
differencesin prevalence of symptomsin other populations.
Also in Japanese infants, regurgitation was common and
decreased with age™.

Our questionnaire intended to report the incidence of
regurgitation, not of symptoms suggesting gastro-esophageal
reflux (disease). Regurgitation occurred frequently in our small
sample sze of Indonesan infants. The samplesizewasrdatively
small for an epidemiological survey. In fact, the prevalence of
regurgitation in our population was the highest ever reported.
In the study by Nelson and coworkers, the prevalence of
regurgitation pesked at 4 mo of age'®, whereasin our population
the prevalence was highest during the first month of life. In a
sudy from northern India, the prevalence of regurgitation in 1-6-
mo-old infants was 55%2. In our study, 75% of 0-6-mo-old
infants regurgitated at least once a day.

Complete resolution of regurgitation was the most common
outcome in infant reflux, with aresolution by 10 mo of agein
55%, by 18 mo of agein 60-80% and by 2 yearsof agein 98%434
In the study by Nelson and coworkers, and in our study,
regurgitation was almost completely disappeared by 7 mo™. In
6-12-mo old infants, the prevalence of regurgitation was 15%in
North India®?, which was similar to the findings in our
population if al infantsregurgitating at least once per day were
considered. If the infants regurgitating less than once a day
were included, then the prevalence of regurgitation among
6-12-mo old Indonesian infants was as high as 30%. In all
studies evaluating the natural evolution of infant regurgitation,
therewasasharp decline around 6-7 mo towards adisappearance
at the age of 12 mo/®1219,

According to epidemiological datafrom France, Australia
and the United States, excessive regurgitation was a cause of
concern and medical consult in about 25% of parents®,
Spilling in infancy was very common, but the majority of
children settled by 13 to 14 mo of age. However, those with
frequent spilling (>90d) weremorelikely to have GER symptoms
at 9 years of agel*®. Esophagitis occurred in one quarter of
infants with persistent distress*”. There was a subgroup of
otherwise healthy infants, presenting with wheeze and/or
stridor, who had isolated swallowing dysfunction and silent
aspiration as the cause of their respiratory symptoms?®. Our
findingswere similar, 30% of the mothers showed concern over
regurgitation. Symptoms causing parental perception that
regurgitation might beaproblem were comparablein both studies,
and included the volume and frequency of regurgitation and
symptoms suggesting decreased quality of life such as crying,
back-arching and irritability!®. Parental reports about reflux-
related behaviorswere similar in Nelson’ sstudy and in ours?.
Despite the concern of parents, pediatricians generally stated
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that intervention was not needed®. Although a prospective
follow-up of 63 regurgitating infants reported a complete
disappearance of regurgitation by 12 mo of age, it isinteresting
that these same infants were reported on along-term follow-up
to have asignificant increasein feeding refusal, prolonged eating
time, parental distress about feeding and impaired quality of life
when compared to non-regurgitating control S,

In conclusion, the severity and incidence of GOR were
significantly higher in symptomatic than asymptomatic
infants®?. Food allergy might be common in regurgitating
infantg?-?2, Recommendations for a diagnostic workup have
been published®24, Hydrolysates might treat regurgitation
by improving gastric emptying'®!. GER frequently caused
apnea in infantg??, GER and regurgitation decreased the
quality of lifé® in infants, and increasesd hospital stay and
cost®2, Worldwide, racial differencesin the prevalence and
persistence of infantile regurgitation seem minimal.
Regurgitation in Indonesian infants tends to be very frequent,
with morethan 75% of 0-3-mo-old infants regurgitating at |east
once a day. Symptoms viewed as being related to GER and
causing maternal concern are also similar. For one in three
mothersworldwide, the symptom of regurgitation isacausefor
concern. Mothersin Indonesia are no exception.
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Abstract

AIM: To asses the relationship between severity of
gastroesophageal refluxe disease and Epworth sleepiness
scale as an indicator of daytime somnolence.

METHODS: One hundred and thirty-four patients underwent
an upper panendoscopy as indicated by the typical reflux
symptoms and were also investigated with regard to
somnolence. Sleepiness was evaluated by Epworth Sleepiness
Scale, which was compared to the severity of endoscopic
findings (Savary-Miller/modified by Siewert). Patients with
psychiatric disorders or being on sedato-hypnotics as well
as shift workers were excluded from the study. The
relationship between the severity of the reflux disease and
daytime somnolence was analyzed with the help of multivariate
regression analysis.

RESULTS: A positive tendency was found between the
severity of the reflux disease and the corresponding Epworth
Sleepiness Scale. In the case of the more severe type -
Savary-Miller 111 - at least a mild hypersomnia was found.
For this group daytime somnolence was significantly higher
than in the case of the non-erosive type of Gastroesophageal
Reflux Disease representing the mildest stage of reflux disease.

CONCLUSION: The severity of Gastroesophageal Reflux
Disease influences daytime somnolence.

Demeter P, Visy KV, Gyulai N, Sike R, Téth TG, Novak J, Magyar
P. Severity of gastroesophageal reflux disease influences daytime
somnolence: A clinical study of 134 patients underwent upper
panendoscopy. World J Gastroenterol 2004; 10(12): 1798-1801

http://www.wjgnet.com/1007-9327/10/1798.asp

INTRODUCTION

Sleep ispotentially conducive to the gastro-esophageal reflux
events. The physiological antireflux mechanisms— swallowing
rate, salivation, the pressure of the upper and the lower
esophageal sphincter, gastric emptying - are reduced as well
asthe the “ heartburn-signal” is depressed during the state of
sleep'*€l. Moreover, the typical lying position facilitates the

flow of the gastric content towards the esophagus due to the
forces of gravitation'?. Studies of parallel 24 h pH-metry and
polysomnography amongst obstructive sleep apneic patients
showed that some reflux events coincide with arousal§¥. At the
sametime, it wasalso found that some apneic periods contribute
to considerable reflux events, while others not. On the other
hand, earlier investigations focusing on the relationship between
seep related breathing disorders and Gastroesophageal Reflux
Disease (GERD) haveindicated the adverse effect of nocturnal
reflux events on the sleep structure*®. In this respect some
epidemiological studies have suggested arelationship between
GERD and daytime dleepiness®?. In 2003 the ProGERD study
has established that the effective treatment of GERD reduces
deep disturbances™®. Theresultsof aGallup Telephone Survey
— conducted on behalf of the American Gastroenterol ogical
Association — have shown that the nocturnal heartburn and
theregurgitation of gastric content caused frequent awakenings
and deep disturbances, which could affect daytime performance
and the quality of lifel. Therefore it appearsthat the nighttime
reflux could have a considerable impact on the quality of deep
and it can also play a significant role in the developing of
restless dleep experienced widely by the patients.

The influence of GERD on daytime cognitive functions
has not been analyzed yet. In this study we focused on one of
the important cognitive functions, on daytime sleepiness and
itsrelation to the severity of GERD. The aim of the study was
to describe the association between the severity of GERD and
daytime somnolence.

MATERIALS AND METHODS

The database

The study was conducted by agastroenterologist in two centers.
The patients were referred for upper panendoscopy with the
typical symptoms of GERD untreated. Psychiatric patients or
those who took sedato-hypnotics and shift workers were
excluded. The classification of GERD was based on endoscopic
findings and the severity of the esophagitis*?. We used the
conventional Savary-Miller classification of the disease
modified by Siewert. The Epworth Sleepiness Scale (ESS) was
used as an indicator of daytime somnolence, whichisasimple
guestionnaire measure to asses daytime somnolence amongst
patients suffering of sleep-awake disorderd***. The patient
data were collated on an Excel 9.0 worksheet, including the
severity grades of GERD (0-1V), the Epworth scale (0-24),
age, gender and Body Mass Index (BM1).

Statistical methods

The extent and statistical strength of the potentia relationship
between GERD severity and daytime somnolence was captured
by estimating the impact of diagnosed GERD categories on
theindicators of deepinessrelative to the two endpoints of the
reflux disease severity scale. We relied on the conventional
P<0.05 critical values regarding the statistical tests of the
results. At the sametime, we also took into account asomewhat
weaker, 10% significance level when evaluating the observed
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associations, given the relatively small size of the available
sample. We used the SPSS9-software packagefor the statistical
procedures.

RESULTS

Basic descriptions of the study population

The total available population covered 134 patients the
descriptive statistics are given in Table 1. This population was
characterized by an average age of 52.9 years (std. dev. 16.7),
amale/female ratio of 65: 69, and an average BMI of 26.4
(std. dev. 5.1). Using the Savary-Miller definitions as modified
by Sievert, our patients displayed the following distribution
alongside the endoscopic categorization of reflux disease: 24
(18.9%) GERD 0 subjects, 29(21.6%) GERD | subjects, 56
(41.8%) GERD Il subjects, 13(9.7%) GERD 11 subjects, and
12 (8.9%) GERD IV subjects. Note that we included only the
sample of GERD cases with 122 patients into the detailed
statistical analysis. The exclusion of GERD |V group was
justified on the basis of the consideration that this set of patients
isinherently heterogeneousregarding the anatomic abnormalities
aswell as the severity of the reflux disease itself. Obvioudly,
this could be a confounding factor in relation to the effect on
our analyzed dependent variable, the daytime sleepiness.

Table 1 Descriptive statistics of the total study population

Variable Minimum Maximum Mean SD
Age (yr) 17.00 83.00 52.940 16.752
Male 0 1 0.485 -
BMI 17.54 43.94 26.420 5.133
GERD 0 0 1 0.179 -
GERD | 0 1 0.216 -
GERD I 0 1 0.418 -
GERD lI1 0 1 0.097 -
GERD IV 0 1 0.089 -
EPWORTH 1.00 24.00 7.440 4.226
n=134

Note: The mean values of the dichotomous variables (with cases
taking values 0 or 1) refer to frequencies and thus the standard
deviation is not an applicable measure for them.

The population means of the Epworth deepiness scale used
asadirect measure of somnolence herewas 7.4 (SD. 4.2) (while
slightly higher -7.6 (SD4.3) — for the sample covering the
GERD 0 and GERD I-1V patients). We created a further
dependent variable, ” abnormal Epworth”, for the observations
with an index value greater than 8 taking into account that at
least amild form of hypersomnia could be diagnosed above
this level. Since our sample was not primarily directed at
patients suffering from sleep disorders, it did not seem to be
reasonable to select ahigher limit. Neverthel ess, the detectable
tendencies did not differ qualitatively for the critical Epworth
value of 10 from the one, which is presented here. The
“gbnormal Epworth” took the frequency of 44.8% (and 44.3%
after dropping the GERD IV group).

Table 2 shows the patterns for the two above described
dependent variables by GERD diagnosis. It is evident that the
means for the Epworth indices exhibited increasing values
alongsdethe severity of GERD taking the sub-groups of GERD
0 and GERD I-111 together. Whereas GERD | exceeded by 0.5
(6.2% of the population average) and GERD Il by 0.7(9.2%
of the population average) the 6.7 mean value of our GERD 0
cluster, thisdifference was already 4.1(54.5% of the population
average) in the case of the GERD 111 group. Thisincreasing
tendency reflecting the severity of GERD appeared to be even

more characteristic with respect to the frequencies of “ abnormal
Epworth” . Compared with the 29.1% ratio calculated for GERD
0, the observed percentage increments in the presence of
hypersomnia were: 8.8% (19.7% of the population average)
for GERD 1, 17.3%(38.7% of the population average) for
GERD I1, and 47.8%(106.9% of the population average) for
the GERD IIl group. For information, the table gives our
observations for the GERD |V patients as well: we found the
lowest group mean value with respect the Epworth index, but
the occurrence of hypersomnia went above the population
average. This seemsto provide afurther aspect regarding the
heterogeneity of patients diagnosed with GERD V.

Table 2 Measures of daytime somnolence by GERD groups

GERD n EPWORTH index “Abnormal” EPWORTH
Mean (Std. dev.) >8 Frequency
GERD 0 24 6.708 (4.639) 0.291
GERD | 29 7.172 (4.036) 0.379
GERD 11 56 7.393 (3.706) 0.464
GERD Il11 13 10.769 (5.890) 0.769
GERD IV 12 6.166 (2.588) 0.500
Total sample 134 7.440 (4.226) 0.447

Notes: 1. The equality of the mean values for the Epworth in-
dices could be rejected at 5% significance level on the basis of
the Student t-tests for the following pairs of GERD groups:
GERD Il vs GERD II, GERD Il vs GERD I, GERD IIl vs GERD
0, and GERD Il vs GERD IV. 2. The Pearson chi-square tests
for the frequencies of “abnormal” Epworth indices indicated
significant differences at 5% critical value in the case of the
following 2x2 tables : GERD Il vs GERD Il, GERD Il vs GERD
I, GERD Ill vs GERD 0.

Statistical analysis and results

To evaluate our observationsindicating a positive association
between severity of GERD and somnolence more precisely,
we performed linear regressions for the variation of the
Epworth index and logistic regressions for the probability of
“abnormal Epworth” over the sample comprising the GERD 0
and GERD I-I11 cases. Apart from the categorical variables
constructed for the reflux disease classifications, we also
included the BMI values, and the observations for gender and
age as explanatory variables. Since our estimated models
typically gave a better overall fit when measuring age above
50 rather than the number of years directly, we present our
result with the former control variable below.

Table 3 summarizes our linear regression analysis. The
first two blocks of the table present the resultswith theinclusion
of the additional control variables. Although the sign of the
regression coefficient (B) obtained for BMI was positive as
expected, the contribution of the variable did not emerge to be
statigtically significant. At the same time, the higher age was
found to reduce the expected value of the Epworth index at
P<0.05 critical values. Asfar as the estimates for the GERD
categories were concerned, the multivariate regression seemed
to support the direct observation that reflux disease severity
incurs a positive effect on the extent of the Epworth index.
When choosing GERD 0 as the reference category (that isthe
indicator for this group was excluded), the coefficients for
the sub-groups of GERD I-111 took positive and increasing
values asit is shown by the figures of the first model. These
coefficientsreached acritical magnitude at the GERD |11 group,
which already proved to be significant at 5% level. In numeric
terms, thisimplied that after filtering out the joint effect of the
control variables the Epworth index was estimated to be lifted
up by 47.5% of the population mean relativeto GERD 0 inthe
case of the third sub-group of GERD I-11l. The negatively
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Table 3 Linear regression and dependent variable: Epworth index

Reference: GERD 0
& control variables

Reference: GERD Il1
& control variables

Reference: GERD 0

Reference: GERD Il

B t-stat  Signif B t-stat Signif B t-stat  Signif B t-stat Signif
Constant 5210 2.370 0.019 8.743 3.653 0.000 6.708 7.748  0.000 10.769 9.155 0.000
GERD 0 -3.534 -2.410 0.018 -4.061 -2.780 0.006
GERD | 0.503 0.433 0.666 -3.031 -2.125 0.036 0.464 0.397 0.692 -3.597  -2.541 0.012
GERD Il 0.635 0.610 0.543 -2.899 -2.178 0.031 0.685 0.662 0.510 -3.376  -2.586 0.011
GERD I 3.534 2410 0.018 4,061 2.780 0.006
BMI 0.092 1.254 0.212 0.092 1.254 0.212
NEM -0.002 -0.003 0.998 -0.002 -0.003 0.998
AGES50 -1.557 -1.999 0.048 -1.557 -1.999 0.048
n =122
Table 4 Logistic regression , dependent variable: “abnormal” EPWORTH
Reference: GERD 0 Reference: GERD IlI
& control variables & control variables Reference: GERD 0 Reference: GERD IlI
B Wald- Signif Odds B Wald- Signif Odds B Wald- Signif Odds B Wald- Signif Odds
stat ratio stat ratio stat ratio stat ratio
Constant -0.399 0.153 0.695 -0.399 0.153 0.695 -0.079 0.119 0.729 -0.079 0.119 0.729
GERD 6.547 0.087 6.547 0.087 7.452 0.058 7.452 0.058
GERD 0 -1.996 6.126 0.013 0.136 -2.091 6.887 0.008 0.124
GERD | 0.404 0.461 0.497 1498 -1.592 4.234 0.039 0.204 0.394 0.447 0.503 1484 -1.696 4.963 0.025 0.183
GERD Il 0.704 1748 0.186 2.023 -1.292 3.118 0.077 0.275 0.744 2.025 0.154 2104 -1.347 3592 0.058 0.260
GERD Il 1996 6.126 0.013 7.361 2.091 6.887 0.008 8.095
BMI 0.023 0.406 0.523 1.023 0.023 0.406 0.523 1.023
NEM -0.166 0.174 0.675 0.847 -0.166 0.174 0.675 0.847
AGE50 -0.408 1.112 0.291 0.664 -0.408 1.112 0.291 0.664
n=122

signed coefficients with decreasing absolute values that were
estimated relative to GERD |11 directly mirrored the results of
thefirst model, but this regression exercise gave an opportunity
for further statistical tests (see the second block). Thus, the
coefficients obtained for GERD 0 as well as for GERD |, Il
weresignificantly (P<0.05) different from zero, and consequently
indicated statistically relevant deviations from the expected
Epworth value at GERD |11 serving as the baseline. These two
estimations above were repeated without the additional control
variables as well (see the third and fourth blocks of Table 3).
The coefficients in this case were of course equivalent with
the differences of the Epworth means grouped in Table 2. At
the same time, the corresponding t-values confirmed our
previous results indicating that GERD |11 was associated with
a significantly greater sleepiness scale relative to GERD 0,
while GERD 0, GERD | and GERD || were associated with a
significantly smaller one relative to the GERD |11 group.

We could reach essentially similar conclusions on the basis
of thelogistic regressionsinvestigating the occurrences of the
“abnormal Epworth” asit ispresented in Table 4. The sign of
the coefficients (B) obtained for the additional control variables
was the same as in the case of the linear regression, but we
could not identify a separate significant effect in this case on
the basis of the Wald-tests. At the sametime, the Wald-statistic
referring to the joint effect of the GERD categories (i.e. the
“GERD” row of the table) already displayed a weakly
significant (P<0.1) value. The estimates relative to GERD 0
gave again increasing coefficientswith oddsratios greater than
one (see the parameters of the first model). The odds ratio
computed for GERD 111 was different from one at P<0.05.
Correspondingly, wefound in absolute termsthat the estimated
ratio of hypersomnia to the normal cases ceteris paribus
increased by 7.4 timesin the GERD |11 group compared with

the least severe reflux disease cluster. At the same time, the
increasing oddsratios with valueslower than one derived from
thelogistic regresson using GERD |11 asthe reference category
showed statistically significant differencesin the case al less
severe reflux disease groups (the second block of the table).
(In this respect, GERD |1 could be regarded as a“ transitory”
category between GERD |11 and the milder disease classes as
far asthis difference appeared to be only weakly significant.)
The regressions re-run without the control variables produced
the odds ratios that could be directly calculated from the
frequencies of Table 2 (see the third and fourth models of
Table 4). The Wald-tests performed on these coefficients
indicated again that the probability of hypersomniato occur
was significantly higher for GERD 11 relative to GERD 0,
and significantly lower for GERD 0, GERD | and GERD |1
relative to GERD 1.

DISCUSSION

We raised the question whether the well-known nocturnal
symptoms of patients suffering from GERD results in the
deterioration of daytime cognitive functions. Daytime
sleepiness was chosen to relate the severity of GERD assessed
by panendoscopy to the measure of ESS. Our resultsindicate
that the more severe GERD groups categorized by the Savary-
Miller classification exhibit a gradually increasing, more
“somnolent” result by the ESS. Moreover, while in the group
GERD 0 only 29% of patients reaches the mild somnolence
value of 8on ESS, in GERD | thisrate grows up to 39% and in
GERD l1 it reaches 46%. In the group of GERD |11 more than
77% of the subjects suffered of significant somnolence. This
relationship was confirmed by the multivariate regression
analysis when estimating the ESS result directly as well as
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when examining the probability of at least mild hypersomnia,
especially with regard to significantly higher somnolence
observed in the most severe GERD population.

Our findings seem to imply that there is a significant
fragmentation in the deep structure in the case of severe GERD.
Previousinvestigations already indicated that arousals, which
play amajor role in the fragmentation of the sleep structure,
could be generated by some reflux events*¥. The higher
positioned and longer than 5 min reflux events are more likely
to cause arousals. If the reflux content leaves the esophagus
and migrates into the upper respiratory tract, it could irritate
the acid sensitive receptors, which are located in the mucus
layer™. Thisirritation would lead to the change in muscle
tone as amanifestation of arousal producing amotoric restless
sleep. In addition, the regurgitation of the acidicgastric fluid
may cause discomfort, choking, aspiration, and disturbed deep
with multiple awakenings. The motoric restless sleep is more
likely to happen even independently of the pH value of the
gadtric content, if the refluxate reaches the sensitive pharyngesl
level. We, however only assessed patients with the classical
self-reported GERD. In fact, patients with extra esophageal
symptoms may develop daytime somnolence even earlier and
without visible esophagitis.

Finally, it should be noted that GERD is not the dysfunction
of acid production but the insufficiency of the LES. So itis
important to explore daytime somnolencein the cases of severe
and therapy refractory GERD®. These cases can be caused
by sleep-related breathing disorders, which can augment the
symptoms of GERD and cause daytime sleepiness as well.
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Abstract

AlIM: It has been noticed that gastroenteritis or dysentery
plays a role in pathogenesis of irritable bowel syndrome
(IBS), and antibiotics can increase functional abdominal
symptoms, both of which may be partly due to intestinal
flora disorders. This study was to determine the change
of gut flora of IBS, a cluster of abdominal symptoms.
Because of the chronic course and frequent occurrence
of the disease, IBS patients suffered much from it. So the
quality of life (Qol) of IBS patients was also evaluated in
this study.

METHODS: Twenty-five Rome Il criteria-positive IBS
patients were recruited, and 25 age and gender-matched
healthy volunteers were accepted as control. The fecal
flora, including Lactobacillus, Bifidobacterium, Bacteroides ,
C. perfringens Enterobacteriacea and Enterococus, were
analyzed quantitatively and qualitatively. We also calculated
the ratio of Bifidobacterium to Enterobacteriaceae (B/E ratio)
in both IBS patients and controls. In both groups, the data
were further analyzed based on age difference, and
comparisons were made between the younger and elder
subgroups. We also evaluated the quality of life (QoL) of
IBS patients and the control group using the Chinese version
of SF-36 health questionnaire.

RESULTS: In IBS patients, the number of fecal Bifidobacterium
was significantly decreased and that of Enterobacteriaceae
was significantly increased compared with that in healthy
controls (both P<0.05).The mean microbial colonization
resistance (CR) of the bowel in IBS patients was smaller
than 1, making a significant difference compared with that
in control which was more than 1 (P<0.01). There was no
significant difference in gut flora between two subgroups.
While in control, the elder subgroup presented more
Enterobacteriacea than the younger one (P<0.05). Compared
with the control group, IBS patients had significantly lower
scores on all SF-36 scales, with the exception of physical
functioning. However, there was no significant correlation
between quality of life and enteric symptoms in IBS patients.

CONCLUSION: There are intestinal flora disorders in IBS
patients, which may be involved in triggering the I1BS-like
symptoms. IBS patients experience significant impairment

in QoL, however, the impairment is not caused directly by
enteric symptoms.

Si JM, Yu YC, Fan YJ, Chen SJ. Intestinal microecology and
quality of life in irritable bowel syndrome patients. World J
Gastroenterol 2004; 10(12): 1802-1805

http://www.wjgnet.com/1007-9327/10/1802.asp

INTRODUCTION

Many patients with typical irritable bowel syndrome (IBS)
blamed all their bowel symptoms for acute gastroenteritis or
dysentery, and it has been shown that intestinal infection does
play animportant rolein the pathogenesis of IBS*2. Although
the mechanisms underlying postinfectious IBS are not clear,
microbiological environmental alterations may be partly
responsible for the pathogenesis. There is even evidence
showing that antibiotics can increase functional abdominal
symptoms?. In some cases, thisis due to the colonization of
pathogenic bacteria such as Clostridium difficile. In others it
may be due to changesin bowel flora, which have been shown
to persist for many months after asingle antibiotic course.

