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INTRODUCTION
Liver fibrosis or cirrhosis is a common progressively
pathological lesion of chronic liver diseases in response
to various liver-damaging factors. The main mechanisms
of fibrotic or cirrhotic initiation and progression at the
level of cellular and molecular events have been
elucidated in the past two decades[1,2]. Various causes,
including hepatitis virus infections, toxification, ischemia,
congestion, parasites infection, abnormal cooper or iron
load, etc, result in chronic inflammation and/or wound
healing responses, of which the main characteristics
manifest in the absolute increase of the excessive
extracellular martrix (ECM) synthesis and the relative
decrease of them, leading to ECM deposit. With the
stimulation of inflammation or toxins, activated hepatic
stellate cells(Ito cells), injuried or regenerated
hepatocytes, Kupffer cells, sinusoidal cells and natural
killer (NK) cells produce certain cytokines or
immunoreactive factors, which exert various biological
effects on their respective target cells or organs in an
autocrine or paracrine manner. These consist of the
cellular basis of hepatic fibrosis advances[3,4]. It is the
vital molecular event in fibrosis progression that activated
hepatic stellate cell exocrine ECM components and
fibrosis-implementing factors, for example, the
transforming growth factor β (TGF-β), which is
considered the key cytokine to accelerate cirrhotic
procession[5,6].  Various factors participate in
fibrosis or cirrhosis formation. They could be

simply divided into the fibrosis-implementing factors,
such as TGF-β, platelet-derived growth factor (PDGF),
epithelial growth factor (EGF), and antifibrotic factors,
such as interferon  γ and interleukin-10. These cytokines
play important and unique roles in the interactive
complicated network. Excessive ECM deposit,
disappearance of sinusoidal endothelial fenestra and
subsequent capillary vascularization cause the
dysfunction of hepatocytes. The unblocked
progressively pathological lesions with inevitably result
in, lobular reconstruction, pseudolobule formation and
nodular regeneration. With the elucidation of vital
cellular and molecular events, gene delivery strategies
for treatment of liver fibrosis or cirrhosis emerge on
the basis of gene manipulations. Our interest focuses
on the recent advances of gene therapy for liver fibrosis
or cirrhosis.
        Effective antifibrotic treatments, including
medicinal or gene therapy, should satisfy several essential
criteria. First, any therapy should have a sound biological
basis. Additionally, the pharmacologically active drugs
or compounds should reach or reside in the liver at a
high concentration and have little side effect outside the
liver. Specific targeting to hepatic stellate cells were
preferentially chosen. Finally, in the ideal case, a
therapeutic agent should keep the regional target
environment for a relatively long period[7].

BLOCKADE OF TGF-βββββ SIGNALING
It has been demonstrated that TGF-β is of great
importance in fibrogenesis, and serves as a pivot in
regulation of fibrogenic and antifibrogenic mediators.
TGF-β exhibits stimulatory or inhibitory properties on
cellular proliferation and differentiation, and is
considered to represent a fundamental regulatory
molecule acting through autocrine and/or paracrine
mechanism[8].
       TGF-β is clearly associated with hepatic fibrogenesis
and cirrhosis in experimental animal models and in human
liver diseases[9,10]. It regulates the gene expression of
Ito cells, which in the course of liver fibrogenesis,
proliferate and transform into the myofibroblast-like cells,
synthesizing large amounts of connective tissue
components, and also being involved in the ECM
degradation by production of matrix metalloproteinases
(MMP) inhibitors of MMP (TIMP), etc[11-13]. Because
of the key role of TGF-β and Ito cells in the procession
of liver fibrogenesis, lots of studies focus on their
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interactions. In in vitro studies, Ito cell cultures were
found to be activated by TGF-β to increase the production
of collagen type I, II, III, fibronectin, undulin and
proteoglycans[14-16]. TGF-β enhanced the Ito cell
transformation from resting to activated cells and
inhibited Ito cell proliferation[17]. TGF-β signaling was
mediated by specific receptors located on the target cell
membrane. In non-activated Ito cells, type II and III
were present, while in activated Ito cells, there were
TGF-β/ activin receptor type I, II and III[18,20].
        All the above showed clearly that anti-TGF-β
intervention which could block the TGF-β signaling
pathway may prevent liver fibrosis. Such interventions
have come into being up to date. Qi et al have developed
adenovirus-mediated gene transfer to rat liver for
expressing a truncated type II TGF-β receptor[21].  It
inhibits TGF-β activity by competing with binding of the
cytokine to endogenous TGF-β receptors. The
expression vector, AdCAT β-TR, was administrated via
the portal vein for ensured infection and high-level
expression in regional liver tissue.
        Apparently, there needed a large excess of
truncated receptor over the wild type full-length receptor
for effective inhibition of TGF-β signaling[22,23]. Three
days after AdCAT β-TR administration, two mRNAs
corresponding to the truncated human receptor and
the rat full-length receptor (5.5kb and 0.9kb) were
detected respectively, and the former mRNA was
about 20-fold that of the latter. Pathological
examination showed that the extent of liver fibrosis,
collagen type I, fibronectin, alpha smooth muscle actin
(α-SMA), TGF-β 1 and monocytes/macrophages
(ED-1) decreased significantly in AdCAT β-TR
administration group. This inhibitory effect was
observed in all areas of the liver. The content of liver
hydroxyproline had no significant difference between
AdCAT β-TR group and the intact group, while in the
control group of dimethylnitrosamine (DMN)-treated
persistent fibrotic rats, the amount of hydroxyproline
was 3.4 times higher than that of the above two. It
was evident that the activation of Ito cells and Kupffer
cells was inhibited, suggesting that truncated type II
TGF-β receptor gene transfer could prevent or abolish
liver fibrogenesis effectively. More important, liver
function of rats with AdCAT β-TR injection recovered
with a marked decrease of serum hepatocyte enzyme
AST and ALT[21].
        Reports from Ueno et al[24] supported Qi et al’s
results as well. They conducted an recombinant
adenovirus expressing the entire extracellular
domain of the human type ¢ò TGF-â receptor fused
to the Fc portion of human immunoglobulin G
(AdTβ-ExR) to produce a circulating soluble form
of TGF-β receptor with remote vital organ targeting
after intramuscular injection of AdT β-ExR. Soluble
TGF-β receptor was detectable in circulation and its
level peaked at 5-7 days after the injection. AdT β-

ExR-infected COS cells secreted fused type II TGF-
β receptors, which binded to TGF-β and consequently
blocked the TGF-β signaling as the full-length TGF-β
receptor did[24]. Injection of AdT β-ExR into the
femoral muscle of DMN-induced fibrotic rats
prevented hepatic fibrosis, while no side effects or
complications were found either macroscopically or
microscopically in the main organs including brain,
heart, lung, liver and kidney. Histological examination
in DMN-treated rats with i.m. injection of AdT β-
ExR was essentially as the same as that in Qi et al’s
report, which locally expressed truncated type II TGF-
β receptor in the liver via the administration of AdCAT
β-TR into the portal vein[21,24]. This research also
disclosed that adenovirus-mediated expression of
soluble TGF-β receptors exerted the binding effect
to TGF-β in a TGF-β specific manner, that is, others,
e.g., PDGF α-receptor and fibroblast growth factor
(FGF), could not interfere with TGF-β. Although a
large excess of soluble TGF-β receptor seems
essential for blocking of TGF-β signaling, there was
still apparent difference between specific soluble TGF-
β receptor and non-receptor-specific binding proteins,
e.g., decorin (would prevent TGF-β induced renal
fibrosis), for blockade of TGF-β signaling[25]. Because
the latter was lack of receptor specificity and
selectivity when it binded to TGF-β, it may bind to
other biological molecules, probably resulting in
unexpected problems. More exact mechanism was
also explored[26-29]. There was evidence that truncated
type II TGF-β receptor may form a complex with other
type TGF-β receptor and inhibit both the anti-
proliferative effect of TGF-β and/or the transcriptional
activation by TGF-β[30-31]. Each type of three TGF-β
receptor isoforms may have its own distinct signaling
pathway, each mediating a separate action setting of
TGF-β[31]. Complete inhibition of TGF-β signaling was
achieved via local expression of a kind of soluble TGF-
β receptor in a remote area from the target organ.
The fact suggested that such strategy should be
applicable theoretically and therapeutically for other
factors belonging to growth factor superfamily.
        As a matter of fact, signaling pathways introduced
by PDGF, FGF, epidermal growth factor (EGF),
vascular endothelial growth factor (VEGF), insulin,
etc, could be abolished specifically by their
corresponding kinase-defective mutated form of
receptors[23,32-36]. This kinase-defective or kinase-
truncated receptors for signal transduction blockade
of their growth factor may be a useful strategy for
analysis of the in vivo role of these growth factors,
because signaling pathway was blocked at the receptor
level, not at the cytokine or gene level, without affecting
the normal physiological status of these growth factors
or signal transfer of other receptors[21,22,37]. Although
no side effects were found during the study period,
special attention should be paid to the surveillance
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of the possible hazards, since Shull et al had
demonstrated that there would be multifocal inflammation
and tissue necrosis in TGF-β gene disrupted mice[38].
Adenovirus displayed the high degree of hepatotrophic
activity. It could also mediate the targeted expression
even if it was administrated in a remote site[21,24]. Immune
responses would be elicited after repeated injection of
adenovirus particles, therefore may lower the
effectiveness of target gene expression.

STIMULATION OF HEPATOCYTE REGENERATION
In the course of liver fibrosis, the absolute and relative
volume of hepatocytes was both reduced under the
direct or indirect effect of liver-damaging factors.
Stimulation of hepatocyte regeneration is the essential
strategy in choice of treatment. Hepatocyte growth
activators include an expanding list of complete mitogen
and comitogen. Complete mitogen are defined as those
that are capable of stimulating DNA synthesis and
mitosis of cultured hepatocytes in serum-free media.
Hepatocyte growth factor (HGF), EGF, TGF-α, and
keratinocyte growth factor are in this category.
Comitogens enhance the stimulatory action of complete
mitogens and decrease the inhibitory effect of other
inhibitors, while they have no direct proliferation-
enhancing effect on cultured hepatocytes, including
glucagon, insulin, insulin-like growth factors, adrenal
cortical hormones, vasopressin, angiotensin, thyroid and
parathyroid hormones, norepinephrine, as well as
calcium and vitamin D[39]. HGF was regarded as the
strongest hepatocyteproliferative agent up to date. It
was a pleiotropic factor with potent morphogenic,
mitogenic and motogenic effects and has anti-apoptotic
action on hepatocytes and other several cells in culture,
exhibiting a plethora of effects in many systems and
organs[40-49]. The antifibrotic effect of HGF on hepatic
fibrosis was first characterized by Yasuda et al[50]. In
their experiment, the deletion variant of hepatocyte
growth factor (dHGF) which was more mitogenic than
full-length HGF, was used to examine its role in
preventing fibrosis induced with dimethylnitrosamine
i n  r a t s .  N o r t h e r n  h y b r i d i z a t i o n  a n d
immunohistochemical staining elucidated clearly the
antifibrotic effect of dHGF on DMN-treated rats. The
main mechanism appeared to be suppression of Ito cell
activation, as demonstrated by the reduction of mRNA
of procollagen α2(I), α1(III), α1(IV), TGF-β, desmin
and α-SMA. Collagen content, as measured by
hydroxyproline, was also decreased. Futhermore,
dHGF exerted the mitogenic and antifibrotic activities
even after the hepatic fibrosis had been established
with DMN[50]. Their study showed that the antifibrotic
effect of dHGF is not derived from the possible effect
of dHGF on cytochrome P450-dependent metabolic
degradation of DMN, but from the ability of dHGF
to reduce or inhibit the TGF-β mRNA level[50,51],

proliferation and activation of lipocytes and to stimulate
liver regeneration[50]. Burr et al also demonstrated the
vital role of HGF in liver regeneration[52]. After treatment
with anti-HGF monoclonal antibody, the serum level of
immunodetectable HGF was inhibited, as well as the
parenchymal proliferative response to acute CCl4-
induced liver injury. Ueki et al developed a novel new
gene therapy approach for rat liver cirrhosis by muscle-
mediated gene transfer of HGF cDNA[53]. Plasmid
containing HGF cDNA was embedded in the liposome,
fused to the envelope protein of hemagglutinating virus
of Japan (HVJ). This HVJ-liposome complex was
intramuscularly injected repeatedly to achieve
therapeutically detectable expression level of HGF.
Repetitive administration resulted in a sound level of
human HGF and increased level of endogenous rat HGF.
The number of proliferative cellular nuclear antigen
(PCNA) positive cells in HVJ-liposome-HGF injection
group was markedly higher than that of control group.
Apoptotic hepatocytes decreased significantly as well.
The c-met, HGF-specific receptor located on the
surface of hepatocytes, increased considerably in HVJ-
liposome-HGF treated rats and stayed at this high level
even after the repeated DMN administration,
meanwhile strong tyrosine phosphorylation of c-met
was observed. Immunohistochemistry revealed that with
the administration of HVJ-HGF-liposome, staining of
TGF-β1, expressed notably in persistent cirrhotic liver,
decreased, as well as desmin and α-SMA, which were
indicators of activated Ito cells. It suggested that
expressed HGF could inhibit activation of Ito cells,
decrease the synthesis of collagen type I and TGF-β,
and prevent apoptosis of hepatocytes induced by DMN
administration. After several injections of HVJ-HGF-
liposome, complete remission was achieved,
demonstrated by histology[53]. It can be inferred that
HGF not only stimulated hepatocyte regeneration, but
also remodeled the disorganized cirrhotic tissue. That
is the pivotal potential for HGF gene therapy of liver
cirrhosis[54]. It is of  particular interest that HVJ-
liposome was the ideal vehicle for gene transfer,
because of the high efficiency, simplicity and lack of
toxicity[55]. Another aspect of HGF on promoting
neovascularization in certain ischemic diseases was
also focused for possible  application in the
treatment of liver cirrhosis. Aoki et al delivered
HGF cDNA into the myocardial infarction region
in rats[56]. It promoted the neovascularization
strongly in infarcted myocardium, including capillary,
small- to medium-sized vessels. As an endothelium-
specific growth factor with potent motogenic
activity to endothelial cells, HGF’s angiogenestic
activity was also confirmed by the activation and
upregulation of a transcription factor-ets, which is
essential for angiogenesis[56]. Immunohistochemical
staining revealed positive expression of ets 1 in endothelial
cells and vascular smooth muscle cells (VSMC)
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around the neovascularized vessels. The ets family
participated in angiogenesis regulation by activating the
transcription of several genes, including collagenase I,
stromelysine 1 and urokinase plasminogen activator,
which are proteases involved in ECM degradation, as
well as migration of endothelial cells[57]. Overexpression
of exogenous HGF activated ets family, initiated auto-
loop up regulation mechanism of HGF resulting in up-
regulation of endogenous HGF expression[53,56], since
HGF gene promoter region comprised several putative
regulatory elements, such as B cell- and macrophage-
specific transcription factor binding sites (PU1/ETS),
besides an interleukin-6 response element (IL-6RE), a
TGF-β inhibitory element (TIE), and a cAMP response
element (CRE)[56,58].
        Another candidate for stimulation of hepatocyte
proliferation is hepatic stimulatory substance (HSS),
which was first described by LaBrecque et al in
1975. As a heat-stable stimulator for regenerating
liver with partial hepatectomy, it is considered to be
the unique liver-specific stimulatory factor and is
universally located in mammal embryonic liver,
weanling liver and regenerating liver[59]. In 1994,
Hagiya et al obtained a gene product in rats, called
augmenter of liver regeneration (ALR) with a full-
length of 1.2kb and open reading frame of 378bp[60].
The molecular weight of ALR was approximately
30kDa, as a homodimeric complex[60,61]. The
recombinant ALR expressed from ALR cDNA-
transduced COS cells exerted potent and dose-
dependent proliferative activity tested in canine Eck
fistula (portal caval shunt) model[60]. Subsequent
published reports have gradually come to a common
view that ALR is actually the HSS. Yang et al cloned
the human ALR gene in 1996[62,63]. Other groups also
successfully cloned the rat and human ALR cDNA
subsequently[64,65]. In comparison of the ALR
encoding sequences of human and rat, homology of
nucleotide sequence is about 87%, and that of protein
sequence was 84.8%. Rat, mouse and human ALR
genes and protein products were highly conserved
and preferentially expressed in the testis and the liver,
probably being involved in the synthesis and stability
of the nuclear and mitochondrial transcripts,
especially in spermatogenesis in actively regenerative
tissues. Wang et al demonstrated that ALR or
hepatopoietin (HPO) exerted the biological activity
via the high affinity receptors for HPO on the
surface of rat hepatocytes and human hepatoma
cells. Each of the above cells has a mean of
approximate 10 000 and 55 000 receptor sites
respectively, as was identified with the binding of
radioisotype 125I- labelled HPO to a 90kDa
polypeptide[66]. Updated research by Gandhi et al
showed a certain new aspect of ALR funtion[67].
Hepatic levels of ALR decreased for 12 hours after
70% hepatectomy in adult rats and rose with no

corresponding increase in ALR mRNA transcripts,
while serum ALR level increased up to 12 hours. This
implied that ALR was constitutively expressed in
hepatocytes in an inactive form, and appeared to be an
active form after being released outside the hepatocytes
in response to partial hepatectomy or other
regeneration-promoting circumstances[67]. Liver-
derived NK cells are important regulators for liver
regeneration[68]. Francavilla et al[69] connected the
regulation activity of ALR in liver regeneration with
the novel role of NK cells. Francavilla et al
administrated three hepatotrophic factors (ALR, insulin-
like growth factor II [IGF-II] and HGF) with the surely
inducing sound hepatotrophic activities to assess the in
vivo effects on NK cells in normal rats. Results showed
that NK cell cytotoxic activities were inhibited in the
population of mononuclear leukocytes (MNL) in the
liver (liver-resident NK cells ), but not in the MNL from
the spleen or peripleral blood. Results obtained in vitro
displayed that ALR, IGF-II and HGF had no effect on
NK cell function in cultured MNL from the liver, spleen
or blood[69]. Results from Polimeno et alalso verified
that ALR plays a pivotal role as growth factor and as
immunoregulator by controlling the mitochondrial
transcription factor A expression and lytic activity of
liver-resident NK cells through IFN-γ levels[70] and
regulates hepatocyte proliferation through enhancing
cytochrome content and oxidative phosphorylation
capacity of liver-derived mitochondia[71]. Liver injuries
could also be prevented with recombinant ALR injected
 intraperitoneally[72-74]. Gene transfer of human ALR
gene into cirrhotic rat may be an meaningful tool for
reversing liver cirrhosis. Interestingly, no close or
stringent homology was found between ALR and other
polypeptide growth factor, while ALR has both
structural and functional homology compared with yeast
scERV1 gene which is involved in biogenesis of
mitochondria and regulation of cell cycle, which may
imply ALR’s evolutional conservation and essentialness
to growth and development[60,66].

INHIBITION OF INTERSTITIAL INFLAMMATION
Interstitial inflammation was characterized as the main
pathological changes in fibrogenesis. Those inhibiting
inflammatory responses would also be the target for
gene transfer to block the fibrogenic inflammation.
Interleukin-10 (IL-10) is suitable for this strategy. IL-
10, originally identified as a cytokine synthesis
inhibitory factor, inhibits production of a variety of
cytokines in various cell types. It is produced under
different conditions of immune activation by the T-H
2 and TH0 subsets of helper T cells, as well as by
monocytes, macrophages, B cells, keratinocytes and
stromal cells[75]. Sequences of open reading frame,
not 5’- or 3’- flanking regions of mouse and human IL-10
cDNA showed high homology to two viruses,



Epstein-Barr virus and equine herpes virus[76].
Acquiring a mammalian IL-10 homology and
subsequent inhibitory properties of IL-10 toward
macrophages may help the virus escape from the
antiviral immune attacks. IL-10 exerted multiple
biological activities, including inhibition of T-H1 cells
and antigen-presenting cells, stimulation of mast cell
proliferation, protease expression, stimulation of B cell
proliferation, antibody secretion and major
histocompatibility complex II (MHC II) expression[75].
IL-10 takes part in the sophisticated regulation of
fibrogenesis. In IL-10 gene knockout (KO) mice
treated with tetrachloride (CCl4), there existed no
difference in hepatic toxicity of CCl4 between KO
mice and wild type (WT) mice.
         In CCl4-induced acute liver injury mice, serum
TNF-α and TGF-β levels were markedly high in KO
mice than that in WT mice. Administration of
recombinant IL-10 inhibited cultured Kupffer cells
producing superoxide radicals and TNF-α in vitro. In
CCl4-induced chronic liver injury model, the degree of
hepatic fibrosis was severer and the level of tissue
TNF-α  was higher than that of WT mice. IL-10
knockout also seemed to enhance monocyte infiltration
[77,78]. Up-regulation of IL-10 mRNA was found in both
freshly isolated quiescent and activated Ito cells. Co-
transfection of Ito cells with an IL-10 expression vector
and collagen reporter genes showed a 40% inhibition
of α1 (I) collagen promoter activity, suggesting the in
vivo role of IL-10 in matrix remodeling and the
possibility that failure for Ito cell to sustain IL-10
expression underlied pathologic progression to liver
cirrhosis[79,80]. Kupffer cell also played a pivotal role in
production of IL-10. Reports from Rai et al[81] revealed
the subtle role of IL-10 in regulating production of TNF-
α, a hepatocyte proliferative factor initiated after 70%
partial hepatectomy. Kupffer cell depletion induced by
gadolinium chloride (GdCl) abolished induction of IL-
10, then elongated half-life of TNF-α  mRNA.
Overexpression of  TNF-α  promoted l iver
regeneration potently after partial hepatectomy.
Meijer et al strengthened the common point of view
that Kupffer cell depletion, physically induced with
dichloromethylene-diphosphonate, resulted in an
imbalanced hepatic cytokine expression, thereby
suppressing important growth-stimulating factors,
including HGF and TNF-α [82]. Similar results were
found in alcoholic cirrhosis[83]. Contraversy existed
with respect to effects of IL-10 on extracellular
matrix regulation, for IL-10 was likely to have
different effects relying upon the differently
detailed experimental materials and conditions. In
general, IL-10 inhibited α1 (I) collagen gene expression
[79,84] stimulated collagenase (MMP-1), stromelysin
(MMP-3)[84], gelatinase (MMP-9)[85] expression and
elastin promoter activity.
         Antifibrotic effect of IL-10 on hepatic fibrosis

was also correlated with its inhibition of TGF-β expression
in fibrotic tissue, which was verified as the key fibrotic
regulator as stated above. This mechanism was also
verified in other experiments[82,86]. As an inhibitory
regulator with pleiotropic nature, IL-10 may be used as
a target gene for gene transfer in the treatment of liver
cirrhosis, based on the potent capacity of suppressing
production of proinflammatory cytokines[75,77,78,82,83,87-92].
Nelson et al showed an exciting report that IL-10 could
reduce liver fibrosis and normalize serum ALT levels in
IFN-γ unresponsive hepatitis C patients[93].

TELOMERE AND TELOMERASE WITH CIRRHOSIS
Telomere is a special cap-like structure at the end of
eukaryotic chromosomes, composed of a tandemly
(TTAGGG)-rich repeat DNA sequences and relative
catalyzing proteins. Length of telomere within a certain
range is essential and vital for normal mitosis, for it
enhances the stability of end chromosome, prevents
abnormal chromosomal rearrangement and end-end
fusion, and protects against the degradation or destruction
by nuclease and/or ligase. When telomere was shortened
to a checkpoint range of 2-4kb, the stabilization of
chromosomes would collapse. Maintenance of telomere
length depends on the telomerase, which consists of RNA
and two protein subsets and serves as RNA-dependent
DNA polymerase to achieve complete and entire
replication of chromosome. There are large amounts of
evidence to demonstrate that telomerase takes part in
complex regulation and plays a crucial role in cell
proliferation, aging, immortalization and tumorigenesis[94].
Except for the lymphocytes of peripheral bood,
hematopoietic stem cells, germ cells, embryonic somatic
cells and those resident in actively proliferating tissues,
for example, hair, skin and endometrium, also have
telomerase activities[95]. Other tissues exert no
telomerase activity.
         In cirrhotic liver, evidence verified no or a variety
of low activity of telomerase, while telomere length
decreased commonly[96-100]. Hytiroglou et al found
a clear cut difference in telomerase activity levels
between hepatocellular carcinoma (HCC) (positive
or strongly positive) and cirrhotic liver tissues
(weakly positive or negative). They considered that
activation of telomerase was an early event in larger
nodular cirrhosis formation, and consequently
exerted facilitating effect on other factors in the
progression of carcinogenesis[101]. A proportion of
86% of large noncancerous nodules exhibited similar
telomerase activity to HCCs, and part of it was
derived from large regenerative nodules, but not
dysplastic nodules[101].
         The importance of maintenance of telomere length
has  been ver i f ied  in  cul tured  te lomerase-
negative human retinal pigment epithelial cells and
foreskin fibroblasts, transfected with vectors
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encoding the human telomerase catalytic subunit[102]. A
comparison between human telomerase reverse
transcriptase subunit (hTRT) gene transfer group and
control group showed that with hTRT gene transfer, the
telomerase-negative cells displayed normal phenotype
and karyotype, as well as exceeded their normal life-
span by at least 20 doublings. The fact was also
demonstrated by Kiyono et al[103]. Results obtained from
telomerase-deficient mice verified the crucial role of
telomerase and maintained telomere in development,
which owned the nature of progressive telomere
shortening from one generation to the next, for lack of
active telomerase[104,105].
        Based on the elucidation of telomerase’s role in
senescence and tumorigenesis, Rudolph et al brought
new insight into the mechanism of telomerase gene
transfer (mTR gene) in the treatment of liver injury
and cirrhosis. They adopted three systems to gauge
how telomere shortening influenced hepatocyte
proliferation, survival and ultimately predisposition to
cirrhosis[106]. The first was the albumin-directed
urokinase plasminogen activator (Alb-uPA) transgenic
mouse, in which Alb-uPA expression would cause
widespread hepatocytes death and fatal liver failure
in newborn mice. Results showed a progressive
decline in telomere length of peripheral blood
lymphocytes from the first generation (G1) to the third
generation (G3), with a 3.6-fold increase in apoptotic
hepatocytes and a decrease in proliferative
hepatocytes. The second and third system was partial
hepatectomy and CCl4 mediated liver injury,
respectively. Flow cytometry verified that telomerase
dysfunction inhibited mitosis of mice hepatocytes.
Pathology showed abnormal mitosis and formation of
anaphase bridges in G6 mTR-/- mice. Induced
apoptosis of hepatocytes delayed the volume recovery
of hepatectomized liver. Repeated administration of
CCl4, caused liver cirrhosis first in G6 mTR-/- mice,
followed by G3 mTR-/- mice and  finally by mTR+/+. It
suggested that with the shortening of telomere,
damage-resistant capacity of parenchymal cells
decreased and cirrhosis was prone to be induced.
        As gene transfer vector, adenovirus revealed good
hepatotrophic property (an infection rate of 85%-
100%). Telomere was shortened by about 70% in G6
mTR-/- mice, however, after mTR gene transfer, ascites
reduced with gain of body weight, and serum levels of
ALT and AST improved with active proliferation of
hepatocytes. Compared with mTR-/- mice, mTR-
transferred G6 mTR-/- mice survived during the
experimental stage with 66% decrease of mitosis index
and 58% reduction of anaphase chromatin bridges. No
TGF-β was detected in mTR-transferred G6 mTR-/-

mice, implying that mTR transfer may block TGF-β
signaling and/or inhibit activation of Ito cell and TGF-β
secretion. Target transfer of telomerase gene
into affected organ created a new strategy and also a

novel pathway for the treatment of aging and certain
telomerase-related chronic disease.
        Before actual application, over-high activity of
telomerase may induce instablility of genomic structure
and tumor formation. From a clinical point of view,
telomerase gene therapy may be an ideal choice of
treatment for patients awaiting liver transplantation, for
it could actually improve liver function and extend
survival, and the eventual surgical removal of diseased
organ should at most minimize the potential cancer risk
[105]. Telomerase gene therapy may be regarded as an
effective short-term supporting procedure for patients
with end-stage liver disease before carrying out of liver
transplantation[107].
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Abstract

AIM  To compare the combinative and individual
effect of acarbose and gymnemic acid (GA) on
maltose absorption and hydrolysis in small intestine
to determine whether nutrient control in diabetic
care can be improved by combination of them.
METHODS  The absorption and hydrolysis of
maltose were studied by cyclic perfusion of
intestinal loops in situ and motility of the intestine
was recorded with the intestinal ring in vitro using
Wistar rats.
RESULTS The total inhibitory rate of maltose
absorption was improved by the combination of
GA (0.1g/L - 1.0g/L) and acarbose (0.1mmol/L -
2.0mmol/L) throughout their effective duration (P
<0.05, U test of Mann-Whitney), although the
improvement only could be seen at a low dosage
during the first hour. With the combination,
inhibitory duration of acarbose on maltose
absorption was prolonged to 3 h and the inhibitory
effect onset of GA was fastened to 15 min. GA
suppressed the intestinal mobility with a good
correlation (r = 0.98) to the inhibitory effect of
GA on maltose absorption and the inhibitory effect
of 2 mmol/L (high dose) acarbose on maltose
hydrolysis was dual modulated by 1 g/L GA in vivo
indicating that the combined effects involved the
functional alteration of intestinal barriers.
CONCLUSION  There are augmented effects of
acarbose and GA,which involve pre-cellular and
paracellular barriers. Diabetic care can be
improved by employing the combination.

INTRODUCTION
Hyperglycemia and hyperinsulinaemia are characters of
non-insulin-dependent diabetes mellitus (NIDDM). Their
interaction further impairs the action and secretion of
insulin in NIDDM[1]. With the aim of reducing the
possibility of developing long-term various complications
such as microvascular disorder or neuropathy[2], a good
diet regimen and control of nutrient entry are broadly
accepted as basic treatment for diabetes mellitus.
        Acarbose, an alpha-D-glycosidase inhibitor, was
first extracted from the culture broths of actinomycetes
by Puls and his colleagues in the 1970s, and was
applied in clinical studies for more than 10 years[3-5].
It reversibly inhibits alpha-glycosidases that exist in
the brush-border of the small intestinal mucosa[6]. Its
efficacy has been reported as a potent inhibitory effect
on sucrose hydrolysis, but a weak effect on the
maltose. For instance, in humans, even if high doses
of 300 mg of acarbose are orally used, there is little
effect on the absorption of maltose[7] and no obvious
effects on body weight have been observed in most
studies possibly due to its short effective duration.
During daytime, blood glucose levels were hardly
decreased although the postprandial blood glucose
amplitudes were reduced, that also due to its short
effective duration[8]. In addition, there is no interaction
with the intestinal Na+/glucose- cotransporter[9],
although an inhibitory effect on glucose absorption and
an osmotic stimulus-mediating glucagon-like peptide-
1 secretion has been reported[10,11].

        Gymnemic acid (GA)[12], a mixture of triterpene
glucuronides, which was found in the leaves of the Indian
plant Gymnema sylvestre, not only inhibits glucose
absorption in the small intestine[13], but also suppresses
hyperglycemia and hyperinsulinaemia in an oral glucose
tolerance test[14]. It is especially noteworthy that the body
weight gain in fat rats is suppressed by GA treatment
[15]. In an ordinary human diet, carbohydrates normally
represent the quantitatively greatest part and are the
primary source of energy. The typical diet contains far
more starch than all other carbohydrates combined. More
than 80% final products of intestinal carbohydrate
digestion are glucose.
         Maltose is a rather important product during
starch hydrolysis. In this report, the combined
effect of acarbose with GA on maltose absorption in
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the rat small intestines is reported. The mechanism and
application in perspective are discussed.

METHODS
Animals
Male 8 - 9 weeks old Wistar rats (body weight 300 g ±
25g) obtained from Shimizu (Kyoto), were housed in an
air-conditioned room at 22  ± 2  with a natural lighting
schedule for 1 to 3 weeks until the experiment began.
They were fed with a standard pellet diet (Oriental Yeast
CO., Tokyo) and tap water. Care and treatment of the
experimental animals conformed to Tottori University
guidelines for the ethical treatment of laboratory animals.

Perfusion of small intestine in vivo
A modified technique as elaborated  by Yoshioka[13] was
used in the small intestine perfusion experiment. Animals
that had fasted overnight with free access to water were
anesthetized by an intraperitoneal injection of 50 mg/kg
body weight sodium pentobarbital (Dainabot, Osaka).
After a catheter was inserted in the trachea, the
abdominal cavity was opened. The small intestine of 30
cm length from the 2 cm caudal ward of Treitz’s ligament
was selected. Two L-shaped cannulae were inserted
into each end of the intestine and connected with a
peristaltic pump (SJ-1211H, Atto, Tokyo). After the
abdominal cavity was closed, the intestinal loop was
rinsed with Ringer’s solution (145.4 mmol/L NaCl,5.4
mmol/L KCl, 1.8mmol/L CaCl2 and 2.4 mmol/L
NaHCO3)  for 60 min. Each chemical that was dissolved
in Ringer’s solution was continuously perfused through
the intestine at a constant flow rate of 3 mL/min. The
perfusing solution was adjusted to pH 7.5- pH 7.8 with
NaOH and used at 37 .
         The animals were randomly grouped and exposed
to 20 mL 10 mmol/L maltose (Sigma, ST. Louis) with
or without GA (extracted by ourselves from Gymnema
sylvestre) and acarbose (Bayer, Osaka) by cyclic
perfusion through the loops for 1h (first perfusion), then
10 mmol/L maltose only was perfused for one hour
again following an intestinal rinse with Ringer’s solution
for 30 min (second perfusion). To compare the combined
and individual effective duration, 5 groups were chosen,
in which the rinse time between the two perfusions
was prolonged from 30 min to 60 min, 120 min and 180
min respectively. The perfusates at the first perfusion
in the 5 groups were as follows:  control group,10
mmol/L maltose;  acarbose group, 2 mmol/L acarbose
+ 10 mmol/L maltose; GAa2 group, 1 g/L GA + 2
mmol/L acarbose + 10 mmol/L maltose; GAa 0.2
group, 1 g/L GAa + 0.2 mmol/L acarbose +10 mmol/L
maltose; and  GA group, 1 g/L GA +10 mmol/L
maltose.

Measurement of maltose absorption and
hydrolysis
The samples (20 µL) from perfusion fluid were

taken every 15 min during 1 h perfusion period, which
were kept at 0  until next step to prevent the possibility
of further hydrolysis. The maltose hydrolyzed by over
dosage of alpha-glucosidase (Funacoshi, Tokyo) and
glucose in sample was measured with the glucose-B-
test-kit (Wako, Osaka)[16], and by the percentages of
absorption and hydrolysis  of maltose in perfusate were
calculated.

Recording of isometric contraction of the
intestinal rings
To explain the combined effect of acarbose and GA, the
effect of GA on contraction of the intestinal smooth
muscle was investigated in vitro. Fasted animals were
sacrificed by stunning and exsanguinations. The intestines
at the same position as the perfusion experiments were
removed, cleaned of adhering fat and connective tissues
in the serous membrane, and cut into transverse rings of
1cm wide. The rings were mounted on stainless  steel
hooks under 5 grams  of resting tension and bathed in 25
mL organ bath at 37  in Locke’s solution containing
(mmol/L) NaCl: 154, KCl: 5.6, CaCl2: 2.1, NaHCO3: 2.
4 and Glucose: 5.6, which was saturated with 95% O2

and 5% CO2. Tension was recorded isometrically  using
a force transducer (NEC Sanei, Tokyo) through its
amplifier on an ink recorder (FBR-252A, TOA, Tokyo).
Tissues were allowed to equilibrate at least 90min before
the experiments begun. The rings were treated with GA
and the alterations of auto-rhythmic contraction were
recorded.

GA extraction
Dry Gymnema sylvestre leaves were obtained from
Okinawa (Japan), from which GA was extracted with
water, ethanol and diethyl carbonate by a slightly modified
version of Imoto’s method and freeze-dried into GA
powder which was confirmed at 230 nm UV with a high-
performance liquid chromatography (HPLC, Shimadzu
SPD-6AV, Kyoto)[12].

Statistical and pharmacological analyses
Statistical analyses were performed with the U test of
Mann-Whitney or ANOVA, which was indicated in the
result when ANOVA was used, by StatView for a
Macintosh  computer. P < 0.05 was considered to be a
significant difference.
        The dose-response curves were analyzed by the
least-squares fitting method using Cricket Graph for a
Macintosh computer. The r (correlation coefficient) was
tested with the limit table of r. If the value of r was
under P < 0.05, the curve and function were accepted,
from which the IC50 s (50% inhibitory concentrations)
were calculated.

RESULTS
Dose-effect relationship and effective onset
The inhibitory effects of GA and acarbose, or both
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of them, on 10 mmol/L maltose absorption obtained from
the intestinal loop experiments in situ are illustrated in
Figure 1 as a function of uptake time and compared at
different doses of acarbose 0.2 mmol/L (Figure 1A)
and 2 mmol/L (Figure 1B), respectively. Both agents
inhibited maltose absorption significantly.The first point
difference between the treated and control groups in
maltose absorption was considered as the onset point
of the inhibitory effect on maltose absorption. The
duration from GA and/or acarbose perfused to that point
was regarded as the onset time. The onset time was
30 min in the GA group and 15 min in both the acarbose
and combining groups, in other words the longer onset
time of GA was overcome by the combined. The
inhibitory rates at 60 min were 50.7% ± 3.68% (1g/L
GA), 51.72% ± 2.21% (0.2 mmol/L acarbose) and 68.
97% ± 2.71% (both of them), while at the high dose of
acarbose they were increased to 80.68% ± 1.81% (2
mmol/L acarbose) and 72.27% ± 2.57% (both of them)
indicating that the inhibitory effects were improved by
the combination only in the lower doses during the first
perfusion.

Time course of the inhibition
Time-effect curves of the GA and acarbose on
absorption of maltose are shown in Figure 2. Even
though the intestine was rinsed for 120 min, the altered
maltose absorption remained at the inhibitory level in
GA, GAa2 and GAa 0.2 groups. In the case of acarbose
only application, the absorption returned to almost
normal after 30 min rinsing (P > 0.05 vs control). The
present results suggest that the short effective duration
of acarbose be overcome by the combination. The peak
effect appeared during the first perfusion in GAa2 and
acarbose (2 mmol/L) groups and the second perfusion
following rinse for 30 min in GAa0.2 and GA groups.
The altered absorption of maltose was recovered in
each group to the control level after 180 min rinse with
Ringer’s solution.

The IC50

The acarbose dose dependently inhibited the absorption
of maltose with IC50s of 0.65 mmol/L, 0.27 mmol/L, 0.
22 mmol/L and 0.28 mmol/L (r > or  = 0.99) during 15
min, 30 min, 45 min and 60 min perfusion, respectively.
The inhibitory effects were improved when combined
with GA (P < 0.001 ANOVA). The IC50 s in an hour
duration decreased to about 73% and 40% of acarbose
with 0.1 g/L  and 0.25 g/L GA, respectively. The inhibitory
effects of GA (IC50 = 0.85g/L, r = 0.99) were also
i m p r o v e d  b y  l o w e r  d o s e s  o f  a c a r b o s e
(P < 0.001 ANOVA) with IC50 s of 0.35 g/L (0.1 mmol/
L acarbose) and 0.04g/L (0.2 mmol/L acarbose)
respectively.

Augment of GA and acarbose
The amount of total maltose absorbed during the

two perfusions is compared in Figure 3. The first
perfusion was performed for 1 h by 10mmol/L maltose
containing GA and/or acarbose and the second was
performed again for 1 h  by 10 mmol/L maltose only,
after rinsing for 30 min. The absorption of maltose
during 1 h in control group was 42.2 mg and 43.0 mg in
the first and second perfusions respectively, which had
no significant difference. If the total absorbed maltose
in control is taken as 100%, the relative maltose
absorption was 64.2% ± 5.0% and 54.0% ± 7.3% in
the 0.2 and 2 mmol/L acarbose groups respectively,
which was further decreased to only 26.9% ± 2.9%
and 31.0% ± 2.7% respectively by the combined 1 g/L
GA. In GA (1g/L) group the relative maltose absorption
was 38.1% ± 4.3% but still higher than that in combined
groups (P < 0.05). These values implied that augmented
inhibitory effects are highly revealed throughout
effective duration in either combined group of GA and
acarbose.