In this study, the changes of intestinal microecology were
investigated. Since age or sex may influence the composition
of gut flord*®, age and sex-matched controls were recruited
and the gut florawas also studied. Furthermore, the impact of
IBS on quality of life (QoL) was evaluated using SF-36 hedlth
questionnaire (Chinese Version). Finally, the correlation between
enteric symptomsscoresand QoL in IBS patientswas analyzed.

MATERIALS AND METHODS

Subjects

From September 2002 to March 2003, 25 Rome Il criteria-
positivel® IBS patients diagnosed at the Department of
Gastroenterology, Sir Run Run Shaw Affiliated Hospital of
Zhejiang University were recruited (8 males, 17 females, mean
age 45.40+10.56 years,ranging from 26 to 64 years). Subjects
were excluded if they had any organic disease and those who
had taken antibiotics or microecological modulators within 2
weeks before study were also ruled out. Twenty-five healthy
volunteers (age and gender-matched) were accepted as control.
All procedures were approved by the Ethical Committee of
Medical College of Zhejiang University.

Bacteriogical analysis of intestinal flora

Selective culture medium for Lactobacillus (LBS),
Bifidobacterium (Bs), Bacteroides (NBGT), Enterococus (EC)
and Enterobacteriacea (EMB) was prepared by the Institute
of Infectious Diseases, the First Affiliated Hospita of Zhgjiang
University. The culture medium for C. perfringen (TSN) was
bought from Biomerieux (French). Glovebox ( FormaScientific,
Lnc., USA) was a so needed.

Bacteriological analysis of intestinal florawas performed
using the method that was essentially the same as that
established by Okusa et all. In brief, 10 g fresh stool was
collected and sent to laboratory within 30 min in an anaerobic
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jar. After 1 g fresh stool was aseptically quantified and
homogenized, then diluted with an anaerobic solution in an
anaerobic chamber (decimal dilutions up to 107 were prepared).
Fifty pL of serial dilution volume (107, 103, 10°, 107) of the
specimens was spread over the above agar media with aL-
shape stick. Aerobic bacteria were cultivated at 37 C in an
incubator for 48 h and anaerobic bacteria were cultivated in
glovebox (800 mL/L nitrogen, 100 mL/L hydrogen, and 100 mL/L
carbon dioxide) at 37 C for 48-72 h. After incubation,
morphologically distinct colonies were described, cal culated,
isolated, and identified by morphology, Gram reaction and API
fermentation tests, etc. The results were expressed as |0g,o of
the number of bacteria per gram wet weight of feces (colony
forming units'g , CFU/qg). In our study, 2x10?(CFU) were set as
thelowest detection limit. Theincidence of each bacteria group
recorded as the percentage of each bacterial group relative to
the total bacteria was calculated. Furthermore, the ratio of
Bifidobacterium to Enterobacteriaceae (B/E ratio) was
calculated as the microbial colonization resistance (CR) of the
bowel according to literature!®.

Evaluation of enteric symptoms

IBS patients were evaluated by enteric symptom questionnaire’®
which included 6 scales concerning abdominal pain, mucous
stool and distention, etc (Table 1). Each scale was scored as
“0" to“ 3" according to the severity and frequency of symptoms,
whereas a higher score meant a more severe and frequent
occurrence. The sum of each score was regarded asthe general
assessment of enteric symptoms.

Assessment of quality of life

The quality of life (QoL) of IBS patients and controls was
eva uated with the Chinese version of short form 36 (SF-36)
established by Wang et al.[*¥, which included 8 multiple
dimensions as physical functioning (PF), role physical (RP),
bodily pain (BP), general health (GH), vitality (VT), socia
functioning (SF), roleemotional (RE) and mental health (MH).
Scores were calculated according to corresponding formula
and rules. Each dimension was scored from 0 to 100, with higher
scores indicating better QoL.

Statistical analysis

Quantitative datawere compared using different t test according
to different situations, with the results expressed as mean+SD.
The detection frequency was analyzed by Chi-squares test.
The correlation between enteric symptom scores and QoL in
IBS patients was detected by Pearson’ scorrelation analysis. A
P value less than 0.05 was considered statistically significant.
All analysis was conducted using SPSS10.0 statitical passage.

RESULTS

Gut flora and microbial colonization resistance and detection
frequency

Compared with the control group, IBS patients showed a
significant decrease in Bifidobacterium but an increase in

Table 1 Enteric symptom scales

Enterobacteriacea (both P<0.05). The mean microbial
colonization resistance (CR) of the bowel in IBS patients was
smaller than 1, which was significantly different from that in
control (P<0.01). There were no significant differencesin
Lactobacillus, Bacteroides, Enterococus between two groups.
The detection frequency of C. perfrigensin IBS group was
much lower than that in the control group (P<0.01, Table 2).

Table 2 Number of bacteria and B/E value in two groups
(meantSD, LgN/g stool)

Bacteria (%) IBS patients (n=25) Controls(n=25)

Lactobacillus
Bifidobacteria®
Bacteroides
C.perfringens®
Enterococus

6.79+1.73 (92)
8.14+2.14 (96)
10.49£0.56 (100)
7.3242.12 (40)
7.96+1.53 (100)
9.02+1.04 (100)
0.91+0.27 (96)

6.79+1.94 (84)

9.32+1.22 (100)
10.62+0.79 (100)
6.66+1.68 (80)

7.49+1.29 (100)
8.44+0.95 (100)
1.1240.23 (100)

Enterobacteriaceae®
B/E value®

The data in the bracket mean positive rate (This is applicable for
the following tables including flora.). 2P<0.05 flora vs control,
®P<0.01 B/E value vs control,“P<0.01 detection frequency vs control.

The data were further analyzed based on age difference.
Both groupswere sorted on ascending order, the first 12 persons
were chosen as younger subgroup (mean age 36.25+5.17) and
therest 13 (mean age 53.8516.14) aselder one. Wefound thatin
IBS group, there was no significant difference in gut flora
between two subgroups, but CR was smaller than 1 in both
subgroups. While in control, the elder subgroup presented
more Enterobacteriacea than the younger subgroup (P<0.05),
but smaller CR (Tables 3, 4).

Table 3 Number of bacteria and B/E value in younger sub-
group and elder subgroup in IBS group (mean+SD, LgN/g stool)

Bacteria (%) Younger subgroup (n=12)  Elder subgroup (n=13)

Lactobacillus 6.63+1.83 (100) 6.98+1.70 (84)

Bifidobacteria
Bacteroides
C.perfringens
Enterococus
Enterobacteriaceae
B/E value

7.60£2.65 (100)
10.52+0.42 (100)
8.84+1.07 (25)

8.26+1.58 (100)
9.16+1.22 (100)
0.85+0.33 (100)

8.68+1.38 (92)
10.47+0.72 (100)
6.89+2.20 (54)
7.69+1.50 (100)
8.90+0.88 (100)
0.98+0.19 (92)

QoL of IBS patients

I BS patientsexperienced significant impairmentin QoL (Table5).
Compared with control group, 1BS patients had significantly
lower scoreson all SF-36 scales, with the exception of physical
functioning. Decrements in QoL were most pronounced in
general heath (GH, mean score 41.40), role physical (RP, mean
score 52.00) and vitality (VT, mean score 53.40).0thers like
mental health (MH), role emotional (RE), bodily pain (BP) and
social functioning (SF) were also impaired.

Symptoms 0 1 2 3
Duration of abdominal pain (h/d) None <1 2-8 >8
Frequency of abdominal pain (d/wk) None 1-2 3-5 6-7
Ratio of abnormal shape of stool None <1/4 1/4-3/4 >3/4
Ratio of abnormal passage of defecation None <1/4 1/4-3/4 >3/4
Ratio of mucous stool None <1/4 1/74-3/4 >3/4
Distention or gastrectasia when defecation None <1/4 1/4-3/4 >3/4
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Table 4 Number of bacteria and B/E value in younger subgroup
and elder subgroup of control group. (mean+SD, LgN/g stool)

Bacteria (%) Younger subgroup (n=12) Elder subgroup (n=13)

Lactobacillus
Bifidobacteria
Bacteroides
C.perfringens

6.18+2.07 (75)
9.32+1.08 (100)
10.49£0.71 (100)
6.45+1.82 (83)

7.20+1.83 (92)
9.32+1.38 (100)
10.75£0.89 (100)
6.89+1.59 (77)

Enterococus 7.09+1.49 (100) 7.86+1.00 (100)
Enterobacteriaceae® 8.05+1.14 (100) 8.81+0.57 (100)
B/E value 1.19+0.28 (100) 1.06+0.14(100)

3P<0.05 flora vs control.

Table 5 QoL of IBS patients and normal control (mean+SD)

QoL scale IBS patients (n =25) Controls (n =25)
PF 74.40+26.78 85.40£15.53
RP? 52.00+44.44 77.00+£37.44
BP® 73.33x17.57 84.89+£16.00
GHP 41.40+15.04 73.40£13.52
VTP 53.40£16.94 69.60+£17.38
SF® 75.00£12.50 84.50+£12.12
REP 61.33+£41.59 96.00+£11.06
MHP 58.24+16.21 80.00£13.52

3P<0.05 ,’P<0.01 vs healthy control .

Correlation between QoL and enteric symptoms in IBS patients
Although IBS patients presented anegative correl ation between
bodily pain (BP) and enteric symptoms (correl ation coefficient:
0.347), thedifferencewas not significant (P>0.05). Whilevitality
(VT), role emotional (RE), general health (GH) and physical
functioning (PF), showed no significant differencewith QoL in
IBS patients (Table 6).

Table 6 Correlation between enteric symptoms and QoL in
IBS (mean+SD)

Score of QoL Score of enteric Correlation

symptoms coefficient (r)
PF 74.40 (26.78) 7.56 (2.31) -0.062
RP 52.00 (44.44) 7.56 (2.31) 0.060
BP 73.33 (17.57) 7.56 (2.31) -0.347
GH 41.40 (15.04) 7.56 (2.31) -0.137
VT 53.40 (16.94) 7.56 (2.31) -0.280
SF 75.00 (12.50) 7.56 (2.31) 0.018
RE 61.33 (41.59) 7.56 (2.31) -0.257
MH 58.24 (16.21) 7.56 (2.31) 0.001

DISCUSSION

The etiology of IBS is still unclear and the pathogenetic
mechanisms are only partly understood. Intestinal motility
alteration, visceral hypersensitivity, disturbed intestinal
reflexes, psychological disorders, food intolerance and
gastrointestinal infection and imbalance of gut flora were
involved in the pathogenesis of IBSY. IBS patients presented
various intestinal motility alterations, which were recognized
asthe basic pathophysiological factor. Evidences have shown
that there were gastroparesis and small bowel dysmotility in
IBS™. Themotility index (MI),mean number and peak amplitude
of high amplitude propagating contractions (HAPCs) in IBS
patientswere significantly greater than thosein controls. These
abnormditiesmight be related to shortened colonic trangit time'*3.
The migrating motor complex (MMC) was found to be an

important mechanism controlling bacterial growth in the upper
small bowel. Its disruption could promote duodenal bacterial
overgrowth and bacterial trans ocation*4,

Food-related microbial ateration of thebowe might be partly
responsiblefor the occurrence of IBS, since many IBS symptoms
might be triggered or aggravated by food intake*®. King and
his colleagues found that colonic-gas production, particularly
hydrogen, was greater in IBS patients, and both symptoms and
gas production were reduced by an exclusion diet. This
reduction might be associated with alterationsin the activity of
hydrogen-consuming bacterial'®.1t has been shown that IBS
patients have abnormal lactulose breath test (LBT), suggesting
the presence of small intestinal bacterial overgrowth (SIBO) or
an increased number of enteric organisms. Normalization of
LBT could lead to asignificant reduction in IBS symptoms*”.
On the other hand, some studies reported that the incidence of
IBS was increased after acute gastroenteritis or dysentery.
Under the circumstance of infection, an aterant microbiological
environment might influence the number of lymphocytes, mast
cells and enteroendocrine cellsin the mucosa, rapid transit and
atendency to a secretory state was often found™.

In this study, we found that IBS patients had a decrease of
beneficial Bifidobacteria and overgrowth of potentially
pathogenic Enterobacteriaceae. The ratio of B/E was smaller
than 1, suggesting impairment of microbial colonization
resistance (CR) of thebowe in IBS. Once CR was destroyed by
antibiotics or other reasons, bacterial infection or
dysbacteriosis might emerge®l.

Intestinal dysbacteriosis may be related to the occurrence
of symptoms of IBS, since Bifidobacteria are considered to be
beneficial to health. It involvesin the production of essential
mucous nutrients, such as short-chain fatty acids(SCFAs) and
lactic acid, by lactose fermentation. They have been shown to
eliminate toxins and unnecessary substances, such as
hydroxybenzene, ammonia and steroids. They may also
participate in the regulation of intestinal functions, such as
nutrient synthesis and absorption. Bifidobacteria could prevent
the overgrowth of potentially pathogenic organismsby bacterial
barrier or by producing antibioticg>¥. Enterobacteriaceae, the
main cause of endotoxin, may produce toxinssuch asammonia,
sulfureted hydrogen®®. Endotoxin could temporarily impair canine
gut absorptive function both in colon and in jejunum, with
decreased absorption of water, glucose and detrolytes, including
sodium, chloride, and potassium®. When endotoxin of Gram-
negative bacteria was administered intravenoudly in rats, the
migrating myoelectric complex was replaced by spike bursts
accompanied by rapid transit®!. These effects may contribute to
the occurrence of diarrhea. Microecological modulators could
prominently relieve |BS-like enteric symptoms, suggesting the
close relationship between gut floraand IBS?2%,

Ageing may affect the floraresiding in the gut and outside
of it In our study, we found that the intestinal microecology
showed an overgrowth of Enterobacteriaceae with age in
normal control, implying that age may interact with the gut
flora. The overgrowth of Enterobacteriaceae may also account
for the susceptibility to intestinal infection and endotoxemiain
elderly people. Bifidobacteria have been shown to have aclose
relationship with human longevity™®. Whilein IBS group, age
had no influence on gut flora, since there was intestinal
dysbacteriosis in both younger and elder subgroups.

There was a high detection frequency of C. perfringensin
normal control, without any apparent pathogenic effect. It was
supposed that changes of gut florain IBS might result in a
relatively high detection frequency of C. perfringens.Therefore,
further studies are needed to elucidate this phenomenon.

Anyway, microbial metabolic processes have been going
onlikeinablack box!?¥. Although almost al organic compounds
and nutrients, fiber, digestive secretions and desquamated
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epithelial cells of the host can enter into microorganismic
metabolic chains and processes, little is known about this
metabolic chain and process. Further studies are till needed.
However, there was dysbacteriosisin I BS patients. Whether it
isthe effect or just cause of IBS remains unclear.

The purpose of focusing on health-related quality of life
(HRQL) isto go beyond the presence and severity of symptoms
of disease and to examine how patients perceive and experience
these manifestations in their daily lives®!.Briefly, HRQL
concerns more about the physical, psychological and social
functioning.

IBSisnot alife-threaten disease. Itsimpactsinclude costs
associated with diagnosis and treatment, production losses
due to morbidity and pain and diarrhea, etc.!?!. With a
questionnaire, Silk!#? found that |BS impacted significantly on
personal relationships and working practices. Some even
complained that IBS prevented them from applying for
promotion or anew job. IBS patients had impaired quality of
life in general health, vitality, social functioning, etc!®?!,
According to the research of Gralnek et al.®, IBS patients
experienced sgnificantly worse HRQL in someaspectsthanthose
with gastroesophagedl reflux disease (GERD) or diabetesmellitus
(DM). IBS patients had even worse bodily pain, fatigue, and
social functioning when compared with dialysis-dependent
end-stage renal disease patients,

In our sudy, we also found that IBS patients had significantly
lower scores on all SF-36 scales with the exception of physical
functioning, when compared with the age and sex-matched control
group. Decrementsin QoL weremost pronounced ingenerd hedlth,
role physical and vitality. However, there was no significant
correlation between QoL and enteric symptoms, which might
be due to the frequent presence of anxiety, depression, fatigue
and anorexia in IBS patientg'*.Compared with the control,
neuroticism, hypochondriasis and depression were significantly
more prevaent in I BS patients attending a clinic, which would
have a prominently negative influence on QoL . Hypnotherapy
was effective in treating IBS, suggesting that psychological
factors may play an important role in IBS. Thus the general
impacts of IBS may go far beyond those of enteric symptoms,
implicating that IBSis a psychosomatic disease.
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Abstract

AlIM: To more clearly define the clinical and pathological
characteristics and appropriate diagnosis and treatment
of nonfunctioning (NFICTSs) islet cell tumors, and to review
our institutional experience over the last 30 years.

METHODS: The records of 43 patients confirmed to have
nonfunctioning islet cell tumors of pancreas were
retrospectively reviewed. Survival was estimated by the
Kaplan-Meier methods and potential risk factors for survival
were compared with the log-rank tests.

RESULTS: The mean age was 31.63 years (range, 8 to
67 years). There were 7 men and 36 women. Twenty-
eight patients had a confirmed diagnosis of nonfunctioning
islet cell carcinoma (NFICC) and benign islet cell tumors
were found in 15 patients. The most common symptoms
in patients with NFICTs were abdominal pain (55.8%),
nausea and/or vomiting (32.6%), fatigue (25.6%) and
abdominal mass (23.3%). Preoperative ultrasonic and
computed tomography localized the tumors in all patients.
Forty-three NFICTs were distributed throughout the
pancreas, with 21 located to the right of the superior
mesenteric vessels, 10 in the body of the pancreas, 6 in
the tail of the pancreas, and multiple tumors were found
in one patient. Thirty-nine of 43 patients (91%) underwent
surgical resection. Surgical treatment was curative in 30
patients (70%) and palliative in 9(21%). The resectability
and curative resection rate in patients with NFICC of
pancreas were 89% and 61%, respectively. The overall
cumulative 5- and 10-year survival rates for patients with
NFICC were 58.05% and 29.03%, respectively. Radical
operation and diameter of cancer small than 10 cm were
positive prognostic factors in females younger than 30
years old. Multivariate Cox regression analysis indicated
that radical operation was the only independent prognostic
factor, P=0.007.

CONCLUSION: Nonfunctioning islet cell tumors of pancreas
are found mainly in young women. The long-term results
for patients undergone surgery, especially curative resection
are good.
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INTRODUCTION

Tumors arising from the pancreatic islet cell are rare and
represent a heterogeneous group of benign or malignant
lesions. Most tumors present with well characterized
syndromes, whereas others appear to be nonfunctioning.
Functioning tumors, such as gastrinomas, insulinomas, and
vasoactive intestinal peptide-secreting tumour (VIPomas), are
characterized by extensive production of single polypeptide
hormones which lead to specific clinical syndromes.
Nonfunctioning tumors, which account for 15% and 52% of
tumors, are not associated with clinical syndromes, asthey do
not produce an excess of any active polypeptide hormoneg*?,
These Lesionstend to occur later and have a different clinical
course from their functioning counterparts.

The purpose of this study was to analyze the clinical
presentations, diagnosis, management, and prognosis of alarge
group of patientswith nonfunctioning idet cell tumors(NFICTS)
of pancreas managed at asingle cancer center to determinethe
natural history and optimum management of such lesions.

MATERIALS AND METHODS

Patients

A total of 43 patients with NFICTs were treated between
1972-2002. The diagnosis of idet cell tumors of pancreaswas
established by histopathologic examination. Tumors were
considered nonfunctional if no clinical symptoms of excess
hormone were present.

The disease was considered regional if no evidence of
metastases in the liver or elsewhere was found either during
surgery or by imaging techniques. Metastases in the liver or
elsewhere were considered distant.

Methods

Clinica recordswerereviewed with regard to patient demographics,
clinical features, diagnostic procedures, pathologic findings,
operative details, medicd treatment, and long-term survival. All
patientswerefollowed up by returnvists lettersfrom thefollow-up
department, correspondence with primary surgeons, or telephone
contact within the last months from the conclusion of this study.
Survivd rate was estimated by the Kaplan-Meier methods, and
potential risk factorsfor surviva were compared with the log-rank
tests and Cox methods. Ninety-five percent confidence intervals
were cal cul ated for specific etimates of survival.

RESULTS

Clinical characteristics

Therewere 36 fema esand 7 maeswith amean age of 31.63years
and arange of 8 to 67 yearsand the detailsare shown in Figure 1.
At the time of diagnosis, the median age of male and female
patientswas 33.57 and 31.25 years, respectively (P>0.05). The
clinical presentationsareillustrated in Table 1. The predominant
presentations were abdominal pain, nausea and/or vomiting,
fatigue and abdominal pain. None of the patients displayed the
clinical features of an endocrine disorder. The duration from
the onset of symptoms to diagnosis for all patients ranged
from 3 d to 10 years (median 6 mo). Only three patients were
asymptomatic, with the tumor found incidentally.
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Figure 1 Age distribution in 43 NFICTSs patients.

Abdominal ultrasonography (US) and spiral CT were the
most commonly employed to detect the primary tumor in all but
the patient with emergency operation. Correct prediction of an
idet cell tumorsbased on CT and US resultswas achieved only
in 6(20%) patients. The common diagnosis of CT was
carcinoma of pancreas (in 20 patients). Endoscopic retrograde
cholangiopancreaticography(ERCP) was performed in 6 patients
to determine the cause of obstructive jaundice. Magnetic
resonance imaging (MRI) and endoscopic ultrasonography
(EUS) localized the tumor and the local extension correctly in
5 and 4 patients, respectively.

Table 1 Clinical presentations

Symptoms Patients(n=43) (%)
Abdominal pain 24 55.8
Nausea and/or vomiting 14 32.6
Fatigue 11 25.6
Abdominal mass 10 23.3
Back pain 9 21.0
Jaundice 8 18.6
Weight loss 5 11.6
No symptoms 3 7.0
Acut abdomen 1 2.3

Pathological findings

Confirmation of malignancy wasmainly based onthedemonstration
of local invasion, microscopic vascular or perineural invasion,
lymph node metastases, hepatic metastasis or distant metastases.
Twenty-eight patients were histopathologically diagnosed as
nonfunctioning idet cell carcinoma (NFICC) of pancress.

The size of idet malignant and benign tumors ranged from
25cmto 15ecm(mean 10cm) andfrom4.cmto 30cm(mean9.9 cm),
respectively (P>0.05). Metastases were presented in 6
patients at the time of operation. There were 21 tumors
located in the head of the pancreas, 10 in tail, 6 in the body,
5in body and tail (Table 2). Multiple tumors were presented
only in one patient.

Table 4 Primary operative procedures

Table 2 Location of the tumors

Location Malignant (n=28) Benign (n=15)
Head 13 8
Tail 8 2
Body 2 4
Body+Tail 4 1
Multiple 1 0

Operative detail and outcome

We performed 30(70%) potentially curative resections, 9(21%)
palliative resections, and 4(9.3%) bypass procedures, resulting
in aresection rate of 91%. Of the 28 patients with islet cell
carcinomaof pancress, potentially curative resection, palliative
resection, palliative bypass and biopsy were performed in
17(61%), 8(28.6%), 3(10.7%) and 1(3.6%0), respectivey (Table3).
The potentially curative resection was performed in 87% of
patients with benign idet cell tumors compared to only 61% of
thosewith NICC (P<0.05). Table 4 showsthetype of operative
procedures for patients with benign and malignant islet cell
tumors. There was no 30-day mortdlity.

Table 3 Nature operative procedures

Nature Malignant (n=28) (%) Benign (n=15) (%)
Curative resection 17 61.0 13 87.0
Palliative resection 8 28.6 1 6.7
Palliative bypass 2 5.1 1 6.7
Biopsy only 1 3.6 0 0

Other treatment modalities
A total of 13 cases of NFICC received adjuvant therapy after
curative operation, of them 9 patients with NFICC underwent
chemotherapy (5 of them with the regimen of FAM and 4 others
with 5-FU only) after a curative operation. One of them
developed liver metastasis one year later, the another patient died
23 mo postoperatively. Theremaining 7 patients were alive with
no evidence of disease for amedian 45.5 mo (range 15-96 mo).
Another 4 patients with malignant tumors underwent radiation
plus chemotherapy (three with FAM, and one with 5-FU). All
these 4 patientswere divewith no evidence of diseasefor 55.6 mo
in average (range 14-124 mo).

Among the patientswith NFI CC who underwent palliative
resection, 4(50%) were given chemotherapy with 5-FU and CF,
one devel oped multiple liver metastasis 13 mo later.