Modulation of the acarbose activity by GA
The percentages of maltose hydrolysis during perfusion
maltose and acarbose with or without GA are shown
in Figure 4A. It is noted that the inhibitory effect of 2
mmol/L acarbose on maltose hydrolysis was time-
dependently decreased by combination with 1 g/L GA
in the first perfusion. The hydrolysis of maltose in GAa2
group, which was similar to that in 0.2 mmol/L
acarbose, was higher than that in 2 mmol/L acarbose
group at 30 min (P < 0.05), 45 min and 60 min (P < 0.
01)  except that at 15 min. On the  contrary, the
hydrolysis of maltose in the GAa2 group was lower
than that in 2 mmol/L acarbose group (P < 0.05) in the
second perfusion after the intestine was washed out
for 120 min (Figure 4B). The hydrolyses at 15 min, 30
min, 45 min and 60 min were 15.77% ± 0.89%, 29.
44% ± 0.18%, 45.18% ± 3.20% and 59.67% ± 5.86%
in the former while 21.94% ± 1.36%, 45.38% ± 2.87%,
57.52% ± 1.69% and 73.14% ± 3.92% in the latter.
No significant difference was observed in lower
dosages of acarbose (0.2 mmol/L) with the presence
or absence of GA.

Correlation of GA’s inhibitory effects on
absorption and mobility of the intestine
To explain mechanism of the combination, the effect
of GA on auto-rhythmic contraction of the intestinal
ring was recorded isometrically using a force
transducer. Although the frequency of auto-rhythmic
contraction was 17.2 ± 0.77 times per minute in the
intestinal rings, and the tension induced by auto-rhythmic
contraction was  1406.67 mg ± 565.33 mg under normal
conditions, they were dose-dependently decreased when
treated with GA (Figure 5A,B). The inhibitory effects
of GA on the absorption of maltose and auto-rhythmic
contractions of the ring in the small intestine had a
good linear correlation (r = 0.98, Figure 5C).
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Figure 2 Alteration of maltose (10 mmol/L) absorption following
application with GA and/or acarbose. Each point  shows the
maltose absorption during 60 min perfusion of 10 mmol/L maltose
following rise with Ringer’s solution after treatment of GA and/or
acarbose (the second perfusion) except the points of “CON” or
“GA/ACA” which shows the absorption during the first 1 hour
perfusion with or without GA and acarbose (the first perfusion).
The absorption of maltose is shown as percentage of maltose
contained in the beginning of perfustion (aP < 0.05, bP < 0.01).

Figure 1 Inhibitory effect of GA and acarbose on maltose absorption. The intestinal loops in situ were perfused with 10 mmol/L maltose
in the presence or absence of GA (1 g/L) and acarbose (mmol/L). The absorption of maltose is shown as percentage of maltose contained
in the beginning of perfusion. Each point is expressed as mean ± SD of 5-10 determinations. (aP < 0.05, bP < 0.01)

Figure 3 Maltose absorption during the two perfusions in the first
2.5 hours. Maltose+GA/acarbose: first perfusion, 10 mmol/L
maltose containing GA and/or acarbose was perfused for 1 hour.
Maltose only: after first perfusion the intestinal loops were rinsed
for 30 min, then 10 mmol/L maltose only was perfused for 1 hour
again. The absorbed maltose is shown as the absorption in each
perfusion. There was significant difference between each treated
group versus control. (aP < 0.05, n = 5-10).

Figure 4  The dual effects of GA (1mg/mL) on the activity of acarbose during the first perfusion (A), maltose with GA and/or acarbose
was presented in the perfusates. Maltose contained in the fluid at perfusion starting point was taken as 100%. aP < 0.05 and bP < 0.01 vs
control; cP < 0.05 and dP < 0.01 vs GAa2. (n = 6-10) and second perfusion (B), the intestinal loops were rinsed for 30 min to 120 min, then
10 mmol/L maltose only was perfused for 1 h again. Each bar shows the percentage change of maltose hydrolysis (Hc%) in GAa2
group versus 2 mmol/L acarbose group in different perfusing times, which was calculated by the following equation: Hc% = (Hag-
Ha)/Ha × 100%, where Hag and Ha represent, respectively, the hydrolyzed maltose in GAa2 group and in 2 mmol/L acarbose group.
Hydrolysis of maltose in the acarbose group is believed as 100% (n = 3-10). A diminished effect in the beginning and improved effect in
the end were observed.



DISCUSSION
The combined effects of acarbose and GA are first
reported in this paper. With the combination,
inhibitory duration of acarbose was prolonged and
onset time of GA was shortened, while the total
inhibitory rate of maltose absorption was improved
each other throughout their effective duration.
Subsequently, a more effective reduction of
postprandial hyperglycemia and hyperinsulinaemia
could be  expected by employing the combination
in humans.
       Acarbose is a pseudo-tetrasaccharide that is
structurally similar to the typical oligosaccharides
derived from starch digestion and can attach to the
carbohydrate binding site of alpha-glycosidases in a
competitive manner with a rank order of inhibitory
potency of glucoamylase > sucrase > maltase >
isomaltase. To alpha-amylase, acarbose has only a
weak noncompetitive inhibitory effect[17]. In our
experiment, the IC50 of acarbose for the 10 mmol/L
(3.42 g/L) maltose absorption was 0.65 mmol/L during
15 min perfusion compared with a previous study of
Krause et al, in which acarbose inhibits the absorption
of maltose (1 g/L and 2 g/L) with IC50s of 36 mg/L (0.
06 mmol/L) and 57 mg/L (0.09 mmol/L) respectively
during 15 min in perfused loops[18]. The IC50s  and
concentrations of maltose in the 3 points had a good
semilog linear correlation (r = 0.94).
         The inhibitory effects of GA on intestinal glucose
absorption and oral glucose tolerance were first
noticed in the 1980s[13,14], although there has been
more than a century’s history of treating diabetes
mellitus with the leaves of Gymnema sylvestre in India
[19-24]. Recently, various effects of GA including
decreased body weight[15], improved hyperinsulinaemia[14]

and inhibited glucose-stimulated gastric inhibitory peptide
secretion[25] have been  published. In a previous

study in our laboratory[13], GA inhibited intestinal
glucose absorption consistent with the present results,
but with a difference in time (5 mmol/L glucose).
Rinsed with Ringer’s solution, the loops tended to
recover their absorption of glucose. Those contrary
results could be coming from the different effects of
the unstirred layer and the tight junction on the
absorption of maltose and lower concentration of
glucose. In a recent study that we performed[26], GA
inhibited the absorption of oleic acid and glucose  (5
mmol/L) simultaneously with a time course same as
the experiment of only 5 mmol/L glucose[13], which
implies that the inhibitory effect of GA on the
absorption of oleic acid has some relationship with
the inhibitory effect of GA on glucose absorption.

Mechanism of the combination
The mechanisms for GA’s actions have been considered
as participating in the glucose receptor[25], Na+/glucose
cotransporter[13], ATPase[27] and insulin release[28]. In the
present experiment, a new mechanism of GA’s action
was suggested concerned with an influence of the
precellular and paracellular barriers of absorption in the
intestinal brush borders.
        Intestinal absorption of solute requires that the
compound cross two barriers, the unstirred layer as an
aqueous diffusion barrier, and epithelium which consist
of enterocytes and paracellular factors[29-34].
Disaccharides are absorbed at a faster rate than
monosaccharides in vivo, but inversely in vitro  for
the absorption of disaccharides coupled with the
membrane digestion. Oligomers invariably appear in
monomeric form at the serosal side of the epithelial
cell or in the blood stream[35]. The concentration of
glucose hydrolyzed from maltose (10 mmol/L) in the
microenvironment of enterocytes and the tight junction is nearly
200  mmol /L-300  mmol /L  wi th  membrane

Figure 5   The relationship of GA’s inhibitory effects on absorption of the maltose and on mobility of the intestinal ring. A, an example of
the inhibitory effect of GA (0.8 g/L) on the intestinal auto-rhythmic contraction. B, dose-dependently inhibitory effect of GA on amplitude
of the small intestinal rings which is expressed as the tension induced by the auto-rhythmic contraction in the present different doses of GA.
C, correlation of GA’s inhibitory effects on absorption of maltose and on tension of the intestinal ring. Each point comes from one dose of
GA. The tension is calculated from the function of curve in the Figure B.
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digestion[36], which is 10-15 times of that contained in
the perfusate and is a power to drive absorption through
paracellular pathway. If the tight junctions were
narrowed or the membrane digestion was limited, the
effect on the absorption of maltose would be more than
that on the absorption of glucose.
         “Membrane digestion” was defined by Ugolev and
De-Laey[37] as that action of the cellular membranes
on enzyme activities combined with the transport of
their products of hydrolysis across membrane forms.
The structural foundation of the model is presented
as enterocytes projecting microvilli and the unstirred
layer that is mainly formed by a glycocalyx entrapping
water mixture with mucin from nearby goblet cells.
Most of the disaccharidases produced by the
enterocytes are binding with the membrane (under
the unstirred layer) and a small amount of saliva and
pancreatic amylase is in the glycocalyx. The maltose
is hydrolyzed during it passes through the glycocalyx
and enterocytes[38].
        On the other hand, thickness of the unstirred layer
(glycocalyx) largely depends on motility of the
intestine, which becomes relatively thin when the
intestine exhibits motility[29,37]. Suppressed by GA, the
tension and intestinal auto-rhythmic contraction had
un-negligible effects on unstirred layer not only, but
also on the tight junction around the enterocytes.
When the intestine relaxes, the paracellular pathways
become narrow[36,39]. Consequently both hydrolysis
and absorption could be inhibited by GA through pre-
epithelium and epithelium barriers, in the latter
containing transcellular (same as glucose) and
paracellular factors (only for maltose or high
concentration of glucose), that could be a main reason
for the different time courses of GA on maltose and
glucose.
       It is another evidence altering the function of
unstirred layer, that the activity of acarbose in the
higher concentration (2 mmol/L) was decreased at
the beginning and increased after rinsing  by the
combination with GA (Figure 4). The unstirred layer
limits the diffusion of acarbose entering (at the
beginning)  and leaving (during r inse)  the
microenvironment nearest the membrane maltase
resulting in the dual effects of GA on the activity
of acarbose. It should be due to lower affinity[40] of
acarbose with alpha-amylases, that the dual effects
only appeared with higher concentration of
acarbose. When  the activity of alpha-amylases in
the unstirred layer (glycocalyx) was inhibited, the
glycocalyx digestion itself was decreased. With a
combination of high concentration of acarbose and
GA, the unstirred layer became thick enough to
suppress the diffusion of acarbose. The glycocalyx
is estimated to impede solute diffusion to the
surface in a manner that is directly proportional to its
solubility and inversely proportional to the square

root of its molecular weight. The molecular weight of
acarbose is nearly 2 times that of maltose, therefor in
same condition the barrier of unstirred layer on acarbose
is more effective than that on maltose. On the other
hand, the solubility of GA (molecular weight about 800)
was lower (about 10 g/L)  than that of acarbose and
maltose, which also is one of the reasons for GA’s longer
onset time (30 min).

The merits of combination
Tolerability should be considered when a drug is
administered to a patient. Acarbose has contained in the
drug list of diabetic management either type 1 or type 2
[5,40-46]. The most common adverse effect of acarbose is
a gastrointestinal disturbance, which is induced by
producing gas with fermentation of the unabsorbed
carbohydrates in the  bowel[17,43,47-50]. Acarbose has
rarely been associated with systemic adverse effects,
but in some case acute severe hepatotoxicity has been
reported[3,51,52]. These adverse effects tend to increase
with higher doses. GA not only improves  the effect with
a decrease  in the IC50 of acarbose, but also inhibits the
growth of anaerobia[53]. Bacterial overgrowth plays a
role in the development of gastrointestinal symptoms[54],
therefore the adverse effects of acarbose induced  by
fermentation are expected to be diminished by the
combination of GA.

CONCLUSION
Acarbose inhibits maltose absorption through the inhibition
of maltase under the unstirred layer and alpha-amylase in
the unstirred layer. The latter is only involved at a higher
dose  (2 mmol/L) of acarbose. GA inhibits maltose
absorption possibly by making the unstirred layer thicker
and shutting the paracellular pathway, besides other
reported mechanisms that are the same as
glucose[13-15,25,27,28]. The effects of GA on maltose
absorption and the combined effects of acarbose and GA
are first reported in this paper. With the combination, the
effective duration of acarbose is prolonged and the
effective onset of GA is faster. Improvements in
postprandial hyperglycemia, hyperinsulinaemia and insulin
resistance, treatments of an overweight condition and
diminishing of the adverse effects of acarbose in diabetic
control by this combination are also in perspective.
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Abstract

AIM  To study the colon innervation of trisomy
16 mouse, an animal model for Down’s
syndrome, and the expression of protein gene
product 9.5 (PGP 9.5) in the stenosed segment
of colon in Hirschsprungs disease (HD).
METHODS Trisomy 16 mouse breeding;
cytogenetic analysis of trisomy 16 mice;and PG
P9.5 immunohistochemistry of colons of trisomy
16 mice and HD were carried out.
RESULTS  Compared with their normal
littermates, the nervous system of colon in
trisomy 16 mice was abnormally developed.
There existed developmental delay of muscular
plexuses of  colon, no submucosal plexus was
found in the colon, and there was 5 mm
aganglionic bowel aparting from the anus in
trisomy 16 mice. The mesentery nerve fibers
were as well developed as shown in their normal
littermates. Abundant proliferation of PGP 9.5
positive nerve fibers was evealed in the stenosed
segment of HD colon.
CONCLUSION  Trisomy 16 mice could serve as
an animal model for Hirschsprung’s disease for
aganglionic bowel in the distal part of colon.
Abundant proliferation of PGP 9.5 positive fibers
resulted from extrinsic nerve compensation,
since no ganglionic cells were observed in the
stenosed segment of the colon in HD. HD has a
genetic tendency.

INTRODUCTION
The most significant pathophysiological change of
Hirschsprung’s disease is its characteristic abnormal
enteric nervous development of colon which resulted
in the regional enterospasm and narrowed lumen, loss
of intestinal peristalsis and relaxing reflex of the internal
enteric sphincter[1]. The physiological peristalsis of the
proximal gut pushes the intestinal contents forward,
leading to the second megacolon in the proximal part
of the narrowed gut. Since the cause of HD is still
unknown and the experiment on humans is impossible,
we used protein gene product 9.5 to study the enteric
nerve development of colon in trisomy 16 mice, an
animal model for Down’s syndrome[2,3], and the
innervation of stenosed segment of the colon in HD so
as to reveal the possibility of developing the congenital
megacolon in trisomy 16 mice and the genetic tendency
of HD in human[4-7].

MATERIALS AND METHODS
Animal stocks and breeding[8-10]

Trisomy 16 mouse embryos examined in this study were
produced by crossing NMRI-female mice provided by
the Experimental Center of  Medical University of
Lubeck, with male mice carrying the two Robertsonian
(Rb) translocation chromosomes Rb (16,17) 8LubtwLub3

perpendicularly and Rb (11,16)2H. The day on which a
vaginal plug was observed was considered to be the first
embryonic day (ED).

Cytogenetic analysis
The pregnant female mice were sacrificed one hour after
intraperitoneal injection of colchicine (0.02 mg/25-35 mg
body weight) by dislocation of the neck. The embryos
were collected by laparatomy. Small samples of liver
were taken from each embryo for direct preparation of
karyotypes, by using the standard technique of hypotonic
treatment with 0.563% KCl  and methanol : acetic acid
fixation (3 : 1). Air-dried slides were observed under
light microscope. Accurate ascertainment of trisomy 16
was provided by the demonstration of two Rb metecentric
chromosomes and a count of 41 chromosome arms. After
the defrimy of the chromosomal status, the trisomic and
the normal euploid embryos of each litter could be
separated (Figure 1).

Immunohistochemical methods[11]

The guts were taken from trisomy 16 embryos and
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normal littermates, and fixed in a solution containing 4%
paraformaldehyde and 2% picric acid in phosphate-
buffered saline (PBS) for approximately 2 hours at room
temperature. Fifteen pieces of narrowed HD guts were
obtained from the patients aged between 18 months and
9 years. Six segments of normal colons served as controls.
The diagnosis of HD was based on the case history,
clinical manifestations, examination of barium enema and
pressure measurement of rectum and anal. All the cases
were confirmed postoperatively by pathological
examinations.
         Whole mount preparations of the gut were dissected
out under stereomicroscopic control[12-14], and freezing
sections were made at a thickness of 12 µm, then washed
in 0.01 M PBS and 50% ethanol for 2 hours at room
temperature. Forimmunohistochemistry, peroxidase-anti-
peroxidase (PAP) was used in the present experiment.
         The specimens were treated with 10% normal
goat serum (Dakopatts  × 907) for 30 min, then
incubated in a primary antiserum protein gene product
9.5 (PGP 9.5) (Ultraclone RA 95101, UK)  overnight
at room temperature, diluted to 1 : 400 in a solution
containing 10% normal goat serum, 0.01% sodium
azide and 0.05% thimerosal in PBS. After three
washes in PBS for 30 min, the specimens were
incubated in goat anti-rabbit IgG (Dakopatts Z421)
overnight at room temperature as the secondary
antiserum, and diluted to 1 : 100 in the above solution.
The specimens were then exposed in rabbit PAP (rabbit
antibody to horseradish peroxidase and horseradish
peroxidase) overnight at room temperature and diluted
to 1 : 100 in a solution containing 0.1% bovine serum
albumin and 0.05% thimerosal in PBS pH 7.4. 4 Cl1-
naphtol or DAB was used as the chromogen for the
peroxidase reaction. Control included the omission
of the primary antiserum. PGP 9.5 is a cytoplastic
protein composed of 212 amino acids with molecular
weight of 2.45 kb. This protein only exists in the
neurons and neuroendocrine cells. PGP 9.5 is a
specific protein with an excellent localizing function
for the neurons[15-19].

RESULTS
Development of trisomy 16 mice and their
normal littermates
Owing to the abnormality of their chromosomes, the
trisomy 16 mice were characterized by their small
size, generalized edema and a failure of closed
eyelids after embryonic day 16 (ED 16). Both the
small size and lid-gap defect were attributed to the
generalized growth retardation and developmental
delay, leading death at the time of birth in most mice.
The trisomy 16 mice in the present study were
chosen from the gestational age between ED13 and
ED 18. The survival rate of the trisomy 16 mice was
lower with the gestational age. The lowest survival
rate of trisomy 16 mice was observed at the time of

their birth (Figure 2).

Development of colon innervation in trisomy 16
mice and their normal littermates
The nerve development of colon in normal littermates
is a continuous process. Based on the morphology and
staining degree of the PGP 9.5 positive reactions, the
nerve development of colon could be divided into three
stages: primary stage (ED14), juvenile stage (ED15 and
ED16) and mature stage (ED17 and ED18). At ED14,
scantly-distributed PGP 9.5 positive neurons were
observed with light staining and round nucleus in the
center of the neurons. At ED15, the distribution density
of neurons increased greatly with some nervous
processes, through which the neurons were connected
with each other (Figure 3A). At ED16, muscular
plexuses appeared with gathered neurons to form the
light-stained ganglion. But the number of  neurons in
the ganglion was less and sparely arranged. At ED17
and ED18, the precursor cells of muscular plexuses
migrated into the submucosal layer to form submucosal
plexuses. The arrangement of nervous fibers in
submucosal plexus was irregular, accompanied by
some small-sized and sparely-distributed ganglions,
while muscular plexuses were composed of primary,
secondary and tertiary strands displaying a nerve
meshwork with regular wide meshes and numerous
large ganglia. The muscular and submucosal plexuses
were further developed with much stronger PGP 9.5
staining at ED18 (Figure 4A). The increasing number
of large-sized ganglions was observed with stronger
immunostaining and arranged along the primary nerve
strands.  Numerous fine nerve strands in the gut villi
were observed at ED18 (Figure 5).
        When compared with the normal littermates, the
developmental delay of the colon- innervation was
observed in trisomy 16 mice. Some neurons appeared
with a scattered distribution and light staining at ED15
(Figure 3B) and the neurons were found with some
nerve processes by which irregular nervous meshwork
formed at ED16. In the colon of trisomy 16 mice at
ED17 and ED 18, only one plexus was visible, i.e., the
myenteric plexus with a few small-sized ganglions
(Figure 4B). From ED14 to ED18 there was no
submucosal layer in colon, and 5mm aganglionic bowel
was found at the distal end of the colon in trisomy 16
mice (Figure 6), which was revealed as a characteristic
morphological evidence of the development of
congenital megacolon in trisomy 16 mice. This important
finding was constantly verified in all the experimental
trisomy 16 mice.

The exogenous innervation of colon in trisomy
16 mice and their littermates
As early as ED14, PGP 9.5 positive nerve fibers
occurred in the mesentery of both trisomy 16 mice
and their normal littermates, which gradually
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increased with the embryonic development. At ED17
and ED18, rich mesenteric nerve fibers were detected.
In all whole mounts of  PGP 9.5 nerve fibers in
mesentery, they were observed regularly running in
parallel and close to the blood vessels and innervated
the colon in both trisomy 16 mice and their normal
littermates (Figure 7). Thus, the arcades of the mesenteric
vessels were clearly delineated by their immunostained
perivascular plexuses.

The distribution of PGP 9.5 positive nerve fibers
in the stenosed segment of HD and normal colons
The ganglions of the muscular plexus and submucosal
plexus from the normal colon all revealed highly positive
reaction to PGP 9.5 (Figure 8). The number of ganglion
in muscular plexus was greater than that in the
submucosal ones. The neurons presented a dark brown
color and gathered as a mass. The adjacent neurons
extended processes, by which they were connected with
each other. PGP 9.5 positive nerve fibers were distributed
in all intestinal layers. The richest part was in the circular
muscular layer and parallel to the muscular fibers. In
the proper mucous membrane, nerve network was
formed around the intestinal glands. In the submucosal
layer, the nerve fibers were arranged around the vessels.
But in the stenosed segment of HD colon, no ganglionic
cell was observed in the muscular and submucosal
plexuses. At the distal end of the stenosed segment of
the colon, no nerve plexus was found. Occasionally, a
few neurons existed, but with abnormal morphology, while
PGP9.5 positive nerve fibers were great in number in all
intestinal layers. Big, strong, disordered and even twisted
nerve tracts could be observed (Figure 9). Such
disorderly arranged nerve fibers could also be found in
the submucosal layer and proper mucous membrane layer
of the colon. Some of the proliferated fibers were twisted
along the vessels.

Table 1  The development of the colon and mensenteric
innervation of trisomy 16 mice and their normal littermates in
chronological sequence

                   ED13      ED14          ED15            ED16               ED17                 ED18

                  N       T      N     T        N         T        N         T         N            T           N           T

PM -        -        +        -        ++        +        ++        +        +++        ++        +++        ++

PS -        -        -        -         -           -          +          -          ++           -          +++          -

MF -        -         +       +       ++       ++       +++   +++     +++        +++      +++       +++

N: normal littermates; T: trisomy 16 mice.
PM: myenteric plexus; PS: submucosal plexus; MF: mesentery
nervour fiber
-: no neurons and immunoreactive nerve fibers detected;
+: a few scattering neurons and no enteric plexus or sparse
immunoreactive fibers detected;
+: lowly developed enteric plexus or moderate immunoreactive
fibers detected;
+++: moderately developed enteric plexus or abundant
immunoreactive fibers detected;
++++: fully developed enteric plexus or very abundant
immunoreactive fibers detected.

Figure 1  a. The chromosome of normal mice.  b. The chromosome
of trisomy 16 mice: two Rb metecentric chromosomes ( ) and 41
chromosome arms. × 1000

Figure 2  The survival rate of trisomy 16 mice with different
embryonic days (ED).

Figure 3  a. Myenteric plexus of normal littermates at ED 15.
The nerve meshworks had regular meshes with many neurons
( ). × 400  b. The colon of trisomy 16 mice contained some
neurons (arrow) with different staining and size at ED15.  × 400
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Figure 4  At ED 18, the myenteric plexuses of trisomy 16 mice and their normal littermates in whole mount preparation. × 250
A. The developed myenteric plexus with primary (long arrow), secondary (arrow) and tertiary (arrowhead) strands were displayed in the
colon of normal littermates. The primary strands were composed of broad fiber bundles and numerous ganglia with longitudinally
arranged meshes.  B. The myenteric plexus of trisomy 16mice was poor with less ganglia containing some neurons (arrow) at different
staining.
Figure 5  At ED 18, the nerve fibers (long arrow) stretching from the enteric plexuses reached the gut villi (Vi). The myenteric (arrowhead)
and submucosal (arrow) plexuses were clear. × 160
Figure 6  Aganglionic segment of trisomy 16 mouse colon. × 160  B. The colon of normal littermate with ganglia (arrow). × 100
Figure 7  The myenteric nervous fibers (arrow) were detected in the colon (C) mesentery of trisomy 16 mice.  × 160
Figure 8  The submucosal ganglia (arrow) of normal colon of human. S: submucosal muscular layer. × 100
Figure 9   The aganglionic colon of Hirschprung’s disease.  Abundant proliferation of nerve fibers (large arrow) was found in the stenosed
segment of colon. A wave-like nerve fiber (arrow). × 100
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DISCUSSION
The incidence of HD is 1/5000  due to the developmental
defect of enteric nervous system[20-23]. Recently, HD
incidence is increasing, especially the genetic HD and
Down’s syndrome with congenital megacolon[24-29],
which greatly aroused researchers’ interest in
investigating the causes. The present study was based
on PGP 9.5 as primary antibody to reveal the innervation
of the narrowed gut in HD and the nerve development
of the colon in trisomy 16 mice.
        Enough evidences have been obtained from this
study that trisomy 16 mice had a significant anomaly
and developmental delay in colon innervation as well
as 5 mm aganglionic colon at the distal end, which
was the result of the chromosome abnormality. Our
present experiment, found that there was a
chronological sequence in the nerve development and
a clear link between the gestational age and the
morphological development in colon innervation of
trisomy 16 mice and their normal littermates (Table
1). At ED 14, the precursor cells of ectoderm
migrated into the gut along the course of the vagus
nerves; at ED 15, nerve processes were observed
in the neuron migrated gut; at ED 16, the muscular
plexuses and ganglions appeared in the gut; at ED17,
the precursor cells in muscular layer migrated into
the submucosal layer and developed into submucosal
nervous plexuses; at ED 18, the relatively matured
muscular and submucosal plexuses occurred, the
former controls the intestinal peristalsis, and the latter
manages the intestinal secretions and absorption[30,

31]. The lack of submucosal nerve plexuses of trisomy
16 mice accounted for the lower material absorption
and poor intestinal secretions while the distal
aganglionic colon could result in the neurotrophic and
innervating disorders. It is now recognized that the
intestinal nerve development begins from the cephalic
part to the caudal end[32-41]. But HD was due to the
stagnated development of the precursor cells. The
earlier the stagnation of the precursor cells, the
longer the aganglionic bowel. Since colon is the last
segment of gut for the precursor cells to migrate
into, colon is most likely  to develop HD. The
aganglionic colon in trisomy 16 mice strongly
confirmed the above findings. The euchromosome
16 of trisomy 16 mice has the same sequence as the
21q22 genes of human euchromosome 21[8]. It is
often used as an animal model for Down’s syndrome.
Besides, trisomy 16 mice have constant genetic
tendency and  aganglionic colon, being easy to develop
congenital megacolon. Epstein and associates believed
that the intestinal innervation was composed of
intrinsic and extrinsic ones[42]. The well-developed
mesenteric nervous system of trisomy 16 mice could
be regarded as a compensation for the intrinsic nerves.
When there were no ganglionic cells in the intestine, the
extrinsic nerve fibers would proliferate greatly. In

our experiment, considerable PGP9.5 positive nerve
fibers were verified in the stenosed HD colon, which
was obviously the compensative nerve proliferation to
the innervation of aganglionic HD colon. Since trisomy
16 mice had severe cardiovascular abnormalities, multi-
organ deformities[43-45] and could hardly survive after
delivery, so in the present study, the distal colon end of
trisomy 16 mice  showed no such extrinsic compensating
nerve proliferations.
         Among all clinically verified HD cases, 20% were
caused by the lack of genetic factors[46]. Trisomy 16
mice, with its constant chromosome abnormality, is a
reliable animal model for studying the genetic tendency
of HD. The regional microcircumstance was closely
related to the changes of the genetic inheritance.
Tennyson and associates have found two striking
abnormalities, i.e., an overgrowth of the muscularis
mucosa, particularly in the outer longitudinal layer and
an extensive thickening of the basal lamina around
smooth muscle cell.
        These excessive accumulation of basal lamina
material and muscularis mucosa interfered with normal
migration of precursor cells[47-51]. Payette and associates
[52] thought that the excessive accumulation of
components of basal lamina material in the aganglionic
region of the lethal spotted mutant mouse stopped
precursor cells from migrating into the terminal bowel
of lethal spotted mutant mice. Our study revealed that
5mm aganglionic bowel in length aparting from anus in
trisomy 16 mice, might be caused by the change of
regional micro-circumstance due to the abnormal
chromosome, finally resulting in the nerve defect.

REFERENCES
1 Li JC, Mi KH, Busch LC, Liu WG, Kühnel W. The expression of

protein gene product 9.5 in trisomy 16 mouse colon and
Hirschsprung’s disease. Zhongguo Bingli Shengli Zazhi, 1999;15:
1030-1033

2 Miyabara S. Animal model for congenital anomalies induced by
chromosome aberrations. Cong Anom, 1990;30:49-68

3 Epstein CJ, Cox DR, Epstein LB. Mouse trisomy 16: an animal
model of humantrisomy 21 (Down syndrome). Ann New York
Acad Sci, 1985;450:157-168

4 Romeo G, Ronchetto P, Luo Y, Barone V, Seri M, Ceccherini I, Pasini
B, Bocciardi R, Lerone M, Kääriäinen H, Martucciello G. Point muta-
tions affecting the tyrosine kinase domain of the RET proto-oncogene
in Hirschsprung’s disease. Nature, 1994;367:377-378

5 Pelet A, Attie T, Goulet O, Eng C, Ponder BAJ, Munnich A,
Lyonnet S. De-novo mutations of the RET proto-oncogene in
Hirschsprung’s disease. Lancet, 1994;344:1769-1770

6 Martucciello G, Favre A, Takahashi M, Jasonni V. Immunohis-
tochemical localization of RET protein in Hirschsprung’s disease.
J Pediatr Surg,1995;30:433-436

7 Edery P, Lyonnet S, Mulligan LM, Pelet A, Dow E, Abel L, Holder
S, Nihoul-Fekete C, Ponder BA, Munnich A. Mutations of the
RET proto-oncogene in Hirschsprung’s disease. Nature, 1994;
367:378-380

8 Cox DR, Epstein CJ. Comparative gene mapping of human chro-
mosome 21 and mouse chromosome 16. Ann New York Acad Sci,
1985;450:169-177

9 Holtzman DM, Kayney RM, Li YW, Khosrovi H, Berger CN,
Epstein CJ, Mobley WC. Dysregulation of gene expression in
mouse trisomy 16, an animal model of Down syndrom. EMBO J,
1992;11:619-627

10 Miyabara S, Gropp A, Winking H. Trisomy 16 in the mouse fetus
associated with generalized edema and cardiovascular and urinary
tract anomalies. Teratology, 1982;25:369-380

11 K r a m m e r  H J ,  K a r a h a n  S T ,  S i g g e  W ,  K 1 h n e l  W .

      20        ISSN 1007 - 9327   CN 14 - 1219/ R      World J Gastroentero    February  2001   Volume 7   Number 1



Immunohistochemistry of markers of the enteric nervous system
in whole-mount preparations of the human colon. Eur J Pediatr
Surg, 1994;4:274-278

12 Wedel T, Roblick U, Gleiss J, Schiedeck T, Bruch HP, Kuhnel W,
Krammer HJ. Organization of the enteric nervous system in the
human colon demonstrated by wholemount immunohistochemis-
try with special reference to the submucous plexus. Anat Anz,
1999;181:327-337

13 Wedel T, Krammer HJ, Kuhnel W, Sigge W. Alterations of the
enteric nervous system in neonatal necrotizing enterocolitis re-
vealed by whole-mount immunohistochemistry. Pediatr Pathol
Lab Med, 1998;18:57-70

14 Watanabe Y, Ito F, Ando H, Seo T, Kaneko K, Harada T, Iino S.
Morphological investigation of the enteric nervous system in
Hirschsprung’s disease and hypoganglionosis using whole-mount
colon preparation. J Pediatr Surg, 1999;34:445-449

15 Krammer HJ, Meier-Ruge W, Sigge W, Eggers R, Kühnel W. His-
topathological features of neuronal intestinal dysplasia of the
plexus submucosus in whole mounts revealed by immunohistochem-
istry for PGP 9.5. Eur J Pediatr Surg, 1994;4:358-361

16 Jackson P, Thomson VM, Thompson RJ. A comparison of the
evolutionary distribution of the two neuroendocrine markers, neu-
rone-specific enolase and protein gene product 9.5. J Neurochem,
1985;45:185-190

17 Thompson RJ, Doran JF, Jackson P, Dhillon AP, Rode J. PGP 9.
5-a new marker for vertebrate neurons and neuroendocrine cells.
BrainRes, 1983;278:224-228

18 Wilson PO, Barber PC, Hamid QA, Power BF, Dhillon AP, Rode
J, Day IN, Thompson RJ, Polak JM. The immunolocalization of
protein gene product 9.5 using rabbit polyclonal and mouse mono-
clonal antibodies. Br J Exp Pathol, 1988;69:91-104

19 Doran JF, Jackson P, Kynoch PA, Thompson RJ. Isolation of
PGP 9.5, a new human neurone-specific protein detected by high
resolution two-dimensional electrophoresis. J Neurochem, 1983;
40:1542-1547

20 Kato H, Yamamoto T, Yamamoto H, Ohi R, So N, Iwasaki Y.
Immunocytochemical characterization of supporting cells in the
enteric nervous system in Hirschsprung’s disease. J Pediatr Surg,
1990;25:514-519

21 OKelly TJ, Davies JR, Tam PKH, Brading AF, Mortensen NJMC.
Abnormalities of nitric-oxide-producing neurons in Hirschsprung’s
disease: morphology and implications. J Pediatr Surg, 1994;29:
294-300

22 Kuroda T, Ueda M, Nakano M, Saeki M. Altered production of
nerve growth factor in aganglionic intestines. J Pediatr Surg,
1994;29:288-293

23 Neunlist M, Schemann M. Projections and neurochemical coding
of myenteric neurons innervating the mucosa of the guinea pig
proximal colon. Cell Tissue Res, 1997;287:119-125

24 Hassold T, Merrill M, Adkins K, Freeman S, Sherman S. Recombi-
nation and maternal age-dependent nondisjunction: Molecular stud-
ies of trisomy 16. Am J Hum Genet, 1995;57:867-874

25 Sherman SL, Petersen MB, Freeman SB, Hersey J, Pettay D, Taft
L, Frantzen M, Mikkelsen M, Hassold TJ. Non-disjunction of
chromosome 21 in maternal meiosis I: evidence for a maternal
age-dependent mechanism involving reduced recombination. Hum
Mol Genet, 1994;3:1529-1535

26 Zaragoza MV, Jacobs PA, James RS, Rogan P, Sherman S, Hassold
T. Nond isjunction of human acrocentric chromosomes: studies
of 432 trisomic fetuses and liveborns. Hum Genet, 1994;94:
411-417

27 Zheng CJ, Byers B. Oocyte selection: a new model for the ma-
ternal-age dependence of Down syndrome. Hum Genet, 1992;
90:1-6

28 Meijers JHC, van der Sanden MP, Tibboel D, van der Kamp AWM,
Luider TM, Molenaar JC. Colonization characteristics of enteric
neural crest cells: embryological aspects of Hirschsprung’s disease.
J Pediatr Surg, 1992;27:811-814

29 Barone V, Weber D, Luo Y, Brancolini V, Devoto M, Romeo G.
Exclusion of linkage between RET and neuronal intestinal dyspla-
sia type B. Am J Med Genet, 1996;62:195-198

30 OKelly TJ. Nerves that say NO: a new perspective on the human

rectoanal inhibitory reflex. Ann R Coll Surg Engl, 1996;78:
31-38

31 Joq F. A new generation of model system to study the blood brain
barrier: the in vitro approach. Acta Physio Hung, 1993;81:207-
218

32 Tennyson VM, Pham TD, Rothman TP, Gershon MD. Abnor-
malities of smooth muscle, basal laminae, and nerves in the agan-
glionic segments of the bowel of lethal spotted mutant mice. Anat
Rec, 1986;215:267-281

33 Newgreen DF, Hartley L. Extracellular matrix and adhesive mol-
ecules in the early development of the gut and its innervation in

      normal and spotting lethal rat embryos. Acta Anat, 1995;154:243-
260

34 Gershon MD, Chalazonitis A, Rothman TP. From neural crest to
bowel: development of the enteric nervous system. J Neurobiol,
1993;24:199-214

35 Levy J. The gastrointestinal tract in Down syndrome. Prog Clin
BiolRes, 1991;373:245-256

36 Kapur RP, Yost C, Palmiter RD. A transgenic model for studying
development of the enteric nervous system in normal and agan-
glionic mice. Development, 1992;116:167-175

37 Branchek TA, Gershon MD. Time course of expression of neu-
ropeptide Y, calcitonin gene-related peptide, and NADPH dia-
phorase activity in neurons of the developing murine bowel and
the appearance of 5-Hydroxytryptamine in mucosal enterochro-
maffin cells. J Comp Neurol, 1989;285:262-273

38 Epstein ML, Poulsen KT, Thiboldeaux R. Formation of ganglia in
the gut of the chick embryo. J Comp Neurol, 1991;307:189-199

39 Kablar B. Structural study on the appearance of innervation in the
stomach of mouse and rat embryos. Tissue Cell, 1995;27:309-315

40 Pham TD, Gershon MD, Rothman TP. Time of origin of neurons
in the murine enteric nervous system: sequence in relation to
phenotype. J Comp Neurol, 1991;314:789-798

41 Hoehner JC, Wester T, Påhlman S, Olsen L. Localization of
neurotrophins and their high-affinity receptors during human en-
teric nervous system development. Gastroenterology, 1996;110:
756-767

42 Epstein ML, Poulsen KT, Thiboldeaux R. Formation of ganglia in
the gutof the chick embryo. J Comp Neurol, 1991;307:189-199

43 Miyabara S, Gropp A, Winking H. Trisomy 16 in the mouse fetus
associated with generalized edema and cardiovascular and urinary
tract anomalies. Teratology, 1982;25:369-380

44 Webb S, Brown NA, Anderson RH. Cardiac morphology at late
fetal stages in the mouse with trisomy 16: consequences for differ-
ent formation of the atrioventricular junction when compared to
humans with trisomy 21. Cardiovasc Res, 1997;34:515-524

45 Ludwig M, Busch LC, Winking H. The embryonic development of
sensory organs and the skull in the trisomy 16 mouse, an animal
model for Down’s syndrome. Anat Anz, 1997;179:525-538

46 Robertson K, Mason I, Hall S. Hirschsprung  s disease: genetic
mutations in mice and men. Gut, 1997;41:436-441

47 Buselmaier W, Bacchus C, Sterz H. Genesis and systematization of
cardi ovascular anomalies in murine trisomy 16. Prog Clin Biol
Res, 1991;373:203-214

48 Leffler A, Ludwig M, Schmitt O, Busch LC. Germ cell migration
and early development of the gonads in the trisomy 16 mouse-
an animal model for Down’s syndrome. Anat Anz, 1999;181:
247-252

49 Pomeranz HD, Gershon MD. Colonization of the avian hindgut
by cells derived from the sacral neural crest. Dev Biol, 1990;137:
378-394

50 Payette RF, Tennyson VM, Pham TD, Mawe GM, Pomeranz HD,
Rothman TP, Gershon MD. Origin and morphology of nerve
fibers in the aganglionic colon of the lethal spotted (ls/ls) mutant
mouse.  J Comp Neurol, 1987;257:237-252

51 Fekete E, Resch BA, Benedeczky I. Histochemical and ultra-
structural features of the developing enteric nervous system of
the human foetal small intestine. Histol Histopathol, 1995;10:
127-134

52 Payette RF, Bennett GS, Gershon MD. Neurofilament expression in
vagal neural crest-derived precursors of enteric neurons. Dev Biol,
1984;105:273-287

Edited by Ma JY

Li JC, et al. Colon innervation and Hirschsprungs disease           21



Reduction of tumorigenicity of SMMCa27721
hepatoma cells by vascular endothelial growth
factor antisense gene therapy

Yu Cheng Tang, Yu Li and Guan Xiang Qian

P.O.Box 2345 Beijing 100023, China            World J Gastroentero, 2001 April; 7(1):22 - 27
Fax. 0086·10·65891893   Tel. 0086·10·65897901                   World Journal of Gastroenterology
E-mail.wcjd public.bta.net.cn        www.wd.org.cn      Copyright 2001 by the WJG Press  ISSN 1007 - 9327

Subject headings  liver neoplasms; endothelial growth
factors ;  gene therapy;  endothel ium vascular ;
enzymea2linked immunosorbent assay; carcinoma,
hepatocellular; RNA, antisense

Tang YC, Li Y, Qian GX. Reduction of tumorigenicity of SMMCa27721
hepatoma cells by vascular endothelial growth factor antisense gene
therapy. World J Gastroentero, 2001;7(1):22-27

Abstract

AIM To test the hypothesis to block VEGF
expression of SMMC-7721 hepatomacells may
inhibit tumor growth using the rat hepatoma
model.
METHODS  Amplifiy the 200 VEGF cDNA
fragment and insert it into human U6 gene
cassette in the reverse orientation transcribing
small antisense RNA which could specifically
interact with VEGF165, and VEGF121 mRNA.
Construct the retroviral vector containing this
antisense VEGF U6 cassette and package the
replication-deficient recombinant retrovirus.
SMMC-7721 cells were transduced with these
virus and positive clones were selected with
G418. PCR and Southern blot analysis were
performed to determine if U6 cassette
integrated into the genomic DNA of positive
clone. Transfected tumor cells were evaluated
for RNA expression by ribonuclease protection
assays. The VEGF protein in the supernatant of
parental tumor cells and genetically modified
tumor cells was determined with ELISA. In vitro
and in vivo growth properties of antisense VEGF
cell clone in nude mice were analyzed.
RESULTS Restriction enzyme digestion and PCR
sequencing verified that the antisense VEGF RNA
retroviral vector was successfully constructed.
After G418 selection, resistant SMMC-
7721 cell clone was picked up. PCR and
Southern blot analysis suggested that U6
cassette was integrated into the cell genomic

DN A .  S t a b l e  S M M C - 7 7 2 1  c e l l  c l o n e
transduced with U6 antisense RNA cassette
could express 200 bp small antisense VEGF
RNA and secrete reduced levels of VEGF in
culture condition. Production of VEGF by
antisense transgenea2expressing cells was
65 ± 10 ng/L per 106 cells, 420 ± 45 ng/L
per 106 cells in sense group and 485 ± 30 ng/
L per 106 cells in the negative control group,
(P<05). The antisense-VEGF cell clone
appeared phenotypically indistinguishable
from SMMC-7721 cells and SMMC-7721 cells
transfected sense VEGF. The growth rate of
the antisense-VEGF cell clone was the same
as the control cells. When S.C. was implanted
into nude mice, growth of antisense-VEGF cell
lines was greatly inhibited compared with
control cells.
CONCLUSION  Expression of antisense VEGF
RNA in SMMC-7721 cells could decrease the
tumorigenicity, and antisense-VEGF gene
therapy may be an adjuvant treatment for
hepatoma.

INTRODUCTION
Neovascularization is critical for supporting the rapid
growth of solid tumors[1]. Tumor angiogenesis
appears to be achieved by the expression of
angiogenic agents within solid tumors that stimulate
host vascular endothelial cell mitogenesis and
possibly chemotaxis. One such protein, vascular
endothelial growth factor (VEGF) or vascular
permeability factor[2-5], is a selective endothelial cell
mitogen and angiogenic agent .Many tumor cell lines
secrete VEGF in vitro, suggesting that this diffusible
molecule is a mediator of tumor angiogenesis. The
clinical results showed  high levels of VEGF
expression in primary hepatoma, elevated levels of
flt-1, the receptors of VEGF in hepatoma blood
vessels, and the relationship between VEGF levels
and hepatoma invasion and transfer[6]. These data
indicated that VEGF and its receptors play important
roles in the development of hepatoma vasculature
and progressive growth of hepatoma.
        In this study, we used the SMMC-7721
hepatoma cell line which has a high expression of
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VEGF, as established model for human hepatoma. The
strategy of exogenous expression of antisense VEGF
transcribed by POL III promoter in the SMMC-7721
cell line was applied to assess the feasibility of disrupting
the VEGF/VEGF receptor pathway of angiogenesis and
decreasing their tumorigenicity in vivo.

MATERIALS AND METHODS
Materials
Bam HI, T4 DNA ligase was purchased from Promega
Company. RNase A and RNase T1 were the products
of MBI Fermentas, G418 was purchased from Sigma
Company and SMMC-7721 cell line from Chinese
Academy of Cell Biology.

Methods
Construction of vectors  VEGF antisense vector
to generate the VEGF anti-sense vector, a DNA
fragment containing 250 bp of human VEGF cDNA,
was ligated in reverse orientation in the sal I, xho I
sites of the U6 cassette, and subcloned into the Bam
H I site of pLXSN vector. Expression of the antisense
molecule in pLXSN was driven by POLIII promoter
of U6 cassette. The pLXSN vector also contained
the G418 resistance gene driven by the simian virus
(SV40) promoter. To generate infectious virions,
PA317 packaging cells were transfected with pLXSN-
U6-as-VEGF and selected in the culture medium
containing 500 mg/L G418. Virus-containing
supernatants were harvested and used to infect
SMMC-7721 cells.

Genetic modification of SMMC-7721 cells The
SMMC-7721 cells were incubated with the viral stock
containing 8 mg/L polybrene. On the following day, the
cells were split and selected in 500 mg/L G418. Cultures
were added every 3-4 days with the fresh G418
supplemented media for 14 days. Resistant colonies were
expanded, and subcloned and the clone which produced
the reduced levels of VEGF was selected for further
research.

Ribonuclease protection assay  A 200bp VEGF PCR
product was cloned into T7,T3 vector pBlueScript-SK,
the plasmid was linearized by  Eco R V, treated with
proteinase K and purified. The α-32 P UTP sense VEGF
RNA was generated by addition of T7 polymerase.
Ribonuclease protection assays were made as follows,
20 µg of total cellular RNA was hybridized with RNA
probes overnight at 45 . The remaining single-stranded
probe RNA and unhybridized RNA were digested with
a mixture of RNase A and RNase T1, added yeast RNA,
extracted by phenol, precipitated by ethanol,  seperated
on 7M urea/polyacrylamide gels, and then exposed to
X-ray film.

PCR, southern blot analysis  PCR was performed on

genomic DNA isolated from human SMMC-7721 cells
and individual clones of transfected cells using a sense
primer corresponding to the U6 promoter (5’-
TATACTAAGTCGACTCCTATGTGCTGG-3’) and an
antisense primer corresponding to the VEGF cDNA (5’-
TAGAGAGGGCAGAATCATCACG-AAGTGG-3’).
Using the NeoR primer, the sense primer is 5’-
CAAGATGGAATTGCACGCAGG-3’, the reversal
primer is 5’-CCCGCTCAGAAAGAACTCGTC-3’. The
PCR was performed using the following protocol: 95
1min, 60  1min, 72  1min 30s; in the last cycle, extend
10 min at 72 . Southern blot, 20 µg genomic DNA was
digested overnight, electrophoresed on 1% agarose gels,
transferred onto Hybond N nylon membrane, and
hybridized with the DIG labeled NeoR probe at 68
for 6 h, the membrane was washed  in 2 × SSC for 5
min × 2, and 0.1 × SSC for 15 min. The fragments were
visualized by chemiluminescent, and exposed to X-ray
film.

Quantitation of VEGF  The supernatant of  parental
or transfected SMMC-7721 cells were measured by
ELISA. To generate the conditional medium, the cells
were seeded onto 3.0 × 105/well plates. The media was
changed next day to MEM /0.5% bovine serum albumin/
1% dialyzed fetal calf serum for another 24 h. The media
was then replaced by the fresh MEM and cells were
allowed to grow for another 48 h. The CM was
generated by centrifugation at 14 000rpm at 4  for 15
min, then for ELISA analysis according to the
manufacturer’s instructions.

In vitro growth rate  SMMC-7721 hepatoma cells and
cells transfected with antisense, and sense-VEGF were
cultured at 1 × 104 and grown under standard culture
conditions. Cell count was made every 24 h for a total
of 144 h. The total number of cells from duplicate
experiments was determined as a function of time.

Determination of in vivo tumor growth  Subcutaneous
inoculation and tumor growth measurements were carried
out, 1 × 106 cells of the parental SMMC-7721 cells or
antisense, sense expressing clones were injected into
the flank of normal BALB/C nude mice. Tumors were
measured in two dimensions every 5 days for 25 days.
Tumor volume was calculated using the formula v = l ×
w2/2, where v = volume (mm3), l = long diameter, and w
= short diameter.

RESULTS
Construction of the antisense-VEGF RNA
expression vector based on U6 POLIII promoter
All of the major transcriptional promoter elements
for U6 RNA polymerase III are upstream of the
transcription start, which has a potential advantage
of the less exogenous RNA  coding sequence.
Another advantage of the U6 promoter is that U6
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gene is heavily expressed in human cells. The U6
cassette contained the first 5’ initial 27 nucleotides
and 3’ stem 19 nucleotides for transcript terminator
and the U6+27 transcript was predicted to be most
stable because of  the γ-phosphomethyl-GTP cap. The
fragment of VEGF was cloned into U6 cassette
through sense or antisense direction, and verified by
DNA sequence. U6 cassette containing sense or
antisense VEGF was cleaved by Hind III, Pst I
digestion and cloned into pBlue-SK vector, and
subcloned into Bam HI restriction site of retroviral
expression vector. The positive plasmid was verified
by  Bam HI digestion (Figure 1).

Figure 1  Electrophoresis pattern of pLXSN-U6 sense, antisense
VEGF plasmid digested by Bam HI.
Lane 1: λ DNA Hind III Marker; Lane 2: pLXSN digested by Bam
HI; Lane 3: pLXSN-U6 sense VEGF digested by Bam HI; Lane 4:
pLXSN-U6 antisense VEGF digested by Bam HI.

SMMC-7721 cells expressing antisense-VEGF
Following transfection by recombinant antisense
VEGF or sense VEGF retrovirus, the SMMC-7721
cells were selected by antibiotic G418, the individual
clones were isolated and expanded. And the
selected clone expressed low VEGF for further
analysis and was referred to as anti-1. This clone
was evaluated for gene expression in ribonuclease
protection assays. In this assay, hybridization of
RNA with the complementary RNA probe protects
the probe from the subsequent digestion with RNase
A and RNase T1. From Figure 2, it can be seen
that 200 bp antisense VEGF RNA was only
expressed in SMMC-7721 transfected by pLXSN
U6 antisense VEGF.

Figure 2  Detection of antisense VEGF RNA expression by RNase
protection assay.
Lane 1: Hybridization with total RNA from SMMC-7721 antisense
clone showed 200 bp antisenseVEGF RNA; Lane 2: Hybridization
with total RNA from SMMC-7721 sense clone showed no positive
band; Lane 3: Hybridization with total RNA from SMMC-7721
cells showed no positive band.

         PCR analysis of DNA isolated from the antisense-
VEGF, sense VEGF clones showed  foreign gene
integration into the genomic DNA, and the results
of PCR using the specific primer, showed that the
antisense VEGF U6 gene cassette had inserted
the genomic DNA of SMMC-7721 cells. Southern
blot analysis was performed on genomic DNA of
these antisense VEGF, senseVEGF  clones to
verify again that there was foreign integrated
cDNA (Figures 3, 4).

Figure 3  PCR amplification of genomic DNA from SMMC-7721
antisense, sense VEGF clone.
Lane 1: Marker; Lane 2: SMMC-7721/sense VEGF clone showed of
neo gene 790 bp; Lane 3: SMMC-7721/antisense VEGF clone
showed neo gene 790 bp, U6 cassette 260 bp; Lane 4: SMMC-
7721/pLXSN clone showed neo gene 790 bp

Figure 4  Genomic analysis of SMMC-7721/ U6 antisense VEGF,
SMMC-7721/U6 sense VEGF clones.Lane 1: SMMC-7721/U6 sense
VEGF clone; Lane 2: SMMC-7721/U6 antisense VEGF clone.

Diminished production of VEGF by SMMC-7721
cells transduced with antisense VEGF cDNA
In order to determine if the expression of the antisense
VEGF transgene reduced production of secreted protein,
supernatant from control-transduced (SMMC-7721
sense VEGF) and antisense VEGF transduced cells
were assayed for VEGF by ELISA. Production of
VEGF by antisense transgene-expressing cells was 65
+ 10ng/L per 106 cells, as compared with 420 + 45 ng/L
per 106 cells in sense group and 485 + 30 ng/L per 106

cells in negative control group, P < 0.05.

In vitro growth rate of antisense-VEGF cell lines
The  an t i sense-VEGF ce l l  l ines  appeared
phenotypically indistinguishable from normal SMC-
7721 cells and SMMC-7721 transfected sense VEGF
cells. And growth rates of antisense-VEGF cell lines
were the same as the control cells (Figure 5).
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Figure 5  Proliferation curves of parental SMMC-7721 cells and
antisense-VEGF, sense-VEGF cell lines.

In vivo growth of the antisense-VEGF cell lines
Control SMMC-7721 cells and antisense-VEGF
SMMC-7721 cells were s.c. injected into nude mice,
tumor volumes were measured every 5 days. Tumor
growth was detectable and measurable for control
SMMC-7721 cells 5 days post-implantation, while the
antisense VEGF cell lines  gave rise to tumors.
Examination of mice at 25 days post-implantation
revealed that the  negative control SMMC-7721 group
produced tumors of 630.92 ± 85 mm3, sense-VEGF
SMMC-7721 group produced tumors of 601.07 ± 52
mm3, while the antisense VEGF SMMC-7721 group
produced tumors of 76.33 ± 20 mm3. This experiment
demonstrates that the reduced tumorigenicity of
antisense-VEGF SMMC-7721 cells in nude mice may
be attributed to the reduced expression of VEGF
(Figure 6).

Figure 6  Tumorgenicity of antisense VEGF SMMC-7721  in nude
mice.

DISCUSSION
Angiogenesis, the formation of new blood vessels
, is essential for both tumor growth and metastasis
[7-10]. Tumor angiogensis is a process controlled
by certain chemicals produced in cancer cells.
These chemicals stimulate endothelail cells to
form new blood vessels. Candidates as major
physiological stimulators include VEGF[11], bFGF.

VEGF, and its receptors play critical roles in tumor-
associated angiogenesis and represent good targets
for therapeutic intervention[12-15]. VEGF was initially
termed vascular permeability factor, its first function
was discovered by Dvorak and colleagues[16].
There are several VEGF isoforms, in which
VEGF121 and VEGF165 are readily secreted.
Unlike bFGF, VEGF is a very specific mitogen for
vascular endothelial cells. It also functions as a
potent pro-survival factor for endothelial cells in
nearby formed vessels and this may be one of its
most important functions[17,18].
        It is reported that VEGF is an angiogenic factor
most closely associated with the neovascularization
in solid tumors. VEGF is expressed by vast majority
of cancers at elevated levels and blocks its activity
by specific neutralizing antibodies to VEGF[19,20].
VEGF-toxin conjugates[21], aptamers[21] and small
molecule VEGF receptor antagonists[22] could inhibit
the growth of cancer in animal models. In human
hepatocellular carcinoma, abundant tumor vascularity
was observed. And vascular endothelial growth
factor gene and protein expression was analyzed by
m e a n s  o f  N o r t h e r n  h y b r i d i z a t i o n  a n d
immunohistochemistry, increased expression of
VEGF has been reported in hepatocellular carcinoma
cells (HCC)[23-26]. So VEGF gene expression is
significantly  associated with angiogenesis of HCC.
Tang Zhao You et al studied the angiogenesis induced
by liver cancer with different metastatic potentials
using corneal micropocket model in nude mice. It
was suggested that highly metastatic liver cancer
was more angiogenic than low metastatic cancer and
liver tissue[26]. In HCC with metastasis, mRNA of
VEGF is closely related to the growth of HCC as
well as its metastasis[27].
         In China, the hepatocarcinogenesis is closely related
with the hepatitis virus[28], the results of the researches
showed that, after viral infection,there is abnormal
expression of oncogene such as ras, bcl-2, especially
P53[29-33], and there is also a possible link between
oncogenes and tumor angiogenesis. Expression of
mutant ras can lead to a marked induction of a potent
paracrine stimulator of angiogenesis. In addition,
hypoxia stimulates expression of VEGF and tumor
angiogenesis[34-40]. The results of therapeutic
experiments showed that the chimeric protein consisting
of DT390-VEGF165 or DT390-VEGF exon7 can
efficiently kill the HepG2 and gastric carcinoma cells
and may kill vascular endothelial cells in the cancer[41,

42] and antiangiogenesis inhibitor TNP-470 plus lipiodol
greatly decreased the hepatoma growth in animal
models which depend on the reduction of microvessel
density[43].
         Blocking the interaction between the VEGF
and its receptor can inhibit the growth of tumor
through the antiangiogenesis effect[44-47]. From our

Tang YC, et al. Antisense VEGF gene therapy of hepatoma                25



previous experiment, we found VEGF expression in
hepatoma cell line SMMC-7721 cells. We there fore
sought to determine if inhibition of secretion of VEGF in
SMMC-7721 tumor cells would inhibit the growth of this
tumor in animal model.
          In order to improve the expression of the antisense
VEGF RNA in the target cell, we constructed the
retrovirus vector containing the human U6 promoter
cassette that had the POL III promoter to transcribe
the small therapeutic RNA in the nuclei of cells.
Compared with other transcriptional promoters such
as POL II, tRNA, there are two advantages of U6
promoter:  high expression in human cells, and 
the therapeutic RNA contains less unnecessary RNA
encoding the intragenic ptomoter. In the same time,
we amplified a common VEGF cDNA  and inserted
reversely into U6 cassette[48-52]. U6 promoter
transcribed a small antisense VEGF RNA fragment
that could specifically interacted with VEGF165 and
VEGF121 mRNA. Our previous results, verified that
U6 cassette could effectively express antisense VEGF
RNA molecules and decreased the expression of
mRNA VEGF165, and VEGF121. Then U6 cassette
that expressed antisense VEGF RNA  was inserted
into the retroviral construct. After packaging the
recombinant retrovirus, this cassette was introduced
into the SMMC-7721 cells. Ribonuclease protection
analysis using the RNA probe specific for antisense
VEGF demonstrated that there was antisense VEGF
RNA expression in the SMMC-7721 cells genetically
modified by antisense U6 cassette. The antisense clone
selected for further study showed radical decrease in
VEGF protein in supernatant compared with the sense
and negative SMMC-7721 cell group. Inhibition of
VEGF expression in SMMC-7721 cells resulted in
severely impaired growth of this tumor in vivo. This
may be related with the reduced levels of VEGF
produced by the antisense-VEGF-transfected SMMC-
7721 cell clone, and this resulted in a decrease of
number of tumor blood vessels. Our findings
demonstrate that the inhibition of VEGF is sufficient to
control the tumor growth in vivo. The antisense VEGF
srategy offers a way for gene therapy as an adjuvant
treatment for hepatoma.
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Abstract

AIM To compare the therapeutic effect and
significances of multimodality treatment for
hepatocellular carcinoma (HCC) with tumor
thrombi in portal vein (PVTT).
METHODS  HCC patients (n = 147) with tumor
trombi in the main portal vein or the first branch
of portal vein were divided into four groups by
the several therapeutic methods. There were
conservative treatment group in 18 out of
patients (group A); and hepatic artery ligation
(HAL) and/or hepatic artery infusion (HAI)
group in 18 patients (group B), in whom
postoberative chemoembolization was done
periodically; group of removal of HCC with PVTT
in 79 (group C) and group of transcatheter
hepatic arterial chemoembolization (TACE) or
HAI and/or portal vein infusion (PVI) after
operation in 32 (group D).
RESULTS  The median survival period was 12
months in our series and the 1-, 3-, and 5-year
survival rates were 44.3%, 24.5% and 15.2%,
respectively. The median survival times were 2,
5, 12 and 16 months in group A, B, C and D,
respectively. The 1-, 3- and 5-year survival rates
were 5.6%, 0% and 0% in group A; 22.2%, 5.
6% and 0% in group B; 53.9%, 26.9% and
16.6% in group C; 79.3%, 38.9% and 26.8%
in group D, respectively. Significant difference
appeared in the survival rates among the groups

(P<05).

CONCLUSION  Hepatic resection with removal

of tumor thrombi and HCC should increase the

curative effects and be encouraged for the

prolongation of life span and quality of life for

HCC patients with PVTT, whereas the best

therapeutic method for HCC with PVTT is with

r e g i o n a l  h e p a t i c  c h e m o t h e r a p y  o r

chemoemblization after hepatic resection with

removal of tumor thrombi.

INTRODUCTION
Hepatocellular carcinoma (HCC) with tumor
thrombi in the main trunk or the first branch of the
portal vein would be considered to be advanced
stage of liver cancer[1], which often results in
intrahepatic metastasis and can only be treated with
conservative or non-operative methods such as per
oral chemotherapy, biotherapy, traditional Chinese
medicine, etc. In China, some patients even give
up all the therapeutic methods for HCC. The
majority of those patients usually die of liver failure
or bleeding of the upper digestive tract within
several months[2,3]. In recent decade, the active
therapeutic measure for HCC with tumor thrombi
in portal vein (PVTT) was performed at the Liver
Cancer Institute of Shanghai Medical University, i.
e., hepatic resection with removal of PVTT. After
the operation, some patients obtained satisfactory
c u r a t i v e  e f f e c t s  t h r o u g h  t r a n s c a t h e t e r
chemotherapy or transcatheter hepatic arterial
chemoembolization (TACE), or hepatic artery
infusion (HAI) and/or portal vein infusion of
chemotherapeutic agents (PVI).

MATERIALS AND METHODS
Patients
B y  D e c e m b e r  1 9 9 6 ,  1 4 7  p a t i e n t s  w i t h
pathologically proven HCC with tumor thrombi in
the main trunk or the first branch of the portal
vein had been treated at the Liver Cancer Institute
of Shanghai Medical University. Among them, 144
were males and 3 females, the median age was 48.
2 years (ranged from 20 to 70 years). Serum hepatitis
B surface antigen was found positive in 123 cases
(83.7%). Coexisting cirrhosis was found in 138
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cases (93.9%): macronodular cirrhosis (cirrhotic nodule
>3 mm) in 81 patients and micronodular cirrhosis
(cirrhotic nodule 3 mm) in 57 patients. Alpha-
fetoprotein (AFP) levels were elevated (21-16 000 µg·L-1)
in 120 cases (81.6%). The tumors were situated in
the left lobe in 53 cases, the right lobe in 61 and both
lobes in 33.

Groups of patients
One hundred and forty-seven patients were divided into
4 groups. Group A: conservative treatment group,
receiving only oral medications of chemotherapy or
Chinese herbal decoction and supporting treatment, 18
cases; Group B: hepatic artery ligation (HAL) and/or
HAI or PVI (postoperative chemotherapy through
hepatic artery or portal vein, and periodical
chemoembolization through hepatic artery), 18 cases;
Group C: removal of HCC with PVTT in 79 cases;
among them, 5 patients were lost to follow-up. The
tumors and tumor thrombi were resected simultaneously
or tumor thrombi were extracted from the portal vein
after removal of the tumors for the HCC patients
with PVTT; Group D: Intrahepatic arterial
chemoembolization or chemotherapy and/or intraportal
chemotherapy by catheterization or TACE were
periodically performed after resection of HCC with
PVTT in 32 cases; among them, 3 cases were lost to
follow-up.

Location of tumor thrombi
Fifty-one cases had tumor thrombi in left branch of portal
vein, 47 in right branch, 10 in both branches, 14 in left
branch extending to the main portal vein, 9 in right branch
extending to the main trunk of portal vein, and 16 in both
branches and the main portal vein.

Comparison of clinical data in different groups
in HCC patients with PVTT
These data are shown in Table 1, indicating that there
were no statistical differences between groups.

Table 1  Comparison of several treatments groups for HCC
with PVTT

                                                    Group A  Group B   Group C       Group D              P
                                                    (n = 18)     (n = 18)     (n = 74)          (n = 29)

Tumor diameter
     <10 cm   2     5     39          14               NS

10 cm 16   13     35          15
Tumor number

      Single   7   13     46          18               NS
  2 11     5     28          11
Encapsulation
      Well   1     3     16            5               NS
      Poor 17   15     58          24
PVTT in main trunk

       -   6   12     58          24               NS
      + 12     6     16            5

NS: no significance statistically.

Resection of HCC and catheterization after
resection
Resection of left lateral lobe was performed in 18
cases, resection of left lateral lobe and partial right
hepatic resection in 3, left hemihepatectomy in 40, left
trilobectomy in 9, resection of hepatic medial lobe in 3,
right hemihepatectomy in 4 and right partial
hepatectomy in 34. PVI was followed by resection in
5 cases, HAI in 7 and HAI + PVI in 9. The catheters
were cannulated into the hepatic artery and portal vein,
and the ports were completely implanted beneath the
abdominal wall.

Treatment methods for PVTT
For the tumor thrombi in left branch of portal vein,
the right branch of portal vein was detached at first
and then ligated by using a cotton ribbon or a fine
rubber tube. The purpose was to prevent spreading
of cancer cells of tumor thrombi from the left branch
of portal vein to the right lobe during the resection
or PVTT removal. After resection of left lateral lobe
or left hemihepatectomy, the tumor thrombi were
taken out from the stump of left branch of portal
vein and irrigation was done with physiological saline,
then the stump of portal vein was sutured and the
ligature of the right branch of portal vein was
released.
        For tumor thrombi in the right branch of portal vein,
the treatment for HCC with PVTT was similar to that in
the left branch.
         For the tumor thrombi in both branches of portal
vein, the stump of one branch of portal vein was exposed
after resection of liver cancer in left or right lobe, the
hepatoduodenal ligament was ligated to block the blood
flow entering the liver, and then the tumor thrombi were
sucked or taken out through the stump.
        For the tumor thrombi in the left or right branch of
portal vein extending to the main trunk, the liver cancer
in left or right lobe was removed first after detaching
and ligating the right or left branch of portal vein, the
stump of portal vein was clipped, then the main portal
vein over the duodenum was gently held by the thumb
and index finger. While the stump was being loosened,
the tumor thrombi would flow out with  the on-going
portal blood flow.
        For the tumor thrombi in both branches and the
main trunk of portal vein, the tumor thrombi were sucked
through the stump of one branch of portal vein, while
pressing the opposite branch with an index finger for
preventing dissemination of tumor cells. If the tumor
thrombi were difficult to be sucked or taken out, the
main portal vein should be detached. A longitudinal
incision of 1.5 to 2.0 cm was made on anterior or right
vascular wall of the main trunk of portal vein, and then
the tumor thrombi were taken out directly. After the
operation, B-mode ultrasonography was performed
to make out whether the tumor thrombi had been
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removed completely from the portal vein.

Chemotherapy after operation
Group D: After operation, 11 patients received 1 to 3
times of TAI or TACE (median 1.5 times) and other 21
patients received 2 to 4 times (median 2.5 times) of HAI
and/or PVI or hepatic arterial chemoembolization (HAE).
Group B: All patients were treated by HAI or HAE and/
or PVI 1 to 4 times (median 2 times). The dosages of
chemotherapy in HAI or TAI and/or PVI were 5-
fluorouracil (5-Fu) 1 000 mg, mitomycin (MMC) 12 to
20 mg and cisplatin or carborlatinum 80 mg, and lipoidal
5 mL in group D to 20 mL in group B of lipiodol  was
used in the TACE or HAE.

Statistical method
All the data were calculated with the digital Cox model
and the limit of significant difference was P<0.05.

RESULTS
Curative effects of several therapeutic methods
for HCC patients with PVTT
Among the series, the follow-up survey was lost in 8
cases. The median survival period of the 139 patients
was 12 months, and the 1-, 3 and 5- year survival rates
were 44.3%, 24.5% and 15.3% respectively. The median
survival period and the 1, 3 and 5- year survival rates in
different groups are shown in Table 2.

Table 2  Survival time and rates of patients with PVTT

                                                                      Group A   Group B    Group C    Group D
                                                                       (n = 18)      (n = 18)     (n = 74)       (n = 29)

Median survival periods (months) 2.0   5.0   12.0     16.0
Survival rates
 1-year(%) 5.6 22.2   53.9a2     79.3a1

 3-year (%) 0   5.6   26.9a2     38.9a1

5-year(%) 0   0   16.6a2     26.8a1

a1P<0.05, vs Group C, B and A;  a2P<0.05, vs Group B and C.

Table 3  Survival time and rates of patients with the tumor
thrombi in  the main trunk and the first branch of portal vein

                        Tumor thrombi in the main trunk  Tumor thrombi in the first branch

                                    Gr.A      Gr.B      Gr.C      Gr.D     Gr.A      Gr.B       Gr.C       Gr.D
                                 (n = 12)  (n = 6)  (n = 16)  (n = 5)   (n = 6)  (n = 12)  (n = 58)  (n = 24)

MST* (months) 2.0         5.5         8.0         16.0         2.0         5.0         13.0         16.5

Survival rate

 1-year(%) 8.3      33.3       29.4         80.0          0         16.7         59.7         79.2

 3-year (%) 0            0          14.3          20.0         0   8.3        27.4          54.6

5-year(%) 0            0          11.1            0             0            0               8.8         42.0

* MST: median survival time.

Curative effects between PVTT in the main trunk
and the first branch
Table 3 shows the results of multimodality treatment
in patients with tumor thrombi in the main trunk
and the first branch of portal vein. It indicates that

the results of treatment in patients with PVTT in the
first branch were better than that in patients with PVTT
in the main trunk in groups C and D.

Curative effects and factors influencing the
prognosis of the patients
after resection of HCC with PVTT (Table 4) The results
of resection followed by chemotherapy or
chemoembolization in patients with a diameter of tumor
mass less than 10 cm, without tumor thrombi in the main
portal vein were better than those in patients with
diameter of more than 10 cm, with tumor thombi in the
main portal vein and without chemotherapy or
chemoembolization after resection.

Table 4  Curative effects and factors influencing the prognosis
of patients after removal of HCC with PVTT

                                                   Patients 1-year(%) 3-year(%) 5-year(%)       P

Removal of PVTT 103 61.7 32.3 22.4

Tumor diameter

      <10 cm   53 64.2 41.5 27.0 0.014a1

   10 cm   50 59.7 25.2 19.3

PVTT in main trunk

         -   82 66.3 36.9 26.1 0.027a2

        +   21 42.9 14.3 8.6

Encapsulation

       Well   21 75.6 30.9 8.6 0.928

       Poor   82 58.4 32.9 26.7

Chemotherapy or chemoembolization after operation

         No   74 53.9 26.9 16.6 0.012a3

        Yes   29 79.3 38.9 26.8

Tumor number

      Single   64 59.4 27.7 18.7 0.561

  2   39 65.4 38.7 27.7

a1P<0.05 vs 10 cm group; a2P<0.05 vs PVTT in main trunk (+)
group; a3P<0.05 vs chemotherapy or chemoembolization after
operation (yes) group.

DISCUSSION
HCC with tumor thrombi in the main trunk or the first
branch of the portal vein is considered to be a late stage
of liver cancer, lacking in ideal therapeutic measures.
The treatment was often given up in former times. As
the majority of the patients with HCC have been in
advanced stage when first seen,  a large probortion of
the patients are associated with tumor thrombi in the
main trunk or the first branch of the portal vein.
Therefore, it is very important to explore effective
therapeutic methods for HCC with PVTT and to raise
the survival rates of these patients.
        Until now, the treatments for HCC with PVTT
are limited. In the medical literaures about the treatments
of HCC with PVTT, there were the following methods:
TACE, PVI, percutaneous ethanol injection in tumor
thrombi, TACE + radiotherapy and surgical removal of
tumor thrombi etc. Chung et al[4] reported that the 1 and
2-year survival rates were 30% and 18% respectively in 110
HCC patients with PVTT by TACE. Katsumori et
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al[5] reported that the 3-year survival rate was 44%
in 9 cases of tumor thrombi in the main portal vein
by hepatic arterial chemotherapy through the
implanted ports beneath the abdominal wall. It was
also reported that the percutaneous ethanol injection
in  PVTT and  TACE + rad io therapy  gave
satisfactory curative effects for PVTT[6-8]. There
were only a few papers about the resection
of HCC with removal of tumor thrombi in the
main  t runk  o r  the first branch of the portal
vein[9,10]. Yamaoka et al [9] adopted 5 resection
modes for PVTT. The operative mortality of 29
patients with PVTT was 11%, and the 1, 2 and 3-
year survival rates after operation were 52.2%, 23.
2%, and 11.6%, respectively. Four different
procedures were used for the patients with PVTT
in our series, and the results revealed poor efficacy
in the conservative treatment group. The median
survival time was only 2 months (group A). The
best curative effect was in group of removal of
HCC with PVTT + HAI and/or PVI or TACE (group
D). The median survival time was 16 months and
the 5-year survival rate was 26.8%. For this reason,
if the tumors with PVTT are limited in the left or
right lobe of liver and liver function as evaluated is
able to tolerate the operation, we should adopt
active therapeutic procedure. The best try should
be made for removal of HCC with PVTT and
h e p a t i c  r e g i o n a l  c h e m o t h e r a p y  o r
chemoembolization are periodically performed after
operation. This procedure can further raise the
treatment efficacy and prolong the survival for the
HCC patients with PVTT.
      The conservative treatment (only per oral
chemotherapy or Chinese herbal decoctions) can not
inhibit or kill cancer cells in the HCC patients with
PVTT. Rapid progression of liver cancer will result
in death in a short time due to liver failure or portal
hypertension, with  vigorous variceal bleeding. Among
18 patients undergoing conservative treatment, 12
cases died of vigorous bleeding of upper digestive tract
within 3 months and only one case had the longest
survival of 13 months. Although the survival time of
18 patients treated with HAL and/or HAI were
shorter, the curative efficacy was better than that of
conservative treatment group. The 1-year survival rate
was 22.2%. Perhaps the periodical hepatic artery
chemotherapy or chemoembolization can inhibit the
tumor growth in various degrees and result in partial
necrosis of tumor thrombi. The results of Katsumori[5]

and Ando[11] also support this viewpoint. The result in
the group of removal of HCC and PVTT (Group C)
was evidently better than those of Groups A and
B, the median survival time being 12 months and the
1, 3 and 5-year survival rates being 53.9%, 26.9%,
16.6% respectively. If HCC is limited to one lobe and
the residual liver is estimated to be functionally

efficient,  we should first choose surgical resections
for the patients with PVTT. The residual cancer and
residual tumor thrombi are primary factors influencing
the survival of the HCC patients with PVTT.
According to patient’s conditions, periodical HAI/PVI
or TACE are effective methods to improve the
survival rate after operation. In the group of HAI/
PVI or TACE after resection of HCC with PVTT
(group D), the median survival time was 16 months
and the 1, 3, and 5-year survival rates were 79.3%,
38.9%, 26.8% respectively. The result was better than
the other three groups. These results indicate that the
best therapeutic method is sequential regional hepatic
chemotherapy or TACE after surgical removal of
HCC and PVTT. Table 3 shows curative effects in
HCC patients with tumor thrombi in the main trunk of
portal vein were inferior to those in patients with tumor
thrombi in the first branch. The tumor thrombi in the
main trunk represent the disease in advanced stage,
which is often accompanied with tumor thrombi in both
branches and disseminated foci in the opposite side
of liver. Moreover, the resection of thrombi in the main
trunk of portal vein may lead to cancer cell
dissemination or incomplete extermination and rapid
formation of thrombi in the main trunk after operation.
The above factors cause the poor efficacy for HCC
patients with tumor thrombi in the main trunk of portal
vein, and poor quality of life than those with tumor
thrombi in the first branch.
        It has been convinced that the factors influencing
curative effects for HCC with PVTT such as location
of tumor thrombi (in the main trunk or the first branch of
portal vein), tumor size and regional hepatic
chemotherapy, etc. To our experience, the treatment
methods for removal of tumor thrombi are closely related
to the efficacy. Before operation, we must find out the
scope of tumorthrombi with ultrasonography, CT or
magnetic resonance angiography (MRA). During
resection, we should block the blood flow of portal vein
into liver or blood flow of the opposite branch, suck the
tumor thrombi completely as far as possible and not break
it. Then, we scrape off with curet the residual tumor
thrombi attached on the vascular wall, and perform
repeated irrigation and exsuction with physiological saline.
Furthermore, anticoagulant injections through the portal
vein during several postoperative days may also be an
effective procedure to prevent and reduce the rapid
recurrence of thrombi in the portal vein[12,13].
        The therapeutic methods for HCC with PVTT are
still at the investigative stage. Such patients occupy
a considerable proportion  in the liver cancer clinic.
As PVTT is an important factor resulting in
intrahepatic metastasis and recurrence after
operation, it will be very valuable to study the
mechanism of the PVTT formation in HCC patients
and to explore more effective treatment measures
for prolonging survival and improving their quality
of life.
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Abstract

AIM To study the effect of phosphorylation of
MAPK and Stat3 and the expression of c-fos and
c-jun proteins on hepatocellular carcinogenesis
and their clinical significance.
METHODS SP immunohistochemistry was used
to detect the expression of p42/44MAPK, p-Stat3,
ca2fos and c-jun proteins in 55 hepatocellular
carcinomas (HCC) and their surrounding liver
tissues.
RESULTS  The positive rates and expression levels
of p42/44MAPK, p-Stat3, c-fos and c-jun proteins
in HCCs were significantly higher than those in
pericarcinomatous liver tissues (PCLT). A
positive correlation was observed between the
expression of p42/44MAPK and c-fos proteins, and
between pa2Stat3 and c-jun, but there was no
significant correlation between p42/44MAPK and
p-Stat3 in HCCs and their surrounding liver
tissues.
CONCLUSION  The abnormalities of Ras/Raf/
MAPK and JAKs/Stat3 cascade reaction may
contribute to malignant transformation of
hepatocytes.Hepatocytes which are positive for
p42/44MAPK, c-fos or c-jun proteins may be
potential malignant pre-cancerous cells.
Activation of MAPK and Stat3 proteins may be
an early event in hepatocellular carcinogenesis.

INTRODUCTION
The regulation of cellular mitogenesis and proliferation
under normal circumstances are dependent on a number
of separate, yet integrated, signaling pathways
responsible for the transduction of extracellular signals
to the cell nucleus[1-3]. Similar to other tumorigenic cells,
hepatocellular carcinoma (HCC) is characterized by the
imbalance of the normal growth-promoting and growth-
arresting signal transduction cascade reaction, the net
result of which leads to uncontrolled hepatocyte growth
[1,2]. Mitogen-activated protein kinase (MAPK) and
signal transducer and activator of transcription 3 (Stat3)
are important molecules in signal transduction cascades,
which take part in cellular physiological growth,
development, mitogenesis and differentiation, and play
key roles in cellular malignant transformation[4,5]. In order
to study the function of signal transduction cascade in
hepatocarcinogenesis, the phosphorylation of MAPK
(p42/44 MAPK, Erk1/Erk2) and Stat3 (p-Stat3), and the
expression of c-fos and c-jun proteins were investigated
by immunohistochemical method in HCCs and their
surrounding liver tissues.