Survival

The cumulative 5- and 10-year survival ratesfor al patients
with NFICC were 58.05% and 29.03%, respectively (Figure 2).
Table 5 demonstratesthe survival in detail. The median survival
of female patientswas 120 mo, which was better thanthe survival
for male patients (45 mo, P=0.312, Figure 3). Patients who were

Procedure Malignant (n=28) (%) Benign (n=15) (%)
Pancreatoduodenectomy 8 28.5 2 13.3
Pylorus-preserving pancreatoduodenectomy 0 0 1 6.7
Distal pancreatectomy + splenectomy 7 25.0 5 33.3
Subtotal pancreatectomy + splenectomy 4 14.3 2 13.3
Distal pancreatectomy 2 7.1 0 0
Enucleation 1 3.6 4 26.7
Double bypass 1 3.6 0 0
Biliary bypass 3 10.7 1 6.7
Gastric bypass 1 3.6 0 0
Biopsy only 1 3.6 0 0
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younger than 30 years had a better long-term survival than those
elder than 30 years, but the difference was not datistical significant
(Figure 4, P=0.758). Figure 5 compares survival curvesfor the
curative operations and noncurative groups. Survivals at 5- and
10-yearswere significant better for patients who underwent PD
and STRP than those who underwent palliative operation,
P=0.007. Asdemongtrated in Figure 6, survivals were better for
patients with smaller tumors than those with larger ones, but the
difference was not satigticaly sgnificant, P=0.1169.
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Figure 2 Actual survival for all patients with NFICC (n=28).
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Figure 3 Survival comparison between male (n=5) and female
(n=23) patients with NFICC (P=0.312).
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Figure 4 Survival comparison between younger (<30 years,
n=14) and elder (>30 years, n=14) patients with NFICC P=0.7582).
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Figure 5 Survival comparison between patients who under-
went different operations (PD, n=7; Subtotal resection of
pancreas, n=14, palliative operation, n=7, P=0.0005).
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Figure 6 Survival comparison between patients with cancer of
different diameters (D=<10 cm, n=18; D>10 cm, n=10, P=0.1169).

Table 5 Survival of patients with NFICC

Patients n 5-yr 10-yr Median
survival (%) survival (%) survival (mo)

ALL cases 28 58.05 29.03 60+4.35
Male 5 40.00 20.00 45%21.92
Female 23 63.49 31.75 120+44.05
<30 yr 14 54.17 36.11 120+64.02
>30 yr 14 57.69 0 101
D!<10 cm 18 67.57 49.05 101
D*>10 cm 10 36.00 0 60£21.75
PD? 7 71.43 35.71 101+56.73
STRP® 14 72.00 36.00 120+44.94
PO* 7 0 0 24%3.19

!Diameter of the cancer, Pancreatoduodenectomy, *Subtotal
resection of pancreas, “palliative operation.

Table 6 Multivariate Cox regression analysis

Factors Standard Error  Degree of freedom P value
Sex 2.190 1 0.679
Age 1.292 1 0.821
Location 35.889 1 0.917
Operation 1.528 1 0.007
Tumor Size 117.237 1 0.903
Radial/palliative 117.261 1 0.884

DISCUSSION

NFICTs are developmentally and histologically identical to
functioning tumors but differ in their clinical course and
outcome. In this group, the mean age at diagnosis (31.63 years)
was 20 years younger than those reported by other
researcherd®®, but it was similar to some domestic reportg®s.
Themean age of thefema eswas 31.25 years, alittlebit younger
than that of males (33.57 years). It was considered that more
male than female patients suffered from idlet cell tumors. The
ratio of males femaleswas 1.29:11%'2. |n contrast to other reports,
we found there were more females than maleswith this disease
(F:M=36:7). It was similar to domestic reports!®®. The reason
is unknown. The difference races may be responsible for this
phenomenon.

The clinical presentations of NFICTs were mainly due to
mass effects. When tumorswere smaller than 5 cmin diameter,
most patients were asymptomaticl'®. The symptoms or signs
at the time of diagnosis were abdominal pain, weight loss,
nausea/vomiting, jaundice and abdominal masg>"9,

Abdominal US and contrast-enhanced spiral CT were used.
In this series, abdominal US and CT were used to detect the
primary tumor in all but the patientswith emergency operation.
Correct prediction of aNFICT based on CT and US resultswas
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achieved only in 6(20%) patients. It isbelieved that the following
features appear to be characteristic for NFICTs: awell defined
pancreatic mass with aunusually large size, moderate to strong
mass hyperdensein thearterial contrastographic phase of either
the primary or the hepatic metastases, and no infiltration of
vessels of the celiac axis or the proximal superior mesenteric
artery*13, A recent report showed that in patients with NFICT,
a hypoechoic masswith an irregular central echogenic areaon
EUS or complete obstruction of the main pancreatic duct on
ERCP suggested amalignancy™.

EUS and laparoscopy could provide accurate preoperative
and intraoperativel ocatization to enhance |aparoscopic or open
operation'®, Magnetic resonance imaging, angiography,
transabdominal sonography and portal venous sampling could
yield an additional accuracy for the diagnosis.

NFICTs of pancreas were believed to be malignant in the
presence of distant metastases, or histologic evidence of
vascular, lymphatic, or perineural invasion®'%. However,
because all NFICTs had a similar histologic appearance, the
absence of lymphovascular or perineural invasion could not
exclude the potential for malignant behavior. Patients who had
locally advanced nonmetastatic diseases at diagnosis
subsequently died of complications of the primary tumort*Y, It
was believed that neither vascular or perineural invasion nor
electron microscopy snd any other histologic criteria could
accurately predict whether tumor behavior was benign or
malignant!®. Most previous reports have suggested that
NFICTs are biologically very aggressive, with a malignancy
rate ranging from 82% to 100%!**4. However, our findings do
not support these previous observations, as we found that the
evidence of malignancy based upon evidence of local invasion
or presence of metastases could accurately predict the clinical
outcome. We believethat thediagnosisof malignancy in NFICTs
should be mainly based upon gross findings of local tumor
invasion or the presence of metastases. Some reports showed
that patients with benign idet tumors were alive at the follow-
up time point!*®. The 5 year survival rate of patientswith benign
tumorsin our group was 100%.

Despite of advances in the multidisciplinary management
of NFICC of pancreasin recent decades, surgery playsstill an
important role in providing potentially curative resections,
relieving symptoms, and improving long-term survival. The
resectable rate of this disease was 24% to 100%!*4'" and
curative resection was performed only in 61% patients®. In
current series, theresectablerate was 91%, the curative resection
rate for the patients was 61%, which was comparableto that in
literature reports. Radical operation could yield abest survival
for patientswith NFICC, palliative debulking could reduce the
mass of tumor, enhance other treatment modalities, it might
also prevent other complications such as recurrent pancreatitis,
intestinal obstruction, and gastrointestinal bleeding dueto direct
tumor invasion or varices secondary to splenic vein obstruction™.
For thisreason, noncurative debul king of tumors might improve
survival. Repeated resections for respectable recurrences or
metastases might be indicated to improve survival also!®.

Tumor sizeis not included in the diagnostic criteria, but
when NFICC is definitely diagnosed, it ishelpful to predict the
survival. When the diameter was larger than 10 cm, the long-
term survival would be poor. On the other hand, female and
younger (<30 years) patients would have a better survival.

Onethird of our patients received adjuvant chemotherapy
after radical resection of the primary tumors. Obvioudly, this
was too small a number to make any meaningful observations

regarding the efficacy of any specific chemotherapy regimen.
Moertel and colleaguesi*® reported a large prospective,
randomized multi-ingtitutional tria of two regimensusing 162
patients with advanced islet cell carcinomas. They concluded
that the combination of streptozotocin and 5-fluorouracil could
produce aresponse rate of 63%, which was significantly higher
than 34% seen with streptozotocin alone.
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Abstract

AlIM: To clarify whether -238G/A polymorphism of tumor
necrosis factor-a (TNF-a) gene promoter region was
associated with outcomes of hepatitis B virus (HBV) infection
in Han population of northern China, and to analyze the gene-
environment interaction between -238G/A polymorphism and
cigarette smoking or alcohol consumption.

METHODS: A case-control study was conducted to analyze
the association of TNF-a gene promoter polymorphism with
HBYV infection outcomes. A total of 207 patients with chronic
hepatitis B (HB) and 148 cases of self-limited HBV infection
from Ditan Hospital and Shunyi District Hospital in Beijing,
respectively were recruited. History of smoking and alcohol
drinking was inquired by a questionnaire. The -238G/A
polymorphism of TNF-a gene promoter was genotyped by
polymerase chain reaction-restricted fragment length
polymorphism (PCR-RFLP).

RESULTS: The frequencies of GG and GA genotypes were
98.07% and 1.93% in chronic HB patients and 93.24% and
6.76% in self-limited HBV infection individuals, respectively
(c?=5.30, P=0.02). The frequency of G allele was significantly
higher in patients with chronic HB that in individuals with
self-limited HBV infection (99.03% vs 96.62%, c?=5.20,
P=0.02). Only modestly increased risk of onset of chronic
HB was found in smokers (OR=1.40, 95% ClI: 0.87-2.28,
P=0.14) and drinkers (OR=1.26, 95%ClI: 0.78-2.05, P=0.32).
There was a positive interaction between genotype GG and
cigarette smoking with an interaction index (11) of 2.95, or
alcohol consumption with an Il of 1.64.

CONCLUSION: The -238G/A polymorphism of TNF-a gene
promoter region is independently associated with different
outcomes of HBV infection.

Lu LP, Li XW, Liu Y, Sun GC, Wang XP, Zhu XL, Hu QY, Li H.
Association of -238G/A polymorphism of tumor necrosis factor-
alpha gene promoter region with outcomes of hepatitis B virus
infection in Chinese Han population. World J Gastroenterol 2004;
10(12): 1810-1814
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INTRODUCTION

Human beings are susceptibleto HBV. HBV infection in adults
isusualy clinically inapparent, and the virusis cleared after
infection. Only about 5-10% of them become persistently
infected and develop chronic liver disease with varied severity!”,
which could not be explained completely by the virus itsel f
and environmental factors. Progress of HBV infection might
be affected by host genetic susceptibility!?.

Since HBV isnot cytolytic for hepatocytes, and hepatocel lular
injuries caused by HBV infection are predominantly immune-
mediated®®. Immune attacks by host against HBV are mainly
mediated by acellular reaction. Cytokinesproduced by immune
cells, such as TNF-a, might play aroleinimmune pathogenesis
of HBV infection.

TNF-a issecreted by macrophages, monocytes, neutrophils,
T-cells and NK-cells following the stimulus by bacterial
lipopolysaccharides and shows a broad spectrum of biological
activities, causing cytolysis and cytostasis in many tumor cell
linesin vitro. Several lines of evidence suggest the importance
of TNF-a in HBV. Patients with acute and chronic hepatitis B
have an elevated plasma concentration of TNF-al”®. Some
individual differences in cytokine production may be related
to genetic components, and certain polymorphism alleles may
be associated with higher or lower levels of TNF-a production,
which hasbeen ascribed to polymorphismswithin the regul atory
regions of cytokine genes®4,

There were some studies about the association of TNF-a
gene promoter polymorphism with progress of the disease!*319,
but ethnic difference could lead to different results. The aim
of the present study was to investigate whether the TNF-a
promoter polymorphism at position -238 was associated with
outcomes of HBV infection in Han people of northern China.

MATERIALS AND METHODS

Study design

Case-control study was used to analyze the association between
the polymorphism at position -238 of TNF-a gene promoter
and outcomes of HBV infection, as well as the interaction
between the gene and smoking or alcohol drinking.

Subjects
Theclinical diagnosisfor all subjectsin this study was based
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on references?®*, Two hundred and seven patients with
chronic HB from Ditan Hospital in Beijing, China during
November 2001 to August 2002 were recruited, with inclusion
criteria as follows: hepatitis B surface antigen (HBsSAQ)
seropositive, anti-HBs antibodies (anti-HBs) seronegative,
abnormally elevated serum alanine aminotransferase level, and
duration of chronic HB =2 years. One hundred and forty-
eight subjects with self-limited HBV infection were from
Shunyi District Hospital in Beijing, China during the same
period, with inclusion criteria as positive for both anti-HBs
and anti-HBc antibodies only, definitely negative for HBSAg,
normal liver function tests, and no history of HBV
vaccination. All subjects were Chinese Han people and they
were recruited with their informed consent for genetic
analysis. Venous blood was drawn from all subjects after an
overnight fasting. Serum was separated immediately to detect
ALT and blood corpuscles were stored at -70 C to extract
DNA and analyze genotypes.

Serological tests

Enzyme-linked immunoadsorbent assay (ELISA) was used for
detection of serum HBsAg, anti-HBs, and anti-HBc (IMX;
Abbott Diagnostics, North Chicago, IL).

Analysis of TNF-a gene promoter polymorphism

Genomic DNAswere obtained from peripheral blood leukocytes
by standard phenol-chloroform extraction!*¥. The -238G/A
polymorphism in the promoter region of TNF-a gene was
detected by PCR-RFLP as described by Miyazoe et all*. A
152-bp fragment was amplified using primers (5’ : 5 AGAAG
ACCCCCCTCGGAACC3 and3 :5 ATCTGGAGGAAGCG
GTAGTG3' ). Amplification was performed in a Perkin EImer
thermocycler (2700; Applied Biosystems, Foster City, CA) with
50 ng of genomic DNA, 20 pmol/L of each primer, 200 mmol/L
each dNTP, 1.5 mmol/L MgCl,, standard polymerase chain
reaction (PCR) buffer and 1U Taq polymerase (Shanghai
Biocolor) to 25 ni reaction system. PCR procedure was as
follows: predenaturation at 94 °C for 2 min, followed by 30
cycles of denaturation at 94 °C for 1 min, annealing at 59 ‘C
for 1 min and extension at 72 C for 1 min, with a final
extension at 72 “C for 5 min to terminate the reaction. After
amplification, 10 nL. PCR product was digested with restriction
endonuclease (Msp-l 3U, TakaraBio Cor Dalian) at 37 °C for
5 h after addition of appropriate incubation buffer and ddH,O
to 20 L. The digestion productswere separated on 3% agarose
gel and visualized directly under UV light with ethidium
bromide staining. One base-exchange substitution from A to
G position at position -238 created the Msp-| restriction site,
resulting in 20- and 132-bp fragments with Msp-1 digestion,
where -238A alele could not create the Msp-1 restriction site,
which resulted in an 152-bp fragment.

Cigarette smoking and alcohol consumption
Cigarette smoking and alcohol consumption of the subjects
were assessed by their self-report in a questionnaire.

Evaluation of the interaction

The gene-environment interaction was defined according to
Rothman et al®®, with aformulato estimate interaction index
(IN=0OR1/OR;;xORy. I1>1 was defined as positive, and 11<1
as negative.

Statistical analysis

The frequencies of TNF-a promoter region alleles and
genotypes were estimated. The Hardy-Weinberg equilibrium
and frequencies of the alleles and genotypes between two
groups were compared by c? tests with two-tailed P values?.

Odds ratios and their 95% confidence intervals were also
calculated as measures of association of the polymorphism
with outcomes of HBV infection. All the statistical procedures
were performed with SAS version 6.12.

RESULTS

Characteristics of subjects

The main characteristics of study subjects are summarized in
Table 1. The average age of the patients with chronic HB and
subjectswith salf-limited HBV infection was 40.06(40.06+14.55)
and 37.75(37.75+13.35) years, respectively, without significant
difference (t=1.53, P=0.40). The number of men wasmorein
the group of patients with chronic HB that in the group of
subjects with self-limited HBV infection (c?=36.54, P<0.01).
The proportion of married subjects was also different between
thetwo groups (c?=6.29, P=0.01), whereastheir education level
was not statistically different (c?=5.66, P=0.06).

Table 1 Main characteristics of study groups

Variable Chronic HB Self-limited HBV P
n=207(%) infection n=148 (%)
Age (meanzSD) 40.06+14.55 37.75£13.35 0.40
Male/Female 162745 70/78 <0.01
Marital status 0.01
Married 162 (78.26) 131 (88.51)
Unmarried 45 (21.74) 17 (11.49)
Education level 0.06
Lowver than high school 13 (6.28) 18 (12.16)
High school 126 (60.87) 94 (63.51)
Above high school 68 (32.85) 36 (24.32)

Association of -238G/A polymorphism of TNF-a promoter and
behavior factors with outcomes of HBV infection

The distribution of genotype frequencies in patients with
chronic HB and subjects with self-limited HBV infection was
coincident with Hardy-Weinberg equilibrium (c?=0.02, P=0.89;
€2=0.02, P=0.89).

The genotype digtribution and alele frequencies of the -238
polymorphism in both groups are shown in Table 2. The
homozygous AA genotype was not found in the study. Two
hundred and three (98.07%) patients with chronic HB had GG
genotype, significantly increased as compared with subjects
with self-limited HBV infection (c?=5.30, P=0.02). The
frequency of G allele in patients with chronic HB was
significantly higher than that in subjectswith salf-limited HBV
infection (99.03% vs 96.62%, c?=5.20, P=0.02).

Thefrequency of exposure to cigarette smoking or acohol
consumption in patients with chronic HB was significantly
higher than that in subjects with self-limited HBV infection
(OR>1), but there was no significant difference between the
two groups (c*=2.13, P=0.14 and ¢?=0.99, P=0.32).

Multivariate unconditional logistic regression model was
used to analyze the association of outcomes of HBV infection with
age, X, cigarette smoking, alcohol consumption and genotypes.
It indicated that genotype GG was independently associated
with chronic HB &fter the other factorswere controlled (Table 4).

Gene-environmental interaction

As GG genotype was defined as positive exposurein this study,
the results of gene-environmental interaction analysis between
GG genotype and smoking or alcohol drinking are shown in
Tables 5, 6. The odds ratios for smoking exposure alone and
GG genotype aone were 0.50 (P=1.00) and 2.60 (P=0.19),
respectively, whereasthe oddsratio for combination of smoking
and GG genotype was 3.84 (P=0.07) in a synergic pattern
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Table 2 Genotype and allele frequencies in subjects with chronic HB and self-limited HBV infection

Genotype (%)* Allele (%)?
Group n
A/A A/G G/G A G

Chronic HB 207 0(0.0) 4(1.93) 203 (98.07) 4(0.97) 410 (99.03)
Self-limited HBV infection 148 0(0.0) 10 (6.76) 138 (93.24) 10 (3.38) 286 (96.62)
1¢2=5.30, P=0.02, %c?=5.20, P=0.02.
Table 3 Association of behavior factors with risk of chronic HB
Characteristics Chronic HB (%) Self-limited HBV infection (%) OR (95%Cl) P
Cigarette smoking 1.40 (0.87, 2.28) 0.14

Yes 74 (35.75) 42 (28.38)

No 133 (64.25) 106 (71.62)
Alcohol consumption 1.26 (0.78, 2.05) 0.32

Yes 69 (33.33) 42 (28.38)

No 138 (66.67) 106 (71.62)
Table 4 Multivariate logistic regression analysis for determinants of chronic HB
Variable b c? P OR 95%ClI
Intercept -0.5076 7.2203 0.0072 - -
Sex (Male=1, Female=0) 1.4088 35.1138 <0.0001 4.091 2.567-6.519
-238G/A (GG=1, GA=0) 1.4183 5.1467 0.0233 4,132 1.212-14.085

(11=3.84/ 0.50%2.60=2.95). The odds ratio was 0.78 (P=1.00)
for alcohol consumption alone and 3.18 (P=0.11) for GG
genotype alone, respectively, and their combined odds ratio
was 4.07 (P=0.05), indicating an effect of interaction between
them (11=4.07/0.78x3.18=1.64).

Table 5 Case-control analysis for interaction between ciga-
rette smoking and GG genotype

Cigarette GG Case! Control? OR (95%Cl) P
smoking  genotype
- - 3 6 1 -
- + 130 100 2.60(0.56-13.49) 0.19
- 1 4 0.50 (0.01-10.45) 1.00
+ 73 38 3.84 (0.79-20.73)  0.07

!Chronic HB patients, 2self-limited HBV infection individuals.

Table 6 Case-control analysis for interaction between alcohol
consumption and GG genotype

Alcohol GG Case! Control>  OR (95%Cl) P
consumption genotype
- - 3 7 1 -
- + 135 99 3.18 (0.72-15.96) 0.11
- 1 3 0.78 (0.02-18.21) 1.00
+ 68 39 4.07 (0.08-21.25) 0.05

‘Chronic HB patients, 2self-limited HBV infection individuals.

DISCUSSION

Itisestimated that HBV ispresent in about 130 million chronic
carriers, accounting for 10% of Chinese population??. HBV
infection can result in acute hepatitis, HBV carriage, chronic
hepdtitis, liver cirrhoss, even primary hepatocellular carcinoma.
One reason of broad spectrum of HBV infection could be
attributed to the interaction of genetic and environmental
factors. The majority of human genetic studies on HBV

infection focused on human leucocyte antigen (HLA) in recent
yearsi?*?7, Several pro-inflammatory cytokines such as
interleukin-2 and interferon-gand TNF-a, have been identified
to participate in the process of viral clearance and host immune
response to HBV%2%, |n addition, TNF-a/TNF-a receptor
system has an important role in the pathogenesis of liver
damage and viral clearance®”.

TNF-a isaprincipal mediator of inflammation and cellular
immune response regulated both transcriptionally and
posttranscriptionally®Y, In the past years -238G/A
polymorphism in a putative regulation box of the TNF-a gene
promoter region has been identified. Genetic polymorphisms
in the regulatory regions of various cytokine genes could
influence the amount of cytokines produced in response to
inflammatory stimuli.

In our study, chronic HB patients and self-limited HBV
infection individuals (the same as the patients recovered from
HB in other studies) were recruited to examine the TNF-a
promoter polymorphism at position —238. The results
demongtrated that 98.07% of the patients carried genotype GG,
significantly higher than the frequency in those with self-
limited infection, suggesting that genotype GG could increase
the risk of chronic HB and was different from the report of
Hohler®2, Fifty-three (75%) of 71 subjects with chronic HB
were homozygousin TNF-a G/G, lower than the frequency of
those with self-limited HBV infection (94%). Ethnic difference
could play acertain role in these conflicting results, because
the results from several studies suggested that the distribution
of TNF promoter polymorphisms in the study subjects was
different from those with other racial origing’3>%,

The difference in genotype and allele frequency between
patients with chronic HB and subjects with self-limited HB
infection in our study suggested that GG genotype might have
no advantage to antigen presenting, but further study would
be needed to demonstrate its significance as a susceptible gene.
Thisdifference may be dueto thefact that the TNF-a promoter
polymorphism at position -238, likely serving as a marker,
wasin linkage disequilibrium with neighboring genesencoding
HLA or other undefined genes, thus possibly influencing the
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outcomes of diseases. 8

Some studies suggested that the TNFA-A allele falling
within a putative Y regulation box of the TNF-a promoter,
was associated with increased TNF-a expression®21, which 9
wasinconsistent with other studies®?, It is necessary to carry
out the experimental study to confirm the causality between
the -238G/A polymorphism of TNF-a promoter gene and the
outcome of HBYV infection, based on the population study.

The gene of TNF-a islocated in the HLA class |11 region
in the short arm of chromosome 6. Some single nucleotide
polymorphism (SNP) loci have been found in the promoter 11
region of TNF-a gene. It is speculated that theseloci would be
in linkage disequilibrium with other unknown mutations or
HLA genes. It is important to further demonstrate the
association of their constructed haplotypes with outcomes of 12
HBYV infection.

Epidemiological findingsindicated that alcohol consumption
and viral hepatitis could act synergistically to promote the
development and progression of liver disease. Patients with 13
viral hepatitis and alcohol consumption accelerated their liver
injury with a higher risk of liver cirrhosis and primary
hepatocellular carcinoma than those with viral hepatitis alone
or alcohol consumption alone*+#3, Wang!*® reported cigarette
smoking and alcohol consumption were independently 14
associated with elevated ALT levels among anti-HCV -
seropositive individuals. Our study showed cigarette smoking
and alcohol consumption might be risk factors of chronic HB
(OR>1), but further study is needed due to lack of evidence
that could reveal statistically significant differences between
groups of chronic HB and self-limited HBV infection.