MATERIALS AND METHODS
Tissue samples
Fifty-five HCCs with pericarcinomatous tissue (PCLT)
and 5 normal liver tissues were obtained by surgical
resection in Xiang Ya Hospital and the Affiliated Second
Hospital of Hunan Medical University, Changsha,
People’s Republic of China. Of 55 HCC patients, 43
were men and 12 women. The age ranged from 36 to
69 years (mean, 51.8 years). The tumor sizes were less
than 3cm in diameters in 3 cases, 2.1 cm-5 cm in 32
cases, 5.1 cm-10 cm in 18, and larger than 10 cm in 2
cases. All patients were HBsAg negative. Remote
metastasis was not found, and preoperative radiological
or chemical therapy was nor performed in all patients.
All HCCs and PCLTs were fixed in 10% formalin and
embedded in paraffin. Five µm serial sections were cut.
According to Edmondson’s criteria[6], 10 HCCs were
grade I, 21 grade II, 17 grade III, and 7 grade IV. Thirty-
eight atypical hyperplasia cases were observed in 55
PCLTs.

Reagents
p42/44 MAPK(Erk1/Erk2, Thr202/Tyr204) and p-
Stat3(Ser727) MAbs, were used to detect the
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phosphorylation of MAPK and Stat3, and S-P detection
kit were kindly donated by New England Biolab, USA.
Anti-c-fos and anti-c-jun protein MAbs were purchased
from GIB Com (Beijing, China).

Methods
Immunohistochemical staining  Five µm tissue
sections were deparaffinized, washed in 0.05 M PBS,
and treated with 2% H2O2 for 20 min. According to the
SP method, the tissues were detected with
immunohistochemical technique. PBS was used as
substitutes of MAbs for negative control groups[7].

Histological assessment  Semi-quantity analysis was
made as Formowitz described[8].

Statistical analysis
The difference between each group was analyzed by
Chi-Square test and correlativity.

RESULTS
Expression of p42/44MAPK and p-Stat3 proteins in
HCCs, PCLTs and normal liver tissues
p42/44MAPK was negative in normal liver tissues.
The positive rate of p42/44MAPK in HCCs (87.3%,
48/55) was significantly higher than that in PCLTs
(32.7%, 18/55, P<0.01) (Figure 1). Positive signals
were  main ly  loca ted  in  the  nuc leus .  The
distribution of positive cells for p42/44MAPK was
clustered and/or diffused in HCCs (Figure 2), and

scattered in PCLTs, but also clustered in atypical
hyperplasia regions of some PCLTs near cancer
tissues. The expression level of p42/44MAPK in HCCs
was higher than that in PCLTs (P<0.01), but it was
not correlated with the differentiation degree of cancer
cells (Table 1). Positive signals of p-Stat3 were of
nuclear-type. Of 9 normal liver tissues, 1 case was p-
Stat3 positive. The positive rate of p-Stat3 in HCC
(74.5%, 41/55) was significantly higher than that in
PCLTs (23.6%, 13/55) (P<0.01). The p-Stat3 positive
cells were clustered in HCC (Figure 3), and scattered
in PCLTs. The expression intensity of p-Stat3 in HCCs
was also higher than that in PCLTs (P<0.01), but it
was not correlated with differentiation degree of
cancer cells (P>0.05) (Table 1).

Figure 1  The positive rates of p42/44MAPK, p-Stat3, c-fos and c-
jun proteins in HCCs and PCLTs.

Table 1  Expressions of p42/44MAPK, p-Stat3, c-fos and c-jun proteins in HCCs, PCLTs and normal liver tissues

                                                p42/44MAPK                              p-Stat3                                        c-fos                                      c-jun
Groups            No
                                      -          +        ++      +++        -          +         ++      +++       -          +         ++      +++        -          +        ++      +++

Normal   9               9                0               0               0               8                1               0               0               9               0                0                0               9               0               0                0
PCLT 55             37               9               7               2             42               4               7               2             36             12                7               0             39             13               3                0
HCC
Grade I 10               1               4               4                1               5               1               2               2                8               1                1               0               4                4               1                1
Grade II 21               3               6             12               0               2             12               5               2                3             12               4                2               1             15               4                1
Grade III 17               1               9               2               5                4               3               6               4                2               4                8               3               2                8               5                2
Grade IV   7               2                1               3               1               3                1               3               0               0                1               2                4               0               0               2                5

Expression of c-fos and c-jun proteins in HCCs,
PCLTs and normal liver tissues
The expression of c-fos and c-jun proteins was not found
in normal liver tissues. The rates of c-fos and c-jun protein
expression in HCCs (76.4%, 87.3%) were significantly
higher than those in PCLTs (34.5%, 29.1%) (P<0.01).
Their positive signals were mainly of nuclear type in
HCCs (Figures 4, 5) and nuclear-plasmic type in PCLTs.
The positive intensity in HCCs was distinctly higher
than that in PCLTs, and related to the differentiation
degree of HCC cells. The poorer the differentiation of
HCC cells, the stronger the expression of c-fos and c-
jun proteins. The distribution of positive cells for c-fos
or c-jun protein in HCCs was diffuse, and scattered
in PCLTs.

Relativity of expression intensities of p42/44MAPK

and p-Stat3 in HCCs and PCLTs
No relationship was found between p42/44MAPK and p-
Stat3 signal intensities in HCCs and PCLTs (r = -0.167
and 0.0844, P>0.05).

Relationship between expression strength of p42/
44MAPK and c-fos proteins, between p42/44MAPK and
c-jun in HCCs and PCLTs (Table 2)
In HCCs, the expression of p42/44MAPK was
positively related to the expression intensities of c-
fos and c-jun proteins. The stronger the expression
of p42/44MAPK, the higher the signal intensities of
c-fos and c-jun proteins. In PCLTs, there was a
positive relationship between the expression of p42/
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44MAPK and c-fos proteins, and no relationship
between the expression of p42/44MAPK and c-jun
proteins.

Table 2  Relationship in expressive strengthes of p42/44MAPK,
c-fos and c-jun proteins between HCCs and PCLTs

Groups                                           r                      P

HCC
  p42/44MAPK/c-fos 0.44835 <0.01
  p42/44MAPK/c-jun 0.3054 <0.01
PCLT
  p-MAPK/c-fos 0.9433 <0.01
  p-MAPK/c-jun 0.1472 >0.05

Relationship between expression strength of p-
Stat3 and c-fos proteins, between p-Stat3 and

c-jun in HCCs and PCLTs (Table 3)
In HCCs, the expression of p42/44MAPK was significantly
positively related to expression intensities of c-fos and
c-jun proteins. In PCLTs, there was a positive relationship
between the expression of p-Stat3 and c-jun proteins,
whereas no relationship between the expression of p-
Stat3 and c-fos proteins was observed.

Table 3  Relationship in expression strength of p-Stat3, c-fos
and c-jun proteins between HCCs and PCLTs

Groups                                            r                      P

HCC
  p-Stat3/c-fos 0.3967 <0.01
  p-Stat3/c-jun 0.5444 <0.01
PCLT
  p-Stat3/c-fos 0.0499 >0.05
  p-MAPK/c-jun 0.3596 <0.01

Figure 2   Localization of positive signal and distribution of positive cells for p42/44MAPK protein in HCC. SP×400
Figure 3   Localization of positive signal and distribution of positive cells for Stat3 protein in HCC.  SP×400
Figure 4   Positive expression of c-fos protein in HCC.  SP×400
Figure 5   Positive expression of c-jun protein in HCC.  SP×400

DISCUSSION
Ras/Raf/MAPK and Janus protein tyrosine kinases
(JAKs)/Stat3 cascades are two major signaling
pathways of growth factors and cytokines[1,2,4,5,9,10].
The former involves transient formation of ras-GTP
and activation of raf kinase at the cell membrane to
activate MAPK kinase which in turn activates
MAPK through dual phosphorylation on threonine
and tyrosine residues[11-14]. Activated MAPK then
transduces into the nucleus and phosphorylates the
ternary complex factor TCF which activates the
expression of immediate-early genes, such as c-fos
and egr-1[14,15] . There have been a few reports
concerning MAPK activation in human cancers[1,2,

16-21]. It was reported that MAPK activity level in
HCC was significantly higher than that in the adjacent
non-cancerous lesions[1,2,18]. Our results showed that the
positive signal of p42/44MAPK was almost located in

the nucleus, indicating that the detected MAPK is
activated MAPK. The positive rate and intensity of p42/
44MAPK in HCCs were all distinctly higher than those in
PCLTs, which is consistent with the results reported in
literature. Statistical analysis found that the expression
intensity of p42/44MAPK in HCCs was significantly
positively correlated with the expression strength of
immediate-early genes (c-fos and c-jun), and the
expressive intensity of p42/44MAPK in PCLTs was also
significantly positively correlated with the expression
strength of c-fos. These findings further suggest that
the imbalance of Ras/Raf/MAPK cascade components
may play a key role in hepatocarcinogenesis.
         JAKs associate with cytokine receptors which lack
intrinsic tyrosine kinase activity and become
activated upon cytokine stimulation. Activated
JAKs activate Stat3 through phosphorylation of
Tyr-705[22]. Phosphorylated Stat3 (p-Stat3) then
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translocates into the nucleus and binds to DNA
response elements and transactivates gene expression
[14,23,24]. The data presented here showed that the
positive signals of p-Stat3 were mainly of nuclear type,
and the positive rate and strength of p-Stat3 in HCCs
were significantly higher than those in PCLTs, and
the signal intensity of p-Stat3 was positively correlated
with the expression level of the c-jun protein in HCCs
and PCLTs. These results suggest that JAKs signaling
cascade may also contr ibute to malignant
transformation of hepatocytes besides Ras/Raf/
MAPK signaling pathway in hepatocellular
carcinogenesis.
       Results in literature were inconsistent on the
correlation between Ras/Raf/MAPK and JAKs/Stat3
pathways in tumor genesis and development[14,25,26].
Chung et al[25] reported that MAPK activated Stat3
through phosphorylation of Ser-727. Leaman
et al[26] found that JAKs may not be required for the
activation of Stat3 by some growth factors such as EGF
and PDGF. As the MAPK and Stat3 become activated
upon many growth factors and cytokines, it was
considered that MAPK may promote activation of
Stat3, but in Jain’s results  MAPK may inhibit
transcription activity of Stat3[14].  Our data indicated
that there was no correlation between expression
intensities of p42/44MAPK and p-Stat3 in HCCs and
PCLTs. The Stat3 phosphorylation is a complex event.
Because the Stat3 can be phosphorylated through
different protein kinases and pathways, detecting Stat3
at different phases of signaling cascades may produce
entirely contradictory results about Stat3 activity. We
think that both Ras/Raf/MAPK and JAKs/Stat3
pathways may play important roles in hepatocellular
carcinogenesis, but their detailed mechanisms need to
be further studied.
        Up to now, the characteristics of pericar-cinomatous
hepatocytes has not been clear[27]. The results showed
that pericarcinomatous hepatocytes, especially
proliferative or atypical hyperplasia hepatocytes,
strongly express p42/44MAPK, p-Stat3, c-fos and c-jun
proteins, which suggest that activation of MAPK and
Stat3 may be an early event in hepatocellular
carcinogenesis. It also implys that the hepatocytes
which express p42/44MAPK and/or p-Stat3 may be
potentially malignant precancerous cells. Therefore,
in order to avoid local recurrence, the operative range
should be as extended as possible in the  resection of
HCCs.
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Abstract

AIM  To examine the expression of activin A, a
member of the transforming growth factor
(TGF-βββββ) superfamily, recently has been reported
to beoverexpressed in liver cirrhosis, in the
course of carbon tetrachloride-induced rat
hepatic fibrosis.
METHODS  Hepatic fibrosis was induced in rats
by subcutaneous injections of 40% carbon
tetrachloride oily solution for a period of 1 to 7
weeks. At the end of 1, 2, 3, 4, 5, 6 and 7 weeks
after carbon tetrachloride injections, the rats
were killed in group (6-10 rats each time) for
study. The activin A messenger RNA expression
and its protein localization were assessed by
semi-quantitative reverse transcription
polymerase chain reaction (RT-PCR) and
immunohistochemistry.
RESULTS  The normal rat liver expressed activin
A mRNA and protein, and its expression was
transiently decreased and became undetectable
after carbon tetrachloride injections for 2 or 3
weeks and then increased gradually. After
injection of carbon tetrachloride for 6 and 7
weeks, activin A mRNA and protein expressions
were significantly enchanced in rat liver.
Compared with that of the normal rat liver.
Activin A mRNA expression levels in rats
receiving carbon tetrachloride injections for 6
and 7 weeks were 1.6 and 2.2 times that of those
in normal rat liver respectively (0.456 ± 0.094 vs

0.286 ± 0.0670, P<0.01; 0.620 ± 0.134 vs 0.286

± 0.0670, P<0.01).  Immunohistochemistry
showed that activin A expressed in hepatocytes
of normal liver, and its expression was decreased
in rats receiving carbon tetrachloride for 2 or 3
weeks. Compared with normal liver, activin A
expression distribution mode changed in fibrotic
liver, being increased significantly in hepatocytes
around fibrotic areas.
CONCLUSION  Activin A expression was
increased in late stage of hepatic fibrosis, and
this may be involved in hepatic fibrosis formation
in this period.

INTRODUCTION
Many researchers have tried to elucidate the
pathogenesis of hepatic fibrosis[1-11]. Multiple
studies have proved that cytokines play a vital role
in this process, especially transforming growth
factor β (TGF-β)  superfamily[12-21]. Activins are
newly found multifunctional proteins that belong to
the TGF-β superfamily[22]. There are three kinds
of activins, A(βAβA), B(βBβB) and AB(βAβB),
which are hetero/homodimers closely related β-
subunits of inhibin (βA and βB)[23].  Discovered by
virtue of their capacity to stimulate production of
follicle-stimulated hormone (FSH) from pituitary
gland, activins have widespread anatomical
distribution and are implicated in the regulation of
many biological processes, including proliferation
and differentiation of various types of cells[24].  In
liver,  ACT A inhibits growth of heptocytes and
induces apoptosis,  but promotes mesenchymal
proliferation and extracellular matrix (ECM)
production, and these effects are similar to those
of  TGF-β[25-27]. Activins and TGF-β may implicate
in development of hepatic fibrosis jointly. Sugiyama
et al[27] have demonstrated that activin A expression
was significantly enhanced in cirrhotic and fibrotic
rat livers induced by dimethylnitrosamine (DMN)
and porcine serum. However, there has been no
consensus of opinion about activin expression
changing mode and its cell origins in fibrotic rats
liver yet, for some researchers have got different
results from those of  Sugiyama. By means of RT-
PCR and immunohistochemstry, we have examined
the  ac t iv in  A express ion mode in  carbon
tetrachloride (CCl4) induced fibrotic rat liver.
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MATERIALS AND METHODS
Animals
Adult male Sprague Dawley rats, weighing 180 g-210 g,
were obtained from Shanghai Experimental Animal
Institute of the Chinese Academy of Sciences. Hepatic
fibrosis rat model was created by subcutaneous injections
of CCl4

[28-36]. Altogether 72 rats were used. They were
randomly divided into the normal control group (6 rats)
and model group (64 rats). For the model group rats,
CCl4 olive solution (40% CCl4) was injected
subcutaneously at a dose of 0.4 mL/100 g twice a week.
A double dose was used for the first injection. A same
volume of saline was injected in normal control group
animals. For study by lots every week (from the 1st to 7
th week), 72 hours after last injection of CCl4, 6-10 model
group rats were sacrificed. One portion of each liver
was immediately frozen in liquid nitrogen for RNA
extraction, and the remainder was fixed with 10%(vol/
vol) formalin for van Gieson (VG) staining or
immunostaining.

Immunohistochemistry
Deparaffinized 5 µm thick liver sections were washed
three times with phosphate-buffered saline (PBS; pH 7.4),
incubated in endogenous peroxidase blocking solution
(Immunostain EliVision Kit, Maxim Biotech, Inc),  and
then treated with 0.01 M citrate buffer pH 6.0 for 10
minutes in a microwave oven at 650W. Non-specific-
antibody binding was blocked by pretreatment with PBS
containing 0.5% bovine serum albumin (fraction V
powder, Sigma). Sections were then rinsed in PBS and
incubated overnight at 4  with diluted monoclonal
antibody against activin βA subunit (Serotic, UK) at 1:
100 in PBS followed by three washes in PBS containing
0.05% Tween-20. The steps were performed using
Immunostain EliVision kit according to the
manufacturer’s instructions. Sections were stained with
3,3’-diaminobenzidine tetrahydrochloride (DAB) as a
chromogen. The slide was rinsed with distilled water,
counterstained with hematoxylin, dehydrated, air dried,
and mounted. The negative control slides were treated
with nonspecific mouse IgG. The sections were
examined under light microscopy.

Preparation of RNA
Total RNA was extracted from liver tissues according
to the guanidinium isothiocyanate single-step methods
(Kit from Watson Biological Inc, Shanghai).The RNA
concentration of each sample was estimated by
measuring the absorbance at 260 nm.

Reverse transcription and polymerase chain
reaction (PCR)
Reverse transcription (RT) was performed using RT
kit from Bioneer. The 20 µL reaction contains total
RNA 2 µg,  and oligo(dT)6 12.5pmol (Sangon,
Shanghai). The first-strand cDNA sample (2 µL)

was added to 25 µL of a PCR reaction mixture
containing 0.5 µM gene-specific primers, 2 mM
MgCl2, 0.2 mM dNTP, and 1.5 units Taq polymerase,
2.5 µL 10 × buffer. Activin βA[37] sense primer: 5’-
cagtcgtggacggtgcagaagt-3’; antisense primer: 5’-
gcctgcggtgaggatggtctt-3’; the predicted size of the
ampl i f i ca t ion  produc ts  was  474  bp .  The
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene (house-keeper gene) sense primer
[38]: 5’-catggtctacacgttccagt-3’; antisense primer: 5’-
ggctaagcagttggtggtgc-3’; the 329 bp fragment
amplification product was used as a positive control
of the reverse-transcriptase receation and tissue
mRNA integrity. Amplification conditions included
initial denaturation for 5 minutes at 94 , 30 cycles of
amplification for activinβA and 28 cycles for GAPDH,
with denaturation at 94  for 45 seconds,  annealing
at 60  for 45 seconds, and extension  at 72  for 1
minute .  PCR products  were  ana lyzed  by
electrophoresis through agarose gel(2% wt/vol) and
visualized by ethidium bromide staining and ultraviolet
illumination.  The length of PCR products was
measured by comparison with standard molecular-
weight marker. The signal intensity of each band was
normalized by comparing it with the intensity of
GAPDH.

Statistical analysis
Results were expressed as mean ± SE. To compare the
mean values, ANOVA analysis was applied. Differences
were considered significant if P<0.05.

RESULTS
Van Gieson staining
Hepatic fibrosis gradually developed with increasing
CCl4 injections.  After 6-7 weeks, VG staining showed
that liver from most of model group animals were
forming fake liver lobuli with reticulin fibers spreading
radially between the portal tracts and central veins
(Figure 1).

Immunohistochemistry
Activin βA subunit was detected in normal liver.
Figure 2 shows that  activinβA immunoreactivity
was distributed within the lobuli and localized in
parenchymal cells. More staining was found in
hepatocytes around central veins. No staining was
found in hepatocytes around portal tracts. After
CCl 4 in jec t ion  for  2-3  weeks ,  ac t iv in  βA
immunostaining was decreased but still detectable,
and its distribution was changed, localizing mainly
in hepatocytes around fibrotic areas (Figure 3).
After CCl4 injection for6-7 weeks, activinβA
immunostaining was enhanced. Many hepatocytes
around fibrotic areas (around portal tracts, fibrotic
septa and central veins areas) were stained positive
(Figures 4,5).
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Figure 1   Fake lobuli formed after CCl4 was injected for 7 weeks.
VG staining, ×100
Figure 2  Normal rat liver activin βA immunostaining,
immunoreactivity was detected in hepatocytes. DAB, ×100
Figure 3   Activin βA immunostaining after 3-week CCl4 injections.
DAB, ×400
Figure 4  Hepatocytes around connective septa were detected  by
immunostaining after 7 weeks’ CCl4 treatment. DAB, ×200
Figure 5  Hepatocytes around central veins by activin β
immunostaining after 7-weeks CCl4 treatment. DAB, ×400

PCR
ActivinβA mRNA subunit was detected in normal rat
liver, but it became undetectable after CCl4 was injected
for 2-3 weeks. Four weeks after CCl4 injections,  activin
βA mRNA levels increased gradually, and were
significantly enhanced after 6 or 7 weeks when compared
with normal rat liver (P<0.01) (Figures 6,7). Activin βA
mRNA levels in rats treated with CCl4 for 6 and 7 weeks
were 1.6 and 2.1 times of those in normal rat liver
respectively.

Figure 6  The mRNA expression of activin A at the different stages
of CCl4 induced hepatic fibrosis. N: normal, W: week, M: marker

Figure 7  A relative amount of activin βA mRNA were quantified
using an image analyzer.
aP<0.01 vs N; bP<0.01 vs 4w; cP<0.05 vs 4w.
N: normal group, W: week

DISCUSSION
Liver cirrhosis is a final stage of various chronic
liver diseases and is characterized by a marked
deposition of extracellular matrix, combined with
impared hepatic regeneration. Several cytokines
are involved in the pathogenesis of this disease[39].
In part icular ,  TGF-β1 is  overexpressed in
nonparenchymal cells of fibrotic liver of human or
animals, and plays a pivotal role in the development
of cirrhosis by stimulating fibroblast proliferation
and ECM secretion[40-44]. Recent studies showed
that activin may also be involved in the development
of cirrhosis.
         Activin A has mutiple effects including proliferation
and differentiation of various types of cells[24]. In
terms of its effects on hepatocytes, activin A inhibits
DNA synthes i s  and  induces  apoptos i s  of
hepatocytes[25,26,45]. In fibrotic or cirrhotic rat liver
induced by CCl4, De Bleser found that activin A
disappeared in parenchymal cells, and it was
expressed when the liver was normal. The normal
hepatic stel late cells  showed no activin A
expression, but its expression was significantly
enhanced when hepatic fibrosis had formed[17,46].
Subsequently, Sugiyama[27] found activin A
expression was greatly increased in fibrotic rat liver
induced by DMN and porcine serum, but it was in
hepatocytes but not hepatic stellate cell that activin
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A expression was significantly increased. Obviously,
results from De Bleser and Sugiyama were not
completely consistent with each other. Our research
showed that activin A expression was increased in
CCl4-induced fibrotic rat liver, being  localized in
hepatocytes. These results were consistent with those
of Sugiyama.
        We had used the same hepatic fibrosis model as
De Bleser’s, but the results were different. This may
be due to a difference in the period of model-making.
We found that normal liver expressed activin A, but
after injection of CCl4 for 2-3 weeks, activin A mRNA
became undetectable, although its protein could still
be found. Four weeks later, activin A mRNA
increased gradually. But it was not significantly
increased until CCl4 was injected for 6 or 7 weeks
when hepatic fibrosis had formed completely. This
means that most of livers have formed pseudo lobuli.
Sugiyama also found that in the early period of hepatic
fibrosis induced by DMN, the expression of activin β
A mRNA was discreased transiently,  and then
increased gradually with lapse of time. However, the
expression was enhanced continuously in porcine
serum-induced cirrhosis. This difference may be due
to serious hepatocytic damage caused by CCl4, which
is also found in the early stage of the development of
DMN induced liver cirrhosis but not in porcine serum
induced cirrhosis[47-50]. As activin A acts as an
autocrine growth inhibitor of hepatocytes, this
transient decrease in expression may promote
hepatocytic regeneration. De Bleser reported that
activin βA expression disappeared in parenchymal
cells of CCl4 induced cirrhosis, but we think that it
might be a transient disappearance, for liver cirrhosis
was not formed completely. In addition, De Bleser
found that activin A expressed in activated hepatic
stellate cells (HSC) of fibrotic liver, but according to
our result, activin A immunostaining was mainly
distributed in hepatocytes around fibrotic areas
(Figures 4,5),  a result also consistent with Sugiyama’s
reports. So it is worthy of further study to confirm
whether HSC expresses activin A or not.
       The expression of activin A protein was not
complete in conformity with its mRNA. Its mRNA
became undetectable after CCl4 injections for 2 to 3
weeks, but activin A protein could be detected by
immunohistochemistry. Sugiyama described similar
phenomenon in DMN-induced cirrhosis. This may be
because of the fact that the mRNA level was too low to
be detected by our method. Of course, other reasons
may exist and worth further studying.
         In summary, our study shows that in CCl4-induced
rat cirrhosis, the expression of activin A is decreased
transiently at first, and then increased gradually. Activin
A may be involved in the late stage of the development of
liver cirrhosis. Distribution of activin A also changes with the
development of fibrosis, that is from hepatocytes

around central veins to hepatocytes around fibrotic
areas including central vein, connective septa and portal
tracts.
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Abstract

AIM  To evaluate the antifibrotic effect of
different doses of recombinant human Gamma-
Interferon (IFN-γγγγγ) in two rat models of hepatic
fibrosis, and to observe its effect on moderate
chronic hepatitis B virus fibrosis.
METHODS  Hepatic fibrosis was successfully
induced in 150 and 196 rats by subcutaneous
injection of carbon tetrachloride (CCla4) and
intraperitoneal injection of dimethylnitrosamine
(DMN), respectively. Each of the two model
groups was divided into:  fibrotic model group;

 colchicine treatment group (0.1 mg/kg/day,
gastrogavage for 8 weeks);  high-dose IFN-γγγγγ
group (15 MU/kg per day, i.m. for 8 weeks); 
medium-dose IFN-γγγγγ group (5MU/kg daily, i.m.
for 8 weeks); and  low-dose IFN-γγγγγ group (1.
67 MU/kg daily, i.m. for 8 weeks). Another group
of 10 rats without any treatment was used as
normal controls. At the end of the experiment,
semi-quantitative histopathological scores of
inflammation and fibrosis, liver ααααα smooth muscle
actin (ααααα-SMA) expression level, liver hydroxyl
proline content and serum hyaluronic acid levels
were compared. And 47 medium chronic
hepatitis B viral fibrosis patients were studied.
They were given IFN-γγγγγ treatment, 100 MU/day
i.m. for the first three months and 100 MU qod
i.m. for the next six months. Semi-quantitative
pathological scores of inflammation and fibrosis
and serum hepatic fibrosis indices were
compared within the 9 months.
RESULTS   In  animal  exper iment ,  the
pathological fibrosis scores and liver hydroxyl
proline content were found to be significantly

lower in rats treated with different doses of IFN-
γγγγγ as compared with rats in fibrotic model group
induced by either CCla4 or DMN, in a dose-
dependent manner. For CCla4-induced model,
pathological fibrosis scores in high, medium and
low doses IFN-γγγγγ groups were 5.10 ± 2.88, 7.70
± 3.53 and 8.00 ± 3.30, respectively, but the
score was 14.60 ± 7.82 in fibrotic model group.
Hydroxyl proline contents were 2.83 ± 1.18, 3.
59 ± 1.22 and 4.80 ± 1.62, in the three IFN-γγγγγ
groups, and 10.01 ± 3.23 in fibrotic model
group. The difference was statistically significant
(P<0.01). Similar results were found in DMN-
induced model. Pathological fibrosis scores were
6.30 ± 0.48, 8.10 ± 2.72 and 8.30 ± 2.58, in high,
medium and low doses IFN-γγγγγ groups, and 12.
60 ± 3.57 in fibrotic model group. Hydroxyl
proline contents were 2.72 ± 0.58, 3.14 ± 0.71
and 3.62 ± 1.02, in the three IFN-γγγγγ groups, and
12.79 ± 1.54 in fibrotic model group. The
difference was statistically significant (P<0.01).
Serum hepatic fibrosis indices decreased
significantly in the 47 patients after IFN-γγγγγ
treatment (HA: 433.38 ± 373.00 vs 281.57 ±
220.48; LN: 161.22 ± 41.02 vs 146.35 ± 44.67;
PC(r): 192.59 ± 89.95 vs 156.98 ± 49.22; C-I:
156.30 ± 44.01 vs 139.14 ± 34.47) and the
differences between the four indices were
significant (P<0.05). Thirty-three patients
received two liver biopsies, one  before and one
after IFN-γγγγγ treatment. In thirty of 33 patients
IFN-γγγγγ had better effects according to semi-
quantitative pathological scores (8.40 ± 5.83 vs
5.30 ± 4.05, P<0.05).
CONCLUSION  All the three doses of IFN-γγγγγ are
effective in treating rat liver fibrosis induced by
either CCla4 or DMN, the higher the dose, the
better the effect. And IFN-γγγγγ is effective for
patients with moderate chronic hepatitis B viral
fibrosis.

INTRODUCTON
Hepatic fibrosis can cause liver cirrhosis in chronic liver
diseases (viral, schistosomal, alcoholic). Regardless of
causes, hepatic fibrosis is characterized by a large
deposition of extracellular matrix, collagen being a major
component. Studies on interferon-gamma (IFN-γ)
in vitro or in vivo are increasing[1-7]. Although the
interferons were initially described for their antiviral
properties, IFN-γ has also been found to have significant effects
against hepatic fibrosis and to inhibit the synthesis
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of extracellular matrix[8-14]. However, there have
been few studies on the relationship between
different doses and effects of IFN-γ for hepatic
fibrosis. Our previous study showed that IFN-γ could
lower serum hyaluronic acid levels in chronic
hepatitis patients with hepatic fibrosis[15]. But no
reports concerning histological changes after IFN-γ
treatment have ever been found. We were prompted
to systematically observe the effect of IFN-γ and
investigate its effective doses on rat hepatic fibrosis
induced by intraperitoneal injection of two different
t o x i n s ,  c a r b o n  t e t r a c h l o r i d e  ( C C l 4)  a n d
dimethylnitrosamine (DMN). Once hepatic fibrosis
emerged in two rat models, different doses of IFN-
γ were injected intramuscularly to observe the
following changes after IFN-γ treatment: pathological
fibrosis scores, liver hydroxylproline content and
serum hyaluronic acid levels. In the meantime, we
observated 47 chronic hepatitis B patients with
hepatic fibrosis who received IFN-γ treatment for 9
months. Liver biopsy and other laboratory tests were
performed within the 9 months, the effect of IFN-γ
was assessed.

MATERIALS AND METHODS
Animal experimental design
Sprague-Dawley rats (n = 483) weighing 200 gm-250
gm were used. They were fed with Good Laboratory
Practice diet in pellets (provided by Zhejiang University
Animal Study Center). Rats were maintained under 12
h light/dark cycles and allowed free access to food and
water. Experiments were performed in accordance with
the institutional ethical guidelines.
        Hepatic fibrosis was induced by intraperitoneal
injections of CCl4 or DMN. Recombinant human IFN-γ
was kindly provided by Shanghai Clonbiotech Co., Ltd
(Shanghai, China, Batch Number 970521).
          Rats (n = 205) were subcutaneously administered
dissolved CCl4 in olive oil (a proportion of 4:6) at 0.3
mL/kg of body weight, i.p., for 2 consecutive days a
week for 16 weeks. Five rats were killed at the end of
each week to examine their pathological changes.
         For DMN-induced fibrosis, 278 rats were injected
i.p. repeatedly, for 3 consecutive days at the first week
and 2 consecutive days for the next 5 weeks. Five rats
were killed at the end of each week to examine their
pathological changes.
         According to histological sections, hepatic fibrosis
appeared at the end of the fourth week from the start of
the study. One hundred and fifty rats in CCl4 induced
model and 196 rats in DMN-induced model could be
used for the next study. Rats in the two models were
divided into five groups:  fibrotic model group; 
colchicine treatment group (0.1mg·kg-1·day-1,
gastrogavage);  high-dose IFN-γ group (15 MU·kg-1·day-

1, i.m.);  medium-dose IFN-γ group (5 MU·kg-1·day-1,
i.m.); and  low-dose IFN-γ group (1.67 MU·

kg-1·day-1, i.m.). In addition, 10 rats were chosen  as the
normal control group. Rats in the normal control and
fibrotic model groups were given 0.9% sodium chloride
by intramuscular injection instead of IFN-γ.
        Rats of CCl4 induced model received 8-week
treatment. At the end of the eighth week, 10 rats of
each group were killed, and histological sections of
their livers were evaluated by hematoxylin and eosin
and Sirius red stains. α-smooth muscle actin (α-SMA)
was examined with immunohistochemical technique.
Liver hydroxylproline content and serum hyaluronic
acid level were also detected. In the next 4 weeks, all
treatments stopped. The rest of the rats were killed
at the end of the sixteenth week from the start of the
experiment.
        Rats of DMN-induced model received 4-week
treatment. At the end of the fourth week, 10 rats of
each group were killed. All items performed in CCl4-
induced model were detected, too. The other rats were
killed at the end of the 12 th week from the start of the
study.

Histological study
Excised liver tissues from rats were fixed in 10%
neutralized formaldehyde, embedded in paraffin, and
then s ta ined with hematoxyl in and eosin.
Alternatively, the Sirius red stain method was used
to specifically stain fibrous tissue components. These
sections were observed under polarization
microscopy (Leica DMLB, Leica Wetalar,
Germany.) to distinguish type I and III collagen[16].
Specimens were reviewed under code by a single
pathologist who graded and scored the specimens
according to the criteria of Scheuer and Chevallier
et al[17,18]. In Scheuer criteria, the transformation of
grade and stage was as follows: stage 0, = 2°; grade
or stage 1, = 21; grade or stage 2, = 22; grade or
stage 3, = 23; grade or stage 4, = 24.

Identification of activated hepatic stellate
α-SMA, a marker of activated hepatic stellate (HSC)
[19,20], was detected in formaldehyde-fixed paraffin-
embedded section. Briefly, liver tissue was incubated
with a monoclonal IgG2a recognizing α-SMA (Dako
M851) and reactive sites were detected using the labeled
streptavidin-biotin technique (Dako M680), resulting in
a brown staining after incubation with Tris-buffered
saline containing diammobenzidine and H2O2. In control
slides, the primary antibody was substituted by the Tris-
buffers.

Biochemical measurements
The liver was homogenated into powder and
hydrolyzed with 6 mol/L HCl. The hydroxyl proline
content was measured by the means of Kivirikko
et al [21]. The routine serum biochemical tests,
including serum aspartate transaminase and
alanine transaminase, were performed.
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Examination of serum hyaluronic acid level
Serum hyaluronic acid level was detected by
radioimmunoassay technique. The kit  was provided by
the Shanghai Navy Medical Institute. The operations
were performed according to the manufacturer’s
instructions.

Patients
Fourty-seven hepatic fibrosis patients with chronic
hepatitis B, 37 males and 10 females, were chosen for
the study. They were confirmed to have moderate
hepatic fibrosis pathologically according to Scheuer and
Chevallier scoring system[17,18] and had chronic hepatitis
B for 6 months to 30 years. Additional criteria included:
age between 18 and 65 years; presence of HBsAg in
serum for at least 6 months; positive serum tests for
anti-HBe documented on four occasions, at least 1 month
apart, during the 6 months before entry into the study.
Among four serum hepatic fibrosis indices, including
hyaluronic acid (HA, upper nomal limit <110 µg/L),
laminin (LN, upper normal limit <150 µg/L), type III
procollagen (PCIII, upper normal limit <120 µg/L) and
type IV collagen (C-IV, upper normal limit <80 µg/L),
two indices were higher than upper normal limit. Patients
were excluded when the haemoglobin 10 g/dL, platelet
count 50 000/mL, and white cell count 4 000/mL.
Other exclusion criteria were patients with
decompensated liver disease (serum albumin <3.5 g/dL;
serum total bilirubin 85.5 µmol/L; prothrombin time
prolongation >3sec), histories of hepatic encephalopathy
or ascites, esophageal or gastric varices at risk of
bleeding, hepatitis delta virus, hepatitis C virus infections,
causes of liver disease other than HBV, intravenous drug
abuse, pregnancy, malignancy, chronic heart and/or renal
failure, anti-virus therapy (such as IFN-α, lamivudine,
Famciclovir and Penciolovir therapy) and immune
modulation therapy (such as Thymosin α1) within a period
of 3 months, and anti-hepatic fibrosis drugs (such as
colchicines, herbal recipe 861 and Extractum Semen
Percise).

Study protocol
In this open label study, all the patients were given routine
therapy and received rhIFN-γ (kindly provided by
Shanghai Clonbiotech Co., Ltd, Shanghai, China, Batch
Number 981210) at a dose of 1 MU intramuscularly daily
for the first three months and every other day for the
following six months. They were asked to take rhIFN-γ
in local hospitals near their homes. They were visited
every three months during the treatment and thereafter
followed up for 3 months after the treatment stopped.
At each visit, clinical and laboratory assessments were
made, including serum biochemical tests, such as serum
hepatic fibrosis indices, routine serum biochemical tests,
such as ALT, AST and γ-glutamyl transpeptidase,
alkaline phosphatase, albumin, total bilirubin and alfha
fetoprotein (AFP), routine blood tests, and HBV

serology. Ethical Committee of the Centers involved
approved the study. All the patients were volunteers.

Histology
Liver biopsies were performed twice within the 9 months,
one before the treatment and one after it. All liver biopsy
specimens were stained with hematoxylin-eosin and
Sirius red. A single pathologist who was blinded with
respect to treatment regimen evaluated specimens according
to the criteria of Scheuer and Chevallier et al[9,10].

Statistical analysis
Results were expressed as mean ± standard deviation
and compared when appropriate, by Student’s two-tailed
paired and unpaired t test and Kruskall Wallis
nonparametric one-way ANOVA.

RESULTS
Animal experiment
In normal control group, Sirius red staining showed a
normal distribution of collagen in a small amount in the
portal tracts and around the terminal hepatic veins.
         CCl4 - induced model showed different pathological
changes from DMN-induced model. In the former,
besides hepatocyte necrosis, fatty degeneration was the
major feature[22] while in the latter, lymphomonocyte
infiltration and local hepatocyte necrosis were the main
characteristics[23]. However, after 12 weeks of CCl4  and
8 weeks of DMN treatment, all the rats in fibrotic model
groups showed complete fibrotic septum, forming a
pattern of micronodular cirrhosis to the parenchyma
(Figure 1).
        In animal treated with high-dose of IFN-γ, Sirius
red staining showed a small collagen deposition in the
portal tracts and lobules. Only collagen fibers around
the terminal hepatic veins were observed (Figure 2).
Collagen depositions in liver sections taken from animals
treated with medium or low dose of IFN-γ were
particularly evident but only thin bands of collagen which
formed short, incomplete septum could be seen (Figures
3, 4). In colchcine treated animals, complete fibrotic
septum departing from the central vein were present, and
no cirrhosis could be observed (Figure 5). Tables 1 and 2
show the  histological stage and grade of different groups.

Table 1  Histological grading and staging in CCl4-induced
specimens after 8 week treatment

Groups                                 2g*                    2s*                              SSS

Normal control group   1.00 ± 0.00   1.00 ± 0.00 0
Fibrotic model group   9.20 ± 5.01 10.40 ± 5.06 14.60 ± 7.82
Colchicine treatment group 10.40 ± 5.06   7.40 ± 4.99a 10.60 ± 3.34a

High-dose IFN-γ group   9.60 ± 3.37   3.00 ± 1.05bc   5.10 ± 2.88bc

Medium-dose IFN-γ group   6.00 ± 4.22   5.60 ± 4.20bc   7.70 ± 3.53bc

Low-dose IFN-γ group   7.60 ± 4.79   5.40 ± 2.32bc   8.00 ± 3.30bc

* Scheuer’s criteria;  Chevallier’s criteria
aP<0.05 vs fibrotic model group; bP<0.01 vs fibrotic model group;
cP<0.05 vs colchicines treatment group.
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Table 2  Histological grading and staging in DMN-induced
specimens after 4 week treatment

Groups                                 2g*                    2s*                   SSS

Normal control group   1.00 ± 0.00 1.00 ± 0.00 0
Fibrotic model group   7.00 ± 2.16 9.60 ± 4.70 12.60 ± 3.57
Colchicine treatment group   6.80 ± 4.13 7.00  ± 3.92a 11.3 0 ± 2.37a

High-dose IFN-γ group   6.40 ± 2.07 2.60  ± 0.97bc   6.3 0 ± 0.48bc

Medium-dose IFN-γ group   4.80 ± 2.35 4.00 ± 2.32bc   8. 10 ± 2.72bc

Low-dose IFN-γ group   5.00 ± 2.71 4.40 ± 2.07bc   8.30  ± 2.58bc

*Scheuer’s criteria;  Chevallier’s criteria
aP<0.05 vs fibrotic model group; bP<0.01 vs fibrotic model group;
cP<0.05 vs colchicines treatment group.