The analysis of gene-environmental interaction in this study
showed there was a synergic effect between GG genotype and
cigarette smoking or alcohol consumption. The very wide
confidence interval was due to only one subject who smoked 16
or drank without GG genotype in patient group, which needs
alarger sample sizeto be confirmed.

In summary, different outcomes of HBV infection are 17
independently associated with TNF-a promoter polymorphism
at position —238, and there might be a synergic effect between

10

15

TNF-a promoter gene and cigarette smoking or alcohol 18
consumption in the development of chronic HB. 19
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Abstract

AlM: To investigate the rrelationship between methylation
of Syk (spleen tyrosine kinase) gene in promoter region
and oncogenesis, metastasis of gastric carcinoma. The
relation between silencing of the Syk gene and methylation
of Syk promoter region was also studied.

METHODS: By using methylation-specific PCR (MSP)
technique, the methylation of Syk promoter region in
specimens from 61 gastric cancer patients (tumor tissues
and adjacent normal tissues) was detected. Meanwhile, RT-
PCR was used to analyse syk expression exclusively.

RESULTS: The expression of the Syk gene was detected
in all normal gastric tissues. Syk expression in gastric
carcinoma was lower in 14 out of 61 gastric cancer samples
than in adjacent normal tissues (c?=72.3, P<0.05). No
methylation of Syk promoter was found in adjacent normal
tissues. hypermethylation of Syk gene in promoter was
detected 21 cases in 61 gastric carcinoma patients. The
rate of methylation of Syk promoter in gastric carcinoma
was higher than that in adjacent normal tissues (c?=25.1,
P<0.05). In 31 patients with lymph node metastasis, 17 were
found with Syk promoter methylation. A significant difference
was noted between two groups (c?>=11.4,P<0.05).

CONCLUSION: Hypermethylation leads to silencing of the
Syk gene in human gastric carcinoma. Methylation of Syk
promoter is correlated to oncogenesis and metastasis of
gastric carcinoma. Syk is considered to be a potential tumor
suppressor and anti-metastasis gene in human gastric cancer.

Wang S, Ding YB, Chen GY, Xia JG, Wu ZY. Hypermethylation
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and metastasis of gastric carcinoma. World J Gastroenterol
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INTRODUCTION

Gastric cancer development and progression are thought to
occur through a complex, multistep process, including
oncogene activation and mutation or loss of tumor suppressor
genes. Determining the function of genetic aterationsin gastric
carcinomatumorigenesis and metastasis has been the focus of

intensive research efforts for several decades. One group of
proteinsthat play acritical role in gastric cancer cell signaling
pathways is tyrosine kinases. The decrease or loss of spleen
tyrosine kinase (Syk) expression seems to be associated with
increased motility and invasion of malignant phenotype'*®.
Syk, a non-receptor type of protein-tyrosine kinase that is
widely expressed in hematopoietic cells, is one of the two
members of the Syk family (Syk and ZAP-70). Syk isactivated
upon the binding to itstandem Src homology 2 (SH2) domains
to immunoreceptor tyros ne-based activation motif (ITAM) and
plays an essential role in lymphocyte development and
activation of immune cells. Emerging evidence indicates that
Syk may be a potent modulator of epithelial cell growth and a
potential tumor suppressor in human breast carcinomal®”.
But therole of Syk in gastric carcinomaremains unclear, sowe
examined Syk mRNA expression in human gastric cancer and
the adjacent non-cancerous tissues, and explored whether
methylation of Syk promoter region was associated with the
loss of Syk expression in gastric cancer and the relationship
between Syk mRNA expression in gastric cancer tissue and
clinicopathological factorsin the present study.

MATERIALS AND METHODS

Tissues

Gastric cancer and matched adjacent non-cancerous tissues
were obtained during surgical excision from 61 patients with
gastric cancer in our department between March 2001 and
October 2002. The age of 38 male and 23 female patients was
rang from 26 to 78 (mean, 58.1) years. All sampleswereplacedin
liquid nitrogen immediately after resection and stored at -70 C
until RNA extraction. No patient had received chemotherapy
or radiation therapy prior to surgery. All patientswere confirmed
to have gastric carcinoma by pathologic test.

RNA extraction and semi-quantitative reverse transcription (RT)—
polymerase chain reaction (PCR)

Total RNA wasisolated from each specimen by Trizol reagent
according to the manufacturer’ s recommendations. Samples
were ground into a fine powder using a mortar and pestle,
incubated in Trizol solution (100 g/L) for 15 min, and then 1/5
volume of choloform was added. After vigorous agitation for
5 min, the inorganic phase was separated by centrifugation at
12 000 g for 20 min a 4 "C, RNA wasthen precipitated in the
presence of 1 volume of isopropanol and centrifuged at 10000 g
for 15minat 4 ‘C. RNA pelletswere washed with 700 ml/L ice-
cold ethanol and then dissolved in diethyl pyrocarbonate
(DEPC) - treated H,O. Total RNA concentration and quantity
were assessed by absorbency at 260 nm by using a nucleic
acid and protein. Semi-quantitative RT-PCR of 40 pairsof gastric
cancer tissuesand 15 pair of benign fibroadenoma tissues was
performed for intergrin betal displaying expression alterations.
Five micrograms of total RNA in each hybridization sample
was used to synthesize the first strand cDNA with SuperScript
preamplification system for first strand cDNA synthesis kit.
Then 1 mL product was used as the template to amplify specific
fragmentsin 25 mL reaction mixtureunder thefollowing conditions:
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denaturation at 94 °C (3 min); 40 cyclesat 94 C (4559), at
60 'C (45s)andat 72 °C (60s), then extensionsat 72 ‘C (3 min).
The PCR primers of Syk were as follow: Syk forward, 5’ -
CATGTCAAGGATAAGAACATCATAGA-3 ;reverse 5 -AG
TTCACCACGTCATAGTAGTAATT-3' . A 514 bp nuclectide
fragment of the human Syk cDNA was amplified. In each PCR
reaction, primers for the human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene were used asaninternal control.
GAPDH primer sequences were as forward: primer 5’ -
AGAAGGCTGGGGCTCATTTGCAGGG-3' reverseprimer5' -
GTCACTGGCGTCTTCACCACCATG-3' . TenmL RT-PCR
reaction product was analyzed by electrophoresis on a 15 g/L
agarose gel. Theelectrophoresisimageswere scanned by Fluor-
S Multilmager and the original intensity of each specific band
was quantitated with the software Multi-Analyst. The data
were compared after normalized by the intensity of GAPDH.
After normalization, the adjusted intensities were calcul ated
for the amplified gene products, and the ratios were calcul ated.
The segquences of PCR primer pairs of intergrin betal and
GAPDH were designed using Primer3 Internet software
program. Their specificity was confirmed by aBLAST Internet
software assisted search for a nonredundant necleotide
sequence database.

DNA extraction, purification, bisulfite modification and
Sequencing

Genomic DNA from cell lines or frozen gastric tissues was
extracted by using a Dneasy kit. Genomic DNA was treated
with sodium bisulfite. DNA (20 mg/L) was denatured by
NaOH (concentration 0.2 mol/L) for 10minat 37 C. Thirty nL of
10 nmol/L hydroguinoneand 520 . of 3mol/L sodiumbisulfate
were added, followed by incubation at 50 ‘C for 16 h. The
modified DNA was purified using Wizard DNA purification
columns. The purified DNA was treated again with NaOH
and precipitated. DNA wasresuspended in 30 ni. of TE buffer
(3 mmol/L Tris (P8.0/0.2 mmol/L EDTA) and subjected to
PCR amplification using a primer set (forward 5’ -GATTAA
GATATATTTTAGGGAATATG-3; reverse 5" -CACCTATA
TTTTATTCACATAATTTC-3) that spanned the Syk CpG
idand. Fifteen niL reaction containing 30 ng of bisulfite-treated
DNA and 1xRDA buffer (67 mmol/L Tris (pH8.8)/16 mmol/L
(NH,)2SO,, 100 mmol/L 2-mercaptoethanol, 1 g/L BSA) was
processed in 30 thermal cyclesat 94 °C for 455, a 58 C for 455,
and at 72 'C for 45s. Onedliquot (2 L) of diluted PCR Product
(40-fold) was subjected to PCR amplificationinal5-n. volume.

Methylation-specificPCR (MSP)

Methylation-specific primers were designed to cover 9 CPG
dinucleotides numbered 17-21 (forward) 47-50 (reverse).
Similarly, unmethylation-specific primers were designed
cover 8 CpG dinucleotides numbered 18-22 b, (forward)
and 35-37 (reverse). Primers specific for methylation DNA
(forward) 5" -CGATTTCGCGGGTTTCGTTC-3; (reverse) 5' -
AAAACGAACGCAACGCGAAAC-3; and unmethylation
DNA (forward5' -ATTTTGTGGGTTTTGTTTGGTG-3, reverse
5 -ACTTCCTTAACACACCCAAAC-3wereaddedtothesame
reaction and PCR products were subjected to electrophoresis
on a10 g/L agarose gel. The m-specific primer set yielded a
band at 243 bp and the u primer set yielded a band at 140 bp.
PCR conditionswere 24 cyclesat 94 °C for 30 s, at 67 C for 30
s,andat 72 °C for 30 s.

Statistical analysis

t- test was used to compare the Syk mRNA expression levels
with primary gastric cancer, the adjacent non-canceroustissues.
c? test was al so used to estimate the relationship between the
slencing of Syk mRNA and methylation of Syk promoter region.

Values of P<0.05 were considered statistically significant.

RESULTS

Expression of Sykin gastric cancer and adjacent non-cancerous
tissues

The expression of Syk wasfound in 14 out of 61 gastric cancer
tissues, Syk mRNA expression was detected in dl adjacent normal
gadtric tissue (Figure 1). Therate of expression of Syk in gagtric
caner tissue was significantly lower than that in adjacent non-
cancerous norma gastric tissues (c?=72.3, P<0.05).

514 bp 500 bp

N T N T N T N M

Figure 1 Syk mRNA expression in human gastric cancer and
adjacent non-cancerous tissue (RT-PCR detection of Syk
mRNA). T: tumor tissue; N: adjacent non-cancerous normal
gastric tissue; M: marker.

Syk mRNA expressonswerefoundin 11 out of the 30 gastric
cancer patients without lymph node metastasis, but in 3 out of
the 31 gastric cancer patients with lymph node metastasis.
Expression of Syk mRNA in patients having lymph node
metastasis was significantly lower than that in those having no
lymph node metastasis (c?=4.85, P<0.05). Meanwhile no
dgnificant differencewasfound between Syk mRNA expresson
inthegastric cancer patientsand age, tumor size, dinicopathological
stage, histological type (data not shown).

Semi-quantitative RT-PCR

A totd of 10 L RT-PCR productswere dectrophoresed on 15 g/L
agarose gel contacting ethidium bromide. Thelevel of GAPDH
wasused asinterna control (Figure 2). Therelative expression
levels of Syk normalized to the expression level of GAPDH, in
the primary gastric cancer tissues and adjacent mammary
tissueswere, 1.71+1.28 and 3.19+0.59 (mean+SD). A significant
differencewasfound between thelevel of Syk mRNA expression
in the primary gastric cancer tissues and adjacent mammary
tissues (t=2.1, P<0.05). Furthermore, the level of Syk mRNA
in patients having lymph node metastasis was significantly
lower than that in patients having no lymph node metastasis
(1.18+1.13vs2.14+1.27,t=3.4, P<0.05).

214 bp
514 bp

N T N T F T N T M

Figure 2 Partial semi-quantitative RT-PCR results in 40 gastric
cancer tissues and adjacent non-cancerous tissues. T: tumor tissue;
N: adjacent non-cancerous normal gastric tissue; M: marker.

Correlation between methylation of Syk gene in promoter region
and oncogenesis, metastasis of gastric carcinoma

M SP was used to analyze the Syk methylation status of gastric
carcinoma and its matched normal gastric tissues. Forty
nonselective gastric cancers were screened. Among the 61
carcinomas examined, 21 exhibited strong Syk methylation.
Representative examples are shown in Figure 3. In contrast to
their corresponding carcinomas, the Syk gene of the 61 matched
neighboring normal gastric tissues remained unmethylated. The
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rate of methylation of Syk promoter in gastric carcinomawas
higher than that of adjacent normal tissues (c?=25.1, P<0.05).

140 bp

243 bp

S U M u M U M u M

Figure 3 Representative examples of Syk methylation
(neighboring normal gastric tissues unmethylated).

Asshownin Table 1, of the 31 casesof lymph nodemetastas's,
17 were found with Syk promoter methylation. Syk promoter
methylations in 4 out of 30 without lymph node metastasis
were detected. A significant difference was noted between two
groups (c?=11.4, P<0.05). Correlation between methylation of
Syk promoter region and clinicopathol ogic factors was shown
inTable 1.

Table 1 Correlation between methylation of Syk promoter
region and clinicopathologic factors (n)

Factor Frequency of Syk promoter region methylation P
Gender

Male 14738

Female 7/23 0.26
Tumor size

<3cm 8726

3 13735 0.61
Depth of invasion

Mucosa and submucosa 2/9

Muscle and subserosa 7/29

Serosa 12/23 0.075
Lymph node metastasis

Present 17/31

Absent 4/30 0.0016
Stage

I-11 6/25

-1V 15736 0.24
Tumor location

Lower third 6/15

Middle third 11/35

Upper third 4/11 0.83

Relationship between Syk promoter region hypermethylation
and loss of its expression in gastric carcinoma

Syk promoter methylation wasfound in 21 of 61 gastric tumors.
They did not show any detectable Syk. In 40 cases without Syk
promoter methylation, Syk mRNA expression wasfound in 13
cases. Syk promoter methylation was significantly related with
loss of Syk expression in gastric carcinoma (c?=4.2, P<0.05).

DISCUSSION

Syk is ubiquitously expressed in hematopoietic cells and has
been extensively studied as effectors of B cell receptor (BCR)
signaling!®*?.1t has been found to be involved in coupling
activated immunoreceptors to downstream signaling events
that mediate diverse cellular responsesincluding proliferation,
differentiation and phagocytosis*¢. Some reports are of
opinions that Syk is a candidated suppressor gene.

In this paper, we explored expression of Syk mRNA in gastric

cancer and its adjacent non-cancerous tissues. Our results
showed that the level and rate of Syk mRNA expression in
gastric cancer tissues were significantly lower than those in
adjacent non-cancerous tissues, especially invasive gastric
cancer tissuesdid not show any detectable Syk mRNA expression,
indicating that loss of Syk mRNA expression may be correlated
to gastric carcinogenesis. Our findings were in agreement with
the results of Goodman et al 1",

Furthermore, we observed that only four gastric cancer
tissues from 31 patients with lymph node metastasis had Syk
mMRNA expression which was negatively correlated to lymph
node metastasis. In B cells, Syk activity was akey regulator of
Akt kinase activity after BCR engagement, because Syk induced
P13-K-dependent Akt activation and inhibition of apoptosig®.
Numerous studies have demongtrated deregulated Akt activity
in gastric cancer cells. It is tempting to speculate that Syk may
also regulate Akt activity in gagtric cells. Syk mRNA expression
was reduced during human gastric cancer progression, and then
it was unlikely that Syk-dependent signaling contributed to the
increased Akt activity observed in gastric cancer cellg%24,
Findingsby Okamuraet al.”® suggest that Syk mRNA expression
was positively correlated to p53 expression. They found that
Syk gene expression was repressed in a p53-dependent manner
in human colon carcinoma cells, indicating that loss of p53
function during tumorigenesis could lead to deregulated Syk
activity»?2, Study by Mahabeleshwar et al.[*¥ suggested Syk
suppressed cell motility and inhibited PI-3 kinase activity and
UPA secretion by blocking NF-kB activity through tyrosine
phosphorylation of IkBa. So loss of Syk expression might
contribute to gastric oncogensis and metastasig#23.

However, the mechanism of Syk expression loss remains
unclear. A number of cancer-associated geneshave been shown
to be inactivated by hypermethylation of CpG islands during
gastric tumorigenesis. About 50% of human geneshaveclusters
of CPG dinucleotides (CPG islands) in their 5 -regulatory
sequences. Gene silencing through methylation of these sites
has been observed in early developmental stages and aging.
Aberrant methylation may lead to deregulation of gene expression.
Most notably, tumor suppressor genes, mismatched repair genes,
and others such asestrogen receptor, E-cadheria, death-associated
protein kinase, and thrombospodin-1, wererepressed by CPGidand
hypermethylation in cancer tissues, inhibition of the transcription
of these genes could provide an epigenetic mechanism of clona
selection during tumorigenesis®#,

Inthis study, the 5 CpG island methylation status of the
Syk gene in gastric cancer tissues was examined. We found
Syk' 5 CpG hypermethylation in 35%(21/60) of unselected
gastric tumors, whereas dl of the matched neighboring normal
gastric tissues exhibited unmethylated DNA. We found that
the rate of methylation of Syk promoter in gastric carcinoma
was significantly higher than that in adjacent normal tissues,
suggesting that hypermethylation of Syk promoter region may
be associated with oncogenesis of gastric cancer. In addition,
therate of Syk promoter region methylation in the patientswith
lymph node metastasisis significantly higher than that in the
patients without lymph node metastasis, indicating that
methylation of Syk promoter methylation isrelated to lymph
node metastasis of gastric cancer. The absence of Syk protein
was reflected by the loss of its MRNA expression in gastric
cancers, suggesting that the loss of Syk mRNA expression
occursat thetranscriptional level. 5 CpG hypermethylation of
Syk was reported to be associated with loss or reduction of
Syk gene expression, which may provide a new way to treat
gastric cancer?6:27,

However, we did not observe any significant correlation
between Syk methylation and tumor grade. This may be
atributableto arelatively small sample size and the complexity
of unselected patient population. Additional detailed studies
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using patient cohort should be done needed to examine the value
of Syk methylation asadiagnostic or prognostic marker22,

The recent identification of Syk as a potent modulator of
gastric epithelial cell growth has generated a need for further
exploration of therole of nonreceptor tyrosine kinasesin gastric
cancer progression and metastasis®3, These initial results
offer the promise that novel molecular targets may beidentified
both for the prevention of gastric cancer development and for
inhibition of metastatic gastric cancer spread. The continual
elucidation of novel targets such as Syk isacritical part of the
endeavor to eradicate gastric cancer. These findings may
provide promise molecular targetsfor the prevention of gastric
cancer development(s331,
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Abstract

AIM: To study the alteration of nuclear matrix proteins
(NMPs) in gastric cancer.

METHODS: The NMPs extracted from 22 cases of gastric
cancer and normal gastric tissues were investigated by
SDS-PAGE technique and the data were analyzed using
Genetools analysis software.

RESULTS: Compared with normal gastric tissue, the
expression of 30 ku and 28 ku NMPs in gastric cancer
decreased significantly (P=0.002, P=0.001, P<0.05). No
significant difference was found in the expression of the
two NMPs between the various differentiated grades
(P=0.947, P=0.356) and clinical stages of gastric cancer
(P=0.920, P=0.243, P>0.05).

CONCLUSION: The results suggested that the alteration
of NMPs in gastric cancer occurred at the early stage of
gastric cancer development.

Zhang QX, Ding Y, Li Z, Le XP, Zzhang W, Sun L, Shi HR.
Comparison of nuclear matrix proteins between gastric cancer
and normal gastric tissue. World J Gastroenterol 2004; 10
(12): 1819-1821
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INTRODUCTION

Nuclear matrix (NM) isthe structural framework of the nucleus
comprising the peripheral laminsand porecomplexes, aninterna
ribonucleic protein outside nucleoli™. Nuclear matrix proteins
(NMPs) areimportant for avariety of cell functions, including
nuclear assembly, replication, transcription, and nuclear
integrity!?. Specific changes of NM Ps are associated with many
cancers®9. However, the alteration of NMPsin gastric cancer
has not been reported. In this paper, the NMPsin gastric cancer
and normal gastric tissue were studied by SDS-PAGE and
Genetools quantitative analysis software.

MATERIALS AND METHODS

Materials
Twenty-two cases of gastric cancer specimens (with no history

of radio- or chemotherapy preoperatively) and normal gastric
mucosa were collected from the First Affiliated Hospital of
Medical College of Zhengzhou University and the People’ s
Hospital of Henan Province. All the specimenswere diagnosed
pathologically (well and moderately differentiated cancersin
10 cases, poorly differentiated cancersin 12 cases). According
to the PTNM of International Alliance of Anticancer in 1987,
the specimenswere divided into 4 clinical stages, Nine were at
stagel and Il, and 13 at stage 11 and 1V.

Preparation of nuclei

The gastric cancers and normal gastric tissues were minced
and mixed with STM (0.25 mol/L sucrose, 10 mmol/L Tris-
HCI pH 7.4, 5 mmol/L MgCl,) and homogenized with a
homogenizer. Nuclei wereinitially separated by low speed
centrifugation at 750 r/min for 10 min. The pellet was
suspended with STM containing 5 g/L Triton X-100 for 10 min
and centrifuged at 750 r/min for 10 min. The crude nuclei
were resuspended with 2 mol/L sucrose and centrifuged at
12 000 g for 10 min. The pellet containing purified nuclel was
washed with STM.

Extraction of NMPs

The purified nuclei were digested with DNase | (200 U/mL)
at room temperature for 45 min prior to low salt (LS) buffer
(20 mmol/L Tris-HCI pH 7.4, 0.2 mmol/L MgCl,) extractionand
centrifuged at 1 000 r/min for 15 min. The pellet was extracted
twicewith high salt (HS) buffer (10 mmol/L Tris-HCl pH 7.4,
2 mol/L NaCl, 0.2 mmol/L MgCl,) and centrifuged a 6 000 r/min
for 15 min. Washed with L Sbuffer, the pell et was resuspended
with 2xloading buffer and detected for the concentration of
proteinsin the sample.

SDS-PAGE

A 100 nyg proteins were loaded in each well of 100 g/L SDS-
polyacrylamide gel. The proteins were electrophoresed at
congtant voltage of 200 V. The gel was stained with Coomassic
brilliant blue R-250 over 4 h. The protein bands were photoed
with gel photography system and quantitatively analyzed with
Genetools software.

Statistic analysis

Data were analyzed using nonparametric statistics with SPSS
10.0 statistic software and P<0.05 was considered statistically
significant.

RESULTS

On the gel stained with Coomassic brilliant blue R-250, many
bands were exhibited in both gastric cancer and normal gastric
tissue, which suggested that NMPs were abundant in these
tissues. The bands of 30 ku and 28 ku NMPs in the gastric
cancer were stained more lightly than thosein the normal gastric
tissue (Figure 1). Analyzed with Genetools quantitative
software, the expression of 30 ku and 28 ku NMPsin normal
gastric tissues was significantly higher than those in gastric
cancer (P<0.05). Thedifference of the expression of 30 ku and
28 ku NMPs between well and moderately differentiated and
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poorly differentiated gastric cancerswas not significant (P>0.05).
There was no significant differencein the expression of the two
NM Ps between stegel, 11 and stagelll, 1V (P>0.05) (Table 1).

1 ] t L
HEA:
-
Figure 1 SDS-PAGE of nuclear matrix 1 gastric carcinoma tissue;

2 adjacent cancer tissue; 3 normal tissue; 4 marker.

Table 1 Comparison of the 30 ku, 28 ku bands between gastric
cancer tissues and normal tissues

30 ku 28 ku

Group

n T Z T y4
Normal tissue group? 22 7.25 -3.165 4.33 -3.263
Gastric cancer group 22 12.44 14.19
Well and moderately 10 11.60 -0.066 12.90 -0.923
differentiated
Poorly differentiated 12 11.42 10.33
Stage I, Il 9 11.33 -0.100 13.44 -1.169
Stag I, IV 13 11.62 10.15

T: mean of rank sum, Z: z value ?P<0.05 vs gastric cancer.

DISCUSSION

NM isthe structural framework of the nucleus?, andisinvolved
inavariety of cdll functions, including DNA replication’®, RNA
transcription'®, architecture of chromatin*”, carcinogenesis¥
and apoptosis*?. The study on the rel ationship between NMPs
and carcinogenesis has been carried out for afew years. In the
experiment of Spencer et al.[*¥, specific changesin NMPs of
breast cell line were identified by two-dimensional gel
electrophoresis. NM P66 was evaluated asa potential biomarker
for early breast cancer inlarge-scale clinical trial§*. The extent
of chromosomal rearrangements correlates positively with the
level of expression of the nuclear matrix high mobility group
(HMG) proteinsHMG | (Y) when tested in three human prostate
cancer cell lines (PC-3>DU145>LNCaP)*4. Using both one-
dimensional and high-resolution two-dimensiona immunaoblot
analyses, Leman et al.[* found that, in the transgenic
adenocarcinomaof mouse progate (TRAMP) modd, HMGI (Y)
was an NMP expressed as two protein bands with a molecular
massof 22-24 kuand HMG | (Y) expression was correlated with
neoplastic and malignant propertiesin late stage of prostate
tumor TRAMP model. In 26 pairs of human progtate cancer and
normal tissue, Ishiguro et al.*® identified aspecific upregulated
gene encoding a 55 ku nuclear matrix protein (nmt55) by RT-
PCR and real time quantitative PCR. nmt55 gene expression in
human prostate cancer tissue was higher (20/26) than that in
normal prostate tissue.

NM P22 hasbeen identified asatumor marker for trangitiona
cell carcinomaof urinary tract!*”? and bladder cancer!*®24, Eissa
et al.[2 evaluated the diagnostic efficacy of NMP22, fibronectin
and urinary bladder cancer antigen (UBC) in comparison with
voided urine cytology on the detection of bladder cancer. They

found that NM P22 and fibronectin had superior sensitivities
compared to UBC and voided urine cytology, while NMP22
and voided urine cytology had the highest specificities. Xul®
reported that the examination of NMP22 in urine was arapid
and effective way to detect the recurrence of bladder cancer.
Theurinary NM P22 level swere significantly higher intherenal

cell carcinoma group than in the control group. The urinary
NMP22 might be used in the evaluation of patients at risk of
rena cell carcinoma?!. Konety et al.’! reported that the BL CA-
4 was avery sensitive and specific marker for bladder cancer.

NMPs aterations were also associated with the cancer of
digestivetract. Chen et al.’?® found that the interaction between
HPV-16 E6 and nuclear matrix might contributeto virusinduced
carcinogenesis in esophageal carcinoma. Brunagel et al.?”
analyzed the NMPs expression by high-resolution two-
dimensional gel electrophoresis, and found that the NMP
composition was able to differentiate liver metastases from
normal liver tissue and normal hepatocytes. In 2003, they
identified an NM P, calreticulin, which was expressed much more
strongly in colon cancer compared to adjacent and normal colon
tissue®. In our study, we found that the expression of 30 ku,
28 ku NMPswas significantly reduced in gastric cancer when
compared with that in the normal gastric tissue (P<0.05). There
were no significant differencesin the expression of these two
proteins between the various differentiation grades and clinical
stages of the gastric cancer. The results suggested that the
changes of NMPs in gastric cancer might occur at early stage
of the tumor devel opment.

Matrix attachment regions (MARYS) are postul ated to anchor
chromatin onto the NM, thereby organizing genomic DNA into
topologically distinct loop domains that are important in
replication and transcription?®. The p300-SAF-A interactions
at MAR elements of nontranscribed genes might poise these
genesfor transcriptiont®. NM was akey locusfor CK2 signaling
in the nucleus®Y. Expression of p16 gene was significantly
reduced in gastric cancer. The down- regulated expression of
30 ku, 28 ku NMPsin gastric cancer might be related to the
down-regulated expression of p16 gene. In our previous study,
we found the hypermethylation, mutation and microsatellite
instability of p16 genein gastric cancer. The binding of NMPs
to the upstream of pl6 gene and its relation to the down
regulated expression of p16 gene in gastric cancer will be
studied further.
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Abstract

AlIM: To investigate the apoptosis in primary gastric cancer
cells induced by genistein, and the relationship between
this apoptosis and expression of bcl-2 and bax.

METHODS: MTT assay was used to determine the cell growth
inhibitory rate in vitro. Transmission electron microscope and
TUNEL staining were used to quantitatively and qualitatively
detect the apoptosis of primary gastric cancer cells before
and after genistein treatment. Immunohistochemical staining
and RT-PCR were used to detect the expression of apoptosis-
associated genes bcl-2 and bax.

RESULTS: Genistein inhibited the growth of primary gastric
cancer cells in dose-and time-dependent manner. Genistein
induced primary gastric cancer cells to undergo apoptosis
with typically apoptotic characteristics. TUNEL assay showed
that after the treatment of primary gastric cancer cells with
genistein for 24 to 96 h, the apoptotic rates of primary gastric
cancer cells increased time-dependently. Immunohistochemical
staining showed that after the treatment of primary gastric
cancer cells with genistein for 24 to 96 h, the positivity rates
of Bcl-2 proteins were apparently reduced with time and
the positivity rates of Bax proteins were apparently increased
with time. After exposed to genistein at 20 nmol/L for 24,
48, 72 and 96 respectively, the density of bcl-2 mRNA
decreased progressively and the density of bax mRNA
increased progressively with elongation of time.

CONCLUSION: Genistein is able to induce the apoptosis in
primary gastric cancer cells. This apoptosis may be mediated
by down-regulating the apoptosis- associated bcl-2 gene
and up-regulating the expression of apoptosis-associated
bax gene.

Zhou HB, Chen JJ, Wang WX, Cai JT, Du Q. Apoptosis of human
primary gastric carcinoma cells induced by genistein. World J
Gastroenterol 2004; 10(12): 1822-1825
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INTRODUCTION

Genistein is a planar molecule with an aromatic A-ring, hasa
second oxygen atom 11.5 A from the one in the A ring, a
molecular weight similar to those of the steroidal estrogens. It
has estrogenic properties in receptor binding assays*?, cell
culture®4, and uterineweight assayd>”. Genistein inhibits

topoisomerase | 1®, platelet-activating factor- and epidermal
growth factor-induced expression of c-fog?, diacylglycerol
synthesig?, andtyrosine kinases*¥. It also inhibits microsomal
lipid peroxidation!*? and angiogenesis®¥. Genistein exhibits
antioxidant properties**1¢ and was reported to induce
differentiation of numerous cell typed™*9. Moreover, arecent
report showsthat genistein is apotent cancer chemopreventive
agent(?>?, The anti-tumor activity of genistein might berelated
toinduce the apoptosis of tumor cells but theprecise mechanism
of antitumor activity is not well understood.

The Bcl-2 family plays a crucial role in the control of
apoptosis. The family includes a number of proteins which
have homologous amino acid sequences, including anti-
apoptotic members such as Bcl-2 and Bcl-x,, as well as pro-
apoptotic members likeBax and Badi?*?9, Overexpression of
Bax has the effect of promoting cell death®-4. Conversely,
Overexpression of antiapoptotic proteins such as Bcl-2 will
repress the function of Bax®%, Thus, the ratio of Bcl-2/Bax
appears to be acritical determinant of cell apoptosig™.

In this study, MTT assay was used to determine the cell
growth inhibitory rate. Transmission electron microscope and
TUNEL staining method were used to quantitatively and
quaitatively detect the apoptosis status of primary gastric cancer
cdlsbefore and after the genigtein trestment. Immunohistochemical
staining and RT-PCR were used to detect the expression of
apoptosis-associated genes bcl-2 and bax.

MATERIALS AND METHODS

Materials

Genistein and MTT were obtained from Sigma Chemical Co,
Ltd. In situcell detection kit, anti-Bcl-2 monoclonal antibody
and anti-Bax monoclonal antibody were purchased from
Beijing Zhongshan Biotechnology Co, Ltd. Stock solution of
genistein was made in dimethylsulfoxide (DM SO) at a
concentration of 40 pmol/L. Working dilutions weredirectly
made in the cell culture medium.

Methods

Céll culture Fresh sample from a patient with gastric cancer
was obtained in operating room. A single-cell suspension of
tumor cells with the concentration of 5x10°/mL was prepared
for seeding. Primary gastric cancer cells were purified after
culture.

MTT assay Cels1x10°/well in a96-well plate after incubation
for 24 h weretreated with different concentrations of genistein
(5, 10, 20, 40 pmol/L) for 24, 48 and 72 h respectively. A
10 pL of 5 g/L of MTT was added to the medium triplicate
at each dose and incubated for4 h at 37 C. Culture media
were discarded followed by addition of 0.2 mL DM SO and
vibration for 10 min. The absorbance (A) was measured at
570 nm using amicroplate reader. The cell growth inhibitory
rate was calculated as follows: { (A of control group -A of
experimental group)/(A of control group- A of blank group)}
x100%.

Transmisson dectron microscopy Cellstreated with 20 pmol/L
genistein were harvested after incubation for 24 h. Subsequently
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the cellswerefixedin 40 g/L glutaral and immersed with Epon
821, imbedded for 72 h at 60 “C. After that the cells were
prepared into ultrathin section (60 nm) and stained with uranyl
acetate and lead citrate. Cell morphology was observed by
transmission electron microscopy.

TUNEL assay Apoptosisof primary gastric cancer cellswas
evaluated by using an in situcell detection kit. The cellswere
treated in the presence or absence of 20 umol/L genistein for
2410 96 h and fixedin ice-cold 800 mL/L ethanol for upto 24 h,
treated with proteinase K and then 3 mL/L H,0O,, and labeled
with fluorescein dUTP in a humid box for 1 h at 37 C. Cells
werethen combined with POD-horseradish peroxidase, colored
with DAB and counterstained with methyl green. Controls
received the same treatment except the labeling of omission
of fluorescein dUTP. Cells were visualized under light
microscope. The apoptotic index (Al) was calculated as
follows: Al=(Number of apoptotic cells/Total number)x100%.
Immunohistochemical staining Immunohistochemical
staining was done by an avidinbiotin technique. Primary gastric
cancer cells treated in the presence or absence of 20 pmol/L
genistein for 24 to 96 h were grown on six-well glass plates
and were fixed by acetone. After washed in PBS, the cells
were incubated in 3 mL/L H,O, solution at room temperature
for 5 min. The cells were then incubated with anti-Bcl-2 or
anti-Bax monoclonal antibody at a 1:300 dilution at 4 C
overnight. After wash of cellsin PBS, the second antibody,
biotinylated antirat |gG was added and the cellswere incubated
at room temperature for 1 h. After wash of cellsin PBS, ABC
compound was added and the cellswere then incubated at room
temperaturefor 10 min. DAB was used asthe chromagen. After
10 min, the brown color signifying the presence of antigen
bound to antibodies was detected by light microscopy and
photographed at x200. Controls were treated the same as the
experimental group except the incubation of the primary
antibody instead of second antibody. The positive rate (PR)
was cal cul ated as follows: PR=(Number of positive cellg/Total
number)x100%.

RT-PCR The primary gastric cancer cells were treated in the
presence or absence of 20 umol/L genistein for 24 to 96 h and
total RNA was extracted. The concentration of RNA was
determined by absorption at 260 nm. The primers for Bcl-2,
Bax and b-actin were asfollows: b-actin (500 bp): 5 GTGGG
GCGCCCCAGGCACCA 3,5 CTCCTTAATGTCACG
CACGATTTC 3'; bcl-2 (716 bp): 5 GGAAATATGGCGC
ACGCT 3,5 TCACTTGTGGCCCAGAT 3’ ; bax (508 bp):
5 CCAGCTCTGAGCAGATCAT 3,5 TATCAGCCCA
TCTTCTTCC 3' . Polymerase chain reactionswere performed
ina25 L reaction volume. PCR for Bcl-2 and b-actin was
run in the following procedures: at 94 °C for 7 min, 1 circle; at
94 °C for 1 min, at 72 °C for 1 min, 30 cycles; at 72 °C for 7 min,
1 circle. PCR for Bax wasrun in the following procedure; 94 °C
for 1 min, 60 °C for45s, 72 °C for 45 s, 35 cycles. Tenni. PCR
product was placed onto 15 g/L agarose gel and observed by
EB staining using Gel-Pro analyzer.

Statistical analysis
Data were analyzed by the paired two-tailed Student’ st test,
and significance was considered when P<0.05.

RESULTS

MTT assay
Primary gastric cancer cells were exposed to increasing
concentrations (5 pmol/L to 40 pmol/L) of genistein for 24 to
72 h, respectively. Primary gastric cancer cells showed death
in adose- and time-dependent manner. The dataare summarized
inTable 1.

Table 1 A value of primary gastric cancer cells treated with
different concentrations of genistein

24 h 48 h 72h
Control 0.400+0.008 0.406+0.007 0.404+0.008
5 mmol/L genistein 0.361+0.002®  0.334+0.012°  0.305+0.004°

10 nmol/L genistein ~ 0.325£0.004¢  0.313+0.003°  0.248+0.004¢
20 mmol/L genistein  0.308+0.003¢  0.249+0.002¢  0.206+0.003¢
40 nmol/L genistein  0.265+0.004¢  0.215+0.004¢  0.159+0.002¢

3P<0.05; PP<0.01; “P<0.001 vs control group.

Morphological changes

After treatment of primary gastric cancer cells with genistein
(20 pmol/L) for 24 h, some cells presented apoptotic
characteristics including chromatin condensation, appearance
of chromatin crescent, nuclear fragmentation that could be seen
by transmission electron microscope (Figure 1).

Figure 1 Ultra-microscopic structure of gastric cancer cells in-
duced by genistein. A: Primary gastric cancer cells; B: apoptotic
gastric cancer cells (Original magnification: x4 800).

TUNEL assay

Apoptotic cells were determined by TUNEL assay according
to the manufacture’ sinstructions. Positive staining located in
the nucleus. After treatment with genistein (20 pmol/L) for 24
to 96 h, Apoptotic index of the cellswas apparently increased
with the increase of treatment time (P <0.05) (Table 2).

Expression of Bcl-2 proteins

Positive staining located in the cytoplasm. After treatment with
genistein (20 pmol/L) for 24 to 96 h, Positivity rate of the
cellsof Bcl-2 proteinswas apparently reduced with theincrease
of treatment periods (P<0.05) (Table 3). This suggested that
genistein could down-regulate the expression of Bcl-2.

Expression of Bax proteins

Positive staining located in the cytoplasm. After treatment with
genistein (20 pmol/L) for 24 to 96 h, PRs of Bax proteinswere
apparently increased with increase of treated time (P<0.05)
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(Table 4). This suggested that genistein could up-regulate the
expression of Bax.

Table 2 Apoptotic index (Al) of primary gastric cancer cells
treated by genistein

Control 24 h 48 h 72h 96 h
Al (%) 1.25£0.30 4.97+0.80 18.44+1.92 35.18+0.35 43.93%+1.11
t -6.13 -13.82 -180.16 -52.80
P P<0.05 P<0.05 P<0.05 P<0.05

P<0.05 vs control group; Al: Apoptotic index.

Table 3 Positivity rate (PR) of Bcl-2 in primary gastric cancer
cells treated by genistein

Control 24 h 48 h 72 h 96 h
PR(%) 36.34+0.72 21.62+0.08 10.60+049 7.21+0.45 4.54+0.36
t 31.93 44.67 73.80 59.32
P P<0.01 P<0.01 P<0.01 P<0.01

P<0.01 vs control group; PR: Positivity rate.

Table 4 Positivity rate (PR) of Bax in primary gastric cancer
cells treated by genistein

Control 24 h 48 h 72h 96 h

PR(%) 10.73x0.57 20.63+0.86 34.3x0.81 45.96+0.42 58.61+1.46
t -57.49 -41.23 -69.53 -51.31
P P<0.001 P<0.001 P<0.001 P<0.001

P<0.01 vs control group; PR: Positivity rate.

RT-PCR

After exposed to 20 pmol/L genistein for 24, 48, 72 and 96 h
respectively, the density of bcl-2 mRNA decreased progressively
and the density of bax mMRNA increased progressively with
elongation of timeby RT-PCR. It suggested that genistein could
down-regulate the expression of Bcl-2 and up-regulate the
expression of Bax.

DISCUSSION

Populations who consume a diet high in soy are reported to
have a lower incidence of breast and prostate cancer. The
activity of the soy-derived phytoestrogen, genistein, isthought
to account for a portion of the chemopreventative properties of
soy; these include an inhibitory effect on tyrosine kinasesY,
DNA topoisomerases | and 111, and ribosomal S6 kinase,
antiestrogenicity, antioxidant activity, anti-angiogenesis
activity™®?, suppression of cell proliferation, induction of
differentiation*™*9, and modulation of apoptosig?*?#,

In this study, we found that primary gastric cancer cells
showed death in a dose- and time-dependent manner in MTT
assay. This suggested genistein was able to restrain the growth
of primary gastric cancer cells. It wasfound that genistein was
able to induce the apoptosis of primary gastric cancer cells by
transmission electron microscope assay and TUNEL assay.
After treatment with 20 pumol/L genistein for 24 to 96 h, PRs
of Bcl-2 proteins were apparently reduced and PRs of Bax
proteinswere apparently increased with increase of treated time
by Immunohistochemical staining. After exposed to 20 pmol/L
genistein for 24, 48, 72 and 96 h respectively, the density of
bcl-2 mMRNA decreased progressively and the density of bax
MRNA increased progressively with elongation of time by
RT-PCR.

Genistein could reduce Bcl-2 expression and enhance bax

expression. The ratio of Bcl-2/Bax was decreased when
primary gastric cancer cellswere treated with genistein, which
could trigger the apoptosis of primary gastric cancer cells.

The present study demonstrated that genistein was able to
induce the apoptosisin primary gastric cancer. This apoptosis
may be mediated by down-regulating the expression of
apoptosis-associated gene bcl-2 and up-regulating the
expression of apoptosis-associated gene bax. Genistein may
be used as a potential chemotherapeutic drug in the anti-gastric
carcinoma chemotherapy.
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Abstract

AIM: To investigate the relationships between polymorphisms
of interleukin-1B (IL-1B) promoter region -511C/T and
interleukin-1 receptor antagonist gene (IL-1RN) and
susceptibility to chronic hepatitis B in Chinese population.

METHODS: Genomic DNA was extracted from the peripheral
blood of 190 patients with chronic hepatitis B and 249 normal
controls and then subjected to polymerase chain reaction
(PCR) amplification. The PCR products were digested by
restriction endonuclease Aval. The products of digestion were
subjected to 20 g/L gel electrophoresis and ethidium bromide
staining.

RESULTS: The frequencies of IL-1B (-511) genotypes CC,
CT and TT in patients with chronic hepatitis B were 23.7%,
49.5% and 26.8%, while 26.1%, 47.4% and 26.5%
respectively in controls. The results showed that there was
no significant difference in the frequencies of alleles or
genotypes in IL-1B between patients with chronic hepatitis
B and controls. The distributions of IL-1B (-511) genotype
CC were significantly different between the two subgroups
(HBV-DNA <1x10% copies/mL as subgroup I, HBV-DNA
>1x10°® copies/mL as subgroup I1) of chronic hepatitis B
(P=0.029). Only four of the five kinds of polymorphism (1/1,
1/2, 2/2 and 1/4) were found in this study. The frequencies
of IL-1RN genotypes 1/1, 1/2, 2/2 and 1/4 were 88.9%, 9.0%,
0.5% and 1.6% in patients with chronic hepatitis B respectively,
while were 81.1%, 16.9%, 0.4% and 1.6% respectively in
controls. The frequencies of genotypel/2 and IL-1RN allele
2 in patients with chronic hepatitis B were lower than those
in controls (P=0.016 and P=0.029, respectively).

CONCLUSION: There is an association between polymorphisms
of the promoter region -511C/T of IL-1B and IL-1RN intron 2
and chronic hepatitis B virus infection. Subjects with IL-1RN
allele 2 may be resistant to HBV infection, and IL-1B(-511)
genotype CC is closely related with HBV-DNA replication,
which gives some new clues to the study of pathogenesis of
chronic hepatitis B.
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INTRODUCTION

Hepatitis B virus (HBV) infection is one of the most important
chronic viral diseasesin the world. An estimated 400 million
people worldwide are carriers of HBV, and approximately
250 000 deaths occur each year as a consequence of fulminant
hepatic failure, cirrhosis, and hepatocellular carcinoma. When
HBV isacquired in adulthood, the majority of infections are
cleared, with chronicinfection occurring in 5% to 10% of cases.
However, the dynamic interaction of the host inflammatory
response with HBV, and the subsequent impact of this
interaction on the clinical outcome of HBV infection, are not
yet fully understood, nor are the underlying mechanisms for
persistence of the virus.

Cytokines play an important role in defense against viral
infection, indirectly through determination of the predominant
pattern of the host response, and directly through inhibition of
viral replicationt?. Interleukin(IL)-1 is one of the most
proinflammatory agents, and hasacentral rolein inflammation
and destruction®®. The most important members of the IL-1
family arethelL-1a, IL-1b and IL-1 receptor antagonists (ra).
IL-1rais an IL-1 natural competitive inhibitor, acting by
occupancy of cell surface receptor without triggering signal
transduction!?. IL-1raplaysarole as an important regulator of
inflammation and is currently evaluated in clinical trials. Genes
encoding IL-1 arelocated on the 430 kb region of chromosome
2013-21, consisting of three homologous genes: IL-1A, IL-
1B and IL-1ra(IL-1RN)®. Bialldlic polymorphismsat positions
IL-1A -889, IL-1B -511, and +3 953 have been described, all
representing a C/T single nucleotide polymorphism (SNP). IL-
1RN containsan 86 bp variable number tandem repeat (VNTR)
polymorphism in intron 2%, These polymorphisms are located
within the regulatory regions of the genes and have potential
functional importance by modulating I1L-1 protein production,
and are related with the development of some diseased”.

This research was to discuss the relationship between
polymorphisms of 1L-1 gene and susceptibility to HBV in the
Chinese population, and tried to reveal the correlation between
the genotype and phenotype distributions, in order to provide
acertain scientific basisfor prevention and treatment of chronic
hepatitis B.

MATERIALS AND METHODS

Subjects

A total of 190 patients with chronic hepatitis B (130 males, 60
females) aged 11-68 years were recruited in Remin Hospita
of Wuhan University. The diagnosis of all the patients was
confirmed according to the criteriafor chronic hepatitis B, and
the patients did not have other viral hepatitis. Two hundred
and forty-nine control subjects (150 males, 99 females) aged
18-82 years were selected in Wuhan area (HBSAg negative,
anti-HBe negative, and anti-HBc negative), and liver, renal,
endocrine and cardiovascular disorders were excluded.

PCR preparation
Two microliter peripheral venous blood was collected in an
EDTA tube. Genomic DNA was extracted from peripheral
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blood leukocytes and frozen at -20 ‘C. Each PCR was carried
out in 25 nL reaction mixture containing 100-200 ng genomic
DNA, 100 mmol/L dNTP, 25 mmol/L MgCl,, 20 pmol/L
primers and 1U TagDNA polymerase (Promega).

IL-1B and IL-1RN polymorphisms
SNP at position -511 in the promoter region (-702-398)of IL-
1B was analyzed by the PCR-restriction fragment length
polymorphism(RFLP)method®. A 304 bp PCR fragment of
the IL-1B promoter region was amplified using the following
primers: 5 -TGGCATTGATCTGGTTCATC-3 and 5’ -
GTTTAGGATCTTCCCACTT-3' . PCR conditions were as
follows: denaturation at 95 “C for 5 min, then 35 cyclesat 94 °C
for30s,a 55 C for 30 s at 72 °C for 1 min, andfinial extention
at 72 °C for 5 min. twenty nL of PCR products was digested
with 5 U of Aval (TaKaRa, shiga, Japan) at 37 'C for 3h and
run on a 20 g/L agarose gel stained with ethidium bromide.
IL-1RN intron 2 contained a VNTR of an 86 bp length of
DNA. Oligonucleotides5’ -CTCAGCAACACTCCTAT-3' and
5 -TCCTGGTCTGCAGGTAA-3 flanking this region were
used as primers®. Amplification conditions were same as the
above. The PCR products were analyzed by electrophoresis
on a 20 g/L agarose gel stained with ethidium bromide.

HBV-DNA measurement

Serum HBV-DNA level in patients with chronic hepatitis B
was detected with the real-time fluorescent quantitative PCR
method (reagents supplied by Shanghai Fosun Co. Ltd.) using
aLightcycler PCR system. Results were considered abnormal
when HBV-DNA >1x10°copies/mL.