        In the normal control group, α-SMA positive cells
were detected mainly in the portal space as elements of
vascular walls or as fibroblastlike  cells scattering in the
connective tissue or near bile ductules. In lobule, α-SMA
positive cells were present on the walls of large and
medium sized terminal hepatic veins. The pattern of
distribution of α-SMA positive cells was modified in CCl4
or DMN treated animals as compared with the normal
control rats. In fibrotic model groups, α-SMA positive
cells were detected in portal space, sinusoid, lobule and
areas where fibrotic septum appeared. Different doses
of IFN-γ  appeared to strikingly decrease the activation
of HSC. After 8 weeks of IFN-γ treatment in CCl4 model
or 4 weeks in DMN model, only thin and incomplete
parenchymal α-SMA positive septum joining thickened
centrilobular veins were observed. α-SMA positive cells
were mainly found in portal space and areas around
fibrotic septum. Few α-SMA positive cells were present
in sinusoid and lobule.
       Analysis of total collagen content in liver
substantiated the histological impression. Hydroxylproline
evaluation in fibrotic model groups showed that the
amount of Hydroxyl proline content increased
approximately 5-fold (in CCl4 model) or 6-fold (in DMN
model) as compared with the normal control group,
whereas, figures of different doses of IFN-γ groups were
lower (<2-fold). The results in Tables 3 and 4 indicate
the serum hyaluronic acid level of different groups.
Except for low-dose IFN-γ group in CCl4-induced model,
other IFN-γ treatment groups had obvious decrease of
serum hyaluronic acid level in both models.

Table 3  Serum hyaluronic acid level and liver hydroxylproline
content in CCl4-induced specimens after 8 weeks treatment

Groups                                                HA (µg/L)            Hyp (mg/g liver dry weight)  

Normal control group    147.64 ± 19.28   2.43 ± 0.33  

Fibrotic model group    900.04 ± 508.84 10.01 ± 3.23  

Colchicine treatment group    745.57 ± 170.44a   6.90 ± 1.70

High-dose IFN-γ group    482.05 ± 210.57   2.83 ± 1.18

Medium-dose IFN-γ group    765.51 ± 586.65a   3.59 ± 1.22bd

Low-dose IFN-γ group    981.52 ± 509.95   4.80 ± 1.62

aP<0.05 vs fibrotic model group; bP<0.01 vs fibrotic model group;
cP<0.05 vs colchicines treatment group; dP<0.01 vs colchicines
treatment group.

Table 4  Serum hyaluronic acid level and liver hydroxylproline
content in DMN-induced specimens after 4-weeks treatment

Groups                                                HA (µg/L)             Hyp (mg/g liver dry weight)

Normal control group    147.64 ± 19.28   2.43 ± 0.33

Fibrotic model group    969.52 ± 257.80 12.79 ± 1.54

Colchicine treatment group    323.72 ± 388.45a   6.40 ± 1.84a

High-dose IFN-γ group    144.25 ± 105.66   2.72 ± 0.58

Medium-dose IFN-γ group    334.10 ± 420.06   3.14 ± 0.71

Low-dose IFN-γ group    407.95 ± 386.61a   3.62 ± 1.02bd

aP<0.05 vs fibrotic model group; bP<0.01 vs fibrotic model group;
cP<0.05 vs colchicines treatment group; dP<0.01 vs colchicines
treatment group.

Clinical study
All the 47 patients completed the 9-month treatment.
Table 5 shows the changes of symptoms after the 9-
month IFN-γ treatment. Except for these changes, 12
patients (12/47, 25.5%) had a better appetite than before
the treatment.
        Thirty-three patients were given a second biopsy
after the 9-month treatment (33/47, 70.2%). According
to Chevallier’s criteria, semi-quantitative system score
(SSS) was calculated. After the 9-month IFN-γ
treatment, the SSS decreased significantly in 14 patients
(14/33, 42.4%) and the SSS dropped over 2 points,
increased in 3 patients (3/33, 9.1%), and remained
unchanged or dropped 1 point in the remaining 16 patients
(16/33, 48.5%). Table 6 shows the mean SSS change
during the treatment. A significant decrease of hepatic
fibrosis score in accordance with the SSS was seen at
the end of the IFN-γ treatment (8.40 ± 5.83 vs 5.30 ± 4.
05,  P<0.05). In the meantime, a decrease of inflammation
score in accorda nce with the SSS was also found
although the difference was not statistically significant
(P>0.05). Figures 6-9 display the collagen deposition
changes within the IFN-γ treatment.
       Table 7 shows the mean serum hepatic fibrosis
indices, including HA, LN, PCIII and C-IV, and changes
during the entire study. Decreases were present in the
four indices (HA: 433.38 ± 373.00 vs 281.57 ± 220.48;
LN: 161.22 ± 41.02 vs 146.35 ± 44.67; PCIII: 192.59 ±
89.95 vs. 156.98 ± 49.22; C-IV: 156.30 ± 44.01 vs. 139.
14 ± 34.47) and the differences between the four indices
were significant (P<0.05).
        As described by Cannon et al[24], the main side-
effects in our study during the IFN-γ treatment were:
fever (25) , joint pain (13), nausea (1), myagias (18),
headache (10), leukopenia (5) and platelet decreases (7).
Fever presenting in some patients was temporary and
only 1 person had persistent fever (about 38 ), which
disappeared when the treatmentended.
         We also performed other routine serum biochemical
tests, including ALT, AST and  γ-GT, AFP. The results
showed that the mean serum ALT, AST, γ-GT levels
lowered in those patients as compared with those of IFN-γ
treatment. No obvious change in serum AFP level was present
within the 9 months (data not shown).
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Figure 1  Histological section of rat liver after 12- weeks of CCl4 treatment under polarizes after staining with Sirius Red. Red and yellow
represented collagen type I and green collagen type III (the same below). The pattern of micronodular cirrhosis is evident. ×100
Figure 2  Histological section of rat liver after 8- weeks of treatment with high-dose IFN-γ and 12 weeks of CCl4 under polarizes after
staining with Sirius Red. ×100
Figure 3  Histological section of rat liver after 8-weeks of treatment with medium-dose IFN-γ and 12 weeks of CCl4 under polarizes after
staining with Sirius Red. ×100
Figure 4  Histological section of rat liver after 8- weeks of treatment with low-dose IFN-γ and 12 weeks of CCl4 under polarizes  after
staining with Sirius Red. ×100
Figure 5  Histological section of rat liver after 8- weeks of treatment with colchicine and 12 weeks of CCl4 under polarizes after staining with
Sirius Red. ×100
Figure 6 and 7  Histological section of liver biopsy of a patient with chronic hepatitis B before IFN-γ treatment under polarizes after staining
with Sirius Red. Figures 6 and 7 show two different fields. ×100
Figure 8 and 9  Histological section of liver biopsy of a patient with chronic hepatitis B after 9-month treatment with IFN-γ under
polarizes after staining with Sirius Red. Figures 8 and 9 show two different fields. ×100

Table 5  Symptom change after IFN-γ treatment

                                                          Fatigue              Abdominal distention              Nausea                    Liver area pain

Before treatment 33 31 12 22
After treatment   4   4   0   4

Table 6  Histological grading and staging of liver biopsy specimens before and after 9-month treatment

                                                                  Grade*                    Score of grade                     Stage*                    Score of stage

Before treatment 2.30 ± 0.98 7.30 ± 5.39 2.60 ± 0.88 8.40 ± 5.83
After 9-month treatment 1.95 ± 0.69 4.90 ± 2.27 2.05 ± 0.76 5.30 ± 4.05

t     2.719     2.719
P     0.051     0.014a

* Scheuer’s criteria;  Chevallier’s criteria; aP<0.05 vs before treatment

Table 7  Serum hepatic fibrosis indices before and after 9-month treatment

Hepatic fibrosis indices                            HA (µg/L)                   LN (µg/L)                  PCIII (µg/L)                 C-IV (µg/L)

Before treatment 435.38 ± 373.00 161.22 ± 41.02 192.59 ± 89.95 156.30 ± 44.01
After 9-month treatment 281.57 ± 220.48 146.35 ± 44.67 156.98 ± 49.22 139.14 ± 34.47

t         2.341         2.434         2.381        2.104
P         0.017a         0.021a         0.020a        0.038a

aP<0.05 vs before treatment.
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DISCUSSION
CCl4 is one of the most widely used hepatic toxins
for experimental induction of liver fibrosis cirrhosis
in laboratory[22,25,26]. The model was used even in
1936. But, disadvantages of the model were
apparent, such as higher mort ality rate. For this
reason, 205 rats were used to produce CCl4-iduced
hepatic fibrosis model in our study. By killing some
animals at the end of each week, we successfully
got the hepatic fibrosis model at the fourth week. A
total of 150 rats were used for the following study.
We used DMN-induced hepatic fibrosis model. The
characteristics of this model had been described by
Madden et al [23]. Low mortality rate, shortproduction
period and easy reproduction were the main
advantages. We could investigate the effect of IFN-
γ on hepatic fibrosis caused by different toxins
because the two models had different mechanisms
of inducing hepatic fibrosis.
        Earlier report on the effect of IFN-γ anti-fibrosis
could be found in 1984[8]. Studies in vitro or in vivo
later  proved that IFN-γ had a better effect on hepatic
fibrosis[9-14]. However, IFN-γ and toxins were used
at the same time in these studies. In the strict sense,
their results only demonstrated that IFN-γ could
prevent hepatic fibrosis, but failed to prove the  effect
of IFN-γ. In this study, IFN-γ was used on the first
day of the fifth week when hepatic fibrosis had
appeared so as to observe its effect on hepatic
fibrosis.
        In our study, we substantiated the impression that
pathological changes taking place in CCl4-induced
model were different from those in DMN-induced
model[22,26]. But, all the animals in fibrotic model
groups showed complete fibrotic septum, forming a
pattern of micronodular cirrhosis. Treatments with
different doses of IFN-γ indicated significant
decreases in the SSS, liver hydroxylproline content
and serum hyarunic acid level. Among the three IFN-
γ treatment groups, the best effect was present in the
high-dose IFN-γ group.
        To our knowledge, this is the first study on the
effect of IFN-γ using different doses in animals.
Our results showed that the effect of IFN-γ was
associated significantly with doses. The higher
the dose, the better the effect (Tables 1-4). The
dose of IFN-γ used for virus is as high as 600MU/
day. However, in our study, the medium dose of
IFN-γ (5 MU/kg/day) used in rats is equal to 100
MU/day used in human. Whether the dose of IFN-
γ could be increased clinically needs further
studies.
        Colchicine was used as the control drug in the
experiment. Its effect on hepatic fibrosis in rats was not
as good as that of IFN-γ according to the pathological
and biochemical examinations (Tables 1-4).
        In order to complete the animal experiment,

we substantiated the effect of IFN-γ on chronic
hepatitis B patients with hepatic fibrosis. Fourty-seven
patients conforming to the study criteria were chosen
in our study. After a 9-month IFN-γ treatment, 33
patients underwent  a second liver biopsy. The results
showed that the SSS decreased or unchanged in 30
patients (Table 5). The mean fibrosis score in
accordance with SSS decreas ed from 8.40 ± 5.83 to
5.30 ± 4.05 (Table 6). And serum indices (including
HA, C-IV, PCIII and LN) strengthened the pathological
impression. All the four indices decreased significantly
after the IFN-γ treatment (Table 7).
       It was concerned that IFN-γ would increase
inflammation[27]. However, our study showed a
decrease of inflammation as compared with the
previous IFN-γ treatments although the difference was
not statistically significant (Table 6). We chose chronic
hepatitis patients  for the experiment so as not to cause
patients any worries at the stage of acute inflammation.
The results showed that IFN-γ treatment was safe for
chronic hepatic patients. In the study, we also
performed routine serum biochemical tests, including
ALT, AST, and γ-GT, AFP. The mean serum ALT,
AST, and γ-GT level lowered in those patients as
compared with those of IFN-γ treatment. No obvious
change in serum AFP level was found within the 9
months.
       It is well known that collagen type I is the
predominant extracellular matrix protein in fibrosis and
cirrhosis but few techniques could discriminate
different collagens in the same section[28,29]. We used
Sirius red stain to resolve the problem as described
by Zhang et al[16]. Under Polarization microscopy,
sections stained with Sirius red showed different
colors, red and yellow representing collagen type I
and green collagen type III.
        In our previous report, decrease of serum hepatic
fibrosis indices was observed[15] after 3 months of IFN-
γ treatment. So, at the earlier stage of the experiment,
we adopted a 6-month treatment. There were 2
patients who received a second liver biopsy. No
obvious changes were found in liver sections. We
considered that a 9-month IFN-γ treatment was
appropriate.
         In this study, we paid more attention to side-effects.
Symptoms including fever , joint pain, myagias, headache,
nausea, leukopenia and platelet decrease were found in
the experiment.  IFN-γ was first used to treatrheumatoid
[30,31], for as long as 24- months[24]. No serious side-
effects were reported. However, whether IFN-γ may
cause any side effects when it is used to treat hepatic
fibrosis needs further observations.
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Abstract

AIM  To investigate the anti-HBV effect of
oxymatrine (oxy) in vivo.
METHODS  HBV transgenic mice were produced by
micro-injection of a 4.2 kb fragment containing the
complete HBV genomes. Expression level of HBsAg
and HBcAg in the transgenic mice liver was
determined by immunohistochemical assay.
RESULTS  Four groups (6 mice in each group) were
injected intraperitoneally with oxy at the dosage
of 100, 200, and 300 mg/kg or with saline once a
day for 30 days. Both HBsAg and HBcAg were
positive in livers of all the six mice in the control
group (injected with saline), and were positive in
livers of two mice in 100 mg/kg group and 300 mg/
kg group. In 200 mg/kg group, HBsAg and HBcAg
were negative in livers of all the six mice. Based on
the results, 200 mg/kg is the ideal dosage to
explore the effect of oxy at different time points.
According to the oxy treatment time, mice were
divided into four groups: 10 d, 20 d, 30d and 60 d
(4 mice in each group). Each mouse underwent liver
biopsy two weeks before the treatment of oxy.
Down-regulation of HBsAg and HBcAg appeared
after treatment of oxymatrine for 10 d and 20 d,
Dane-like particles disappeared after the
treatment of oxy for 20 d under electron
microscopy, however, the expression level of
HBsAg and HBcAg returned to normal 60 d later
after oxy treatment.
CONCLUSION  oxymatrine can reduce the
contents of HBsAg and HBcAg in transgenic mice
liver,longer treatment time and larger dosage
do not yield  better effects.

INTRODUCTION
There are about 30 million patients suffering from chronic
hepatitis B in China. Patients with active liver disease
carry a high risk of developing cirrhosis and
hepatocellular carcinoma. At present, the most effective
medicine is IFN-α, but it is too expensive for most
patients. Even in the patients treated by IFN-α, the sera
negative-convertion rate of HBeAg and HBVDNA is
about 40%[1-3]. Previous works in our department by Cai
X et al showed that the sera negative-convertion rates
of HBeAg in patients with chronic active hepatitis B
treated with oxymatrine  was 61%[4]. To investigate the
inhibiting mechanism of oxymatrine (oxy) on HBV
replication, transgenic mice were employed as animal
model to observe the changes of HBsAg and HBcAg
expression in liver tissues.

MATERIALS AND METHODS
Materials
Matrine injection is the product of Ningxia
Pharmaceutical Company Ltd., containing 98%
oxymatrine. The restriction enzymes were purchased
from PROMEGA. Taq enzyme purchased from
SANGON. Immunohistochemical kits were purchased
from DAKO. Primers of  PCR were designed by
ourselves and synthesized by GIBCO. 32P labeled kit
was the product of PROMEGA. Other reagents were
purchased from WASON, HUAMEI and so on.

Methods
Preparation of animals  HBV transgenic mice (official
designation: ICR-TgN HBV adr1.2 SMMU) were
produced by micro-injection of a 4.2 kb fragment
containing the complete HBV genome (adr subtype)[5].
Structural analysis of the transgene revealed that at least
one complete uninterrupted HBV genome was present.
HBsAg and HBeAg were not detectable in the sera of
the mice, but can be detected in livers by
immunohistochemical assay (ABC), which was used to
determine the expression level of HBV.

PCR and Southern-blot analysis  Total tail genome
DNA was analyzed by PCR using HBV-specific primers
5’CCCAATGGAACACTCACC[sense] ,  5 ’
AGGAACCACTGAACAAATGGC [antisense]),
generating a 380 bp fragment. Twenty mililiter of  PCR
products were analyzed by electrophoresis on a 1% agarose
gel in the presence of 0.5 mg of ethidium bromide per mililiter.
DNA bands were visualized by UV fluorescence. Southern-
blot analysis was performed on total genomic DNA by
agarose gel electrophoresis of 30 mg  restricted
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genomic DNA. Samples added on nylon filters were
hybridized with HBV specific 32P labeled DNA probes.
         Histological analysis and electron microscopy were
carried out as routine methods. The expression of HBsAg
and HBcAg in liver tissues were assessed by
immunohistochemical analysis according to Guidotti et al[6].

RESULTS
Effect of oxy at different doses on the expression of
HBsAg and HBcAg Twenty-four age and sex-
matched mice were divided into four groups. Each
group was injected intraperitoneally with oxy at the
dosage of 100, 200 and 300 mg/kg or with saline
separately once a day for 30 days. Livers were
harvested 2 hours after the last injection for
immunohistochemical assay. Both HBsAg and
HBcAg were positive in livers of all the six mice in
the control group (injected with saline). In 100 mg/kg
group,  HBsAg and HBcAg were positive in two mice,
while HBsAg and HBcAg were negative in the other
four mice.  In the 200 mg/kg group, both HBsAg and
HBcAg were negative in all the six mice, none of the
six mice had detectable HBV antigen in the livers. In
the 300 mg/kg group,  HBsAg and HBcAg were
positive in two mice, and negative in the other four
mice. No pathological changes were found in the
transgenic mice. Based on the results, we considered
that 200 mg/kg is the ideal dosage of oxy for further
study.

The effect of oxy at different time on the
expression of HBsAg and HBcAg
Mice were divided into four groups according to
the oxy treatment time, 10d (group 1), 20 d (group 2),
30 d and 60 d (group 3 and 4). In each group, 4
mice were  randomly entered. Each mouse
underwent liver biopsy two weeks before the
treatment of oxy (200 mg/kg). The liver samples
before and after oxy treatment were collected, and
immunohistochemical analysis was performed to
determine the expression level of HBsAg and
HBcAg. All the samples contained HBsAg and
HBcAg positive cells, and the positive and negative
cells were counted in 5 randomly selected high field
vision, and χ2 test was made to compare the HBV
expression level before and after oxy treatment.
In group 1, the number of HBsAg and HBcAg
positive cells was significantly lower than before
treatment of oxy in all the four mice livers. In group
2, the similar results were observed (Figures 1 and 2),
and Dane-like particles could be found in the livers
before oxy treatment under electron microscope
and such particles could not be found after the
treatment of oxy for 20 d (Figure 3). In group 3,
the expression of HBV was decreased only in two
of four mice. No difference was observed on the
expression of HBsAg and HBcAg between the two
liver samples harvested before and after the
treatment of oxy in group 4.

Figure 1  HBsAg in liver of the mice before (A) and after (B) treatment with 200 mg/kg oxy for 20 d.
Figure 2  HBcAg in liver of the mice before (A) and after (B) treatment with 200 mg/kg oxy for 20 d.
Figure 3  Dane’s like particles can be seen in the liver of untreated mice (A) and disappeared after treatment with 200 mg/kg oxy for 20 d (B).
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DISCUSSION
As a traditional Chinese medicine, Sophra
Flavescens Ait has been used for the treatment of
many diseases for thousands of years. Its extract,
oxy, has long been extensively used in China. It is
reported that oxy has a lot of pharmacological
functions which can be divided into four classes: 
Anti-bacterial and anti-parasitic actions. It has been
reported that oxy can cure acute dysentery,
Trichomonas vaginalis and Giardia lamblia infection
[7-9], but the mechanism is still unclear.  Regulating
immune reaction. Oxy can stimulate immune
response at a low concentration while inhibiting
immune response at a high concentration[10].
Recently, more researchers have paid attentions to
the immune inhibitory effect of oxy. It has been
reported that oxy has many functions such as anti-
inflammation, anti-hypersensitive reactions, inhibiting
histamine releasing[11-14]. The mechanism may be
related to the changes of cAMP in the cell[15] and
inhibiting production of cytokine[16].  Inducing
production of cytochrome P450. Oxy can increase
the content of P450 in the rat liver significantly after
treatment of oxy at the dosage of 200 mg/kg for 4d
[17].  Anti-virus actions. Liu JX  reported that oxy
could inhibit coxsackie virus B3 in vivo and in vitro
[18,19]. Cai X found that the sera negative convertion
rates of HBVDNA and HBeAg were 61.9% and
61.0% in chronic active hepatitis treated by oxy, while
such rates in the therapy of IFN-α were 57.9% and
55.3%[4]. In our study, the content of HBV antigen
in livers of transgenic mice decreased significantly
after treatment of oxy for 10 and 20 d. Dane-like
particles disappeared in the liver of transgenic mice
after oxy treatment  for 20 d.  However, HBV
expression level returned to normal  after treatment
by oxy for 60 d.  We concluded that oxy can be used
as an effective drug in managing HBV infection.
There are two features of oxy on HBV:  HBsAg
and HBcAg was down regulated at the same time,

longer time and larger dose did not  yield better
effect.
       Our results strongly suggested that oxy can
significantly inhibit the expression of HBV antigen in
transgenic mice and the replication of HBV as well[20].
But how oxy give play to its effect can not be concluded
from our experiments. However, based on the previous
researches, it seems that oxy may act by two ways: 
oxy acts as an immune reaction regulator: Since HBV
transgenic mice were first found by Chisari in 1985[21],
in vivo study of HBV has become convenient and
objective. Different lineage of HBV transgenic mice
has also been found in our country[5,22]. A serial studies
by Chisari et al have shown that certain soluble
products of the immune response, especially IFN-γ,
TNF-α, IFN-α, IL-2 and IL-12[23-28] could suppress
the steady-state content of HBV messenger RNA in

the hepatocytes of transgenic mice. Furthermore, these
effects were found to be mediated by a post-
transcriptional mechanism that selectively accelerates
the degradation of cytoplasmic HBV mRNA[27]. The
same events were set in motion when HBsAg-specific
CTL secreted IFN-γ and induced TNF-α after antigen
recognition[23,29]. The interhepatic nucleocapsid
particles and replicative intermediates were also
eliminated during unrelated virus infection[30,31] or
during hepatocellular regeneration after partial
hepatectomy[32].   Oxy is a strong immune regulator,
Wang HX has reported that oxy can inhibit the
competence of LAK cell killing P815 cell by about
70%-80%[33], and Shang HS reported that oxy has
the same effect of marcophage on P815 cell[34], which
proved that oxy may be an agonist of IL-2. Thus, IL-
2 could not be the mediator of oxy inhibiting HBV.
Whether other cytokines may be the mediator remains
unclear.  Oxy acts as an inducer of cytochrome
P450. HBV antigen is exogenous proteins in mice
hepatocytes. mRNA of HBV in hepatocytes may be
degraded by cytochrome P450. Therefore, oxy can
induce the production and enhance the activity of
cytochrome P450 [17],  hence accelerating the
degradation of HBV mRNA and inhibiting HBV
replication. Further study is needed.
         Oxy is a broad-spectrum anti virus drug, at least
to HBV and coxsackie B virus 3 so far. This may give
us new  hope for the treatment of chronic hepatitis HBV
infection including other viral infection such as HCV and
HIV infection.
         Cirrhosis is a servere consequence of chronic HBV
infection and preventing the development of cirrhosis
is very difficult[35]. Gan LW et al reported that oxy can
inhibit the liver fibrosis induced by CCl4 in rats[36]. Oxy
can not only down-regulate HBV expression but also
inhibit the liver fibrosis. Based on the two points, we
concluded that oxy can be used as an effective drug in
managing HBV infection. However, the exact
mechanism of oxy inhibiting expression of HBV and
liver fibrosis has not yet been fully understood. Further
studies  both basicaly and clinically are needed.
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Abstract

AIM  To reveal the correlation between the
functional differentiation phenotypes of gastric
carcinoma cells and the invasion and metastasis
by a new way of cell-function classification.
METHODS  Surgically resected specimens of 361
gastric carcinomas(GC) were investigated with
enzyme-, mucin-, and tumor-related marker
immunohistochemistry. According to the direction of
cell-function differentiation, stomach carcinomas were
divided into five functionally differentiated types.
RESULTS   Absorptive function differentiation
type (AFDT): there were 82 (22.7%) patients
including 76 (92.7%) aged  45 years. Sixty-nine
(84.1%) cases belonged to the intestinal type.
Thirty-eight (46.3%) expressed CD44v6 and 9 (13.
6%) of 66 male patients developed liver metastasis.
The 5-year survival rate of patients in this group
(58.5%) was higher than those with the other
types (P<0.01).  Mucin secreting function
differentiation type (MSFDT): 54 (15%) cases.
Fifty-three (98.1%) tumors had penetrated the
serosa, 12 (22.2%) expressed ER and 22 (40.7%)
expressed CD44v6. The postoperative 5-year survival
rate was 28.6%.  Absorptive and mucin-producing
function differentiation type (AMPFDT): there

were 180 (49.9%) cases, including 31 (17.2%) aged

yanger than 45 years. The tumor was more

common in women (62, 34.4%,) and expressed

more frequently estrogen receptors (ER)(129, 81.

7%) than other types (P<0.01). Ovary metastasis

was found in 12 (19.4%) out of 62 female subjects.

The patients with this type GC had the lowest 5-

year survival rate (24.7%) among all types. 

Specific function differentiation type (SFDT): 13 (3.

6%) cases. Nine (69.2%) tumors of this type

derived from APUD system, the other 4 (30.7%)

were of different histologicaldifferentiation. Sixty

per cent of the patients survived at least five

years.  Non-function differentiation type (NFDT):

32 (8.9%) cases. Nineteen (59.%) cases had lymph

node metastases but no one with liver or ovary

metastasis. The 5-year survival rate was 28.1%.

CONCLUSION  This new cell-function classification

of GC is helpful in indicating the characteristics of

invasion and metastasis of GC with different cell-

function differentiation phenotypes. Further study

is needed to disclose the correlation between the

cell-functional differentiation phenotypes and the

relevant genotypes and the biological behavior of

gastric carcinoma.

INTRODUCTION
Gastric carcinoma is one of the most common
malignancies and has the highest mortality in China
[1,2]. The most important reason causing patients’
death is the metastasis to distant important organs.
It was reported that 64.2% of gastric carcinomas
developed distant organ metastases, among which
the rate of liver metastasis was 31.8% of all
patients, and ovary metastasis rate was 43.6% of
the female patients[3]. As liver is the biggest
p a r e n c h y m a t o u s  o r g a n  i n  t h e  b o d y ,  t h e
micrometastasis of it is very difficult to be diagnosed
early. The same is true in ovary metastasis because
ovaries lie in the bottom of abdominal cavity. There
has been no good indicator so far to objectively
predict the risk of liver and ovary metastases,
making the diagnosis for micrometastases of these
two organs very difficult. The present study put
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forward a new classification of gastric carcinoma
based on the cell-function differentiation features,
in an attempt to reveal the relationship between the
characteristics of cell-function differentiation and
the local invasion and distant organ metastases of
gastric carcinomas, and to clarify the causes and
molecular mechanism of metastasis to the liver or
ovary.

MATERIALS AND METHODS
Subjects
Three hundred and sixty-one cases of surgically
resected gastric carcinomas (from Cancer Institute,
China Medical University) were involved in the study,
consisting of 258 men and 103 women, including 11
without metastasis, 224 with lymph node metastases,
12 with liver metastases, and 14 with ovary metastases.
At least 2 blocks were cut from each primary tumor
and 1 block from each metastatic tumor of any organ
involved respectively.

Principle and standards of cell-functional
differentiation classification
Glandular epithelial cells of gastrointestinal tract can
be divided into three main groups:  absorptive cells
of the small intestine,  mucinous cells including
goblet and columnar mucous cells; and  cells with
specific secretary function, such as parietal, chief,
paneath, and APUD system cells. According to the
principle that cancer cells maintain more or less the
functional differentiation potential of their ancestors,
a group of comprehensive indicators that could
objectively reflect absorptive, mucin-secreting, and
specific function differentiation were selected:
indicators of absorptive function differentiation were
brush border enzymes, such as alkaline phosphatase
(AKP) and L-aminopeptidase (LAP); indicators of
mucin secreting function differentiation were
sulfomucin (HID+), sialomucin (ABpH2.5+) and
neutral mucin (PAS+), and indicators of specific
function differentiation were antibodies to hormones
produced by APUD cells, cellular keratin and others.
According to the expressions of these indicators, the
gastric carcinomas were divided into five cell-
function differentiation types:  gastric carcinomas,
in which more than two thirds of cancer cells
expressed AKP and LAP but did not secrete mucin
or hormone, were defined as absorptive function
differentiation type (AFDT);  those in which more
than two thirds of the cancer cells secreted only
mucin but not AKP or LAP, were defined as mucin
secreting function differentiation type (MSFDT); 
those in  which more than two thirds of the cancer
cells not only expressed AKP and LAP but also produced
mucin, were defined as absorptive and mucin-producing
function differentiation type (AMPFDT);  those
which  neither expressed AKP and LAP nor

produced mucin, were defined as non-function
differentiation type (NFDT); and  specific function
differentiation type (SFDT) was defined as that more
than two thirds of cancer cells possessed some special
functions, such as the tumors from APUD system and
squamous cell cancer (Table 1 and Figures 1-6).

Table 1  Standards of cell-function classification of gastric
carcinoma

                            Brush border enzyme                Mucin             Immunohistochemistry
Type
                                   AKP          LAP         HID     ABpH2.5     PAS         Ch-A      Keratin

AFDT + + - - - - -

MSFDT - - + + + - -

ANOFDT + + + + + - -

SFDT - - - - - + +*

NFDT - - - - - - -

*Chosen according to practice.

Detection of cell-functional differentiations
Enzyme histochemistry[4]: alkaline phosphatase
(AKP) was detected by Gomori’s method, and L-
aminopeptidase (LAP) by Nachal’s method.  Mucin
histochemistry was done by the HID/ABpH2.5 /
PAS method[5]; endocrine histochemistry was
performed by ABC immunostaining with antibodies
to hormones produced by APUD cells. The results
were evaluated using the standards given in
references[6,7].

Detection of tumor associated markers[8-13]

The sections from all cases were stained by ABC
histochemistry using antibodies to ER and CD44v6
respectively. The ploidy of DNA patterns of the cases
with liver or ovary metastasis was examined by flow
cytometry (FCM). p53 and laminin expressions in the
gastric carcinomas with liver or ovary metastasis were
also detected immunohistochemically.

Statistics
χ2 test was employed in this study to analyze the results
of histochemistry and survival data.

RESULTS
The carcinomas were divided into five types: 82 cases
classified as AFDT (22.7%); 54 MSFDT (15%); 180
AMPFDT (49.9%); 32 NFDT (8.9%) and 13 SFDT
(3.6%).  Tables 2 and 3 illustrate the relationship
between the cell function classification and the
patients’ age and sex. The relationship between the
cell-function classification and histological types,
growth patterns, clinicopathological stages, ER
expression, CD44v6 expression, ability forming
laminin-positive basement membraneous structure,
lymph node metastasis, liver and ovary metastases,
and postoperative 5-year survival rates are shown in
Tables 4-13 and Figures 1-12.
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Figure 1  Primary stomach cancer of AFDT with liver metastasis. AKP was moderately positive and distributed along the free edge of
cancerous papillary structure. Frozen section. ×20
Figure 2  The same case in Figure 1, Tp53 protein was expressed in most of primary cancer cells. Immunostain, ×16
Figure 3  The same case of Figure 1. CD44v6 was expressed in most of primary cancer cells. Immunostain, ×20
Figure 4  The same case of Figure 1. There was obvious basement membrane like structure with Laminin positive in the primary tumor.
Immunostain, ×40
Figure 5  The same case of Figure 1. There was also obvious basement membrane like structure with laminin positive in the liver metastatic
tumor. Immunostain, ×20
Figure 6  The same case of Figure 1. CD44v6 was also expressed in the liver metastatic cancer cells. Immunostain, ×20
Figure 7  Primary gastric carcinoma of AMPFDT with ovary metastasis. LAP was moderately positive and distributed in the membrane
and cytoplasm of cancer cells. Frozen section, ×40
Figure 8  The same case of Figure 7. Sialomucin and neutral mucin were positive in the primary cancer cells. Mucin histochemistry, ×20
Figure 9  The same case of Figure 7. Most of primary cancer cells expressed ER, which was distributed in the nuclei and cytoplasm.
Immunostain, ×20
Figure 10  The same case of Figure 7. LAP was moderately positive in the ovary metastatic cancer cells. Frozen section, ×20
Figure 11  The same case of Figure 7. Sulfomucin was positive in the ovary metastatic cancer cells. Mucin histochemistry, ×40
Figure 12  The same case of Figure 7. Most of the ovary metastatic cancer cells expressed ER. Immunostain, ×40
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Table 2  Relationship between cell function classification and
age of patients with gastric carcinoma

                                                                                                   Age
Type                               n
                                                       <45 yrs(%)              45-65 yrs(%)           >65 yrs(%)

AFDT   82     6 ( 7.3)   59 (72.0) 17 (20.7)
MSFDT   54     2 ( 3.7)   43 (79.6)   9 (14.7)
AMPFDT 180   31 (17.2)a 118 (65.5) 31 (17.2)
SFDT   13     1 ( 7.7)     9 (69.2)   3 (23.1)
NFDT   32     6 (18.8)   17 (53.1)   9 (28.1)
Total 361   46 (12.7) 246 (68.1) 69 (19.1)

aP<0.05 (χ2 = 4.5575), vs AFDT of the patients below 45 years old.

Table 3  Relationship between cell-function classification and
sex of patients with gastric carcinoma

                                                               Female (%)                                  Male (%)
Type                             n
                                                             n                      %                          n                     %

AFDT 82    16        (19.5)   66     (80.5)
MSFDT 54    15        (27.8)   39     (72.2)
AMPFDT 180    62        (34.4)a 118     (65.6)
SFDT 13      3        (23.1)   10     (76.9)
NFDT 32      7        (21.9)   25     (78.1)
Total 361  103        (28.5) 258     (71.5)

aP<0.05 (χ2 = 6.0079), vs AFDT of female patients.

Table 4  Relationship between cell-function and WHO’s histological classifications of gastric carcinoma

Types                                           n                  AFDT(%)                      MSFDT(%)        AMPFDT(%)                 SFDT(%)          NFDT(%)

Papillary adenocarcinoma   37 29 (78.4)a   2 (5.4)     6 ( 16.2)         0        0
Tubular adenocarcinoma
Well-diff. ade.   20 17 (85.0)        0     2 (10.0)         0   1 (  5.0)
Mode. diff. ade.   59 20 (33.9)   5 (8.5)   27 (45.8)   1 (1.7)   6 (10.2)
Poor. diff. ade. 126 15 (11.9) 14 (11.1)   79 (62.7)   2 (1.6) 16 (12.7)
Undiff. car.   30   1 (3.3)   7 (23.3)   13 (43.3)          0   9 (30.0)
SRC   41        0   5 (12.2)     6 (87.8)b          0         0
Mucous ade.   38        0 21 (55.3)   17 (44.7)          0         0
Carcinoid     9        0       0          0   9 (100.0)         0
Squamous car.     1        0        0          0   1 (100.0)         0
Total 361 82 (22.7) 54 (15.0) 180 (49.9) 13 ( 3.6) 32 ( 8.9)
aP<0.01 (χ2 = 28.6784), vs others of the papillary adenocarcinomas; bP<0.01 (χ2 = 46.8780), vs others of signetring cell carcinomas. ade:
adenocarcinoma; diff.: differentiated;  mode.: moderately; undiff.: undifferentiated; SRC: signet ring cell carcinoma

Table 5  Relationship between cell-function and Lauren£§s classifications of gastric carcinoma

Types                   n (%)                       AFDT(%)                     MSFDT(%)                   AMPFDT(%)                   SFDT(%)          NFDT(%)

Intestinal 124(36.4) 69(84.1)a 11(20.4)   33(18.3) 11(84.6)b         0
Diffuse 237(63.6) 13(15.9) 43(79.6) 147(81.7)   2(15.4) 32(100.0)
Total     361      82      54      180       13       32

aP<0.01 (χ2 = 102.6339), vs AMPFDT; bP<0.01 (χ2 = 15.11320),vs AMPFDT.

Table 6  Relationship between cell-function classification and histological growth patterns of gastric carcinomas

Patterns      n(%)      AFDT(%)       MSFDT(%)       AMPFDT(%)      SFDT(%)      NFDT(%)

Mass   19( 6.1) 12(19.4)        0        0   7(53.8)        0
Nest   84(27.0) 37(59.7) 12(22.2)   23(14.8)   6(46.2)   6(22.2)
Diffuse 208(66.9) 13(21.0)a 42(77.8) 132(85.2)        0 21(77.8)
Total      311 62(19.9) 54(17.4) 155(49.8) 13( 4.2) 27( 8.7)

aP<0.01(Exact test: χ2 = 12.2793), vs MSFDT, AMPFDT and NFDT.

Table 7  Relationship between cell-function classification and clinicopathological stages of gastric carcinomas

Stages                               n(%)                        AFDT(%)                     MSFDT(%)       AMPFDT(%)                   SFDT(%)          NFDT(%)

EGC   50(13.9) 20(24.4)        0   25(13.9)        0   5(15.6)
AGC
 Subserosa   42(11.6)   8(9.8)   1( 1.9)   28(25.6)   1( 7.7)   4(12.5)
Through serosa 269(74.5) 54(65.9) 53(98.1)a 127(70.6) 12(92.3) 23(71.9)
Total      361     82     54     180      13      32

aP<0.01(χ2 = 10.1203, 8.9078 and 6.7487 respectively), vs AFDT, AMPFDT and NFDT.

Table 8  Relationship between cell-function classification and ER expression of gastric carcinomas

ER expression                          AFDT               MSFDT             AMPFDT                     SFDT                NFDT                  Total

Positive/examined 7/82 12/54 129/180 0/13 7/32 155/361
Positive rate(%)  8.5   22.2     71.7a  21.9  42.9

aP<0.01(χ2 = 45.6418), vs others.

Table 9  Relationship between cell-function classification and CD44v6 expression in gastric carcinoma tissues

CD44v6                 n                            AFDT(%)                      MSFDT(%)                  AMPFDT(%)                  SFDT(%)          NFDT(%)

-     241      44     32    132      9    24
+ (%) 120(33.2) 38(46.3)a 22(40.7)b 48(26.7) 4(30.8) 8(25.0)
Total     361      82     54    180    13    32

aP<0.01 (χ2 = 9.8900), vs AMPFDT; bP<0.05 (χ2 = 3.9245), vs AMPFDT.



Table 11  Relationship among cell-function classification,
metastasis and sex of patients with gastric carcinoma

                               Liver metastasis
Types                                                           Ovary metastasis
                           Male (%)       Female (%)

AFDT   9/ 66 (13.6)a      0/ 16        0/ 16
MSFDT          0/ 39 1/ 15 (6.7)   2/ 15  (13.3)
AMPFDT   1/ 118 (0.8)      0/ 62 12/ 62  (19.4)b

SFDT   1/ 10 (10.0)       0/ 3          0/ 3
NFDT          0/ 25       0/ 7          0/ 7

Total 11/258 (4.3) 1/103 (1.0) 14/103 (13.6)

aP<0.01 (Exact test χ2 = 8.9527), vs AMPFDT of the male with liver
metastasis;bP<0.05 (Exact test χ2 = 4.2992), vs AFDT, SFDT and
NFDT of the female with ovary metastasis.