Statistical analysis

IL-1B(-511) and IL-1RN(intron 2) allelic and genotype
frequencies were calculated in patients with chronic hepatitis
B and control subjects. Comparison of allelic and genotypes
between groups, and association of IL-1B and IL-1RN
polymorphisms with HBV-DNA replication were examined

for statistical significance with chi-square test. Analysis was
completed with SPSS 9.0, and P<0.05 was considered
statistically significant.

RESULTS

Genotypes of IL-1B and IL-1RN

CIT trangition polymorphism of IL-1B(-511) was analyzed by
PCR-RFLP. Aval digestion of the PCR products of IL-1B
resulted in three genotypes, consisting of TT (intact, 304 bp),
CT (three fragments of 304, 190 and 114 bp) and CC (two
fragments of 190 and 114 bp), (Figure 1). Theintron 2 of IL-
1RN polymorphism contained VNTR of 86 bp. There were
fivealelesin humans, including dlele 1 (four repests, 410 bp),
alele 2 (two repeats, 240 bp), alele 3 (five repeats, 500 bp),
alele4 (threerepeats, 325 bp) and allele 5 (six repeats, 595 bp).
Only four of the five kinds of polymorphism of IL-1RN(1/1,
1/2, 2/2, and 1/4) were found in this study (Figure 2).

Frequencies of IL-1B and IL-1RN genotypes in both groups

The genotype and allele frequencies of IL-1B and IL-1RN in
patients with chronic hepatitis B and control subjects were
determined, and explored with 2x2 c?test under the Hardy-
Weinberg law and shown to represent all population (Tables
1, 2). The frequencies of IL-1B genotypes CC, CT and TT in
patients with chronic hepatitis B were 23.7%(45/190), 49.5%
(94/190) and 26.8%(51/190), while those in controls were
26.1%(65/249), 47.4%(118/249), and 26.5%(66/249)
respectively. The results showed that there was no significant
difference in the frequencies of alleles (c?=0.16, P=0.69) or
genotypes (c?=0.35, P=0.84) in IL-1B between patients with
chronic hepatitis B and control subjects.

Only four of the five kinds of polymorphism of IL-1RN
(11, 1/2, 2/2 and 1/4) werefound in thisstudy. Thefrequencies
of 11, 1/2, 2/2 and 1/4 were 88.9%, 9.0%, 0.5% and 1.6% in
chronic hepatitis B patients, while thosein controls were 81.1%,
16.9%, 0.4% and 1.6% respectively. IL-1 RN allele 1 was

Table 1 Comparison of IL-1B(-511) polymorphism between patients with chronic hepatitis B and controls

Frequency of genotypes (%)

Frequency of alleles (%)

Group n

CcC CT TT C T
Patients 190 45 (23.7) 94 (49.5) 51 (26.8) 184 (48.4) 196 (51.6)
Controls 249 65 (26.1) 118 (47.4) 66 (26.5) 248 (49.8) 250 (50.2)

Patients vs controls, ¢?=0.35, P=0.84; ¢?=0.16, P=0.69.

Table 2 Comparison of IL-1RN intron 2 polymorphism between patients with chronic hepatitis B and controls

Frequency of genotypes(%) Frequency of alleles(%)

Group n

1/12 1/2° 2/2 1/4 1 2¢ 4
Patients 190 169 (88.9) 17 (9.0) 1(0.5) 3(1.6) 358 (94.2) 19 (5.0) 3(0.8)
Controls 249 202 (81.1) 42 (16.9) 1(0.4) 4(1.6) 450 (90.4) 44 (8.8) 4(0.8)

Patients vs controls, 2c?=5.03, P=0.025; *c?=5.81, P=0.016; °c?=4.76, P=0.029.

Table 3 Association between IL-1B, IL-RN genotypes and HBV copies in chronic hepatitis B patients

IL-1B genotype (%) IL-1RN genotype (%)

Subgroup n

cce CT TT 1/1 172 2/2 1/4
I 104 31 (29.8) 49 (47.1) 24 (23.1) 93 (89.4) 9(8.7) 0 2(1.9)
1 86 14 (16.3) 45 (52.3) 27 (31.4) 76 (88.3) 8(9.3) 1(1.2) 1(1.2)

HBV-DNA < 1x10°copies/mL as |, HBV-DNA >1x10%copies/mL as I, 3subgroup | vs subgroup I, c*=4.77, P=0.029.
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detected in 94.2% of chronic hepatitis B patients and 90.4%
of controls, while IL-1RN allele 2 was detected in 5.0% of the
patients and 8.8% of controls, The frequencies of genotype 1/2
and IL-1RN allele 2 in patients with chronic hepatitis B were
lower than those in controls (c?=5.81, P=0.016 and c?=4.76,
P=0.029 respectively).

Association of IL-1B and IL-1RN polymorphism with HBV-
DNA replication

For further analysis of the relationship between IL-1B, IL-
1RN polymorphisms and HBV-DNA replication in patients
with chronic hepatitis B, the patients were divided into two
subgroups (HBV-DNA < 1x10® copies/mL as subgroup |,
HBV-DNA >1x10° copies/mL as subgroup I1). Asshown in
Table 3, the distributions of IL-1B(-511) genotype CC were
of significant difference between the two subgroups (c?=4.77,
P=0.029).

(bp) M 1 2 3 4 5 6 M (bp)

2 000 2 000
1 000 1 000
750 750

500 500

250 250

100 100

Figure 1 Results of IL-1B(-511) gene typing. Lane M: DNA
molecular mass marker; Lanes 1, 6: TT; Lanes 2, 4: CT; Lanes 3,
5. CC.
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2 000 2 000
1 000 1 000
750 750
500 500
250 250
100 100

Figure 2 Results of IL-1RN intron 2 VNTR. Lane M: DNA mo-
lecular mass marker; Lane 1: 1/1; Lane 2: 1/2; Lane 3: 1/4;
Lane 4: 2/2.

DISCUSSION

HBYV infectionisamajor global health problem with an estimated
300 million people chronically infected worldwidel®.
Individuals with an inadequate primary immune response to
HBV are at increased risk of developing chronic hepatitis B.
Age is the strongest host feature associated with chronic
infection with 90% infants and 5-10% of adults developing
chronic hepatitis B after exposure. In addition, people with
the same age, sex and ethnical group were exposed to the same
HBYV strain, which could cause a broad spectrum ranging from
no infection to different clinical outcomes™. These datasuggest
that host genetic factors are responsible for the clinical
outcomes of HBV infection. Clearance of HBV requires a
coordinated innate and adaptive humoral and cell-mediated
immuneresponse. Cytokinesare soluble polypeptide molecules
that mediate cell-to-cell communication and regulate the
intensity and duration of theimmune response. Previous studies
have shown that the maximal capacity of cytokine production

varies among individuals and correlates with SNP in the
promoter region of various cytokine genes2%¥, Furthermore,
cytokine gene polymorphisms were associated with liver
disease severity in patientswith viral hepatitis'4. In the present
study we compared the distributions of I1L-1B(-511) and IL-
1RN intron 2 VNTR polymorphisms between patients with
chronic B and control subjects.

IL-1B isone of the IL-1 gene family members, and located
in the proximal region of chromosome 2q13-21. Different
polymorphisms have been described in IL-1B, and at least two
of them could influence the protein production. Oneislocated
in the promoter region at position -511, and the other in exon
5. Pociot et al.*® reported that IL-1B polymorphisms were
correlated with IL-1b expression. IL-1B allele T carrier had
higher productions of IL-1b than IL-1B dlele C carrier. In the
study, genotype distributions and allelic frequencies for IL-
1B(-511) promoter polymorphismsin patients with chronic
hepatitis B and control subjects were not statistically different.
Further analysisof therelationship between IL-1B polymorphism
and HBV-DNA replication in patients with chronic hepatitis
B showed that I1L-1B(-511) genotype CC was associated with
HBV-DNA replication.

IL-1raisanaturally occurring anti-inflammatory protein,
competitively blocks the binding of IL-1a and IL-1b type |
andtypell IL-1 receptors, but exertsno agonist activity, despite
sharing 30% amino acid sequence homology with IL-1b, and
19% with IL-1a. Il-1ra has been shown to inhibit the effects
of IL-1 bothinvitro and in vivo*, Increasing evidence showed
that IL-1RN polymorphisms were related with susceptibility
to individual diseases, including psoriasis, systemic lupus
erthematosus, and inflammatory bowel disease®. By the study
of IL-1RN intron 2 polymorphisms, our results suggested that
the distributions of IL-1RN 1/2 genotype and IL-1RN allele 2
in patients with chronic hepatitis B were significantly lower
than those in control subjects. A possible explanation of this
result could be provided by the fact that carriage of I1-1RN
allele 2 of each of these polymorphisms was related with high
production of 1L-1b!", which may augment the production of
other cytokines, suchas|L-2, IL-6 and TNF-a, and trigger the
complex immuological processes to eliminate the virus and
its complex.

In summary, the findings of this study and others may
provide further evidence that genetic factors are important in
the pathogenesis of HBV infection. Our results suggest that
the carriage of IL-1RN allele 2 may play a protective role in
the development of HBV infection and IL-1B CC genotype
may be associated with HBV-DNA replication. However, the
real roles of IL-1 polymorphisms in the pathogenesis of
developing chronic hepatitis B should be further investigated
by large population-based studies.
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Abstract

AlIM: To investigate the mechanisms of tegaserod, a partial
5-HT4 agonist, in reducing visceral sensitivity by observing
Fos, substance P (SP) and calcitonin gene-related peptide
(CGRP) expression in the lumbarsacral spinal cord induced
by colonic inflammation in rats.

METHODS: Twenty-four male rats with colonic inflammation
induced by intraluminal instillation of trinitrobenzenesulfonic
acid (TNBS) were divided into 3 groups. Treatment group
1: intra-gastric administration of tegaserod, 2 mg/kg- d;
Treatment group 2: intra-gastric administration of tegaserod,
1 mg/kg- d; Control group: intra-gastric administration of
saline, 2.0 mL/d. After 7 d of intra-gastric administration,
lumbarsacral spinal cord was removed and processed for
Fos, SP and CGRP immunohistochemistry.

RESULTS: In rats of the control group, the majority of Fos
labeled neurons was localized in deeper laminae of the
lumbarsacral spinal cord (Ls-S;). SP and CGRP were primarily
expressed in the superficial laminae of the spinal cord after
TNBS injection. Intra-gastric administration of tegaserod
(2 mg/kg- d) resulted in a significant decrease of Fos labeled
neurons (22.0+7.7) and SP density (12.5+1.4) in the dorsal
horn in the lumbarsacral spinal cord compared to those of
the control group (62.2+18.9, 35.948.9, P<0.05). However,
CGRP content in dorsal horn did not significantly reduce in
rats of treatment group 1 (1.2+1.1) compared to that of the
control group (2.8+£2.4, P>0.05). Neither Fos expression nor
SP or CGRP density in the dorsal horn significantly declined
in rats of treatment group 2 compared to those of the control
group (P>0.05).

CONCLUSION: Tegaserod can significantly reduce Fos
labeled neurons in the lumbarsacral spinal cord induced
by colonic inflammation. Tegaserod may reduce visceral
sensitivity by inhibiting SP expression in the dorsal horn of
spinal cord.

Sun YN, Luo JY. Effects of tegaserod on Fos, substance P
and calcitonin gene-related peptide expression induced by
colon inflammation in lumbarsacral spinal cord. World J
Gastroenterol 2004; 10(12): 1830-1833

http://www.wjgnet.com/1007-9327/10/1830.asp

INTRODUCTION

Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder. Its typical feature is recurrent
abdominal discomfort or pain associated with disordered
defecation. Studies have shown that viscera sensitivity plays
an important role in the pathophysiology of IBSY. Tegaserod,
apartial 5-HT4 agonist, acts selectively on 5-HT4 receptorsin
the gut. Tegaserod can relieve symptoms in IBS patients with
abdominal discomfort or painand significantly decreaseviscera
sensitivity!?. The objectives of the present study were to
identify regions of the Fos protein, substance P (SP) and
calcitonin gene-related peptide (CGRP) expression in the
lumbarsacral spinal cord in response to colonic inflammation
induced by intraluminal instillation of TNBS, and to compare
the effects of tegaserod on the spinal Fos, SP and CGRP
expression induced in the same animal model.

MATERIALS AND METHODS

Animals

Twenty-four adult male Sprague-Dawley rats (The Fourth
Military Medical University) weighing 220-250 g wereused in
this study. The animals were housed in a quiet room with a
constant ambient temperature of 20 C with free accessto rat
chow and water.

Experimental protocol

After 24 h fast, TNBS (100 mg/kg in 300 mL/L ethanol) was
administered intrarectally through a silicone rubber catheter
introduced 7 cm into the anus under light diethyl-ether
anesthesia. To keep TNBS in the colon for alonger time and to
avoid leskage, the catheter was dowly withdrawn and the tail
of the rat was kept elevating for 8-10 min.

Tegaserod (20 mg, Beijing Novartis Pharmacy Company)
was dissolved in 100 mL distilled water. After oneday of TNBS
instillation, the ratswere randomly divided into 3 groups. Each
group had eight rats. Treatment group 1: intra-gastric
administration of tegaserod 2 mg/kg; Treatmemt group 2: intra-
gastric administration of tegaserod 1 mg/kg; Control group:
intra-gastric administration of saline2.0 mL. Tegaserod or saline
was administered once daily (10:00AM) for consecutive 7 d
after TNBSinstillation.

Fos, SP and CGRP immuohistochemistry
Oneday after thelast timeof tegaserod or saline administration,
the rats were deeply anaesthetized with pentobarbital Na
(80 mg/kg, i.p.) and perfused with 100 mL saline followed by
500 mL fixative of 40 g/L paraformaldehyde in 0.1 mol/L
phosphate buffer (PH 7.4). Ls-S, segments of the spinal cord
were removed, post-fixed in the samefixative at 4 °C for 2-4 h
and then cryoprotected in 200 g/L sucrose overnight. Serial
frozen sections of 40-mm thicknesscut onal eitz cryocut. Sections
were collected in 0.01 mol/L PBSfor immunohistochemigtry.
Thespinal cord sectionswere stained for Fos, SP and CGRP
using avidin-biotin-peroxidase complex (ABC) method. Free
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floating tissue sections were treated in 800 mL/L methanol
containing 30 mL/L H,0,to block endogenous peroxidase acitvity
for 30 min at room temperature. They weretrested with 0.01 mol/L
PBScontaining 1 g/L Triton x100 for 20 min at room temperature.
The sections were then incubated with a polyclonal rabbit anti-
Fosserum (1:3 000, Santa Cruz), polyclona rabbit anti-SP serum
(1:500, Boster) and polyclonal rabbit anti-CGRP serum (1:500,
Boster) respectively for 48 h at 4 °C. After the step, the sections
wereincubated with biotinylated goat anti-rabbit 1gG (1:500, Sgma),
and subsequently with the ABC complex (1:500, Sigma) at room
temperature for 2 h each. The antigen-antibody reaction sites
were visudized by incubation with glucose oxidase-DAB-nicke
method for 15-30 min at room temperature. The sectionswere
rinsedin 0.01 mol/L PBSfor 3x10 min between transition of these
steps. Finally, the sections were mounted onto gelatin-coated
dides, dried, dehydrated, cleared and coverdipped.

Fos immunoreative neuronal counts and measurement of the
density of dorsal horn SP and CGRP staining
The number of neuronal nuclear profiles expressing Fos was
analyzed with computer assisted QUIC menu system. Precise
regional localization was done by outlining specific regions and
then particles (stained nucle) were counted in the outlined regions.
The number of profiles counted in five sectionswas averaged for
each animal, and comparisons were made between the groups?.
The density of SP and CGRP staining in the dorsal horn of
spinal cord was also measured in specific outlined regionsusing
computer assisted QUIC menu system. Therratio of the area of
stained SP or CGRP to the area of the outlined regions was
presented as the density of SP or CGRP. The averages were
obtained for density measurements from five randomly selected
spinal cord sections for each animal, and comparisons were

o

¥
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|
@

made between treatment and control groupg®.

Statistical analysis

Pictures were taken under BX-60 microscopy with the support
of IM50 software. All results are expressed as mean+SD. An
unpaired t-test was used to compare Fos-IR (immunoreactive)
cell count data, SP and CGRP density between the groups. A
difference was accepted as significant if the probability was
lessthan 5% (P<0.05).

RESULTS

Effect of tegaserod on Fos expression in spinal cord

In animals of the control group, Fos protein was expressed
bilateraly inthenuclei of cellsof thedorsa horninLs, Lgand S;
of lumbarsacral spinal cord. The nuclei of Fos-IR neuronswere
black and there was no cytoplasmic staining. Among 62.2+18.9
neurons exhibited Fos-IR, most of them were distributed in the
deeper laminae (111-1V, V-VI) of thedorsal horn. Only few Fos-
IR neurons were sparsely distributed in the superficial laminae
(I-11) of thedorsal horn (Figure 1A).

After intra-gastric administration of tegaserod 1 mg/kg- d
for 7 d, Fos-IR cellsin the dorsal horn decreased to 42.6+7.5,
but was not significantly different with that of the control group
(62.2+£18.9, P>0.05). After intra-gastric administration of
tegaserod 2 mg/kg- d for seven days, Fos-IR neuronsin the
dorsal horn decreased to 22.0+7.7, a significant difference
(P<0.05) (Tablel, Figure2A).

Effect of tegaserod on SP and CGRP expression in spinal cord
In rats of the control group, SP was expressed bilaterally in the
superficial laminae (I-11) in the dorsal horn. The density of SP

Figure 1 Sections from the control rats. x10. A: Fos-IR neurons induced by TNBS administration were observed as black spots in
the dorsal horn. Note that most Fos-IR neurons were distributed in the deeper laminae of the dorsal horn. B: SP was mainly
distributed in the superficial laminae of the dorsal horn. C: CGRP was primarily localized in the superficial laminae of the

dorsal horn.
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Figure 2 Sections from rats treated with tegaserod 2 mg/kg- d. x10. A: After treatment with tegaserod, the number of Fos-IR cells
was decreased significantly compared with that of the control group. B: Note that the density of SP in rats treated with tegaserod
was decreased significantly compared with that of the control rats. C: The density of CGRP was not different between the
treatment group and the control group.
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was 35.9+8.9. After 7 d of intra-gastric injection of tegaserod
1mg/kg- d, the density of SPin the superficial laminae did not
significantly reduce (33.3t3.4, P>0.05). However, after intra-
gastric adminigtration of tegaserod 2 mg/kg- dfor 7 d, thedensity
of SP decreased to 12.5+1.4, asignificant difference compared
to that of the control group (P<0.05) (Table 1, Figures 1B, 2B).

In animals of the control group, most CGRP were expressed
inthe superficia laminae of the dorsal horn. A few CGRP were
distributed in the deeper laminae. The density of CGRP in rats
of the control group was 2.8+2.4. Thedensity of CGRP did not
significantly decreasein ratstreated with tegaserod 1 mg/kg- d
for 7.d (2.2+2.3, P>0.05). After treatment with tegaserod
2 mg/kg- d for 7 d, the density of CGRP decreased 56.7%
compared to that of the control group (1.2+1.1), but there was
no significant difference (P>0.05) (Table 1, Figures 1C, 2C).

Table 1 Number of Fos-IR neurons and density of SP, CGRP
(%) in dorsal horn of rats in various groups

Fos SP CGRP
Treatment group 1 (2 mg/kg-d) 22.0+7.7¢ 12.5+1.4® 1.2+1.1
Treatment group 1 (1 mg/kg-d) 42.6£7.5  33.3+3.4 2.2+2.3
Control group 62.2+18.9 35.9+8.9 2.8+24

3P<0.05, vs the control.

DISCUSSION

Irritable bowel syndromeisacommon functiona gastrointestinal
disorder. Itstypical featureisrecurrent abdominal discomfort or
pain associated with disordered defecation or achangein bowel
habit. Routine investigation revealed no evidence of structural
or biochemical abnormality. Thereisevidencethat patientswith
IBSshowed alower threshold for discomfort and/or pain, increased
sensitivity to stimuli, or altered viscerosomatic referrall.
Therefore, viscerd hypersengitivity could play animportant role
in the pathophysiology of IBSY.

Tegaserod isapartial 5-HT4 agonist. The absence of blood-
brain barrier permeation makes it selectively bind to 5-HT4
receptors in the gastrointestinal tract. Tegaserod has been
shown to modulate both gastrointestinal motility and visceral
sensitivity!?. Studies demonstrated that tegaserod produced
rapid and sustained improvements of the abdominal pain/
discomfort and constipationin | BS patients, especialy infemale
IBS patientd®d. These improvementswere seen within thefirst
week, and maintained throughout the treatment period. A
randomized, double-blind, placebo-controlled study showed
that tegaserod reduced the sensitivity to rectal distension in
healthy subjects”.

Fos, one of the inducible transcription factors, servesas a
quantifiable marker to identify neuronal populations activated
by noxious somatic and visceral stimulations. Noxious
stimulation of hollow viscerainduced a specific pattern of Fos
expression in rat spinal cord that reflected the intensity of the
stimulation’®. Recently, the anti-nociceptive effects of some
drugs have been studied in animal models of persistent viscera
pain using Fos expression as an independent measure. Lu
reported that baclofen, a selective GABAg receptor agonist,
specifically reduced Fos expression in the superficial dorsal
horn of spinal cord induced by mustard oil irritation of the
colon®. A recent study has demonstrated that opiate receptor
agonists, especially morphine, attenuate pain related behavior
and Fosexpressionin rat spina cord neuronsfollowing noxious
visceral stimulation!®. Thus, localization of Fos expression can
beauseful tool to examinethe effectivenessof different analgesic
drugs after nociceptive stimulation.

In rats of the control group, Fos protein expression became
bilaterally evident asnuclear staining in cellsinLs, Lgsand S; of

lumbarsacral spinal cord. In therats, the descending colon was
innervated by sensory afferent fibers in the pelvic nerve
projecting bilaterally to the lumbarsacral (Le-S;) spinal cord?,
The result was consistent with the viscerotopic organization
of the afferent fibers that innervate the descending colon. Most
of the Fos-IR neurons were distributed in the deeper laminae
(11-1V, V-VI) of the dorsal horn. Few Fos expressed in the
superficiad laminae (I-11) of the dorsal horn. Imbe demonstrated
that Fos-IR cellshad the tendency to spread from the superficial
laminae to the deeper laminae when deep tissue inflammation
became persistent™. From the segment and laminae distribution
of Fos-IR neurons, we conclude that neurons in the dorsal
horn of lumbarsacral spinal cord are activated via sensory
afferent fibers in the pelvic nerve by noxious stimulation
induced by persistent colonic inflammation. Therefore,
tegaserod can dose-dependently prevent sensory neuronsin
the dorsal horn from being activated by colonic inflammation.

Substance P was rel eased from primary sensory nociceptive
neurons in response to noxious stimuli. Up to 80% of dorsal
root ganglion (DRG) neurons supplying viscera contained SP,
suggesting the importance of SP in transmission of signals
from the viscera to the spinal cord*3. Study of Kishimoto
demonstrated that high concentrations of SP were significantly
related to abdominal pain*3. SP could play apivota role at the
spinal cord level in postsynaptic sensitization, particularly
during and after gut inflammation!*#. In the spina cord, SP
releasing from the primary afferents could activate the dorsal
horn neurons by inducing an influx of Ca2* throughout voltage-
gated Ca?* channeld*®. The results of this study showed that
the density of SP in the dorsal horn decreased significantly
compared to the control group after treatment with tegaserod
2mg/kg- dfor 7d. Therefore, tegaserod caninhibit SPexpression
in the dorsal horn of the spinal cord.

CGRP isone of the major neuropeptides expressed in the
spinal cord sensory processing region and iswidely distributed
in the nervous system, particularly in sensory neurons. CGRP,
which is generally colocalized with SPin the primary afferent
nociceptors, islikely to beinvolved in pain transmission. CGRP
may produce a direct nociceptive effect. CGRP might also
enhance SP-induced nociceptive sensation by facilitating the
release of SPin the spinal dorsal horn{*®, Compared with that
of the control group, the density of CGRP decreased 21.4% in
trestment group 1 and 57.1% in treatment group 2, showing an
insignificant difference (P>0.05). The results suggest that
tegaserod may not act on CGRP expression to reduce visceral
nociceptive transmisson. However, whether amuch larger dose
of tegaserod can significant decrease CGRP expression in the
spinal cord still needs more studies.