Table 13  Relationship between postoperative survival rates
and cell function classification of gastric carcinomas

Types                            n                          Cases survived over 5 years (%)

AFDT   82 48 (58.5)a

MSFDT   49 14 (28.6)
AMPFDT 174 43 (24.7)
SFDT     5   3 (60.0)
NFDT   32   9 (28.1)

Total 342             117 (34.2)

aP<0.01(χ2 = 11.0478, 28.7138 and 10.3250), vs MSFDT, AMPFDT
and NFDT, respectively.

Table 12  Comparison of cell-function differentiation
classification and molecular biological features of gastric
carcinoma with liver or ovary metastases

                                                                            GC with liver mets.    GC with ovary mets.
Comparison
                                                                          Positive/12 cases(%)  Positive/14 cases(%)

Cell-function differentiation types
AFDT   9 (75.0)a       0
MSFDT   1 ( 8.3)   2  (14.3)
AMPFDT   1 ( 8.3) 12( 85.7)b

SFDT   1 ( 8.3)      0
NFDT      0      0
Comparison of molecular biological features
 Estrogen-dependent ER(+)      0 12( 85.7)c

LN (+) BM structure (+) 12 (100.0)       0
Mutant p53 protein (+) 10  ( 83.3)d   3 (21.4)
 DNA ploidy:Diploid   3 ( 25.0) 10 (71.4)
Tetraploid       0   2 ( 14.3)
Aneuploid   9 ( 75.0)e   2  ( 14.3)
 CD44v6 expression  (+) 10 ( 83.3)f       0

LN: laminin;  BM: basement membrane; Mets: metastasis
aP<0.01 (Exact test χ2 = 12.9160), vs AFDT with ovary mets;
bP<0.01 (Exact test χ2 = 12.5357), vs AMPFDT with liver mets;
cP<0.01 (Exact test χ2 = 15.8087), vsGC with liver mets;
dP<0.01 (Exact test χ2 = 7.5833), vs GC with ovary mets;
eP<0.01 (Exact test χ2 = 6.0420), vs GC with ovary mets;
fP<0.05 (Exact test χ2 = 15.6010), vs GC with ovary mets.

Table 10  Relationship between cell-function classification and metastases of gastric carcinomas

Types                     n(%)                      AFDT(%)                       MSFDT(%)                  AMPFDT(%)                   SFDT(%)         NFDT(%)

No mets   111(30.7) 28(34.1)   13(24.1)   51(28.3)   6(46.2) 13(40.6)
LN mets   224(62.0) 45(54.9)   38(70.4)   116(64.4)   6(46.2) 19(59.4)
Liver mets     12(3.3)   9(11.0)a     1(1.9)   1( 0.6)   1(7.7)       0
Ovary mets     14(3.9)        0     2(3.7) 12(6.7)        0       0

Total 361     82(22.7) 54(15.0) 180(49.9) 13(3.6) 32(8.9)

aP<0.05 (Exact test: χ2 = 5.4385), vs AMPFDT.Mets: metastasis;  LN: lymph node.

DISCUSSION
In the light of differentiation degree, malignant tumors
from epithelial cells of gastrointestinal tract may retain
more or less the functional differentiation potential of
their ancestors, which has effects on their biological
behavior. Previous studies revealed the relationship
between the morphological differentiation and the
pathobiological behavior of gastric cancer[14-22], but so
far there have been very few studies on the phenotypes
of functional differentiation of gastric cancer cells[23-25].
We have studied simple morphological and the functional
differentiation indicators of gastric carcinoma to infer
its biological behavior during last fifteen years, and found
that there was a correlation between the functional
differentiation of gastric carcinoma cells and their
biological behavior[26-32]. In this study, we investigated
more cases and compared the degree of functional
differentiation and morphological differentiation features
of gastric carcinomas, and  found no definite correlation
between them. Although most well-differentiated
papillary and tubular adenocarcinomas possessed absorptive
functions, all signet ring cell cancers were classified as
AMPFDT and carcinoid tumors as SFDT, the direction

of functional differentiation of most moderately and
poorly differentiated adenocarcinomas were
undetermined. Most so-called undifferentiated cancers
determined histologically displayed some functional
differentiation, and were mostly MSFDT or AMPFDT
gastric carcinomas; truly undifferentiated cancers made
up only 8.3% in our study. Interestingly, 55.3% of
mucinous adenocarcinomas classified by histology had
mucin-secreting function (MSFDT) but the other 44.7%
had absorptive and mucin-producing function
(AMPFDT). Furthermore, Tumors of MSFDT were
significantly different from those of AMPFDT in patient
age, the serosa involvement, estrogen dependence and
the CD44v6 expression. The results indicated that the
cancer cells of mucinous adenocarcinoma possessed
obvious heterogenicity in cell function differentiation and
biological behavior, which should be paid special attention
to predict the invasive and metastatic features.
        The results also indicated that stomach cancers
with different functional characteristics often
possessed different pathobiological behavior. For
example, the MSFDT tumors, constantly growing
invasively, were mostly accompanied by the
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serosa involvement, and were not obviously dependent
on estrogen. NFDT independent of estrogen invades
weakly, of which about 60% metastasized to lymph
node. Among different functionally differentiated
gastric carcinomas, AFDT and AMPFDT had specific
clinicopathologically biological features as follows.
Gastric carcinomas of ATDT were most common in
the middle aged and senile (92.7%), only 7.3% were
found in the young; with men (80.5%) surpassing
women (19.5%), and intestinal type gastric carcinoma
(84.1%) exceeding diffuse ones; and exhibited mainly
“mass” or “nest” styles of growth. The invasion of
this type of tumor was often beneath the serosa, which
resisted local infiltration as a barrier. AFDT, whose
growth was not very  much dependent on estrogen,
expressed metastasis-associated cell adhesion
molecule CD44v6 at a higher rate than AMPFDT,
and its postoperative 5-year survival rate was 58.5%
revealed its best prognosis. Liver metastasis  was
frequently observed in patients with AFDT tumor
whose biological behavior was as  follows:  mutant
p53 protein positively expressed at a rate of 83.3%;

 among 75.0%  of cases, DNA showed  aneuploid;
 83.3% of this type presented positive expression

of CD44v6; and  the thread-like basement
membraneous structure containing LN was often
formed. Special attention should be paid clinically to
the characteristics of AFDT stomach cancer
mentioned above. AMPFDT gastric carcinoma often
occurried in the young aged below 45 years (17.2%)
with more female patients (34.3%) than in other types,
and histologically, 81.7% were  diffusing invasive type
and 71.7% were estrogen-dependent type, and there
were more ovary metastases (19.4%) than in the other
types. The 5-year survival rate of 24.7% embodied
the worst prognosis. AMPFDT gastric carcinoma that
grew in women with ovary metastasis had the
following biological behavior: 85.7% of cases had high
ER expression;  mutant P53 protein displayed low
expression at a rate of 21.4%; no expression of
metastasis-associated adhesion molecule CD44v6;
and diploid DNA occurred in 71.4% of tumors.
Although the molecular mechanism of liver and ovary
metastases was not clear, we should pay much more
attention to the cell-function differentiation and
biological behavior of gastric carcinomas mentioned
above in order to help with the early diagnosis and
treatment of the micrometastasis in the liver and
ovary.
         Much attention has been paid to the mechanism of
cancer invasion and metastasis[33-42], especially to
the mechanism of the liver and ovary metastases
from gastric carcinomas. Several hypotheses have
been proposed but cannot explain the specific
organic affinity satisfactorily[43-50].  Our study
found that the gastric carcinomas with liver
metastasis possessed different cellular biological

behaviors from those with ovary metastasis (Tables
10-12). It is thus possible to consider a new
explanation of the mechanisms of the organic affinity
of liver and ovary metastases: the fact that the gastric
carcinoma with liver metastasis displayed absorptive
function differentiation and expressed LN positive
basement membrane-like structure suggested that
these cancer cells may have increased the number of
exposed laminin receptors. When the cells with
exposed laminin receptors (LR) encounter the
basement membrane of capillaries, the cancer cells
can combine with the basement membrane by the
specific affinity between LN and LR, making it
possible for the cancer cells to invade the blood
vessels. Therefore, we can hypothesize that the
presence of exposed LR on the surface of cancer
cells is an important precondition for the metastasis
through the blood vessels. Most gastric cancers with
ovary metastasis displayed disordered functional
differentiation in the directions of absorption and
mucin-production, and all these cancers expressed
estrogen receptors (ER). This finding suggests that
the specific organic affinity between the ovary and
the specific type of gastric carcinomas may be related
to an estrogen-estrogen receptor (E-ER) link.
         In addition, our study found that gastric carcinomas
exhibiting “mass” or “nest” growth pattern, all
expressed thread-like structure containing LN. The
reason for this phenomenon is probably that LR is
polarized on the basal side of the cancer cells which
grow in masses or nests, so these cancer cells can
arrange in a row along basement membranes
containing LN. On the contrary, the laminin receptors
were absent or disordered on those cancer cells which
grow diffusely, so that they cannot form a regular
structure[51-53].
        In summary, the findings of the study indicate that
there was some correlation between the cell-function
differentiation and invasion and metastasis of gastric
carcinomas. A further study is necessary to make clear
the genotypes of different functional phenotypes of
gastric carcinomas and find out new molecular
biological markers for the early diagnosis and treatment
of the metastasis. Additionally, the remarkable
difference between liver and ovary metastasis of gastric
carcinoma in cell-function differentiation, P53 gene
mutation, ploidy of DNA, CD44v6 expression and
laminin expression indicates their different pathways
of gene regulation.
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Abstract

AIM  To study the inhibitory effects of VES (RRR-
ααααα-tocopheryl Succinate, VES), a derivative of
natural Vitamin E, on benzo(a)pyrene(B(a)P)-
induced forestomach tumor in female mice.
METHODS The model of B(a)P-induced
forestomach tumor was established according
to the methods of Wattenberg with slight
modifications. One hundred and eighty female
mice (6 weeks old) were divided into six groups
equally; negative control (Succinic acid), vehicle
control (Succinate+B(a)P),positive control(B(a)
P), high VES(2.5 g/kg.b.w+B(a)P), low VES(1.
25 g/kg.b.w+B(a)P) ig as well as VES by ip (20
mg/kg.b.w + B(a)P). Except the negative
control group, the mice were administrated with
B(a)P ig. and corresponding treatments for 4
weeks to study the anti-carcinogenetic effect of
VES during the initiation period. The experiment
lasted 29 weeks, in which the inhibitory effects
of VES both on tumor incidence and tumor size
were tested.
RESULTS The models of B(a)P-induced
forestomach tumor in female mice were
establ ished successful ly .  Some were
cauliflower-like, others looked like papilla, even
a few were formed into the ulcer cavities. VES
at 1.25 g/kg.b.w, 2.5 g/kg.b.w. by ig and 20 mg/
kg.b.w. via ip could decrease the number of

tumors per mouse (1.7.±0.41, 1.6.0±0.34 and
1.1.±0.43), being lower than that of B(a)P group
(5.4.±0.32, P<0.05). The tumor incidence was
inhibited by 18.2%, 23.1% and 50.0%. VES at
1.25 g/kg.b.w., 2.5 g/kg.b.w. by ig and 20 mg/
kg.b.w. via ip reduced the total volume of
tumors per mouse (54.8 ± 8.84, 28.4 ± 8.32
and 23.9 ± 16.05), being significantly lower than
that of B(a)P group (150.2 ± 20.93, P<0.01).
The inhibitory rates were 63.5%, 81.1% and
84.1%, respectively.
CONCLUSION  VES has inhibitory effects on B
(a)P-induced forestomach carcinogenesis in
female mice, especially by ip and it may be a
potential anti-cancer agent in vivo.

INTRODUCTION
RRR-α-Tocopheryl Succinate (referred to Vitamin E
Succinate, VES) is a derivative of natural vitamin E
(RRR-α-tocopheryl)[1]. The interest in this derivative
of vitamin E is the fact that it can inhibit the proliferation
of a variety of tumor cells in vitro[2]. Tumor cells
responsive to VES antiproliferative effects include
human monoblastic leukemia cells[3], murine B-16
melanoma cells[4], human prostatic adenocarcinoma
cells[5], avian lymphoid cells[6,7], human promyelocytic
cells[8], human breast cancer cells[9,10]and murine EL4
T lymphoma cells[11,12].
         Although the mechanisms whereby VES inhibits
the proliferation of rapidly dividing cells are not well
understood, induction of cell cycle blockage[13],
increasing secretion and activation of potent
negative growth factors, i.e., transforming growth
factor-βs and their type II- cell surface receptors
[2,7,11,14], and induction of apoptosis[15-17] have been
observed in VES-treated cells. Earlier studies in
our laboratory using the SGC-7901 cell lines (human
gastric cancer cells)  as model indicated that VES
has antagonistic effects on cell growth and DNA
synthesis[18], and can obviously induce apoptosis of
SGC-7901 cells[19,20].
        To date, VES has not been extensively studied on
its antitumor properties as well as its mechanism
of action in vivo. Schwartz J and co-workers[21]

found that injection of VES directly into the tumor-
bearing buccal pouch of hamsters (twice a week for
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four weeks at a dose of 250 µg/injection) caused
chemically induced oral epidermoid carcinomas to
regress. As VES is found to be a potential
chemopreventive and chemotherapeutic agent, it is of
interest to ascertain the manner in which tumor growth
is inhibited in VES-treated mice and to  better
understand the relationship between the structure and
the function involved. This study characterizes the
ability of VES to inhibit B(a)P-induced forestomach
carcinogenesis in mice, addresses the involvement of
different administration ways in this experiment, and
shows that VES is capable of lowering both the tumor
incidence and the total tumor size. The inhibitory
effects of VES may be attributed to its intact
compound.

MATERIALS AND METHODS
Materials
Reagents  VES (purity>98%) was obtained from Sigma
Co. Ltd, 10% buffered formalin phosphate (10% formalin
in neutral phosphate buffer) was purchased from
Shanghai Chemical Co. (China), and B(a) P (purity>98%)
from Fluka Chemical Co. Ltd (Switzerland).

Animals  Female Kunming mice (4-5 weeks old) were
purchased from the Animal Center of the Cancer Institute
in Heilongjiang Province, China. Fifteen mice were
placed in a plastic cage and the animals were maintained
under the following standard conditions: 22 ± 2 ,
45% ± 10% relative humidity, and 12 h light/12 h dark
cycles each day. All animals were fed with basic diet
(purchased from the Center of Animal Experiment,
Heilongjiang, China) and water.

Methods
B(a)P-induced forestomach tumorgenesis  Female
Kunming mice (6 weeks old) were divided into six
groups, each group was composed of 30 mice.
Succinic acid, B(a)P and VES were dissolved in corn
oil. In group 1 (negative control) and group 2 (vehicle
control), the mice were intubated with 1 g/(kg b.w.)
succinic acid 4 times per week for 4 weeks. In all
groups except group 1, the mice were intubated with
1mg per mouse B(a)P twice a week for 4 weeks.
The mice in group 3 (positive control) were given
nothing except B(a)P. Groups 4 and 5 were given 2.
5 g/(kg b.w.) or 1.25g/(kg b.w.) VES by the same
way 4 times/week for 4 weeks. Group 6 was given
20 mg/(kg b.w.) VES via ip twice a week for 4 weeks.
The mice were then sacrificed at week 11, 16 and 29
after the first administration of B(a) P. Buffered
formalin-phosphate (10%) was immediately injected
into the stomach by intubation into the mouth so that
the stomach was distended and fixed. Each stomach
was removed and placed on a plastic sheet and the
number of tumors in each forestomach was counted.
The samples were stored in 10% buffered formalin-

phosphate for histological examination.

Tumor volume  All tumors were examined with the aid
of a magnifying lens, and tumor size was measured. As
described previously[22], tumor volume was determined
by measuring the three dimension size of all tumors using
the average of the three measurements to calculate
radium. Tumor volume was calculated with the  formula:
volume = 4/3πR3

Histological examination of tumors  Tumors found
by visual examinations were further confirmed
histologically. The stomach samples were excised,  fixed
in 10% buffered formalin-phosphate,  embedded in
paraffin and processed for histologic slides with
hematoxylin and eosin (HE) staining. Slides were read
blindly by a pathologist and the tumors were classified
according to the pathological principle.

Statistical analysis
The significance of data was determined by t test.

RESULTS
Establishment of B(a) P-induced forestomach tumor
model  On the basis of previous method with some slight
modifications, the model of B(a) P-induced forestomach
tumor was successfully established. Treatment of
Kunming mice with 1 mg/mouse of B(a) P by ig twice a
week for 4 weeks mainly resulted in four forms of tumors
(Figure 1). Some bigger ones appeared cauliflower-like,
the moderate tumors looked like papilloma, and the
smaller ones were usually grain-like. A few tumors had
broken into ulcer-like cavities.
        The dynamic processes of tumorigenesis in
pathology at the week 11, 16 and finally 29 were
observed. Before the treatment with B(a) P, the
thickness of normal gastric mucosa was uniform with
all characterizstics of gastric mucosa in previous
studies[23-25]. The pathological changes at week 11
after the first administration of B(a)P were mainly
the hyperplasia of the gastric mucosa, just as what
we said “precancerous lesions”[26], and only a few
papillomas could be seen. Under this condition, the
thickness of epidermins was not uniform, some
positions were very thin, while others were very thick.
The nuclei of hyperplastic neoplastic cells were
enlarged, round or ovoid with prominent necleoli. At
week 16, the dominant features were papillomas, being
more serious than those at week 11, and the proportion
of squamous cell carcinomas in the positive group (B
(a)P) was 20%, which was more malignant than
before. Tumor cells proliferated lumpy into the
connective tissues and were polyhedral, with abundant
cytoplasms and large nuclei, in which nucleolus was
prominent and some were polynucleolar. The desmosomes
were clear, the mitotic figures and a few keratinized cells
could be seen. The typical pathological alterations
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of B(a)P-induced forestomach tumor at the week 29
were that the number of papilloma and squamous cell
carcinoma were both increased. The pathological
changes of B(a)P-induced forestomach tumor are
illustrated in Figure 2 and the dynamic processes of
tumorigenesis in each period are shown in Table 1.

Inhibitory effects of VES on B(a)P-induced
forestomach tumorigenesis  The treatment with 1mg/
mouse- B(a)P twice a week for 4 weeks by ig  in group
3 resulted in 100% incidence of forestomach tumors.
There was an average of 5.4 tumors/mouse at week
29 of the experiment (Table 2, group 3). Similar results
were obtained from group 2. The results in both groups
showed that the succinic acid alone had no
anticarcinogenic effect. Administration of 1.25 g/(kg
b.w.) and 2.5 g/(kg b.w.) VES by ig 4 times/week for 4
weeks inhibited the number of B(a) P-induced

forestomach tumors per mouse by 68.5% and 70.4%,
respectively (Table 2, groups 4 and 5). When 20 mg/(kg
b.w.) VES was injected intraperitoneally into the mice
twice a week for 4 weeks, the number of B(a)P-induced
forestomach tumors was inhibited by 79.6% (Table 2,
group 6). These results suggested that  VES could
significantly decrease the number of B(a)P-induced
tumors per mouse with a dose-dependent manner.

Inhibitory effects of VES on the size of B(a)P-
induced forestomach tumor  Administration of 1.25g/
(kg b.w.) and 2.5 g/(kg b.w.) VES by ig significantly
decreased the total tumor volume per mouse by 63.5%
and 81.1%, respectively. Notably, the treatment with
VES via ip at a much lower dose of 20 mg/(kg b.w.) and
shorter time of twice a week for 4 weeks showed even
higher rate of decreasing the total tumor volume per mouse
(84.1%) (Table 3).

Figure 1  The model of B(a)P-induced forestomach tumor.
A. Normal mucosa of forestomach; B. Cauliflower-like tumor; C. Papilla-like tumor; D. Ulcer cavities-like tumor.

Figure 2  Pathological observation of B(a)P-induced forestomach tumor (HE staining) in mice.
A. The normal gastric mucosa ×200; B. The epithelium of gastric mucosa formed papillary projection ×100; C. Squamous tumor cells
proliferated into connective tissues and they were polyhedral ×100; D. The mitotic figures (white arrow) in the squamous cell carcinoma ×400
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DISCUSSION
The results of our study demonstrated that
administration of VES to mice, by both ig. and ip.,
inhibited B(a)P-induced forestomach tumorigenesis
during the initiation period. VES may be useful in the
future as a chemopreventive agent of carcinogenesis.
A study in vitro indicated that VES is able to inhibit
the proliferation of tumor cells without adverse effects
on non-tumor cells[27]. Kline et al[2] showed that VES
did not inhibit the proliferation of normal murine bone
marrow cells and the non-mitogen-stimulated normal
avian B and T cells. They also reported that VES can
retard the growth of MCF-7, a kind of human breast
cancer cell, while it has  no inhibitory effects on MCF-
10A, a non-tumorigenic mammary cell. Since 1997,
we have studied the antagonistic effects of VES on
gastric cancer, and found the inhibitory effects of VES
on the growth of human gastric cancer cell (SGC-
7901), DNA synthesis arrest and induction of
apoptosis[18,19].These findings also supported the

possibilities of VES as prospective chemopreventive and
chemotherapeutic agent of tumors in the future. VES
given intraperitoneally was more effective than given
by ig. in lowering both the number and size of B(a)P-
induced forestomach tumors even at a much lower dose.
Therefore, it seems that VES administrated by ig. may
be decomposed by some non-specific esterases which
may normally exist in stomach, thus losing its original
intact structure. VES contains a succinic acid moiety
attached to the chroman head structure of RRR-α-
tocopherol via an ester linkage. Esterification eliminates
the hydroxy moiety that mediates RRR-α-tocopherol’s
classical antioxidant properties that prevents VES from
acting as an antioxidant, unless the esterified succinic
acid moiety is removed by cellular esterases, thereby
generating free RRR-α-tocopherol. After VES was
proteolyzed into succinic acid and Vitamin E, succinic
acid had no inhibitory effects on B(a)P-induced forestomach
tumors, as shown in group 2. Previous studies have
proved that the inhibitory effect of Vitamin E on

Table 1  Pathological alterations in each group at different periods of the experiment

                                                               Week 11                                                  Week 16                                           Week 29
Groups
                                                H(%)         P(%)           S(%)                 H(%)            P(%)            S(%)          H(%)           P(%)               S(%)

1. Succinic acid     0        0 0                  0           0   0           0     0               0

2. Succinic acid+B(a)P 100      17.9 0                  100         100 18.3         100 100                76.8

3. B(a)P 100        9.6 0                  100         100 19.9         100 100                70.4

4. 1.25g/kgVES+B(a)P 80.3        0 0                  100         80.1   0         100 91.8                56.9

5. 2.5g/kgVES+B(a)P 79.7        0 0                  100         60.4   0         100 90.3                49.8

6. 20mg/kgVES(ip)+B(a)P 69.7        0 0                  100         49.7   0         100 80.7                18.4

H: Hyperplasia,  P: Papillomas,  S:Squamous cell carcinoma

Table 2  Inhibitory effects of VES on B(a)P  induced  forestomach  tumorgenesis (x ± sx)

                                                                                                                                                                   Total  tumors
Groups                              No.of mice                    Body weight (g)
                                                                                                                                        Tumors/mouse              % of mice with tumors

1. Succinic acid 12 39.5±1.58           0       0

2. Succinic acid+B(a)P 9 40.2±1.12       5.3±0.48      100

3. B(a)P 10 40.6±1.14       5.4±0.32      100

4. 1.25g/kgVES+B(a)P 11 40.1±1.22 1.7±0.41a(68.5) 81.8 (18.2)

5. 2.5g/kgVES+B(a)P 13 39.9±1.66      1.6±0.34a 76.9 (23.1)

6. 20mg/kgVES(ip)+B(a)P 10 38.7±1.06 1.1±0.43a (79.6) 50.0 (50.0)

aCompared with B(a)P group (group 3), P<0.05 (using Student t test)
Numbers in parentheses are % of inhibition compared to group 3.

Table 3  Inhibitory effects of  VES on the size of B(a)P-induced forestomach tumors (x ± sx)

Groups                                            No.of mice                                Vol/tumor(mm3)                           Total tumor Vol/mouse(mm3)

1. Succinic acid 12           0           0
2. Succinic acid+B(a)P   9     31.5±4.51   169.5±33.42
3. B(a)P 10     27.8±8.52    150.2±20.93
4. 1.25g/kgVES+B(a)P 11   31.7±8.62 (0) 54.8±8.84b (63.5)
5. 2.5g/kgVES+B(a)P 13 17.6±5.54 (36.7)      28.4±8.32b

6. 20mg/kgVES(ip)+B(a)P 10 21.7±2.13 (21.9) 23.9±16.05b (84.1)

bCompared with the B(a)P group (group 3), P<0.01 (using Student’s t test)ª¤Numbers in parentheses are % of inhibition of tumors
compared to group 3.
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tumors was performed through its antioxidant functions,
and the inhibitory effects of natural vitamin E on human
promyelocytic leukemia (HL-60) cell proliferation were
much weaker than that of VES in vitro. All  these data
suggest that the inhibitory effects of VES may be
attributed to its intact structure, as suggested by Fariss
and co-workers[27].
         The mechanisms by which VES has the inhibitory
effects on chemically induced forestomach
tumorigenesis in mice are still unknown. VES may
influence the metabolic activation and detoxification of
carcinogens as well as the postinitiation phase of
carcinogenesis[28-30]. B(a)P is a suspected human
carcinogen and is known to cause tumors in the
forestomach of mice. Singh and Hu et al[31-33] reported
that GST plays a major role in the detoxification of the
ultimate carcinogen of B(a)P (+) anti-BPDE. In our
lab, VES has been found to increase the activity of
glutathione S transferase (GST) which is phase II
metabolic enzyme and inhibits the activity of
ethoxyresorufin O-deethylase (EROD) of liver S-9
fraction in mice, a phaseIxenobiotic-metabolizing
enzyme. This was the same as the results of Wu[34,35]

and Seng[36]. During the developing process of cancer,
the immune functions will be decreased[37-39]. Of course,
this is a very complex process and it  may be involved
in many factors[40-42], such as IL-2, IL-4[43,44], TNF[45,

46], TGF-β[47-52] and so on. In 1993, Kline et al[52] found
that RRR-α-tocopheryl succinate could induce IL-2
production by avian splenic T lymphocytes and murine
EL-4 thymic lymphoma cells. And they suggested that
VES-induced IL-2 production may involve a mechanism
other than antioxidant effects of Vitamin E. In addition,
administration of VES to mice increased the serum
levels of IL-2 and IL-4  (unpublished data). The
information indicates that the mechanisms of VES in
vivo may be related to the activation pathway of B(a)
P metabolism in liver and regulation of the immune
system.
        Our findings that VES can inhibit chemically
induced carcinogenesis in the forestomach of mice
suggest a need for further studies on pharmacology and
toxicology to determine whether VES may be a useful
chemopreventive agent against human gastric
carcinogenesis.
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Abstract

AIM  To investigate the individual and the
combined effects of glutamine, dietary fiber, and
growth hormone on the structural adaptation
of the remnant small bowel.
METHODS  Forty-two adult male Sprague-
Dawley rats underwent 85% mid-small bowel
resection and received total parenteral nutrition
(TPN) support  during the f i rst  three
postoperat ional  days.  From the 4 th
postoperational day, animals were randomly
assigned to receive 7 different treatments for 8
days: TPNcon group, receiving TPN and enteral
20 g·L-1 glycine perfusion; TPN+Gln group,
receiving TPN and enteral 20 g·L-1 glutamine
perfusion; ENcon group, receiving enteral
nutrition (EN) fortified with 20 g·L-1 glycine;
EN+Gln group, enteral nutrition fortified with
20 g·L-1 glutamine; EN+Fib group, enteral
nutrition and 2 g·L-1 oral soybean fiber; EN+GH
group, enteral nutrition and subcutaneous
growth hormone (GH) (0.3IU) injection twice
daily; and ENint group, glutamine-enriched EN,
oral soybean fiber, and subcutaneous GH
injection.
RESULTS  Enteral glutamine perfusion during
TPN increased the small intestinal villus height
(jejunal villus height 250 µm ± 29 µm in TPNcon

vs 330 µm ± 54 µm in TPN+Gln, ileal villus height
260 µm ± 28 µm in TPNcon vs 330 µm ± 22 µm
in TPN+Gln, P<0.05) and mucosa thickness
(jejunal mucosa thickness 360 µm ± 32 µm in
TPNcon vs 460 µm ± 65 µm in TPN+Gln, ileal
mucosa thickness 400µm ± 25 µm in TPNcon vs
490 µm ± 11 µm in TPN+Gln, P<0.05) in
comparison with the TPNcon group. Either fiber
supplementation or GH administration improved
body mass gain (end body weight 270 g ± 3.6 g
in EN+Fib, 265.7 g ± 3.3 g in EN+GH, vs 257 g ±
3.3 g in ENcon, P<0.05), elevated plasma insulin-
like growth factor (IGF-I) level (880 µg·L-1 ± 52
µg·L-1 in EN+Fib, 1 200 µg·L-1 ± 96 µg·L-1 in EN ±
GH, vs 620 µg·L-1 ± 43 µg·L-1 in ENcon, P<0.05),
and increased the villus height (jejunum 560 µm
± 44 µm in EN ± Fib, 530 µm ± 30 µm in EN ± GH,
vs 450 µm ± 44 µm in ENcon, ileum 400 µm ± 30
µm in EN+Fib, 380 µm ± 49 µm in EN ± GH, vs
320 µm ± 16 µm in ENcon, P<0.05) and the
mucosa thickness (jejunum 740 µm ± 66 µm in
EN ± Fib, 705 µm ± 27 µm in ENGH, vs 608 µm ±
58 µm in ENcon, ileum 570 µm ± 27 µm in EN ±
Fib, 560 µm ± 56 µm in EN ± GH, vs 480 µm ± 40
µm in ENcon, P<0.05) in remnant jejunum and
ileum. Glutamine-enriched EN produced little
effect in body mass, plasma IGF-I level, and
remnant small bowel mucosal structure. The
ENint group had greater body mass (280 g ± 2.
2 g), plasma IGF-I level (1450 µg·L-1 ± 137 µg·L-

1), and villus height (jejunum 620 µm ± 56 µm,
ileum 450 µm ± 31 µm) and mucosal thickness
(jejunum 800 µm ± 52 µm, ileum 633 µm ± 33
µm) than those in ENcon,EN+Gln (jejunum villus
height and mucosa thickness 450 µm ± 47 µm
and 610 µm ± 63 µm, ileum villus height and
mucosa thickness 330 µm ± 39 µm and 500 µm
± 52 µm), EN+GH groups (P<0.05), and than
those in EN+Fib group although no statistical
significance was attained.
CONCLUSION  Both dietary fiber and GH when
used separately can enhance the postresectional
small bowel structural adaptation. Simultaneous
use of these two gut-trophic factors can produce
synergistic effects on small bowel structural
adaptation. Enteral glutamine perfusion is
beneficial in preserving small bowel mucosal
structure during TPN, but has little beneficial
effect during EN.
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INTRODUCTION
Various clinical conditions necessitate therapeutic
massive small bowel resection, which is often followed
by serious malabsorption, characterized by intractable
diarrhea, steatorrhea, and weight loss. This malabsorptive
state is defined as short bowel syndrome. Traditionally,
parental nutrition (PN) is prescribed for these patients
to assure adequate nutritional status and obtain enough
time to wait for the remnant small bowel to undergo
adaptation, with the hope of eventual transition from
parental nutrition support to volitional enteral nutrition.
Under this supportive therapeutic strategy, however,
some patients may never achieve complete adaptation,
i.e., sustaining completely on enteral nutrition, and life-
long total parental nutrition (TPN) become lifesaving
unless successful small bowel transplantation is
conducted[1-3]. Unfortunately, long-term TPN is
associated with great expense, vitamin or trace element
malnutrition, recurrent catheter sepsis, and progressive
cholestatic liver disease[4], whereas small bowel
transplantation is still used currently as a salvage therapy
for patients with severe metabolic complications, hepatic
failure, or lack of venous access due to imperfect
management of post-transplantational rejection[5].

Therefore, any therapy aimed at actively accelerating
or enhancing the adaptive process in the residual bowel
is likely to impact greatly on the patients’ life style and
the costs of medical care. Since 1995  Byrne et al have
published a series of studies, which demonstrated that a
combination of growth hormone, glutamine, and modified
fiber-enriched diet can improve nutrient absorption,
decrease stool output, and reducte TPN requirement[6-

8]. These reports are the first to introduce the concept
that further bowel adaptation can occur with the use of
specialized nutrients and growth factors, and ushered in
a new era in the treatment of short bowel syndrome.
However, many questions about this therapy are to be
answered, e.g., whether this therapy has enhanced the
structural adaptation in the remnant small bowel and how
each component of the remedy contributes to bowel
adaptation.
         Due to the heterogeneity in patient age, underlying
diseases, and anatomy of the remnant bowel as well as
ethic concerns, it is rather difficult to answer these
questions directly from the patients. Consequently, we
conducted this animal experiment in an attempt to assess
the individual and combined effect of glutamine, dietary
fiber and growth factor on the structural small bowel
adaptation immediately after massive small bowel
resection.

MATERIALS AND METHODS
Animals and surgical procedures
The animal protocols and procedures were approved
by the Laboratory Animal Medicine Ethics
Committee of Nanjing Military Area General
Hospital of Chinese PLA. Male Sprague Dawley rats

weighing between 220 g and 250 g (Shanghai Laboratory
Animals Center, Chinese Academy of Sciences) were
allowed 1 week to get acclimatized to our laboratory
conditions before surgery. They were kept in individual
stainless steel cages and fed a standard rat chow with
free access to tap water in a room maintained at 22
on a 12 h day/night cycle (06:00/18:00).
        The animals weighed about 260 g to 290 g at the
end of acclimation period, and were fasted for 12
hours before surgery. Surgical procedures were
performed using aseptic technique under anesthesia
by intramuscular ketamine cocktail (ketamine, 100
mg·kg-1; and xylazine 8 mg·kg-1). Three surgeries
were performed on each animal in the following
sequence: placement of TPN catheter in the superior
vena cava via the external jugular vein, installation
of gastrotomy tube for liquid diet delivery, and 85%
mid-small bowel resection. Both tubes were tunneled
subcutaneously, and the dorsal cervical region exited
through a spring-swivel apparatus. Normal saline was
administered at 1 mL·h-1 through the TPN catheter
with a minipump. Small bowel resection left the first
6 cm  jejunum from the Treitz ligament and the
terminal 6 cm ileum. The day when operations were
performed was dated as day 0. The postoperative
days were dated as day n.

Experimental design
After the operation, animals were placed back to
stainless steel cages and supported with total
parenteral nutrition (TPN), the composition of
which is indicated in Table 1. TPN was administered
at a half-rate of 1.25 mL·h-1 on day 1, and full-rate
of 2.5 mL·h-1 on day 2 and 3. From day 4, animals
were randomly allocated to seven experimental
groups: ENcon group, receiving control liquid enteral
nutrition (EN); EN+Gln group, receiving EN
enriched with 20 g·L-1 glutamine; EN+Fib group,
receiving control EN and fed with 2 g/d soybean
fiber, containing 70% total dietary fiber (provided
by Nanjing Military Area General Hospital of
Chinese PLA, Nanjing, China), and was mixed with
water to the consistency of porridge; EN+GH
group, injected with control EN and 0.3IU
recombinant human growth hormone (rhGH)
(Saizen, provided by Laboratories Serona S.A., 1170
Aubonne, Switzerland) subcutaneously twice a day;
ENint group, receiving subcutaneous injection of
EN enriched with 20 g·L-1glutamine, 2 g·d-1 soy
bean fiber, and 0.3IU rhGH  twice a day; TPNcon
group, receiving TPN, and 20 g·L -1glycine
perfusion via gastrotomy tube; and TPN+Gln
group, receiving TPN, and 20 g·L-1 glutamine
perfusion via gastrotomy tube. Each experimental
group contained 6 animals. The liquid EN was fiber-
free with the compositions as indicated in Table 2,
and was reconstituted with sterile water before
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perfusion and used within 12 hours to avoid bacteria
growth. Gastrotomy tube feeding of EN or amino acid
solution was introduced gradually by the following
schedule: half-strength solution at 1.25 mL·h-1 on day 4,
full-strength solution at 1.25 mL·h-1 on day 5, and full-
strength solution at 2.5 mL·h-1 from day 6-until day 12.
PN was continued until full-strength EN was
administered at full-rate, thus combined EN and PN to
supply 251kJ calorie to the animals. Our formulas for
TPN and EN supplied isocaloric and isonitrogenous
nutrition to all animals, i.e., 251Kj nonprotein calories, 0.
414 g nitrogen from PN or Pepti-2000 variant, and 0.
272 g nitrogen from glutamine enrichment or glycine for
control per day for each animal. Glutamine enrichment
constituted 39.5% of the total nitrogen. Water was
provided ad lib throughout the study.

Table 1  Total parenteral nutrition composition (400 mL)

Ingredients                                                           mL

500 g·L-1 glucose 100.0
Fat (300 g·L-1 intralipid *)   67.5
Amino acid (114g·L-1 Novamin *) 150.0
100 g·L-1 NaCl   10.0
100 g·L-1 KCl   10.0
100 g·L-1 calcium gluconate     5.0
Multi-electrolytes (Addemel *)     2.5
Water-soluble vitamins (Soluvit *)     2.5
Lipid-soluble vitamins (Vitalipid *)     2.5
Nonprotein energy (kJ·mL-1)     4.2
Total nitrogen (g)     2.7
NPC/N (kJ·g-1) 620

*Provided by Sino-Swed Pharmaceutical Corp. Ltd., Wuxi, China.
NPC/C: nonprotein energy per gram of nitrogen.

Table 2  Enteral nutrition composition (420 mL)

Ingredients                          Control EN    Glutamine enriched EN

Pepti-2000 variant * (g) 126.0     126.0
Protein hydrolysate (g)   19.9       19.9
Nitrogen (g)     2.9         2.9
Fat (g)     4.9         4.9
 Vegetable (g)     2.45         2.45
 MCT (g)     2.45         2.45
 Linoleic acid     1.12         1.12
 Carbohydrates (g)   93.1       93.1
 Maltoª²dextrin (g)   91.7       91.7
Lactose (g)  <1.12      <1.12
Organic acid (g)     0.01         0.01
 Minerals (g)     2.6         2.6
Vitamins (g)     0.4         0.4
Glycine (g)   10.0         0
Glutamine (g)     0       10.0
Nonprotein energy (kJ·mL-1)     4.2         4.2
NPC/N 610     610

*A commercial, nutritional complete, short-chain peptide based
elemental diet (Nutricia, the Netherland). NPC/N: nonprotein
energy per gram of nitrogen from Pepti-2000 variant.

Plasma and tissue isolation
Body mass was monitored every three days after surgery
as an index of nutritional status. At about 12:00 am on
the 12 th postoperative day, laparotomy was performed
on all animals under anesthesia with ketamine
hydrochloride (100 mg·kg-1). Blood was obtained from
the inferior vena cava and placed on ice in a heparin-
pre t rea ted  tube .  P lasma  was  then  i so la t ed

by centrifugation at 4  and stored at -20  for later
analysis.
        The residual small intestine was rapidly resected
from peritoneal and vascular connections, and the luminal
content was removed. After the intestine was flushed
with ice-cold normal saline, 2 cm segments from both
jejunum and ileum located between 2 and 4 cm from the
anastomosis were removed and fixed in phosphate-
buffered neutral formalin. The animals were then killed
by exsanguination.

Plasma insulin-like growth factor (IGF-I) assay
and histological image analysis
Total plasma IGF-I concentrations were measured after
acid-ethanol extraction with the  rat IGF-I RIA DSL-
2900 kit (Diagnostic Systems Laboratories, Inc., Webster,
USA) in duplication, following the instruction of the
manufacturer. This measurement was taken both as
indicator of nutritional status and evidence of rhGH
treatment.
        Villus height (from villus base to villus tip), crypt
depth (from crypt base to villus base), and mucosal
thickness (from crypt base to villus tip) were taken as
indicators of structural adaptation. Routine hematoxylin
and eosin stained sections were prepared, and HPIAS-
1000 True Color Image Analysis System (Tongji Qianping
Image Engineering Corp., Wuhan, China) was employed
to analyze the image. Fifteen intact axially oriented villi
and crypts selected from each specimen were measured.

Statistical analysis
Data were expressed as x ± s. Multiple comparison tests
were performed after analysis of variance with the
Student-Newman-Keuls test. Differences with P value
less than 0.05 were considered to be statistically
significant.

RESULTS
Body mass
As shown in Table 3 and Figure 1, the initial body
mass on day 0 was similar among the 7 experimental
groups. The body mass on day 3 was not significantly
different among the 7 groups, which reflected similar
operative stress and postoperative nutritional support
remedy. The overall body mass loss during the first
three postoperative days averaged 26.3 g. Marked
body mass difference was evident from day 6. The
two TPN-supported groups had gained remarkable
body mass by day 6 which was kept steady during
the remainder of the experimental period, suggesting
the ebbing of stress and fixed nutrition supply. No
significant body mass difference was observed between
the two TPN groups throughout the experiment. In
ENcon, EN+Gln, and EN+GH groups, the introduction
of EN resulted in further body mass loss, which was
accompanied by a moderate to a large amount of
liquid stool production, indicating insufficient

      68        ISSN 1007 - 9327   CN 14 - 1219/ R      World J Gastroentero    February  2001   Volume 7   Number 1



nutrition assimilation from the remnant small bowel.
From day 6, diarrhea in these groups became
increasingly milder and almost disappeared after day
9, which was associated with gradual body mass gain.
Each animal in two fiber-supplied groups ate up daily
fiber supply, and fiber-containing solid stool instead
of large liquid stool was observed after EN
introduction. Continuous body mass gain began from
day 3 in ENint group, and after day 6 in EN+Fib group.
From day 3, the mean body mass of ENint group
maintained higher than those of the other groups,
which bore statistical significance on day 6 when
compared with ENcon, EN+Fib, and EN+GH groups,
and on day 9 and day 12 when compared with
TPNcon, ENcon, EN+Fib, and EN+GH groups.
Throughout the study, ENcon and EN+Gln groups had
similar body mass, which remained significantly lower
than that of TPNcon on day 6 and day 9 and rose to
the similar level as TPNcon on day 12. From day 6,
mean body mass of EN+Fib groups began to
distinguish itself significantly from ENcon, and became
markedly higher than both ENcon and TPNcon on
day 12. On day 9, the mean body mass of EN+GH
groups was significantly higher than that in ENcon
group, and on day 12 significantly higher than both
ENcon and TPNcon groups.

Figure 1  Body mass before and after surgery.
aP<0.05, vs TPNcon; bP<0.05, vs ENcon; cP<0.05, vs EN+GH; dP
<0.05, vs EN+Fib. Day 0, refers to the day operation was performed,
from which the time was dated.

Plasma IGF -I concentrations
Plasma IGF-I concentrations were similar among
TPNcon ,  TPN+Gln ,  ENcon ,  and  EN+Gln
groups. Plasma IGF-I level in EN+fib group was

significantly higher than that in ENcon group. GH
treatment resulted in significant increase in plasma
IGF-I concentration as compared with ENcon group.
ENint group had the highest level of plasma IGF-I
(Figure 2).

Figure 2  Plasma insulin-like growth factor level on day 12.
aP<0.05, vs Encon; bP<0.05, vs EN+Fib; cP<0.05, vs EN+GH.

Remnant intestinal mucosal structure
Compared with ENcon group, TPNcon group had
significantly lower mean villus height and mucosal
thickness in both remnant jejunum and ileum, and
significantly shallower jejunal crypt (Figures 3 and
4). Luminal glutamine perfusion completely restored
the villus height and mucosal thickness in ileum and
partially restored the villus height, crypt depth, and
mucosal thickness in jejunum. However, glutamine-
enriched EN had a little impact on mucosal
structural parameters whether in remnant jejunum
or ileum when compared with ENcon group. The
villus height and mucosal thickness in both remnant
jejunum and ileum were more significantly
increased by fiber supplementation than in ENcon
group. GH treatment produced significant increase
in villus height in both remnant jejunum and ileum,
and mucosal thickness in remnant ileum when
compared with ENcon group. Combined treatment with
glutamine, fiber, and GH significantly deepened the
crypt in remnant ileum as against TPNcon group, and
further increased villus height and mucosal thickness
in both remnant jejunum and ileum, which, when
compared with EN+GH group, achieved statistical significance
in villus height of both jejunum and ileum, and in
mucosal thickness of ileum.

Table 3  Comparison of body mass before and after operation between each experiment groups (n = 6, x ± s, g)

Groups                             Day 0                           Day 3                            Day 6                            Day 9                           Day 12

TPNcon 276.3 ± 9.0 247.8 ± 7.4 255.5 ± 3.6 256.8 ± 3.4 257.3 ± 2.9
TPN+Gln 277.0 ± 6.1 249.7 ± 6.5 256.7 ± 4.0 258.7 ± 3.7 259.3 ± 2.9
Encon 278.8 ± 7.8 251.2 ± 8.0 244.7 ± 3.2a 250.7 ± 3.5a 257.3 ± 3.3
EN+Gln 279.8 ± 8.9 251.8 ± 7.1 246.5 ± 3.4a 252.8 ± 2.7 258.0 ± 2.5
EN+fib 280.5 ± 8.0 253.8 ± 6.6 252.2 ± 2.0b 261.8 ± 3.4b 270.7 ± 3.6a,b

EN+GH 278.7 ± 12.9 255.7 ± 6.2 247.8 ± 2.3a 257.5 ± 3.3b 265.7 ± 3.3a,b

ENint 278.8 ± 8.1 255.5 ± 6.2 260.5 ± 2.4b,c,d 272.7 ± 2.3a,b,c,d 280.5 ± 2.2a,b,c,d

aP<0.05, vs TPNcon; bP<0.05, vs ENcon; cP<0.05, vs EN+Fib; dP<0.05, vs EN+GH.
Day 0, refers to the day operation was performed, from which the time was dated.
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Figure 3  Crypt depth, villus height and mucosal thickness of the
remnant ileum.
aP<0.05, vs TPNcon; bP<0.05, vs ENcon; cP<0.05, vs EN+GH.

Figure 4  Crypt depth, villus height and mucosal thickness of the
remnant jejunum.
aP<0.05, vs TPNcon; bP<0.05, vs ENcon; cP<0.05, vs EN+GH.

DISCUSSION
After massive small bowel resection, the structural
adaptation of the remnant small bowel was
characterized by mucosal hyperplasia. The villus
height and crypt depth are both increased, while
cell hypertrophy is considered unimportant[9]. This
process is influenced by many factors, among
which, both the quantity and route of nutrient intake
are important regulators. Luminal nutrient supply,
which is essential for structural adaptation, serves
as not only energy source, but also signal for
endogenous secretions and the release of various
gut-trophic hormones and growth factors. On the
other hand, normal nutritional status, which usually
needs the facilitation of TPN to maintain, favors
bowel adaptation[1]. In this study, great efforts were
made to ensure strict control on the quantity and
route of nutritent supply, and TPN was used
immediately after bowel resection and during the
period of reintroduction of enteral nutrition to
improve the nutritional status. The compositions and
delivery schedules for TPN and EN were set to
provide isocaloric and isonitrogenus nutrition and
to produce comparable overall nutritional status in
animals of each experimental group. And the goal
of producing comparable nutritional status was
attained, which was attested by similar body mass

and plasma total IGF-I concentration among TPNcon,
TPN+Gln, ENcon, and EN+Gln groups. The
utilization of plasma IGF-I as index of nutritional
status is justified by sensitive IGF-I response to
dietary intake, close correlation with body
composition, short half-life, and its nycthermeral
stability[10]. Thus the risk of confounding effects of
variation in nutritional supplementation had been
minimized.
        Substantial researches have been done to modify
the formulation of enteral nutrition to optimize the
postresectional small bowel adaptation. Pepti-2000
variant has often been recommended as fiber-free
EN to patients with short bowel syndrome in Nanjing
Military Area General Hospital of Chinese PLA and
has been chosen in this experiment as the EN
formulation. This is justified by its compositional
feature as peptide-based, polymeric nutrient-
complete diet, which provide equal energy from
medium-chain triglycerides and long-chain
triglycerides. Polymeric diets are more trophic for
intestinal adaptive hyperplasia compared with
monomeric diets. Partial hydrolysation or protein
facilitates amino acid absorption from peptide
transporters while preserves gut trophic effect.
Medium-chain triglycerides are water-soluble and
are better absorbed in the presence of bile acid or
pancreatic insufficiency, while long-chain
triglycerides are more effective in inducing
adaptation[11].
        Glutamine is an essential nutrient for intestinal
mucosa. Besides serving as the structural unit of
protein synthesis, a precursor for synthesis of
nucleotides and other micromolecules, it is the major
respiratory fuel for intestinal mucosa[12].  in vitro
studies have indicated that intracellular mitogenic
signal transduction can be modified by glutamine supply
and metabolism[13]. Animal studies have consistently
shown that total parenteral nutrition (TPN)-induced
intestinal hypoplasia can be attenuated by parenteral
glutamine supplementation[14-16]. Glutamine-fortified-
parent-eral or enteral nutrition has also been
demonstrated to accelerate small intestinal healing and
improves survival outcome after chemotherapy and
radiation[17,18].
         Following massive bowel resection, malabsorption
occurs and patients may be intolerable to enteral
nutrition and have to sustain on TPN for a certain
period. Efforts made to preserve intestinal mucosal
mass and absorption area during TPN will assist early
reintroduction of enteral nutrition, which is essential
for the initiation of intestinal adaptation. Parenteral
glutamine supplementation has been shown to
prevent TPN induced mucosal atrophy in the
remnant small intestine after 85% resection[19].
Since enteral glutamine can be readily absorbed by
small intestinal epithelium, and glutamine oxidation
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stimulates enterocyte Na+/H+ exchange, leading to
a high rate of electroneutral NaCl absorption in
healthy and diseased jejunum[20], we studied the
effect of enteral glutamine perfusion on the
remnant intestinal mucosal structure during TPN.
Because previous studies have not confirmed the
b e n e f i c i a l  e f f e c t  o f  e n t e r a l  g l u t m i n e
supplementation during EN[21-25], we also studied
the effect of adding extra glutamine to nutrition-
complete enteral diet. Our results confirmed the
existence of TPN induced intestinal hypoplasia,
which was indicated by significantly lower villi in
both jejunum and ileum and markedly shallower
crypts in jejunum in TPNcon group compared with
ENcon group. Luminal glutamine perfusion was
effective to reverse TPN-induced hypoplasia in
ileum and partially reverse TPN-induced hypoplasia
in jejunum. In contrast, glutamine-supplemented
enteral nutrition has little impact on small intestinal
structural parameters. This finding is surprising, yet
is similar to the results of several other studies[19-

23]. The dosage ranged approximately from 2 g·kg-

1·day-1 to 5.6 g·kg-1·day-1. And a dosage of more
than 4 g·kg-1·day-1 was found effective in preventing
TPN-induced intestinal hypoplasia in rats[12]. In all
these studies, glutamine-fortified enteral nutrition
was compared with standard rat chow or non-
glutamine-containing elementary diet, or EN with
insufficient glutamine due to partial hydrolysation
of protein. Therefore, the lack of effect cannot be
interpreted as insufficient glutamine delivered to
intestine, or overload of glutamine. Different routes
of administration were tried. Extra glutamine was
mixed with enteral diet to form ad lib diet, or was
administrated separately in bolus form, or
administered as 24 h continuous enteral perfusion.
The remnant intestines were analyzed 2, 7, 14 or
21 days after small bowel resection. The time points
represent the beginning, active, and maximal
remnant intestinal hyperplasia. In most of those
studies, the animals gained body mass. In our study,
the animals maintained the body mass lower than
that of preoperation, reflecting our restrict nutrition
s u p p l y .  N e v e r t h e l e s s ,  d e s p i t e  d i f f e r e n t
experimental protocols, similar results were
obtained that during enteral nutrition, enteral
glutamine supplementation produced little effect on
remnant small intestinal morphological parameters.
Therefore, the current available data raise the
hypothesis that for otherwise healthy small intestine,
with adequate enteral nutrition stimulation, glutamine
delivered by arterial blood is sufficient for optimal
intestinal growth. In consistent with this hypothesis, in
vitro studies have shown that in a number of cell lines,
maximal proliferation occurs when glutamine
concentrations are maintained at 0.5 mmol·L-1 or above, a
concentration approximates normal plasma

concentration[26]. With the maximal mitogenic
stimulation of epidermal growth factor, the optimal
proliferation of IEC-6, a rat jejunum cell line, occurred
at a glutamine concentration of 1.0 mmol·L-1 in the
cultural medium, a concentration within the physiologic
ranges of glutamine found in rat plasma[27]. Under normal
nutritional status, plasma glutamine homeostasis can be
maintained without nutritional glutamine supply[28].
However, in the absence of luminal nutrition stimulation
during TPN, glutamine delivered by blood flow may be
insufficient for optimal intestinal growth, as is attested
by the fact that parenteral or enteral glutamine
supplementation is effective in reducing TPN-induced
intestinal hypoplasia. This insufficiency may be caused
by decreased blood flow induced by TPN, or enteral
nutrition can stimulate the uptake of glutamine through
the basolateral membrane by modifying the activity of
the transporters. However, our data do not exclude the
possibility that when inadequate enteral nutrition is
received, enteral glutamine may exert a trophic effect
on small intestine, since minimum luminal nutrition has
been found indifferent in stimulating small intestinal
mucosal growth as compared with TPN[29].
      Dietary fiber includes a wide variety of carbohydrates
that,  as a group, are resistant to enzymatic
hydrolysis within the human gastrointestinal tract.
The principal physiologic function of dietary fiber
are regulating gastric emptying and intestinal transit
time, based on the bulking action of the fiber.
Insoluble fibers are minimally fermented and
function almost solely as bulking agents that
decrease colonic transit time and increase fecal
mass. Soluble fibers are largely fermented by
anaerobic gut flora, resulting in increase of the
bacterial quantity, and fecal mass, and production
of short-chain fatty acids (SCFAs), which are
quickly absorbed by the colonic mucosa. The
importance of dietary fiber in maintenance of
normal colonic morphology and function has been
widely acknowledged. However, its role in short-
bowel syndrome has not been investigated
thoroughly. Previous studies on the effect of dietary
fiber on colon were mostly carried out in normal
animals with intact small and large intestine. In
contrast, after massive small bowel resection, the
colon in continuity with the remnant small bowel
will receive substantial unabsorbed carbohy drates
and protein, which will undergo fermentation in
colon by various anaerobic bacteria and produce
SCFAs. This represents an important mechanism
whereby the colon compensates some energy
absorption function of the lost small intestine[30,31].
How colon with this altered environment responses
to additional dietary fiber loading is not clear.
Al though there  i s  the  specula t ion that  in
carbohydrates malabsorption, dietary fiber
supplementation seemed to be redundant in
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enhancing the SCFAs production[11], available data from
massive small bowel resection models showed the
beneficial effect of dietary fiber supplementation on
residual small bowel as well as colon adaptation[32-34].
In contrast, dietary fiber had little effect on intact
intestinal function[35]. Therefore, it seems that the effect
of dietary fiber is modified by the absorptive function
of intestine.
         We fed the animals with fiber-free enteral nutrition
of 2 g soy bean fiber daily, containing about 70% total
dietary fiber consisting predominantly of insoluble fiber,
and found that soy bean fiber supply led to large solid
fiber-containing stool, instead of large liquid stool as
seen in non-fiber supplied EN groups. This indicates
that fiber supply may alter the colon absorptive and
moving function. Significantly improved body mass
recovery was associated with this improved stool
consistency. In addition, the plasma IGF-I
concentration was simultaneously elevated, which
implied that the improved body mass was not solely
caused by colonic fiber retention. Both the residual
jejunum and ileum displayed significantly greater mean
villus height and mucosal thickness. The exact
mechanism that soybean fiber enhanced the
postresectional adaptation was not investigated in this
study.  Since the soy bean f iber  consisted
predominantly of insoluble fiber which mainly
influences the intestinal transit, it is most likely that
the presence of fiber in combination with unabsorbed
carbohydrates and proteins in the colon had delayed
the intestinal transit through direct bulk effect, hence
promoting the colonic fermentation of unabsorbed
carbohydrate and protein. Consequently, the secretion
of colon-derived enteric hormones, such as
enteroglucagon and peptide YY, might be augmented,
which in turn exerted their small bowel trophic effect
and stimulated further structural adaptation in small
bowel.
        Besides gut-special nutrients such as glutamine
and dietary fiber, the possible role of many growth
factors has met with intense research interest. Strong
evidence has demonstrated that growth hormone (GH)
is an important growth factor for intestine. Complete
GH depletion due to hypophysectomy caused
pronounced hypoplasia of small intestinal mucosa with
decreased villus height and reduced crypt cell
proliferation[36]. Simple replacement of GH can restore
mucosal proliferative activity[37]. The study of the
transgenic mice overexpressing the bovine growth
hormone demonstrated that chronic excessive GH can
produce hyperplasia in small intestinal mucosa
whether food intake was ad lib or restricted[38].
Hypophysectomy could impair the adaptive
hyperplasia in response to small bowel resection[39].
In an unpaired-fed study, exogenous GH was found
to enhance mucosal hyperplasia after extensive small
bowel resection[40]. Our pair-fed study revealed that

exogenous GH administration significantly elevated the
plasma IGF-I level, increased villus height in both
remnant jejunum and ileum, and significantly increased
ileum mucosal thickness. Postresectional body mass
recovery was also accelerated by GH administration,
suggesting the enhanced nutrient absorption. Our data
further confirmed the gut-trophic property of GH. The
more important findings of our study are that
concomitant fiber supplementation further enlarged
the villus height and mucosal thickness in both remnant
ileum and jejunum, enhanced body mass gain, and
increased the plasma IGF-I concentration in ENint
group. These results suggest that gut-trophic growth
factor, GH, can be used in combination with gut-special
nutrient, dietary fiber, to bring about synergistic effect
on postresectional remnant small bowel structural
adaptation.
        In summary, our study demonstrated that both
dietary fiber and growth hormone can enhance the
postresectional small bowel structural adaptation,
promote bodymass-gain, and increase plasma IGF-I
level when used separately. Simultaneous use of these
two gut-trophic factors produced synergistic effect on
structural adaptation parameters, body mass, and plasma
IGF-I concentration. In contrast, the gut essential
nutrient, glutamine when enterally administered with
enteral nutrition, showed little beneficial effect on
remnant small bowel structural adaptation, and the body
mass did not alter in comparison with the control enteral
nutrition. However, enteral glutamine is effective in
preserving intestinal mucosal structure during TPN.
These findings raise the doubt about the necessity of
enteral glutamine supplementation during enteral
nutrition. On the other hand, they provide the evidence
favoring the combined utilization of GH and dietary fiber
with enteral nutrition in patients with short bowel
syndrome.
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Abstract

AIM  To evaluate a new balloon-expandable
stainless steel stent (Cordis stent) in a
transjugular intrahepatic portosystemic shunt
(TIPS) porcine model and compared with
Wallstent.
METHODS  TIPS was performed in 26 normal
domestic pigs weighing 20 kg-30 kg using a
Cordis stent or Wallstent (13 pigs in each stent).
All pigs were sacrificed at the 14 th day after
TIPS. The stent deployment delivery system,
stent patency, and stent recoil after placement
were evaluated.Proliferative response in
representative histological sections from the
center,hepatic and portal regions of the two
stent designs were quantified.
RESULTS  The shunt was widely patent in 4 pigs
in the Cordis stent group (4/12, premature
dead in 1 pig), and in 5 pigs in the Wallstent
group (5/13). All remaining stents of both
designs were occluded or stenotic. The mean
quantified proliferation including thickness of
the proliferation and the ratio of proliferation:
total area in three assayed regions in Cordis
stent and Wallstent was 2.18 mm2  2:00 mm,
and 59.18 mm2. 51.66 mm2, respectively (P<0.
05). The delivery system and mechanical
properties of the Cordis stent fuctioned well.
CONCLUSION  The new Cordis stent is
appropriate for TIPS procedure.

INTRODUCTION
The high incidence of stenosis following transjugular
intrahepatic portosystemic shunt (TIPS) remains the
major barrier in this relatively new technique which is
effective in controlling variceal hemorrhage secondary
to portal hypertension and utilized in refractory ascites[1,

2]. The exact mechanism for TIPS restenosis is not well
understood and seems multifactorial. One relevant factor
may be stent design. Wallstent is the most common stent
currently used for TIPS procedures, but various stent
designs may be effective. To evaluate a new balloon-
expandable stent (Cordis stent) in TIPS, a comparative
study of the Cordis stent and Wallstent was performed
in a TIPS porcine model.

MATERIALS AND METHODS
TIPS was performed in 26 domestic swine weighing 20
kg-30 kg, with two stent designs: balloon-expandable
stainless steel stents (Cordis Co., Miami, FL)  in 13 pigs
and Wallstents (Schneider, Minneapolis, MN) in 13 pigs,
respectively. The Cordis stent is made up of one stainless
steel wire, which is formed into a sinusoidal wave pattern,
wrapped in a tubular helical fashion and held in place by
a series of welded joints (Figure 1). Either Cordis stent
or Wallstent  with an diameter of 8 mm and 4 cm in
length was used in each pig.
       TIPS was performed with a 22 G, 80 cm long
puncture needle with a 5-F,70 cm long coaxial Teflon
catheter (AngioDynamic, Queenshury, NY), a 9 F sheath
set and a 14 G metal cannula with a curved tip (Cook,
Bloomington, IN).
        The animals in this study had normal livers and did
not have portal hypertension. All protocols were approved
by the Dartmouth Animal Care and Use Committee.
Animals were sedated with intramuscular Ketamine (20
mg/kg) injection, intubated and maintained with 1%-3%
halothane and oxygen.
       The sheath was assembled with a 9-F Teflon
catheter with a tapered tip and was introduced into the
IVC by a standard percutaneous Seldinger method from
the right jugular vein. A 7-F NIH catheter was advanced
into the right lateral hepatic vein. The sheath was then
placed into the hepatic vein and followed by the metal
cannula containing the coaxial puncture needle. Through
the metal cannula, the puncture needle together with the
coaxial catheter was advanced into the hepatic
parenchyma in an anterior direction targeted toward
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the right branch of portal vein. Following confirmation
of suitable portal vein puncture by contrast injection,
a 0.035 inch steerable guidewire (Cordis Co., Miami,
FL) was advanced  into the portal vein and followed
by the 5-F catheter. Following portography, the floppy-
tip guide wire was exchanged for an Amplatz super
stiff guide wire, and a hepatic parenchymal tract was
dilated using an 8 mm balloon catheter. The Cordis
balloon catheter-stent delivery system was introduced
into the sheath by advancing the insertion tool over
the wire through the hemostasis valve, until a hand
stop was reached. A stent mounted balloon was
introduced through the insertion tool and advanced
over the guidewire until the stent was in the desired
location for deployment. The stent was deployed by
inflating the balloon with a 50% saline and 50%
Renografin76 solution using a standard manual
technique (Le Veen balloon inflator). A 10 mm
diameter balloon catheter was used with 6 atm
pressure for 2 minutes with 3 repetitions. The
Wallstent was deployed in a standard fashion and
inflated using equivalent inflation pressures and
technique for Cordis stent deployment.
        Since the coagulation process is much faster in pigs
than in humans based on our previous experience, 500U/
kg heparin was routinely administered in each procedure.
No anticoagulants or other medicines were used after
the procedure.
        A numerical rating system was developed in the
evaluation of the following deployment factors at
implantation: stent insertion through the sheath, insertion
tool function, stent tracking,  balloon inflation and
deflation,  stent expansion,  ease of positioning,  balloon
catheter removal, and stent architecture and visibility
under fluoroscopy. The rating system was scored as
follows:  excellent = 1;  satisfactory = 2;  poor = 3; and
not achieved = 4.
        Portal venography was performed following TIPS
placement and prior to sacrifice. Plain radiography was
taken and the following factors were assessed: stent
migration,  distortion of stent architecture and  changes
of diameter and length of the stent.
       Animals were euthanized 2 weeks after TIPS
placement by intravenous injection of 15 mL saturated
KCL. All of the shunts were examined by portography
via transjugular i mmediately prior to euthanasia.
        Necropsy was performed i mmediately following
euthanasia. The TIPS shunt and involved adjacent
tissues were evaluated by gross examination at
necropsy and preserved for histologic assessment.
Representative crossections from the central, hepatic
and portal vein regions of the stent were cut after
fixation in buffered 4% formalin for at least 24 hours.
The metal of Wallstent was removed before embedding
while the metal of Cordis stent had to be removed using a
hand saw after embedding and then reembedded in JB-4. The
tissues were then cut at 5 microns and stained with

modified Giemsa and basic fuchsin.
        At least 3 sections in each region of stent were
prepared and reviewed. Histologic quantification including
thickness, the area of the proliferative response and the
ratio of the proliferative area/total area of the stent was
achieved using standard planimetry techniques and Nikon
microscopy and Camera Lucita with Micro-Plan II Image
Analysis (Laboratory Computer Systems, INC).
         All quantitated data were expressed as the mean
value ± SD. Stent patency and quantified proliferative
reaction within the stent were compared using Chi-
Square test and Student’s t test, respectively. Statistical
significance was defined as P<0.05.

RESULTS
TIPS was successfully performed in all pigs with both
stent designs (100%). No difficulties were encountered
in delivering and deploying the Cordis stents. All pigs
remained healthy until the scheduled date of euthanasia
except one. This pig died 2 days following Cordis stent
placement from introgenic hemorrhage secondary to
inadvertent gastric puncture during the TIPS procedure.
This early death was excluded from the numerical
results.

Patency
Stent patency was determined by venography and
pathohistological examinations, 33.3% (4/12) of the
Cordis stent group and 38.5% (5/13) of the Wallstent
group were patent at 2 weeks post-deployment (Figure
2). This difference did not reach a statistical significance
(P>0.05, Chi-Square test). One pig had an occluded
Cordis stent because its proximal end wedged into the
liver parenchyma due to its stiff property (Figure 3).
Likewise, one pig had an occluded Wallstent due to
longitudinal recoiling of the stent causing the distal end
to withdraw from the portal vein into the liver
parenchyma.

Stent deployment factors
The mean score for stent deployment factors are listed
in Table 1. Stent insertion through the sheath and stent
expansion  were scored excellent in all procedures
performed with both Cordis stent and Wallstent. Cordis
stent had a higher score than Wallstent in stent tracking,
positioning, and visibility by fluoroscopy. The factors of
tool function, balloon in/de-flation and catheter removal
which are unique to Cordis stent, were scored excellent
for all procedures.

Recoiling of stents
No stent migration or stent distort ion was
demonstrated in either Cordis stent or Wallstent
groups. Stent diameter and length i mmediately after
TIPS placement and 2 weeks after TIPS are shown
in Tables 2 and 3. The interval change in the
Wallstent group at 2 weeks after TIPS is larger than

Teng GJ, et al. Comparison of a new stent and Wallstent for TIPS in a porcine model       75



in  the Cordis stent group. The Wallstent demonstrated
an average shortening of 5.18% as compared with 0.
69% with Cordis stent.

Histopathologic characteristics
Pseudointimal proliferation (PIH) formed within the shunt
with both stent designs, and histology was similar in all
three assayed areas. PIH was primarily composed of
myofibroblasts (Figures 2,4), organized thrombus, and
collagen. Infla mmatory cells were mainly lymphocytes
and mononuclear cells co mmonly located around the stent
wires. Organized thrombus was characterized by
palisading and herringbone deposition of the fibrin and the
invasion of blood vessels (neovascularization). A single-
cell lining of endothelial-like cells covering the lumen was
observed only in specimens with a patent shunt. The liver
tissue adjacent to the stent showed minimal injury
characterized by sinusoidal dilatation, hemorrhage, focal
necrosis, mononuclear infla mmation and fibrosis. There
was no major difference in histological characteristics
between the two groups with the different stent designs.
        In 10 specimens (5 in each stent group), bile leak
was identified by bile staining of thrombus.
Histologic sections demonstrated extensive neo-bile
duct proliferation within the PIH or on the surface
of the lumen in some specimens with bile leak
(Figure 4). This partially contributed to occlusion

of the stent.

Quantified histological results
PIH thickness and the ratio of proliferative area/total
area within both stent designs are shown in Table 4. The
portal vein aspect of the stents had the highest
proliferative response, the hepatic region the second
highest and the middle region of the stents the least
proliferative. There was no statistically significant
difference among the three assayed regions between
Cordis stent and Wallstent specimens (P>0.05).

DISCUSSION
Various stent designs including Palmaz stent, Gianturco-
Rosch Z stent, Strecker stent and Memotherm stent have
been utilized in TIPS procedures[3-6]. Wallstent is the most
co mmon stent used for TIPS currently within the United
States due to its flexibility which allows easy negotiation of
the angles bridging a hepatic vein and a portal vein[7].
Unfortunately, TIPS stent stenosis rates are high with all
stent designs, although PTFE covered stent seems to decrease
the stenosis of TIPS shunt in pigs[8,9]. The mechanism and
process of restenosis in TIPS remains poorly understood.
However, it is well accepted that stent design including
mechanical properties are important factors influencing stent
patency.

Table 1  Scores of deployment factors

Stent types              Insert thru                       Tool                               Stent                    Balloon                               Stent                         Position                 Catheter                   Architecture
                                       sheath                        function                         tracking            in/de flation                  expansion                                                      removal                    & visibility

Cordis 1 ± 0.0 1 ± 0.0 1.07 ± 0.27 1 ± 0.0 1.14 ± .53 1.29 ± .61 1 ± 0.0 1.86 ± .54
Wallstent 1 ± 0.0      * 2.17 ± .84      * 1.00 ± 0.00           * 1.75 ± .87 2.42 ± .52

*Not applicable to the device.

Table 2  Recoil data in Cordis stent

                                                                                          Diameter (mm)
Interval                                                                                                                                                                              Length (CM)
                                      Proximal                         Middle                           Distal                           Overall

I mm post-TIPS 7.46 ± .80 7.32 ± .70 7.43 ± .73 7.40 ± .73 4.35 ± .33
2 weeks 7.51 ± .79 7.25 ± .73 7.50 ± .74 7.42 ± .74 4.32 ± .32
Change (%)    +0.67     -0.96    +0.94    +0.27     -0.69

I mm: I mmediately

Table 3  Recoil data in Wallstent

                                                                                         Diameter ( mm)
Interval                                                                                                                                                                              Length (CM)
                                      Proximal                         Middle                          Distal                            Overall

I mm post-TIPS 9.17 ± .94 7.42 ± .60 7.72 ± .71 7.98 ± 1.05 4.83 ± .42
2 weeks 9.28 ± .83 7.67 ± .53 7.94 ± .52 8.22 ± 0.90 4.58 ± .48
Change (%)      +1.2    +3.37    +2.77     +3.01     -5.18

I mm: I mmediately

Table 4  Quantified histological proliferation in specimens with Cordis stent vs. Wallstent

                                                          Thickness ( mm)                                                           Proliferation area/ total area (%)
Region
                        Cordis stent                   Wallstent                    P value*              Cordis stent                    Wallstent                P value*

Hepatic 2.04 ± 1.28 1.85 ± .96 0.66 57.49 ± 23.60 51.43 ± 24.61 0.74
Middle 1.42 ± 0.82 1.31 ± .87 0.63 49.89 ± 17.31 47.91 ± 20.12 0.60
Portal 2.46 ± 0.98 2.38 ± .23 0.61 71.88 ± 21.18 69.97 ± 29.45 0.57
Average 2.18 ± 1.07 2.00 ± .02 0.73 59.18 ± 23.06 51.66 ± 25.11 0.78

*Two-tail t test.
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Figure 1  The Cordis balloon-expandable stent, which is constructed as a sinusoidal wave pattern by one stainless steel wire, with high
rigidity.
Figure 2 a.  The portal venography obtained i mmediately shows that the TIPS shunt (arrows) is well created between the hepatic vein (H)
and the portal vein (P). b. The shunt remains patent in the portography taken i mmediately before the euthanasia at 2 weeks after stent
placement. c. The gross examination of the specimen shows that the surface of the stent (straight arrows) is covered by a smooth and thin
layer endothelia-like tissue (curved arrows) which does not extend to the ends of the stent at the IVC and the portal vein (P). d. Low
magnification photomicrography of the TIPS reaction shows a mild myofibroblastic cell proliferation (M) under stent meshes (S) (Modified
Giemsa and basic Fuchsin stain, ×3.12 ). e. The myofibroblastic cells are primarily composed of smooth muscle cells. (Anti-SMCα actin
stain, ×125).
Figure 3 a.  An occluded TIPS shunt from a pig using a Cordis stent. The i mmediate portal venography after TIPS shows a patent TIPS
shunt (arrows). b. The occluded shunt was confirmed by the portography obtained i mmediately before the euthanasia in two weeks after
the stent placement. The gross examination of the specimen demonstrates that the hepatic end of the stent wedges into the liver parenchyma
and the proximal end of the shunt is totally occluded by the healed hepatic vein (arrows), while the portal end (P) of the stent keeps patent.
Figure 4  Photomicrography from an occluded TIPS shunt using a Wallstent shows that a massive pseudointimal proliferative tissue
under the stent (S), which primarily composed of myofibroblastic cells (M). Neo-bile duct proliferation within the proliferation is also noted
(arrows). Modified Giemsa and basic Fuchsin stain, ×125
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     Since multiple interdependent mechanical
characteristics of stents may play a role in stent restenosis
[10-19], the ideal stent appears to be non-existent. To
produce a satisfactory stent, the following factors should
be considered: stent wire material and diameter,
longitudinal flexibility,  hoop strength (circumferential
strength), stent texture and stent surface area.
         A layer of metal oxide provides the ultimate interface
between stent and host following stent implantation.
This is independent of metal content[10]. Similar
thrombogenicity and patency rate have been observed
in stented arteries using different stent metals[16,20].
Hehrlein et al[18] evaluated stent biocompatibility as
related to surface texture and charge. Palmaz-Schatz
stents were coated either by electrochemical metal
deposition (platinum, gold, copper) or coated with a
metallic film implanted onto the stent surface by argon
ion bombardment. These stents were implanted and
evaluated in a rabbit iliac arterial model. The results
demonstrated that the most electropositive coating
(platinum or gold) induced markedly less neointima
formation than the least electropositive (copper). The
authors therefore concluded that stent surface texture
was the most important factor determining
biocompatibility of the stent while the charge on stents
appeared to be less important[18].  Strength, elasticity,
and plasticity of various stents co mmonly used were
recently investigated in an in vitro model[12,13]. The
results suggested that the Palmaz stent is appropriate
for insertion into highly resistant obstructions due to its
superior resistance to deformation. Strecker stents and
Wallstents required good wall contact to achieve
adequate strength and Wallstent may not function well
if implanted into eccentric stenoses of tough
consistency due to its unique deformation. The
Gianturco stent showed the lowest resistance and
deformed more readily. We did not evaluate such
criteria regarding the Cordis stent in this study.
However, the higher longitudinal rigidity and hoop
strength of this new stent may have merit for placement
within tough and highly resistant cirrhotic liver tissue.
Strong mechanical support by a stent is important to
prevent proliferation as demonstrated by Ikari et al[17].
They demonstrated significantly higher proliferation at
the articulation of Palmaz-Schats stents in stented
conorary arteries and partially attributed this to lack of
mechanical support in the articulation area of the stent.
Surface area occupied by the metal stent mesh also
influences restenosis.
        A predominant difference between Cordis stent and
Wallstent evaluated in this study is the rigid
characteristic of Cordis stent and the flexible
characteristic of Wallstent. The benefits of the Palmaz
stent and Wallstent in TIPS were compared in a
prospective randomized study[21]. The authors
illustrated that early shunt thrombosis was more
frequent with Wallstent (4/45 vs 0/45). Palmaz

suggests that the relatively more rigid Palmaz stent could
provide a stable, nonshifting surface for endothelial
growth, whereas dimensional change in a prosthetic
surface causes increased endothelial slough and platelet
proliferation[10].  However, late observation in the same
study[21] showed more frequent shunt insufficiency with
Palmaz stent than Wallstent (6/45 vs 2/45). This
indicates that the process of TIPS stenosis should be
multifactorial.
       Wallstent is frequently associated with unpredictable
shortening in TIPS at follow-up due to the self-
expanding force from elasticity[6,22]. Wallstent shortened
5.18% in our study at 2 weeks as compared with 0.
69% shortening of the Cordis stent. Stent flexibility is
required to negotiate curves when delivering the stent
by catheter through tortuous vessels leading to the
target area. Is it possible to compromise flexibility and
rigidity without the drawback of shortening like a
Wallstent in TIPS Several other stent designs have been
utilized in TIPS. Gianturco-Rosch stent was the first
stent designed  in experimental TIPS, but it seems to
be unco mmonly used. Strecker stent is highly
radiopaque, flexible and shortens minimally but tends
to dislodge and is difficult to be recatheterized[23].
Preliminary experience in TIPS using the Memotherm
stent (Angiomed, Germany) showed promising results,
but the number of samples was small[6]. The new Cordis
stent used in this study is relatively more flexible than
the Palmaz stent, and has the added advantage of being
highly radiopaque with minimal shortening. From a
technical perspective, the Cordis stent deployment
system consistently works well and is easy to use,
compared with Wallstent. In our opinion, the Cordis
stent is an appropriated compromise between the rigid
Palmaz and the flexible but foreshortening Wallstent.
          The similar histologic characteristics of proliferative
response were observed in the two groups using different
designs of stent, which is also very similar to the findings
described previously by us and other authors[24-26].
       To date, there are few experimental studies or
clinical trials available to compare different stent
designs in TIPS. It is difficult to directly compare
different stent designs following deployment. For
instance, although equal stent diameters and
balloons with equal inflation pressures were used
in our study, TIPS stent length was not equivalent
following deployment. Stent diameter following
TIPS completion in the Wallstent group was larger
than the Cordis stent group ( 7.98 mm vs 7.40
mm).  This  unexpected s ize  var ia t ion may
contribute to the relative rigidity of Cordis stents
compared with the relative flexibility of Wallstents
and the stronger circumferential strength of Cordis
stents compared with the relatively decreased hoop
strength of Wallstents. Perhaps the difference in
luminal diameter contributed to the increased PIH
in the pigs with Cordis stents (not statistically
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significant). Such an explanation is favored by our
recent study (unpublished data, 1996) which
demonstrated significantly thicker pseduointimal
formation within the lumen (2.07 mm vs 1.25 mm, P =
0.006) when comparing a smaller diameter Wallstent
(6.50 mm) to larger Wallstent (7.25 mm) in a TIPS
porcine model. Nevertheless, the short-term patency
rate using the Cordis balloon-expandable stainless steel
stent in a TIPS porcine model in this study is comparable
to that found using Wallstent.
        There were interesting findings in two occluded
stents in this study: one stent probably occluded
because of Cordis stent rigidity, and the other
probably occluded because of Wallstent longitudinal
recoil. This probably reflects the inherent drawbacks
of Cordis stent and Wallstent respectively. However,
Cordis stent rigidity may be an advantage when
deployed in stiff cirrhotic liver parenchyma in TIPS
rather than in healthy, compliant normal pig livers,
although Cordis stent should not be deployed where
sharp curves are required to bridge the portal and
hepatic veins. Use of a longer Wallstent than the exact
length of the tract required in TIPS may overcome
the shortening disavantage of Wallstent[22]. However,
it is  important to accurately place the stent  in the
hepatic vein to ensure patency and not to compromise
future opportunity for liver transplantation[27]. The easy
to use, reliable Cordis deployment system and
increased radiopacity allow for accurate manipulation
and precise positioning under fluoroscopy.
        Therefore, our study suggests that the Cordis stent
merits further investigation for potential use in TIPS
patients.
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INTRODUCTION
Cancer treatment situation in tumor hospitals in China
has its own unique characteristics which are not found
in other parts of the world. Because of the huge
population and high incidence rates of esophageal and
stomach cancer[1-5], the number of cancer patients
waiting for admission is inconceivably large. It is
estimated that there are about 1.6-2.0 million new cases
per year in China. In 1999, the Hebei Tumor Hospital
had 6884 carcinoma patients hospitalized, among them
there were 1035 esophageal cancer  and 1057  stomach
cancer patients. Because of the financial problem and
most peasants have not joined the medical care
insurance plan. Therefore, they are not benefited by
the ideal treatment regimen after being diagnosed with
TNM staging.
        Hebei Tumor Hospital was established in 1958 to
provide medical care to cancer patients in the central
and southern parts of Hebei Province. It has 621 beds.
The southern part of Hebei Province around Chixian is
adjacent to Linxian of Henan Province, both Chixian
and Linxian counties have  the highest incidence rates
of esophageal cancer which are 135/100 000. Besides,
stomach carcinoma is another major cancer in this
region.
         With a view to standardize the therapy of esophagus
and stomach cancer, the authors reviewed the
national and international standard treatment and
recent progress in this field, and the therapeutic
modalities given in this hospital from 1981 to 1997,
a n d  h o p e  t h i s  a n a l y s i s  m a y  b e n e f i t  t h e
development of standardized therapy for the

above two malignances  in clinical management.