The results of the present study showed that tegaserod could
significantly decrease Fos and SP expression in the dorsal horn of
the spind cord. Tegaserod can exert antinociceptive effect. This
effect isrelated to SP expresson inhibition in the spinal cord. The
study of Schikowski showed that in decerebrated cats the static
discharge rate of the afferents evoked by rectal distension
decreased significantly after intravenous administration of
tegaserod. They proposed that 5-HT4 receptor activation had an
inhibitory effect on intramural mechanoreceptorsin cat rectumt*”,
Today there is considerable evidence that serotonin influences
nociceptive reflexes at different anatomic levels. For example,
intrathecal and iontophoretic applications of serotonin to the
dorsal horn produced pain relief, and serotonin antagonists
produced hyperalgesia®®. Ghelardini found that BIMU1 and
BIMUS, two 5-HT4 agonists, exerted an antinoci ceptive effect by
centrally potentiating endogenous cholinergic activity®. Since
there are serotonin-SP and serotonin-Ach neurotranamitter links,
we conclude that tegaserod, acting on 5-HT4 receptorsin the gut,
produces an antinociceptive effect by inhibiting the expression of
SPin spina dorsal horn.
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Abstract

AlIM: To review the characteristics of esophageal carcinoma
in recent 30 years in the epidemiological investigation.

METHODS: A total of 1 520 cases of esophageal carcinoma
in the First Affiliated Hospital of Zhejiang University Medical
College admitted from 1970 until now were reviewed. Their
age, gender, position of carcinoma and histological type
were analyzed.

RESULTS: The morbidity of esophageal carcinoma was
increasing during the observation period. Compared with
the 1970s (9.5%), the ratio of adenocarcinoma significantly
increased after the 1980s (19.1%). The difference was
significant (P <0.05).

CONCLUSION: The morbidity of esophageal adenocarcinoma
was increasing and advanced clinical study should be
strengthened.

Zhang H, Chen SH, Li YM. Epidemiological investigation of
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INTRODUCTION

Carcinomaof esophagusisone of the most common cancerswith
ahigh mortality. Squanmous cell carcinomaand adenocarcinoma
account for more than 95% of esophageal tumors¥. The
incidencerate of squamous cell carcinomaof the esophagusin
the pathological feature is more frequent compared with
adenocarcinoma. Increasing prevalence of adenocarcinoma of
the esophagus has been reported from western countries in
recent years and its incidence since the 1970s in Chinais
unknown. Our study aimed to make an epidemiological
investigation of carcinoma of esophagus and compare the
incidencerate of adenocarcinomaand squamouscell carcinoma
of the esophagus.

MATERIALS AND METHODS

Medical records of dl patients (n=1 520) with adenocarcinoma
or sgquamous cell carcinoma of the esophagus seen at the the
First Affiliated Hospital of Zhejiang University Medical College
between 1970 and 2001 werereviewed. Thefollowing datawere
retrieved: age, gender, tumor location, history of surgery and
pathological features. The patients were divided into 3 groups:

group A (211patients) were patients seen from 1970 to 1979,
group B (451 patients) were patients from 1980 to 1989 and
group C (858 patients) were from 1990 to 2001.

RESULTS

The data of the 1520 patients with adenocarcinomaor squamous
cell carcinomawere analyzed. Among them, 236(15.5%) were
femaleand 1 284(84.5%) weremale. Ingroup A therewere 184
(87.2%) male patientsand 27(12.8%) femal e patients,in group B
therewere 380(84.3%) male and 71(15.7%) female, in group C
there were 720(83.9%) male and 138(16.1%) female. No
differences were found between the groups in gender. Among
240 cases of adenocarcinoma of esophagus, 195(81.3%) were
male and 45(18.7%) were female. And among 1280 cases of
sguamous cell carcinomaof the esophagus, 1 089(85.1%) were
mae and 191(14.9%) were female. No significant difference of
sex ratios were found in patients with adenocarcinoma of
esophagus and sgquamous cell carcinoma of the esophagus.

The age distribution of the patients is shown in Table 1.
Patients in their 50s are at highest risk for carcinoma of the
esophagusin the 1970s. And patientsin their 60sare at highest
risk for carcinoma of the esophagus since 1980s.

From clinical pathological data, 20, 80, 134 cases with
adenocarcinoma and 191, 365, 724 cases with squamous cell
carcinoma were found in groups A, B, C, respectively. The
proportion of esophageal adenocarcinoma of all groupswere
9.5%(20/211), 19.1%(86/451) and 15.6%(134/858),
respectively. The difference was significant between groups A
and B (P=0.002) and a so between groups A and C (P=0.023).
And there was no significant difference between groupsB and
C (P=0.113).

Weinvestigated the location of adenocarcinomaof esophagus
(193 cases), whose pathological findings showed the definite
location. Two (1.0%) caseswerelocated at the upper esophagus,
15 (7.8%) at the middle and 176 (91.2%) located at the lower
esophagus.

Table 1 Age distribution of all patients with carcinoma of
esophagus: n (%)

Age (yr) A B C

<30 3(1.4) 2 (0.4) 5 (0.6)
30- 15 (7.1) 20 (4.3) 26 (3.0)
40- 47 (22.3) 72 (16.0) 162 (18.9)
50- 103 (48.8) 160 (35.5) 250 (29.1)
>60 43 (20.4) 197 (43.7) 415 (48.4)
DISCUSSION

Esophaged cancer isoneof themost deadly formsof gastrointesting
cancer in China and death rate from carcinoma of esophagus
ranked thethird annually. Epidemiological datadefined acertain
geographical didtribution’. In high mortality areas of China, Iran
and Africa, the incidence of esophaged tumorsis approximately
equal in men and women®. By comparison, in low-incidence
regions such as the United States and parts of Europe, thereis
asignificant predilection for maled”. It was reported that the
incidence ratein maleishigher than that of female, and the sex
ratios(male/female) was5-10: 1. In our study, themaletofemae
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ratio was 5.5:1 and the difference was not significant among
groups.

Although squamous cell carcinoma was traditionally
considered synonymous with esophageal cancer, theincidence
of adenocarcinoma of the esophagus is increasing in most
Western industrialized nationsin recent years>®. Theincidence
of esophageal adenocarcinoma increased from 1.5to 7.0 per
100 000 men and from 0.4 to 1.5 per 100 000 women between
1971 and 1998 in England and Waled™. The proportion of
adenocarcinomas has increased, probably in connection with
the increasing incidence of Barrett’ s esophagus. But the risk
of Barrett’ s esophageal mucosa advancing to esophageal
adenocarcinoma is not well established®. Even though the
incidence of esophageal adenocarcinoma has beenrising in
Western populations over the past two decades and squamous
cell carcinoma has been declining!®*?, esophageal sgquamous
cell carcinoma remains the predominant type of esophageal
malignancy in the remainder of theworld.

The mechanism of increased incidence of adenocarcinoma
remained to beunclear. Gastroesophageal reflux disease (GERD),
Barrett’ sesophagus, smoking, acohol drinking and disfunction
of esophageal motivation may be associated with the increase
of incidence of adenocarcinoma Adenocarcinomaisan uncommon
cause of mortality in patients with Barrett’ s esophagus. Forty-
four patients were confirmed to have Barrett’ s esophagus and
werefollowed up for 209 patient-years. Only 2 patientsdevel oped
esophageal adenocarcinoma, resulting in an incidence of one
casein 209 patient-years, a55-fold risk compared with age- and
sex-matched population in Scotland™®Y, Gastric juice that
refluxes into the esophagus can injure esophageal squamous
epithelium. When the injury heals through a metaplastic
process in which an abnormal columnar epithelium replaces
the injured squamous one, the resulting condition is called
Barrett’ s esophagus*?. Barrett’ s esophagusis the major risk
factor for the development of esophageal adenocarcinoma,
which isincreasing in incidence faster than any other cancer
in the Western world. Barrett’ s adenocarcinomas are
increasing in epidemic proportionsfor asyet unknown reasons,
approximately 0.5-1% of patients with Barrett’ swill develop
adenocarcinoma®*, Although GERD symptoms precede the
development of adenocarcinomaof esophagusin many patients,
fewer than 50% of patientshave pathol ogic evidence of esophagitis
or Barrett’ sepithelium at presentation.

There are clear racial, gender and site predilections for
esophageal adenocarcinomal®>¥, Our study demonstrated that
176 cases (91.2%) of adnocarcinomaof esophaguswerelocated
at the lower esophagus, being different from sgquamous cell
carcinoma of the esophagus which were located mainly at the
middle of the esophagus. Adenocarcinoma of esophagus shared
with the same location with Barrett’ s esophagus.

Further study isrequired to determine the risk factors such

as food” for the development of esophageal cancer and
epidemiological investigation will proveimportant devel oping
methods of detection and therapeutic intervention of this disease.
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INTRODUCTION

Mansonic schistosomiasis is the main cause of portal
hypertension in Brazil. Hepatosplenic (HS) form is manifested
by hepatomegaly mainly on the left hepatic lobe associated
with large splenomegaly and bleeding due to esophageal
varices with high mortality rated*2.,

Pulmonary hypertension in the HS form of mansonic
schistosomiasis is described in association with both the acute
and chronic forms of the disease, with aprevalence of 5% and
may be a serious complication in the evolution of the disease.
It can also be the triggering factor for serious complications
associated with any form of surgical approach®4.

Surgical treatment isindicated for patients with ahistory of
bleeding dueto esophagedl varix rupture based on world previous
experience with endoscopic treatment results®. At present,
techniques vary in azigo-portal disconnection and splenectomy
(APDS) and distal splenorenal shunt (DSRS) for surgical
treatment of such patients. All patients submitted to DSRA were
carefully evaluated pre-operatively with eletrocardiography,
chest X-ray and transthoracic echocardiography to rule out
pulmonary hypertension. We report two fatal cases of pulmonary
hypertension arising after DSRS.

Case Reports

Case 1l A 33-year-old man was admitted to the Liver and
Portal Hypertension Surgical Unit, Hospital das Cli nicas,
University of S&o Paulo Medical School for surgical treatment
of portal hypertension due to hepatosplenic mansonic
schistosomiasis after previous episode of bleeding esophageal
varices. Ultrasound scan of the abdomen revealed discrete
hepatomegaly, mainly on the left hepatic |obe associated with
splenomegaly. Esophagogastroduodenoscopy revealed four
large variceal vessals. The results found in routine laboratory

tests were alanine amino transferase (ALT) of 29 U/L (normal:
10-30), aspartate amino transferase (AST) of 20 U/L (normal:
10-36), bilirrubinof 0.8mg/dL (normal : 0.2- 1.0), gamma-glutamyl
transferase of 86 U/L (normal: 7-32), and alkaline phosphatase
of 241 U/L (normal: 32-104). The el ectrocardiogram, chest X-
ray and echocardiography were within normal limits. The
patient was submitted to DSRS. On the 4" postoperative day
he developed progressive dyspnea and dyed 3 h later. The
necropsy showed severe pulmonary hypertension, right
ventricular dilatation and secondary myocardia infarction. The
shunt was pervious.

Case 2 A 25-year-old woman was admitted to the Liver and
Portal Hypertension Surgical Unit, Hospital das Cli nicas,
University of S&o Paulo Medical School for surgical trestment
of portal hypertension due to hepatosplenic mansonic
schistosomiasis after an episode of bleeding esophageal varices.
Ultrasound scan of theabdomen revesl ed discrete hepatomegaly,
mainly on the left hepatic |obe associated with splenomegaly.
Esophagogastroduodenoscopy revealed two large variceal
vessels. The results found in routine laboratory tests were
alanine amino transferase (ALT) of 25 U/L (normal 7-45),
aspartate amino transferase (AST) of 38 U/L (normal 7-45),
bilirrubin of 1.omg/dL(normal 0.2-1-0), gamma-glutamy!|
transferase of 31 U/L (normd 7-32), and akaline phosphatase of
96 U/L (normal 32-104). Theelectrocardiogram, chest X-ray and
echocardiography were within normal limits. The patient was
submitted to DSRA. One the 7™ postoperative day he developed
progressive dyspnea and cardiogenic shock. A pulmonary
artery catheter wasinserted and showed high pulmonary mean
artery pressure (64 mmHg) and areduced cardiac index (Cl =
1,2 L/min/m?). The patient died before the shunt could be
occluded. The necropsy showed severe pulmonary
hypertension, right ventricular dilatation and secondary
myocardial infarction. The shunt was pervious.

DISCUSSION

The treatment of portal hypertension in hepatosplenic
schistosomiasisis very different in cirrhotic patients mostly
because hepatic function iswell preserved in Manson’ sdisesse.
The surgical treatment has been considered the best alternative
for schistosomotic patients with a history of bleeding from
esophageal varix rupture because these patients had normal
liver function and the only severe complication of the disease
was digestive bleeding'?®.

Thetwo modalities of elective surgicd treatment are selective
shunt surgery (Warren procedure) or an esophagogastric
devascularization procedure with splenectomy (EGDS). Shunt
surgeries have been found to be effective for bleeding control,
but were associated with postoperative encephal opathy and
higher operative mortality rates when compared to
devascularization procedures?59.,

Although recognizable as acomplication of shunt procedures,
acute and fatal pulmonary hypertension have never been
previoudy reported since Warren procedurefor trestment of portal
hypertend on in mansonic schistosomiasis. Some groupsin Brazil
performed thousands of shunt surgeries for schistosomal portal
hypertension, but have never described this important
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complication*¥. Our group routingly performed atransthoracic
echocardiography in order to evaluate pulmonary hypertension.
The two patients had a normal pre-operative evaluation and
were submitted to DSRS. Thenecropsy revealed typica findings
of acute pulmonary hypertension, suggesting that sub-clinical
elevated pulmonary artery pressure be present before surgery.
The hyperflow determined by shunt surgery aggravated a
previously unsuspected pulmonary hypertension, leading to
death. This observation suggests that shunt surgeries should
be employed very cautiously in young patients with portal
hypertension due to hepatosplenic mansonic schistosomiasis
and should be performed only after measurement of pulmonary
artery pressure, if indicated.
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Abstract

Liver penetration is a rare but serious complication of
peptic ulcer disease. Usually the diagnosis is made by
operation or autopsy. Clinical and laboratory data were no
specific. A 64-year-old man was admitted with upper
gastrointestinal bleeding. Hepatic penetration was
diagnosed as the cause of bleeding. Endoscopy showed a
large gastric ulcer with a pseudotumoral mass protruding
from the ulcer bed. Definitive diagnosis was established
by endoscopic biopsies of the ulcer base.

Kayacetin E, Kayacetin S. Gastric ulcer penetrating to liver
diagnosed by endoscopic biopsy. World J Gastroenterol 2004;
10(12): 1838-1840
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INTRODUCTION

Penetration into the liver isarare complication of peptic ulcer
disease and may lead to unusua complications such as abscess
formation or upper gastrointestinal hemorrhage!*?. The
absolute frequency of this complication in patient with peptic
ulcersis not known.

We reported on a patient who presented with upper
gastrointestinal bleeding due to a gastric ulcer penetrating into
the liver. Diagnosis was based on histologic examination of
endoscopic biopsy materials. We also reviewed 13 other
reported cases of endoscopically and histologically diagnosed
peptic ulcer penetration into the liver?*,

CASE REPORT

A 64-year-old man was admitted because of a 2-wk history of
weekness, dizziness, and melena. Oneweek beforehisadmission,
the patient noted intermittent mild mid-epigastric pain and nause
after meals. He had undergone a higly selective vagotomy and
primer suture 13 years beforefor peptic ulcer perforation.
Phiysical examination demonstrated that he was afebrile
with aregular heart rate at 88 beats/min and ablood pressure of
110/60 mm Hg. The abdomen was soft, nontender, nondistended,
and without organomegaly or masses. Bowel sounds were
hyperactive. Rectal examination revealed no massesand the stool
wasmelenic. A nasogastric tube was passed in emergency room,
“coffegrounds’ materia were aspirated from the somach. Initia
laboratory evaluation showed mild leukocytosis (white blood
cell counts, 15800/mm?; normal, 4-10 10¥mm?) and severeanemia
(‘hemoglobin, 4.7 g/dL; normal hemoglobin,14.1-17.2 g/dL:
hematocrit, 13.8%; normal hematocrit, 36.1-50.3%: meanred cell

volume, 68.2 fL; normal red cell volume, 82.2-99fL). The sool
was positive for occult blood. Coagulation parametersand liver
function tests were within normal limits. The patient had no
gastrointestinal symptoms and was not receiving aspirin or
nonsteroidal antiinflammatory drugs (NSAIDs). Emergency
endoscopy showed alarge (4.5 cm) ulcer on theanterior wall of
the gastric antrum, with malignant appearance (Figure 1). The
ulcer base wascovered with fibrin, and themarginswereirregular.
No active bleeding was present at the time of investigation, but
stigmata of recent hemorrhage were detected. Sonographic
examination demostrated the “ target” sign of the gastric antral
areawith suggestion of eccentric “tumour” extension into liver
(Figure 2). The center of the target was echogenic. Multipl
biopsies were taken separately from the ulcer margins and the
pseudotumoral mass. Histologic examination of the specimens
showed gastric mucosa with granulation tissue and also normal-
appearing hepatocytes (Figure 3).

Figure 1 Endoscopic photograph showing a giant deep ulcer
(about 4.5 cm in diameter) with malignant appearance (arrow).

Figure 2 Longitudinal ultrasound scan showing the target like
appearance (arrows) representing the giant ulcer seen on
gastroscopy.
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Figure 3 Endoscopic biopsy showing granulation tissue
(arrowhead) adjacent to normal-appearance hepatocytes (arrow)
(HE x20).

Urease (CLO test) for Helicobacter pylori was negative.
Treatment was started with 40 mg of omeprazoletwice per day.
Hereceived 4 units of packed red blood cells by transfusion.
The symptoms improved. The surgery service was than
consulted for potential resection, however the patient and family
refused surgical intervention. Onthe 17" d of hospitalization, he
died of gastrointestinal bleeding.

DISCUSSION

We reported a very rare case of an endoscopically and
histologically proven liver penetration by agastric ulcer in an
older man. In general, penetration into the liver by a peptic

ulcer isnot afrequent event. We have found only afew reports
of liver penetration by gastric ulcer diagnosed by endoscopy .
None of them was clinically or radiologically recognised prior
to endoscopy. There were thirteen previous case reports of
liver penetration in patients with peptic ulcer disease. Four of
these cases were for duedonal ulcer and nine were for gastric
ulcer. Three of these cases could be diagnosed at the time of
surgery, but the other cases were diagnosed on the basis of
histologic finding of hepatic tissue on endoscopic biopsies.
All of the patients, including ours, showed severe gastroi ntestinal
bleeding. Abdomina pain was described in only 4 patientg 8113,
thusin our case, abdominal pain did not seem to be acommon
finding. These case reports, including the present one, are
summarizedin Tablel.

Endoscopically, 3 of the patients had alarge ulcer crater
with a pseudotumoral mass protruding from the ulcer bed,
however no histologic signs of malignancy were seen267,
Another patient had only a mass without any ulcer®®. The rest
of them had ulcersranging from 2.5 cmto 9cmx3 cmin diameter.

The correct diagnosis was established in al the cases by
the presence of liver tissue in the histologic examination of
endoscopic biopsies. In contrast to the cases, described by
Guerrieri and Waxman!®, the liver tissue in this case did not
show severeinflammation or inflammatory atypia. The hepatic
histological changes found in our case were consistent with
those reported by others. All reported cases except twol®® had
normal liver function tests. This may reflect that local hepatic
injury does not cause abnormalitiesin liver functions. The
diagnostic value of liver function tests in cases of ulcer
penetration into the liver isvery limited.

Table 1 Comparison of published reports of liver penetration by peptic ulcer

Source Age/Gender Epigastric Pain/ Main clinical Location Endoscopic NSAIDs Treatment
tenderness feature appearance

Martinez-onsurbe (10) 91/Female Gl bleeding Anterior wall ulcer ? ?
of antrum

Guerrieri (9) 53/Male - Gl bleeding Lesser curve ulcer ?  Antiacids,Op (Bll)
of antrum

Goldman (6) 65/Male Tenderness Nause,anemia  Lesser curve ulcer with mass  ? Op (BII)
of stomach

Park (4) 52/Male Gl bleeding Lesser curve of giant ulcer ? H,RA
antrum

Sperber (3) 69/Male Tenderness Gl bleeding Lesser curve ulcer ? ?
of corpus

Jimenez-Perez(2) 61/Male Tenderness Gl bleeding Lesser curve ulcer with ? Op
of corpus mass

Castellano (11) 77/Male Gl bleeding posterior wall ulcer + Op (BII)
of duodenal bulb

Castellano (11) 70/ Male Epigastric pain Gl bleeding posterior wall of ulcer ? Op (BII)
antrum

Matsuoka (12) 53/Male Tenderness Gl bleeding Lesser curve of corpus Giant ulcer ? H,RA,Op

Novacek(8) 33/Female Epigastric pain Gl bleeding Posterior wall of ulcer + PPI,0p
duodenal bulb

Paddas (5) 78/Male Gl bleeding Anterior wall of Mass without  + H,RA,Op
duodenal bulb ulcer

Brullet (7) 89/Female Epigastric Pain Gl bleeding Anterior wall of  ulcer with mass ? Op (BII)
gastric antrum

Mostbeck(13) 53/Male Epigastric pain Anterior wall of ulcer ? ?
duodenal bulb

Present case 61/ Male Gl bleeding Anterior wall of giant ulcer PPI

gastric antrum

Gl Bleeding: gastrointestinal bleeding; Op (BIl): subtotal gastrectomy with Billroth Il reconstruction; H,RA: histamine H,- receptor
antagonist; PPI,: proton pump inhibitor.
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Larger lesions of the upper gastrointestinal tract have some
charecteristic sonographic patterns. These have been described
variously asring sign, pseudo-kidney, target-like and bull’ s-
eyel™®4 Ultrasonographic examination of the present case
showed a‘ target’ lesion with echogenic centre in the gastric
antral area with suggestion of exogastric extension into the
liver, leading to the suspicion of hepatic penetration by agastric
tumor as described by Sperber!®. The center of the ulcer
appeared as cavity lesions (hypoechoic area) which were
considered secondary to fluid secretions within the cavity of
the giant ulcer. Endoscopic ultrasonography is useful for the
diagnosis and treatment of a variety of gastrointestinal
diseases. We could not perform endoscopic ultrasonography
because of itsabsencein our unit. Endoscopic ultrasonography
may be helpful for the diagnosis of gastric ulcer complications
such as penetration into an adjacent structure®®. Only one of
the patients was treated succesfully with a histamine H,-
receptor antagonist'¥, but an operation was necessary for all
other patients. A subtotal gastrectomy with Billroth 11
reconstruction was performed in 5 cases®”*4., | n the present
case, the patient did not require an emergency operation and
wasinitialy treated with a proton pump inhibitor. All patients
had uneventful postoperative courses except for 2 patients,of
them one died of a sepsis”, and the other died of pulmonary
embolismi*¥, The outcomewas not given in 3 cases®1%%3, These
reports indicate that penetration as a serious complication of
peptic ulcer disease often required operative treatment. Results
of arecent study have not shown a decrease in severe ulcer
complications despite the use of histamine- H, receptor
antagonists*®l, This was likely due to the increase, mean
population age in devel oped countries and the high prevaence
of nonsteroidal anti-inflammatory drug use. Lanaset al, found
that NSAID usewas the most important independent risk factor
for upper and lower gastrointestinal perforation*”. Endoscopic
studies have shown an increase in the prevalence of peptic
ulcers and gastrointestinal perforation in patients who took
NSAYDs regularly, Only three of these cases were regularly
using NSAYDs5#1, Nonsteoridal antiinflammatory drugs,
therefore, seem to be the most important risk factor for ulcer
penetration into the liver.

Finally, asin other reported cases, results of theliver function
testsin our patient were unremarkable and so did not focalise
our attention on the probability of liver process. Endoscopic
view of the lesion did not make us suspect penetrating peptic
ulcer disease. However, ultrasound was the first procudure to
raise suspicion of hepatic penetration by a gastric ulcer. This
diagnosis was subsequently confirmed by endoscopic biopsy.
A high index of suspicion to make the diagnosis is necessary.
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Abstract

Inflammatory pseudotumor of the liver is a rare benign
lesion that can mimic a malignant liver neoplasm. A case
of inflammatory pseudotumor of the liver found in
association with a malignant gastrointestinal stromal tumor
(GIST) of the small bowel was reported. The inflammatory
pseudotumor was misdiagnosed as a metastasis from
the GIST by frozen section. A correct diagnosis was made
only after histopathological examination of the paraffin
section of the resected specimen. This case is particularly
interesting because of the association of the two rare
pathological entities and the diagnostic dilemma that arose
from the similarity of their histological appearances. To
our knowledge, this association has not been reported in
the literature.
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INTRODUCTION

Inflammatory pseudotumors of theliver arerare benign lesions
characterized by proliferating fibrovascular tissue mixed with
inflammatory cells. They are associated with fever, pain and a
mass effect, and are commonly mistaken for malignant tumors
or liver abscesses. Usually the radiological or cytological
examinations fail to differentiate hepatic pseudotumors from
liver neoplasms. Wereport a patient with aninflammatory tumor
of the liver who was found to have amalignant gastrointestinal
stromal tumor (GIST) of the small bowel at the sametime, with
special emphasis on their possible etiological association and
the diagnostic dilemma.

CASE REPORT

A 46-year-old housewife was admitted to our hospital in
January 1998 with right upper quadrant abdominal pain and
low grade fever for one week. Blood tests showed leukocytosis
(16.7x10%/L) and raised erythrocyte sedimentation rate (ESR)
(92 mm/h). Serum alkaline phosphatase (138IU/L) was dightly
increased but hepatic parenchymal enzymeswerenormal. The
levelsof serum a pha-fetoprotein (AFP) and carcinoembryonic
antigen (CEA) were within normal ranges. Hepatitis B and C

viral serology tests were negative. Repeated blood culture did
not reveal any bacterial growth.

Inview of the mildly deranged liver function, an abdominal
ultrasonography was performed which showed a space-
occupying lesionin theright hepatic lobe. No dilated intrahepatic
or common bile ductswere noted. Helical computer tomography
(CT) scan showed aheterogeneouslesion of 10 cminsizeinthe
right lobe of the liver (Figure 1). The right portal vein was
displaced anteriorly. Radiologist commented that it could be a
large multi-septated liver abscess, but the possibility of aliver
tumor could not be excluded.

Figure 1 Contrast CT scan showing heterogeneous contrast
enhancement in the lesion with a multi-septated appearance.

The patient was treated initially with intravenous
cefotaxime and metronidazol e, and the fever subsided after
1 wk of antibiotics treatment. However, due to the large size
of thelesion and the worry about possible malignancy, surgical
exploration was decided. Intraoperatively, in addition to the
liver mass, a 10 cm soft tissue tumor was found in theileum at
15 cm from the ileocecal valve. The tumor and a segment of
the small bowel were resected and frozen section examination
showed a spindle cell tumor. Trucut biopsy of the liver mass
and frozen section suggested a metastastic spindle cell tumor.
In view of anisolated hepatic metastasis without lymph node
involvement or other evidence of metastasis, an extended
right hepatectomy with a1 cm resection margin from the tumor
was performed (Figure 2).

Figure 2 Yellowish firming well-circumscribed mass in the
right hepatectomy specimen.
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Histopathological examination of the paraffin section of the
small bowel tumor confirmed the diagnosis of amalignant GIST.
Microscopic examination of the paraffin section of the liver
“tumor” showed that it was composed of fascicles of spindle
fibroblastsand myofibroblastsadmixed with chronicinflammatory
cells, which were mainly lymphocytes and plasma cells. The
overall pathological features were those of an inflammatory
pseudotumor of theliver.

The patient recovered well after the operation and was
discharged without complication. The patient had regular
follow-up in our outpatient clinic with yearly CT scan. After 4
years of follow-up, the patient was in good health and there
was no evidence of tumor recurrence or further liver lesion.

DISCUSSION

Inflammatory pseudotumor of the liver isarare clinical and
pathological entity. Pack and Baker first described it in a patient
after right hepatic lobectomy in 1953, To date, there have
been fewer than 80 cases reported in the literature®”. These
“tumors’ wereso named becauseof thedifficulty indistinguishing
them from malignant lesions preoperatively, asin the case of
our patient. Histologically, these tumors are composed of
densely hyalinized collagenous tissue infiltrated by a variety
of cells, mainly plasma cells and the enigmatic plump spindle
cells, although monocytes and lymphocytes have also been
found®. The pathogenesis and etiology of inflammatory
pseudotumors of the liver are uncertain. Some authors
suggested that they might be attributed to a septic origin from
aberrant inflammatory reaction to migrating microorganisms
from large bowel!@. Though bacterial culture growths, such as
Escherichiacoli and Klebs ellapneumoniae, have been reported
in afew cased®, no definite microorganism could be isolated
from the specimens in most cases. Other authors suggested
that Epstein Barr viral infection might play arole in the
pathogenesis of inflammatory pseudotumord®, but this still
needs to be verified by further studies.

In the reported cases, patients with an inflammatory
pseudotumor of the liver usually complained of non-specific
symptoms at first presentation, such as abdominal pain, fever,
weight lossand malaise. Elevated ESR, leukocytosisand mildly
elevated hepatic transaminases and bilirubin were typical.
Inflammatory pseudotumor has been reported in children as
young as 3 mo of age and in adults up to 83 years of age*,
with male preponderance. Schmid reported that more patients
with inflammatory pseudotumors were observed in Southeast
Asians (54.7%) when compared with other Western
counterparts®. Ashepatitis B infection iscommon in Southeast
Asia, hepatoce lular carcinomaisthe most common liver tumor
encountered in thisarea. However, inflammatory pseudotumor
should be included in the differential diagnosis of a hepatic
mass, especially in those patients with normal hepatitis B
screening and AFP level.

The recommended therapeutic approach for inflammatory
pseudotumors of the liver isstill controversial, though surgical
resection is generally considered as an overtreatment(®1,
Spontaneous regression of the lesion was reported in some
cases, and cases that regressed with the use of antibioticg™
or nonsteroidal anti-inflammatory drugs? have also been
reported. When the inflammatory pseudotumors caused major
complications, such as biliary obstruction® and portal
hypertension™, the patients might need surgical resection or
even liver transplantation(*™. Although most authors believed
that inflammatory pseudotumors had a benign behavior, there
have been some reports of invasive course and mortality!.

To our knowledge, thisisthe first patient reported to have
aninflammatory pseudotumor in association with asmall bowel

GIST. The exact etiological link between the two is uncertain.
However, the presence of an ileal GIST could potentially
enhance entry of enteric bacteria into the portal circulation,
which could then result in an inflammatory pseudotumor if
the hypothesis of an infective etiology istrue. In our patient,
frozen section examination of the hepatic mass suggested
that it was a metastasis from the malignant small bowel GIST,
but we proceeded with hepatic resection in view of the
absence of other obvious extrahepatic metastasis. In the past,
patients with hepatic metastases from malignant GIST or
|elomyosarcomawere considered to have poor prognosiseven
after surgical resection!’¢, Hence, hepatic resection was
usually not offered to patients with liver metastasis from
gastrointestinal leiomyosarcoma. However, recently some
authors advocated that aggressive surgical resection for liver
metastasis might provide survival benefit to the patientg*s,
In arecent report from asingle institution, amedian survival of
40 mo and a 5-year survival rate of 33% were observed after
hepatic resection for hepatic metastases from leiomyosarcomd™™.
We adopted a similar approach and performed a major
hepatectomy. The final pathology of the liver lesion turned
out to be an inflammatory pseudotumor, and the patient had
survived without any disease recurrence for four years by
the time of writing the manuscript. Our case illustrated the
difficulty in differentiating an inflammatory pseudotumor from
a malignancy not only in the preoperative imaging but also
even by frozen section examination. The histological appearance
of an inflammatory pseudotumor and a GIST is particularly
difficult to differentiate. The surgeons should be aware of
their possible association asillustrated in this case. A favorable
long-term outcome may be expected with resection of the
GIST together with hepatic resection for the inflammatory
pseudotumor in the liver.
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Abstract

Six patients infected with Cyclospora cayetanensis who sought
medical care at three different hospitals in Turkey are herein
presented. Four patients were male and the others were
female and their ages ranged from 7 to 62 years. The first
patient was HIV-positive and presented with watery diarrhea
with a frequency of up to 18 times a day for more than ten
months and diagnosed as cyclosporiosis in Kayseri, 1996.
The second patient was also HIV positive and diagnosed as
cyclosporiosis in Kayseri, 2000. The third patient was an
acute myeloblastic leukemia (AML) patient and diagnosed
in Istanbul, 2000. The fourth patient was idiopathic hepatic
cirrhosis complaining of diarrhea and weakness and
diagnosed in Kayseri, 2001. The fifth and sixth patients were
immunocompetent patients complaining of diarrhea and
diagnosed in Izmir and Kayseri, 2002. Diarrhea occurring
from one to ten times a day continued for 7 to 70 d in the last
5 patients. Treatment with a trimethoprim/sulfamethoxazole
compound was done for all patients. Both symptomatic and
parasitologic improvements were quickly observed. In
summary, C. cayetanensis infection is rare in Turkey and
most patients infected with this pathogen tend to be
immunosuppressive individuals at present.
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INTRODUCTION

The genus Cyclospora is in the subclass Coccidia, phylum
Apicomplexa. This genusistaxonomically related to coccidian
generain humans. Thisorganismisaunilocular parasite previoudy
known as cyanobacterium-like or coccidian-like body (CLB) and,
in recent years, anew coccidian pathogen, Cyclospora, has been
putatively identified™. The organisms are seen as nonrefractile
spheres and are acid-fast variable with the modified Kinyoun' s
acid-fast stains, those are unstained appear as glassy, wrinkled
spheres. Modified acid-fast stains stain the oocysts from light
pink to deep red, some of which may contain granules or have a
bubbly appearance. The oocysts autofluoresce (strong green or
intense blue) under UV epifluorescence!®. The first known
human cases of illness caused by Cyclospora infection (i.e.,
cyclosporiosis) were reported in the medical literaturein 19794,
Our aminthisstudy wasto present cases of human cyclosporiosis
in Turkey and to review the literature.

MATERIALS AND METHODS
We evaluated all of the human cases in our country

retrospectively which were belongsto Kayseri (three cases),
Istanbul (one case) and Izmir (one case) regions between 1996
and 2002>9, Following these, we determined a new case with
C. cayetanensisin December 2002. Inthisstudy, wediscussall
of the six caseswith cyclosporiosisin Turkey.

RESULTS

Case 19

A 50 year-old woman with acquired immune deficiency
syndrome (AIDS) was admitted in December 1996 for chronic
diarrhea, vomiting, and fever to the Erciyes University Medical
Faculty Hospital. Therewas preceding history of episodic watery
diarrhea, vomiting, and weight loss along with intermittent fever
over aperiod of oneyear. Shewas cachectic, with mild abdominal
tenderness and aert, thrush and palpable small cervical lymph
nodes. She had anemia (Hb 8.4 g/L ). Enzyme immunoassays
for HIV antibodieswere positive and the T4/T8 ratiowas 0.6 in
serum. E. coli and Proteus spp. werefound at 10* cfu/mL from
urine specimens. Microscopical analysis of the stool revealed
numerous spherical double walled microorganisms 8-9 mmin
diameter, somewith internal granulation. After Kinyoun’ sacid
fast staining of the stool, the organisms appeared faint pink to
red in colors, some cysts not taking up the stain and appearing as
“ghogs ’ . Empty cystsvaried in shgpebut had generdly collapsed
into crescents. The organisms were identified as Cyclospora sp.
The patient wastreated with TMP/SMZ (160/800 mg) bid for three
weeks. Following treatment, re-examination of a stool sample
revealed no more organisms and diarrhea stopped. This case
wasthe first report of Cyclospora infection in Turkey.

Case 21

A 40-year old man with AIDSwas evaluated parasitologically
for the etiologic agent of his persistent diarrheafor two months
in Erciyes University Medica Faculty Hospital in 2000. Stool
sampleswere examined by conventional coprological methods
such asfresh preparation, iodine stain, and flotation. Suspicious
organisms (8-10 nm in diameter) were seen in stool, which
were stained with Kinyoun' s acid-fast stain and identified as
C. cayetanensis. He was treated with TMP/SMZ (160/800 mg)
bid for two weeks. We could not find the organism in the stool
samples after the treatment and diarrhea stopped.

Case 31

In 2000, at the Istanbul University Medical Faculty Hospital
therewasanother 7 year-old ma e patient with acute myeloblastic
leukemia (AML). A sudden diarrhea devel oped while bone
narrow transplantation was being planned. The patient’ s stool
samples were examined with respect to pathogen bacteria and
fungi and rotavirus. None of them was determined, isolated
and/or seen. Two stool specimens, which were taken in one-
week interval, al so were examined with modified trichrome, acid
fast and safranin staining methods. In microscopic examinations,
C. cayetanensis oocystswere seen with al three staining methods.
After four weeksof therapy with trimethoprim-sulphamethoxazole
(15 mg/kg.d) diarrhea stopped and in the new stool specimens,
C. cayetanensis oocysts were not encountered.

Case 4@
A 52 year-old male patient with idiopathic hepatic cirrhosis
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complaining of diarrhea and weakness was accepted to the
gastroenterology clinic of Erciyes University Medical Faculty
Hospital in 2001. In the patient’ s history, there were watery,
bad smelling, bloodless episodes of diarrhea, fever, cold,
sweating, and a 10 kg lost of weight which all began three
weeks prior to hospitalization. The patient had never traveled
to aforeign country. Physical examination did not revea any
abnormalities except subicteric conjunctivas and a hyperemic
tongue. The patient was apyretic. In laboratory examination,
blood values were found as Hb: 14.2 g/dL, white blood cells:
4 900/mm3, platelets: 69 000/mms3 . Biochemical valueswereas
follows: K: 2.9 mmol//L (1 ),P: 1.7mg/dL ( 1 ), Ca: 7.6 mg/dL
(1),Mg09mg/dL (1 ),uricacid: 9.3mg/dL ( 1 ),totd bilirubin:
42mg/dL (1),AST:165U/L (1), ALT: 76U/L ( t),CK-MB:
120 U/L (1), albumin: 2.8 gr/dL ( 1 ), acetone, protein and
bilirubin were (+) in urine. Anti-HBs Ag and Anti-HAV were
positive and other hepatitis markers were negative. Anti-HIV
antibodieswerefound to be negative by EL1SA test. In abdomina
USG, liver with lobule contour was smaller than normal size,
and itsecho wasincreased. Widespread intraperitoneal exudate
was seen.

In order to find out the causative etiologic agent of diarrhea,
stool sampleswere examined by different methods and stained
using modified Kinyoun' sacid-fast sain. Following examination,
acid-fast variable wrinkled spheres approximately 9 pm in
diameter, were seen and diagnosed as C. cayetanensis.
Confirmation of the diagnosis was established by fluorescent
microscope (38010420 nm excitation filter), which showed bright
green to intense blue autofluorescent oocysts.

Consequently, this organiam was diagnosed as C. cayetanensis.
The patient was treated with TMP/SMZ (160/800 mg) bid for
7 d. Following treatment, re-examination of a stool sample,
however, did not reveal the presence of any organisms.

Case 59

A 30 year-old female patient complaining of diarrhea and
weaknesswas admitted to the gastroenterol ogy clinic of Atatiirk
State Hospital in | zmir, 2002. In the patient's history, therewere
watery diarrhea, fever, nausea which all began one week prior
to admission to hospital. Stool samples were examined by
conventional coprological methods such as fresh preparation,
iodine stain, flotation, modified Ritchie’ smethod and modified
Kinyoun’ sacid-fast stain. Acid-fast variable wrinkled spheres
were seen and diagnosed as oocysts of C. cayetanensis.
Confirmation of the diagnosis was established by fluorescent
microscope. After one-week therapy with trimethoprim-
sulphamethoxazole for 7 d, diarrhea stopped and in the new
stool specimens, C. cayetanensis oocysts were not seen. This
patient was different from the other four casesin Turkey because
there were no abnormalitiesin immunologic tests of the patient.
That is, she was an immunocompetent patient.

Case6
A 62-year-old male patient complaining of diarrheawas admitted
to the Erciyes University Medical Faculty Hospital in October
2002. This case was not reported anywhere. In the patient’ s
history, there were watery, bad smelling diarrhea, fever,
sweating, which all began one week before admission to
hospital. Stool samples were examined by conventional
coprological methods. Acid-fast variable oocysts were seen
and diagnosed as oocysts of C. cayetanensis (Figure 1).
After one-week therapy with trimethoprim-sulphamet-
hoxazole (160/800 mg) bid for 7 d diarrhea stopped and in the
new stool specimens, C. cayetanensis oocysts were not
encountered and all the symptoms disappeared. This patient
was al so immunocompetent similar to case 5. There were no
abnormalitiesin immunologic tests of the patient.

Figure 1 Cyclospora oocysts in stool smear preparations. A:
Cyclospora oocysts in native preparation (original magnification.
x1 000). B: Acid-fast stained Cyclospora oocysts (Modified
Kinyoun’s acid-fast stain: original magnification. x1 000). C:
Acid-fast stained and unstained Cyclospora oocysts (Modified
Kinyoun’s acid-fast stain: original magnification. x1 000). D:
Cyclospora oocysts” autofluorescense in wet preparation with
fluorescent microscope of 380-420 nm wavelength. (x400).

DISCUSSION

Cyclospora organisms were first reported in the intestines of
molesin 1870 by Eimer, and Schneider introduced the genus
Cyclospora in 1881. The first report of human Cyclospora
infection came from PapuaNew Guineain 19791,

Cyclospora oocysts in freshly excreted stool are non-
infectious. The oocysts are thought to require days to weeks
outside the host under favorable environmental conditions to
sporulate and thus to become infectious. Direct person-to-
person transmission by fecal exposure is unlikely, because
excreted oocysts must sporulate to become infective?,

C. cayetanensis constitutes a significant cause of chronic
and intermittent diarrhea in immunocompromised patients
epecialy thosewith AIDS. A study in Haiti has documented the
occurrence of chronic diarrheain most patients with AIDS,
Cyclospora infection has also been reported in patients with
severe AIDS in other aread*?*¥. Lontie et al.*¥ reported 2
cases of intestinal Cyclospora infection in immunocompetent
Belgians. In Turkey, there were 6 cases between 1996 and 2002, 2
of them were AIDS patients>®, 1 of them wasan AML patient'”,
1 of them was idiopathic hepatic cirrhosis® and the last two
patients were immunocompetent individual g°1%,

Both epidemiological and environmental data suggested
that the organism be waterborne!™. The transmissibility of
Cyclospora through water depends on the probability that the
water source of interest could become contaminated and that
the water treatment would kill or remove oocysts. Cyclospora
oocysts, like Cryptosporidium oocysts, probably are highly
chlorine resistant, but they could be more easily removed by
conventional filtration because they are about twice as big as
Cryptosporidium oocysts®.

In 1994, an outbreak of Cyclospora occurred among British
soldiers and dependents stationed in a small military base
detachment in Pokhara, Nepa . That outbreak wasepidemiologicaly
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Table 1 Similarities and differences between Cryptosporidium parvum and Cyclospora cayetanensisi*”

Similarities C. cayetanensis C. parvum
Acid-fast staining of oocysts Variable acid-fast Acid-fast
Number of infective units 4 4
(sporozoites) per sporulated oocyst

Completion of life cycle within humans Yes, except for sporulation Yes
Multiplication outside the host (e.g. in water or food) No No

Differences
Size of oocysts

Number of organisms in stools of
symptomatic nonimmune hosts
Autofluorescence of oocyst wall

Internal morphology of sporulated oocysts

Infectivity of oocysts in freshly excreted stool

Zoonotic potential

Location in enterocytes of small bowel

Susceptibility to antimicrobial agents

8-10 um in diameter (intermediate

in size between Cryptosporidium
parvum and Isospora belli)

Typically excreted in low

to moderate number

Yes

Each oocyst has 2 internal

sporocysts, each contains 2 sporozoites
Must sporulate outside host to

become infectious

Host range unknown

Intracytoplasmic within

a parasitophorous vacuole

in apical supranuclear region
Treatment with TMP-SMZ leads to
both clinical and parasitologic cure

Average width of 4.5 pm and
average length of 5 um

Often excreted in somewhat

higher numbers

No

The 4 sporozoites are naked

within the oocyst

Fully sporulated and infectious

when excreted (sporozoites can

be visualised when oocysts are excreted
Infects virtually all commonly known
wild and domestic mammals
Intracellular, extracytoplasmic, within
a parasitophorous vacuole at luminal
surface of enterocyte

Some antimicrobial agents

(e.g. paromomycin) may cause clinical

improvement, but no agents has been
consistently demonstrated to provide
parasitologic cure

linked to drinking water, because the organism was identified
in the water sourcel*®.

In the 1990s, at least 11 definite and probable food born
outbreaks of cyclosporiosis, affecting at least about 3 600
people, were documented, all of which occurred in North
America®. The outbreak that brought cyclosporiosis to
prominence in North America and definitively established that
Cyclospora was transmissible through food, occurred in 1996
in the United States and Canada and was linked to a third
country, Guatemal a, which was the source of implicated fresh
raspberries?®,

The symptoms presenting in one patient (watery diarrhea,
nausea, weight loss, and abdominal pain) were similar to those
classically Cyclospora infection!**317, Since the oocysts of
Cyclospora are acid-fast like those of Cryptosporidium, we
recommend that all laboratories screening for the latter
parasite include precise measurements of oocysts. Cyclospora
oocysts are 8-10 pm in diameter (intermediate size between
Cryptosporidium parvum and | sospora belli). Cryptosporidium
parvum oocyts have an average width and length of 4.5 um
5 um, respectively. It is possible that many cases of diarrhea
reported to be due to Cryptosporidium might actually be
due to Cyclospora because size discriminations are not often
made. Cyclospora organisms have now been isolated in
chronic diarrhea and this infection should be carefully
distinguished from cryptosporidiosis***, A list of some of
the similarities and differences between these two organisms
isshownin Table 1.

The treatment for Cyclospora infections cotrimoxasole
(TMP-SMZ) was given for 7-10 d (longer, if symptoms
persist)*¥. The adult dosage was 160 mg TMP plus 800 mg
SMZ ordly twicedaily. In adouble blind, placebo controlled trial
among Peruvian children, athree-day course of TMP (5 mg/kg.d)
plus SMZ (25 mg/kg.d) decreased the duration of oocyst

excretion, but few symptomatic children weretreated to address
the effect on duration of diarrhea®. Alternative treatments
have not yet been identified. Limited data suggest that the
following drugs are ineffective: albendazole, azithromycin,
nalidixicasid, norfloxacin, tinidazole, metronidazole, quinacrine,
tetracycline, and diloxanide furoate. Approachesto aternative
treatment of patientswho could not tolerate TMP-SMZ therapy
include observation and symptomatic treatment’?%!, In asmall,
randomized, controlled-trial comparing oral TMP-SMZ and
ciprofloxacin for treatment of and secondary prophylaxis for
Cyclospora infection in HIV infected Haitians, ciprofloxacin
(500 mg twice daily for 7 d astherapy and thrice weekly for
10 wk as secondary prophylaxis) was moderately effective,
though it was less active than TMP-SMZ?9, These results
suggest that ciprofloxacin might be an alternative for patients
who cannot tolerate TMP-SMZ. However, these results should
be confirmed in alarge number of patients aswell asin non-
HIV population.

Sporadic cases of infection may be part of widespread
outbreaks and should in any case be reported to public health
officias. Pubic health personals and clinicians should also be
aware that stool examination for Cyclospora should be
specifically required in case of clinical suspicion of Cyclospora
infection (protracted or relapsing diarrheal episode)*?. In
conclusion, this organism should be considered in the
differential diagnosis of unexplained diarrhea in both
immunosuppressive and immunocompetent patients. However,
further studies are needed to confirm the causative association
with other diseases and to determine the incidence and
epidemiological features of this organism.
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