MATERIALS AND METHODS
A database was constructed for esophageal and stomach
cancer patients who had been hospitalized in Hebei Tumor
Hospital from 1981 to 1997 by the Foxprow database
management techniques. Each hospitalized patient had
his or her own  record in the dataset. Percentages of
therapeutic modalities as surgery, radiotherapy,
chemotherapy, separate or in combination were
calculated by the programs written in the Foxprow
language. Finally, the results were analyzed according
to Diagnosis and Treatment Criteria for Common
Malignances in China by Ministry of Health  of  China
and Manual of Clinical Oncology by UICC, and recent
advances in these fields so as to find out the most rational
suggestions  for esophageal  and gastric cancer.

RESULTS AND DISCUSSION
Esophageal carcinoma
As seen in Table 1, surgery and radiotherapy are two
major options for esophageal cancer. Only 2.76% of the
patients were treated by chemotherapy alone, and even
fewer cases had been treated by multimodality treatment
regimens such as surgery + radiotherapy, surgery +
chemotherapy, chemoradiotherapy, and surgery +
chemoradio-therapy. Radiotherapy as a preoperative
option is eligible for esophageal cancer of various
locations[6]. Preor postoperative radiotherapy in addition
to surgery  could reduce tumor recurrence and
metastasis[7,8]. Either surgery or radiotherapy alone is
not satisfactory because of the high rate of recurrence
and metastasis[9,10]. The rationale for preoperative
radiotherapy includes  cytoreduction, improved
resectability and reduced chance of marginal dissemination
of tumor during the surgical procedure[11]. Therefore,
preoperative radiotherapy is especially beneficial to patients
with middle or late stage esophageal cancer[12].
          Postoperative radiotherapy had been proved to
be useful in reducing recurrence and metastasis[11].
Recent trials showed that although the 5-year survival
rate of esophageal cancer was still poor, it had improved
somewhat from 3% 30 years ago to 10%-15% today[13].
It was reported that multimodality approaches combining
surgery, radiotherapy, and chemotherapy had resulted
in 5-year survival rate of 40%-75% for advanced stage
patients with a complete histological response to
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preoperative chemotherapy[14]. These results suggest
that further improvement in multimodality treatment
regimens may allow a significant increase in survival
period for esophageal carcinoma patients in the future
[15].
        Preoperative chemotherapy has been shown in
nonrandomized trials to have similar side effects and
mortality rate with surgery alone. Furthermore, phase
two trials have suggested higher survival rates for
combination of preoperative chemotherapy and surgery
than that seen in surgery alone[16]. Another randomized
study of 113 patients with esophageal carcinoma found
that preoperative Cisplatin and 5-Fu given concurrently
with 40 Gy of radiation significantly improved 3-year
survival rate (32% vs 6%)[17]. Criticism  of the study
included poor preoperative staging and small sample size
(113 patients). However, this trial offered hope that
multimodality treatment regimens may ultimately prove
beneficial in improving the overall survival period in
esophageal cancer.
         As seen in Table 1, although the cured and improved
rate on discharge  was highest in patients treated by
surgery + radiotherapy, the percentage  was only 3.58%,
far less than those with surgery alone (48.93%) or
radiotherapy alone (32.87%). The percentage of
multimodality treatment regimens  was only 4.32%, this
was because in the past, we adopted the policy of
elimination of symptoms rather than eradication of the
disease. Therefore, in the future, we should focus our
attention on the multimodality treatment regimens and
to search for the most eligible combinations.

Table 1  Treatment modalities of esophageal and stomach
cancer patients from 1981 to 1997 in Hebei Tumor Hospital

                                                                    Esopageal cancer                      Stomach cancer

Treatment modality                                                      Cured &                                    Cured &
                                                           n                %     improved(%)       n              %   improved(%)

Surgery 4683 48.93 92.70 5328 67.48      59.51

Radiotherapy 3146 32.87 93.01 1758 22.26      56.66

Chemotherapy   264   2.76 91.67   117   1.48      84.67

Surgery+radiotherapy   343   3.58 95.04   260   3.29      93.83

Surgery+chemotherapy     41   0.43   114   1.44      88.60

Chemo-radiotherapy     24   0.25 87.50       8                87.50

Surgery+radio+chemotherapy       5       4                75.00

Other therapy 1064 11.12 53.20   307   3.89      83.71

Total 9570 100.00 88.46 7896 100.00    84.04

Gastric carcinoma
As seen in Table 1, surgery remains the first choice
as curative treatment for patients with gastric
cancer, especially at the early stages[18-20]. Early
intraepithelial gastric cancer without nodal metastasis
by surgery alone can yield a 5-year survival rate as
high as 90%-95%. These early carcinomas may also
be treated by endoscopic resection or endoscopic
mucosectomy[21-24]. Gastric cancer survival is clearly
stage dependent and is significantly affected by lymph
node involvement[25]. The 5-year survival rate for
patients with early gastric carcinoma after treatment

approaches 90% but only less than 5% for cancer that
involves the serosa[26]. The better survival statistics
among Japanese are mainly due  to greater frequency
of early gastric cancer. Early detection of gastric
carcinoma relies upon  advanced  development of X-ray
and endoscopies[27,28], and also upon massive screening
in high risk populations.
        Although surgery has been proven to be the curative
therapy for early gastric cancer, unfortunately,  only 10%
are early cancers[29]. In fact, locoregional recurrence is
also common even after curative resection[30,31],
therefore adjuvant chemo and radiotherapies  are
absolutely necessary[32-34].
       Currently, preoperative chemotherapy and
intraoperative radiotherapy are used as adjuvant
therapies.  
        The operative morbidity of gastrectomy is high. It
frequently precludes patients from entering into adjuvant
therapy in a timely manner. Therefore, many studies
are investigating the use of preoperative therapy. Wilke
et al[35] described 34 patients who were demonstrated
at laparotomy to have locally advanced unresectable
cancer, these patients received two to five cycles of
etoposide, doxorubicin, and cisplatin (EAP), 70%
responders  were offered a second laparotomy, and 15
were without clinical evidence of local extension.
Kelsen et al[36] reported 56 patients who underwent
preoperative therapy with FAMTX combined with
postoper ative intraperitoneal 5-FU and Cisplatin, among
whom 34 patients received a potentially curative
resection. For the entire group, the median survival
period  was 15 months; however, for those who
underwent the above preoperation chemothe rapy  and
surgical resection, the median survival  period was 31
months. Lowy et al[37] reported 24 patients who
responded to similar- therapy,  84%  had a 5-year
disease-free survival, while 30% of those who did not
respond had a 5-year disease-free survival. These
studies suggest an appealing  potential benefit of
preoperative chemotherapy by inducing positive
response in some patients[38].  
       The largest experience with intraoperative
radiotherapy (IORT) came from Japan,  where it had
been studied for over 20 years. Abe et al[39] performed
a prospective randomized trial of IORT in over 200  gastric
cancer patients, and a more significant survival advantage
was found for patients treated with IORT and surgery
over those treated by surgery alone. This 5-year survival
advantage was seen in patients with stage two (84% vs
62%) and stage three  (62% vs 37%). Patients with
stage one  disease received no benefit from IORT. In
addition, the only 5-year survivors in stage four were
those who received IORT. This study suggests that IORT
may be  able to control locoregional recurrence after
resection, which alone  is often a major cause of
treatment failure.  
        According to the criteria for gastric cancer
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therapy modality planning of the Diagnosis and
Treatment Criteria for Common Malignances in China
for early gastric carcinomas with no nodal metastasis,
no adjuvant therapy is necessary following curative
resection depending on whether the disease is restricted
to the mucosa or submucosa, but if there is nodal
metastasis, adjuvant chemotherapy should be considered.
For stage two and/or stage three progressive gastric
cancer patients, preoperative radiotherapy is helpful to
improve resectability. Postoperative chemotherapy
should be considered for all progressive gastric cancer
patients whether they have undergone curative or
noncurative resection, and whether there is nodal
metastasis or not. Intraoperative radiotherapy  should
be applied for stage two or stage three patients who are
undergoing curative resection[40].  
        As seen in Table 1, the percent of surgery alone
for treatment of gastric cancer is 67.48%, surgery plus
chemotherapy and surgery plus radiotherapy account for
only 1.44% and 3.29% respectively. Considering only 10%
of gastric cancer patients diagnosed in hospitals are early
cancer and may be treated by surgery alone, all other patients
present with advanced disease should be treated by
multimodality regimens such as preoperative chemotherapy,
pre,  intra or postoperative radiotherapy etc.

CONCLUSIONS
The advent of multimodality treatment is introduced in the
last decade. Pre-operational chemotherapy can eliminate
micro-metastasis and post-operational radiotherapy can
kill the residual cancer cells, therefore in the future surgical
resection with preoperational chemotherapy and
postoperational radiotherapy  should be considered to
achieve better results and longer-survival periods.
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INTRODUCTION
Vita min E succinate (RRR-α-Tocopheryl Succinate,
VES), a derivative of natural vita min E, is a compound
esterified by succinic acid and 6-hydroxyl-α -
tocopheryl. VES can increase the stability of á-
tocopheryl and protect 6-hydroxyl from oxidation.
Nowadays, this kind of vita min E has been on sale
on the markets. Previous researches indicate that VES
has an evident inhibitory effect on the growth of
various tumor cells, but has no harm to the growth of
normal cells[1-7]. The experiment in vivo has
demonstrated that VES can cause the tumor to
retrogress by regional injection[8,9]. Thus it is presumed
that VES may be a potential tumor chemopreventive
and chemotherapeutic agent.
        Gastric cancer is one of the most common tumors
in China. Up to now, most studies have focused on
the preventive measures for tumors[10-13], but there
has been few reports that VES inhibits the growth of
gastric cancer. Our study showed that VES has an
obviously inhibitory effect in the growth and DNA
synthesis of human gastric cancer SGC-7901 cells[14].
The observation under electron microscope and the
detection by flow cytometry and in situ end-labeling
methods implicated that VES can induce gastric cancer
cells to undergo apoptosis[15]. The exact mechanism of
VES-induced growth inhibition in tumor- cells has
still been unclear, but it has been reported that

transfor ming growth factor beta (TGF-β) played a critical
role in VES-induced apoptosis in tumor
cells[16,17]. In addition, VES-triggered apoptosis was
inhibited when c-Jun mutant was transfected into breast
cancer cells[18]. The data above show that both TGF-β
and c-Jun may be important factors for VES-induced
apoptosis. In this study, the expression of TGF-β1, c-Jun
and c-Jun  NH2-ter minal kinase (JNK) was deter mined
in SGC-7901 cells treated with  VES so as to explore
the mechanisms of VES-triggered apoptosis in gastric
cancer cells.

MATERIALS AND METHODS
Materials
Human gastric cancer SGC-7901 cell line was obtained
from the Beijing Cancer Institute and cultured in
RPMI1640 medium plus 10% fetal bovine serum and
routinely incubated with 5% carbon dioxide at 37 . VES
was purchased from the Sigma Corporation. Quantikine
human TGF-β1 ELISA kit was purchased  from R&D
Systems Company. Rabbit JNK1 polyclonal antibodies
were kindly presented as a gift by Dr. Rui Hai Liu of
Cornell University, USA. Rabbit c-Jun/AP1 polyclonal
antibodies were purchased from Beijing Zhongshan
Biotechnical Company.

Drug treatment
VES was prepared at 5, 10 and 20mg/L by 100% ethanol.
The concentration of ethanol in VES solution was
adjusted to 0.1% (v/v) by 100% ethanol. Exponentially
growing SGC-7901 cells were treated with VES.
RPMI1640 complete condition media containing 1 µL/
mL ethanol served as control.

Methods
ELISA  When the cells were cultured for 12 h,18 h, 24
h and 48 h respectively, condition media was aspirated
and centrifuged. The supernatant was prepared for the
detection of activated TGF-β1. Next, 500 µL culture
supernatant was added into 0.1 mL 1N HCl and
centrifuged for 10 min at room temperature. Then 0.1
mL 1.2N NaOH was used to neutralize the acidified
samples for the detection of total TGF-β1. Standard
solution was prepared at different concentrations
according to the instructions in the kit. Standard solution
(200 µL per well) or activated samples were added into the
96-well plates bound with human recombinant TGF-
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βs RII. Then the steps proceeded as instructed. Finally,
the value of optical density (OD) of each well was deter
mined at 450 nm within 30 min, using a microplate reader
set to 450 nm, and corrected at 540 nm.

Western blot SGC-7901 cells were harvested,
decomposed on ice and centrifuged. Total protein
contents in the supernatant were detected by
nucleic acid and protein analyzer. Total protein (100
µg) was used for 12% SDS-PAGE electrophoresis
and transferred onto nitrocellulose membrane,
which was hybridized with rabbit c-Jun/AP-1 or
JNK1 polyclonal antibodies (1:1000 dilution) and
then with the secondary horseradish peroxidase-
labeled antibody to detect the expression of c-Jun
and JNK1.

RESULTS
Effects of VES on the expression of TGF-â1 protein
Standard curve  Standard curve was created by plotting
the mean absorbance for each standard on the y-axis
against the concentration of TGF-β1 on the x-axis. The
linear regression equation was as follows:

           Y = -0.037+8.559×10-4 x       r = 0.9991

Detection of total TGF-β1   When SGC-7901 cells
were collected following VES treatment for varying
time periods, the OD value of TGF-β1 was measured
by microplate  reader and converted into the
concentration of total TGF-β1 according to the
regression equation above. Compared with the control,
the expression of total TGF-β1 in VES-treated cells
was enhanced with a dose-time effect. After 48h
treatment of VES at 5, 10, and 20 mg/L, the level of
total TGF-β1 was increased by 44.8%, 92.4% and 182.
3%, respectively (Figure 1).

Figure 1 The effects of VES on total TGF-β1 in SGC-7901 cells.

Detection of activated TGF-β1 The OD value
was directly measured in SGC-7901 cells harvested
without acidification, and converted into the
concentration of activated TGF-β1 by means of the
equation above. In comparison with the control,
VES-treated cells exhibited increased level of

activated TGF-β1 in a dose-dependent manner. When
the cells were treated with VES at 10 mg/L for 48 h and
at 20 mg/L for 24 h and 48 h, the expression of activated
TGF-β1 was increased by 130.9%, 115.8% and 559.6%,
respectively (Figure 2).

Figure 2  The effects of VES on the expression of  active TGF-β1 in
SGC-7901 cells.

Effects of VES on c-Jun expression
The transferred filter membrane was hybridized  with
rabbit c-Jun/AP-1 polyclonal antibodies, then with
the secondary antibody, colorated with DAB and
imaged by digital imaging maker (Figures 3 and 4).
From Figure 3, it can be seen that VES-treated SGC-
7901 cells at 10 mg/L for 3 h exhibited evidently
increased level of c-Jun protein. It was in a high
state within 24 h and began to decrease after 24 h.
Figure 4 indicates that the expression of c-Jun in
VES-t rea ted  SGC-7901 ce l l s  a t  d i f ferent
concentrations at the same time was increased with
a significant dose-effect relationship.

Effects of VES on JNK1 expression
The procedure was similar to that for c-Jun (Figures
5 and 6). Figure 5 shows that when SGC-7901 cells
were treated with VES at 10 mg/L for 3 h, the
expression of JNK1 was obviously promoted and
further promotion occurred with the lapse  of time
within 24 h. Figure 6 implicates that the level of
JNK1 expression was different in VES treated SGC-
7901 cells at different concentrations at the same
time. Compared with the control, the expression of
JNK1 was evidently elevated in a dose-dependent
manner.

Figure 3  The expression of c-Jun in VES treated SGC-7901 cells at
10 mg/L for different time.
A. Protein marker; B. VES treatment for 0 h; C. VES treatment
for 3 h; D. VES treatment for 6 h; E. VES-treatment for 12 h;
F. VES treatment for 24 h; G. VES- treatment for 48 h.
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DISCUSSION
Previous researches showed that induction of
apoptosis in tumor cells is one of the important
mechanisms by which VES inhibits tumor cell
growth[15,19].  Apoptosis is the most common
physiological form of cell death and occurs-during
embryonic development, tissue remodeling, immune
regulation and tumor regression. Thus, initiation of

apoptotic signal pathway and induction of apoptosis in
tumor cells will be an effective approach for treating
tumors[20-23]. Apoptosis is controlled by genes. Now
hundreds of regulatory factors  have been identified.
These factors form many apoptotic signal transduction
pathways which  are complex[24-28]. In this study, several
apoptosis-related proteins were deter mined to investigate
the possible pathways involved in VES-induced apoptosis
of human gastric cancer SGC-7901 cells.
        Transfor ming growth factor (TGF) is a large family
of multifunctional cytokines which can regulate cell
proliferation, differentiation and death[29-31]. It has
been proved that TGF-β, a latent inhibitor of
epidermal proliferation, plays a role in the inhibition
of more than three quarters of human primary
tumors (such as breast cancer[32,33], prostatic
carcinoma[34], lung cancer[35,36], colic carcinoma[37]

and liver cancer[38,39]). Inhibition of the activation of
latent TGF-β, down-regulation or loss of the
expression of TGF-β receptors and deficiency of
important elements responsible for cellular message
transmitting pathway cause tumor cells to escape
the growth inhibition of TGF-β, resulting  in cancer
[40-42]. Yu et al[43] found that VES can improve the
secretion of activated TGF-β1 and induce apoptosis
in human breast cancer MDA-MB-435 cells. When
TGF-β antibody neutralization assay was applied or
antisense TGF-βRII oligonucleotide was transfected
into breast cancer cells, the ability of VES-induced
apoptosis was blocked by 50%, which implicated that
the increase of TGF-β expression was related to
induction of tumor cell-undergoing apoptosis. In our
study, activated TGF-β1 was directly measured with
the kit in VES-treated SGC-7901 cells and its
expression was distinctly increased; yet total TGF-
β1 was detected when the samples were acidified
and its expression was also clearly promoted. These
facts suggested that VES can induce not only the
activation of active TGF-β1 but also an increased
secretion of latent TGF-β1. Latent TGF-β1 is released
from cells into media and activated by some enzyme
outside the cell membrane.
       c-Jun is an early and transient gene[44] and its
response to many kinds of stimuli is rapid and
transient. The expression of c-Jun can be enhanced
and prolonged by many stress stimuli such as
ultraviolet, irradiation, hydrogen peroxide, tumor
necrosis factor α  and other apoptosis-triggering
factors[45,46]. As mentioned above, VES-induced
apoptosis rate was obviously decreased when human
breast cancer cells were transfected with antisense
c-Jun oligonucleotide or c-Jun mutant[18]. Our
results showed that the expression of c-Jun was
elevated and prolonged in VES-treated SGC-7901
cells (usually the expression of c-Jun only lasted 3
h-4 h or even shorter), indicating that c-Jun was also
involved in apoptosis of VES-treated SGC-7901

Figure 4  The expression of c-Jun in VES-treated SGC-7901
cells.
(a) VES-treated SGC-7901 cells for 24 h; (b) VES-treated SGC-
7901 cells for 48 h.
A. Protein marker; B. Control; C. VES at 5 mg/L; D. VES at 10
mg/L; E. VES at 20 mg/L.

Figure 5  The expression of JNK1 in VES-treated SGC-7901 cells at
10 mg/L for different time points.
A. Protein marker; B. VES- treatment for 0 h; C. VES treatment for
3 h; D. VES treatment for 6 h; E. VES treatment for 12 h; F. VES
treatment for 24 h; G. VES treatment for 48 h.

Figure 6  The expression of JNK1 in VES-treated SGC-7901
cells.
(a) VES-treated SGC-7901 cells for 24 h; (b) VES-treated SGC-
7901 cells for 48 h.
A. Protein marker; B. Control; C. VES at 5 mg/L; D. VES at 10
mg/L; E. VES at 20 mg/L.
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cells.
         It is reported that the mainly biological roles of c-
Jun are the induction of cell cycle arrest and apoptosis
[47-49]. JNK can directly bind with transcription factor
c-Jun and activate c-Jun through  phosphorylation of
serine 63/73, suggesting that the activation of JNK is
the upstream events involved in phosphorylation of c-
Jun. It is also known that JNK belongs to mitogen-
activated protein kinases (MAPK) family whose
activation can be evidently affected by TGF-β, which
shows that the activation of JNK can be possibly
influenced by TGF-β[50-52]. These data suggest that
JNK may be involved in VES-mediated apoptosis in
tumor cells. In our study, the expression of JNK protein
in VES-treated SGC-7901 cells was obviously increased
with a dose-dependent relationship. Therefore, we
suspect that JNK1 may be involved in apoptotic signal
transduction similar to TGF-β1 and c-Jun. When SGC-
7901 cells were treated with VES, the secretion and
activation of TGF-β were improved, TGF-β increased
the activity of JNK, JNK caused the phosphorylation
of c-Jun, and finally activated c-Jun triggered apoptosis
in tumor cells.
        Although we presumed a signal pathway responsible
for VES-induced apoptosis in SGC-7901 cells, several
interrelated pathways may trigger apoptosis simultaneously
owing to the fact that the mechanisms of apoptosis are
complicated and precisely regulated. So the observation
that the expression of these three proteins is increased is
only the preli minary survey on VES. With the development
of molecular biological technology, if the strategies that a
point in designed signal pathway is “knockout” by different
means and then the blockage of downstream  events is
observed can be carried out, it will be critical for further
studies on the mechanisms of VES-mediated growth
inhibition in tumor cells.
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INTRODUCTION
Fas/FasL system has been identified as a key mediator
of apoptosis in tumor cells[1-4]. The occurrence and
development of neoplasm are closely related to apoptosis
[5-7]. Most chemotherapeutic drugs kill cancer cells mainly
by inducing apoptosis[8-14]. We determined the Fas/FasL
expression and apoptosis of colon adenocarcinoma cell
lines induced by chemotherapeutic drugs with flow
cytometry (FACScan), and studied the relation ship
between Fas/FasL expression and apoptosis of colon
adenocarcinoma cell lines for selection of sensitive
chemotherapeutic drugs and appropriate dosage.

MATERIAL AND METHODS
Cell lines and cell culture
Colon adenocarcinoma cell lines (LS174-T cells and
LoVo cells, provided by the Cell Bank of Chinese
Academy of Sciences) were cultured in RPMI 1640
medium at 37  in a humidified 5% CO2 atmosphere. Cells
were seeded at a concentration of 1 × 106/well in 6-well
plates and incubated at 37  in a humidified 5% CO2

atmosphere overnight to ensure that the cells adhere to the
walls, then chemotherapeutic  drug of various concentrations
was added and incubated again for 24 h or 48h.

Treatment with chemotherapeutic drugs
Different cell lines were treated with Cisplatin
(CDDP), Mitomycin (MMC), 5-fluorouracil (5-
FU) and epirubicin Hydrochloride (EPH) at
concentrations of plasma peak concentration

(PPC), 1/10 PPC, 1/5 PPC, 5 PPC and 10 PPC for 24 h
and 48 h. The PPC of CDDP, MMC, 5-FU, EPH was 3
mg/L, 3 mg/L, 10 mg/L and 0.6 mg/L[5].

Apparatus and reagent
EPHCS-XL FACScan was purchased from Coulter
Co. of America. Annexin-V-Fluos labeling reagent
for identifying apoptosis was purchased from
Boehringer Mannheim Co., and reagent for
identifying Fas/FasL expression was purchased from
Pharmingen Co..

Determination of apoptosis and Fas/FasL
expression
Early apoptotic  changes were identified using
Annexin-V-Fluos, which binds to phosphati dylserine
on the outer leaflet of apoptotic cell membranes.
Propidium iodide was used for the discrimination of
necrotic cells from the annexin V positively stained
cell cluster. Cells were trypsinized, washed with PBS
twice, centrifuged at 200×g for 5 min, and resuspended
in 100mL Annexin-V-Fluos labeling solution containing
Annexin-V-Fluos reagent and propidium iodide.  Cells
were incubated for 10-15 min and analyzed on
FACScan. Percentage of apoptosis = 100%
[experimental apoptosis (%)-spontaneous apoptosis in
medium (%)]/[100%-spontaneous apoptosis in
medium (%)][16]. For determination of Fas expression,
cells were stained with  anti-Fas IgG1 monoclonal
antibody (mAb 1 g/mL) for 45 min at 4  followed by
rat anti-mouse IgG1-FITC for 30min at 4 . FII23
IgG3 antibody was used as isotype-matched antibody
to control non-specific binding. For determination of
FasL expression, cells were stained with FITC-
conjugated rat anti-FasL mAb for 45 min at 4
followed by goat anti-mouse Igs-biotinylated. Rat
IgG2a antibody was used as isotype-matched control
antibody. Fas/FasL expression was assessed by
FACScan. Fas expression = (%Fas + treated cells -
%IgG1 - FITC + treated cells) - (%Fas + control cells
- %IgG1 - FITC + control cells)[16]. FasL expression
was calculated according to the formula as that of
Fas expression. Cells were analyzed  by FACScan
using Cell Quest software.

DNA extration and gel electrophoresis
L S 1 7 4 T  c e l l s  a n d  L o Vo  c e l l s  o f  c o l o n
adenocarcinoma cell lines were added to 6-well
culture plates at a concentration of 1 × 106/mL.
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Cell cultures without treatment, or with treatment at
different PPC of above chemotherapeutic drugs were
harvested from the culture plates after 24 h or 48 h,
washed  twice with PBS (pH 7.4), and moved to the
micro-centrifuging tube. Cells were pelleted at 300×g
and the medium was removed by aspiration. Cell
pellets were resuspended in 100 mL lysis buffer and
incubated at 50  for 1 h, then mixed with 10 µL
RNase  and incubated at 50  for another 1 h. The
DNA was resuspended in sample buffer and
quantified by absorbance at 260 nm. Ten micrograms
of DNA was applied to a 1.5% agarose gel in TBE
buffer and resolved at 75 mA constant current for 2
h. The DNA was then visualized by ethidium bromide
staining for 5 min and washed twice with distilled
water. The result was observed under ultraviolet
radiation (Figures 5 and 6).

Statistical analysis
Fas expression FasL expression and apoptosis percentage
of each treated group were compared and checked with
F test, and their relationship was analyzed.

RESULTS
The drug concentrations of CDDP, MMC, 5-Fu and EPH
ranged between 1/10 PPC  and 10 PPC[15], among which
we set 1/5 PPC, PPC, and 5 PPC[17]. We treated
LS174T cells and LoVo cells with chemotherapeutic
drugs fo 24 h and 48 h respectively, and detected
apoptosis and Fas/FasL expression with FACScan.
        In untreated control group of LS174T cells, Fas
expression, FasL expression and apoptosis percentage
was 0.5%, 1.5% and 2.8% separately. The percentage
in those treated with chemotherapeutic drug for 24 h
was similar in that treated for 48 h, but figures were
lower. LS174T cells treated with chemotherapeutic
drugs for 48 h showed that Fas expression was
upregulated when drug concentration was below 1/5
PPC or at PPC, and downregulated when drug
concentration was above 1/5 PPC or at PPC (Figure 1).
FasL expression was upregulated obviously when drug
concentration was above PPC (Figure 2). When drug
concentration of CDDP, MMC and EPH was below
1/5 PPC or PPC, apoptosis was upregulated, and
downregulated  at a concentration above 1/5 PPC or
PPC. Apoptosis of 5-Fu group cells was upregulated
with increase of drug concentration. Apoptosis in
various drug concentrations in each group is shown in
Figure 3.
        We did not detect Fas expression  of LoVo cells
treated with chemotherapeutic drugs for 24 h. FasL
expression was lower than that of LS174T cells.
Apoptosis of 5-Fu group was upregulated  with
ascending drug concentration which was 54.8% when
drug concentration was 10PPC. The effect of
apoptosis induced by 5-Fu was the best while that
induced by EPH was the worst. The results were just

opposite to the results in LS174T cells. Apoptosis of
CDDP group and MMC group were downregulated
with ascending drug concentration (Figure 4). We
could not detect Fas expression or FasL expression
of LoVo cells treated with chemotherapeutic drugs
for 48 h. Necrosis was found mainly in LoVo cells,
apoptosis of which was lower than that of the control
group.

Figure 1  Fas expression of LS174T cells treated with  chemotherapy
drugs for 48 h.

Figure 2  FasL expression of LS174T cells treated with
chemotherapy drugs for 48 h.

Figure 3  Apoptosis of LS174T cells treated with chemotherapy
drugs for 48 h.

Figure 4  Apoptosis of LoVo cells treated with chemotherapy
drugs for 24 h.
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          We abstracted DNA from the control group of cell
lines and the group treated with chemotherapeutic drugs
of various concentrations for 24 h and 48 h, and examined
DNA ladder by agarose gel electrophoresis. The result
showed that DNA ladder was remarkable in the treated
group of LS174T cells when drug concentration of
CDDP, MMC and EPH was 1/5 PPC or PPC, and 5-
Fu concentration  was 10 PPC. DNA ladder was
remarkable in the treated LoVo cells when CDDP, and
MMC concentration was 1/10 PPC, and 5-Fu
concentration was 10PPC.There was no obvious
difference among the DNA ladders at any concentration
of EPH (Figures 5, 6).

Figure 5  DNA ladder LS174T cells treated with chemotherapy
drugs for 48h (1. Markers; 2. The control group; 3. 5-Fu; 4. DDP; 5.
EPI; 6. MMC).

Figure 6  DNA ladder of LoVo cells treated with chemotherapy
drugs for 24 h (1. Markers; 2. The control group; 3. 5-Fu; 4. DDP;
5. EPI; 6. MMC).

DISCUSSION
Fas is a 45 kDa type I transmembrane receptor
expressed by a variety of normal and neoplastic
cells. It belongs to the tumor necrosis factor (TNF)
receptor family. When there is no antagonistic factor
in the induction of apoptosis,  apoptosis of
chemosensitive tumor cells is induced following
cross-linking of agonistic anti-Fas antibody or FasL
with functional Fas expressed by tumor cells.
Chemotherapeutic drug could induce tumor cells,
which did not express or weakly expressed Fas, to
strongly express functional Fas. Our data by

FACScan showed that the Fas expression of LS174T
cells untreated with chemotherapeutic drugs was only
0.5%, but compared with the Fas expression of the
control cells, the Fas expression of LS174T cells
treated with CDDP, MMC, 5-Fu and EPH for 48 h
was notably upregulated. Fas expression of each
treated group reached its peak at 1/5 PPC or PPC,
which proved that the appropriate selection of
chemotherapeutic drug concentration could effectively
induce functional Fas to be strongly expressed on the
surface of tumor cells.
        In LS174T cells, apoptosis induced by CDDP,
MMC and EPH was closely related to Fas-
expression. Fas expression of the four LS174T cell
groups treated with chemotherapeutic drugs for 48
h and apoptosis reached their peak at 1/5PPC or
PPC. Fas expression was downregulated with
chemotherapeutic ascending, drug concentration, so
was apoptosis. The results of DNA fragmentation
studies showed that the DNA ladder was most visible
when the concentration of CDDP, MMC and EPH
was 1/5 PPC or PPC. Fas expression and apoptosis
of CDDP, MMC and EPH groups were positively
correlated by relativity analysis (P<0.05). In LS174T
cells, Fas expression induced by EPH was most
notable and apoptosis of this group was the highest
of all. There was statistical significance in Fas
expression and apoptosis between EPH and CDDP
or MMC groups (P<0.05). The above data and
analysis suggest that kinetics of cell apoptosis
correspond to kinetics of Fas induction. We could
find the hypersensitive drugs and their appropriate
dosage according to apoptosis and functional Fas
expression. The different apoptosis paths between
LS174T cells and LoVo cells demonstrated the
importance of  individual ized select ion of
chemotherapeutic drugs.
        After treatment with 5-Fu, Fas expression of
LS174T cells was remarkablely  upregulated while
apoptosis was the lowest of all. On the contrary, the
anti-tumor effect of 5-Fu on digestive tract tumor is
the best among the clinical chemotherapeutic drugs.
This contradiction, we believed, may be caused by
the different effects between in vitro experiment
and in vivo treatment. in vitro, FasL expression of
LS174T cells induced by 5-Fu was too low to
effectively activate the Fas system and trigger the
apoptosis cascade; in vivo, FasL expressed strongly
on the surface of CTL or NK could mediate
autocrine or paracrine chemosensitive cell death by
crossing its cognate receptor. This may be the reason
why the 5-Fu had best anti-tumor effect in digestive
tract tumor. Our study also showed that apoptosis
induced by 5-Fu increased with the concentration,
which was different from other drugs used in this
research.
         In LS174T cells, the FasL expression of CDDP,
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MMC and EPH groups reached its peak at 5PPC,
and there was no significant correlation between FasL
expression and apoptosis of each group (P>0.05).
FasL was upregulated on the tumor surface upon
drug incubation in chemosensitive tumor cells and
tumor cells could mediate autocrine or paracrine to
release soluble FasL (sFasL). Apoptosis could occur
in tumor cells expressing FasL through suicide or
fratricide, inducing Fas-mediated apoptosis of
peripheral normal cells, CTL and NK which express
Fas, to promote local tumor invasion or metastases
[18]. Therefore, drug-induced expression of FasL in
Fas-negative tumors is not effective and, could result
in selective elimination of antitumor lymphocytes.
The incorrect chemotherapy could cause drug
resistance or immune privilege of tumor cells[19].
T h e r e f o r e ,  t h e  i n d u c t i o n  o f  F a s L  b y
chemotherapeutic drug has dual effects on tumor
therapy.
        FACScan determination showed that LoVo cells
treated with chemotherapeutic drug did not express
Fas, weakly expressed FasL, and there was no
significant correlation between Fas expression and
apoptosis in LoVo cells (P>0.05). However, DNA
ladder of LoVo cells treated with chemotherapeutic
drug was similar to that of LS174T cells, suggesting
that drug-induced apoptosis of LoVo cells did not
depend on FasL/Fas interaction. Drug might kill
tumor cells through  activating other death receptors
or directly acting on the downstream factor of Fas
system (such as caspases family, etc.), also might
trigger apoptosis in another way[20-28]. Nita et al[29]

used equitoxic (IC50%) doses of 5-Fu to induce
apoptosis in  LoVo cells and analysed Bcl-2, Bcl-
XL, Bax, Bad, Bak and p53 protein expression of
LoVo cells by Western blotting, and found that Bcl-
XL was expressed in all  the cell  l ines and
accompanied by increased expression of Bax and
Bak. We are doing further studies to find out
whether the ratio of Bcl-XL to Bax is correlated
with chemosensitivity of LoVo cells treated with
5-Fu.
       The determination of Fas expression, FasL
expression and apoptosis of tumor cells treated
with chemotherapeutic drug by FACScan indicated
that the induction of Fas expression and apoptosis
by major chemotherapeutic drugs was the best at
the concentration of PPC or below PPC. DNA
ladder also proved that the selection of appropriate
dosage was of great importance in chemotherapy
[30-41]. We could find hypersensitive drugs and their
appropriate dosage according to apoptosis
determined by FACScan, partly according to Fas
expression. The different apoptosis paths between
LS174T cells and LoVo cells demonstrated the
importance of  individual ized select ion of
chemotherapeutic drugs.
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INTRODUCTION
Boanmycin (Bleomycin A6, BAM), a new antitumor
antibiotic, was isolated from many components of
bleomycin (BLM) produced by streptomyces
pingyangensis which were obtained from a soil sample
collected in Pingyang County, Zhejiang Province,
China. Boanmycin has a similar chemical structure to
that of BLM, but the terminal amine moiety is different
[1].  Pingyangmycin (bleomycin A5), one of
multicomponent bleomycin complex produced by the
strain, was found to have a high activity against a
wide spectrum of murine transplantable tumors, but
have a  relatively low pulmonary toxicity in mice[2-4].
Pingyangmycin, as a single agent, shows marked
inhibition on the growth of human colon cancer,
stomach cancer and nasopharyngeal cancer
xenografts in nude mice[5-7]. It has been widely used
clinically in the treatment of tumors since 1979 in
China[8]. Because of a good antitumor efficacy of
pingyangmycin as a single agent and low marrow
toxicity, attempts have been made to develop new
superior bleomycin derivatives[9]. BAM, a minor
component of bleomycin complex, was also found
to be highly active against murine tumors, human
liver cancer and colorectal xenografts in nude mice,
and markedly  inhibit the spontaneous pulmonary
metastasis of Lewis carcinoma in mice[10-14]. BAM-
monoclonal antibody immunoconjugates were highly
effective against related human tumor in vivo and
in  v i t ro [15-19].  BAM also  reached a  h igher
concentration and remained for a longer time in

murine transplantable carcinomas as compared with
other bleomycin components[3]. As observed under
electron microscopy, the pulmonary toxic damage
caused by BAM was less than that induced by
bleomycin[20]. Phase I clinical study of BAM showed
no myelosuppression and cardiac toxicity, and its major
adverse reactions were fever, gastrointestinal
reactions and hardening at the site of i.m. injection.
All adverse effects disappeared after discontinuation
of the therapy[21].
         An ideal animal model for cancer is one that mimics
human disease in every respect. Most tumor xenograft
studies, including colorectal tumor, for the evaluation
of antitumor activity of drugs used subcutaneous
implantation system due to its convenience and access
to direct detection and therapeutic effect. However,
those models have limitations for the study of interaction
of tumor cells with their relevant organ environment or
organ distr ibution of drugs.  Alterat ion of
microenvironment surrounding tumor tissue will not only
influence growth and spread of tumor but also is
important for drug delivery[22-24]. Recently, use of
orthotopic models for the growth of tumors in mice or
rat has aroused more interest, including lung cancer,
colorectal cancer, breast cancer, pancreatic cancer,
etc[25-30]. However, whether such orthotopic colorectal
tumor models apply to the evaluation of new anticancer
agents remains unknown.
       In the present study, human colorectal tumor
xenograft model in nude mice and the orthotopic
model of murine colon cancer were used to clarify
the antitumor effect of BAM in comparison with
that of mitomycin C and 5-fluorouracil, drugs
commonly used in clinics against colorectal cancer.
We attempted to determine the effect of BAM
against colorectal cancer and whether the organ
microenvironment could influence the response of
a murine colon cancer to systemic therapy with
BAM.

MATERIALS AND METHODS
Mice
Nude mice with a BALB/c genetic background
were bred under specific pathogen-free conditions
at the Institute of Laboratory Animal Sciences,
Chinese Academy of Medical Sciences (CAMS).
All experiments were carried out in the Institute of
Laboratory Animal Sciences under specific
pathogen-free conditions using laminar airflow
racks. Six to seven week old male or female nude
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mice weighing 18 g-22 g were used for the
experiment. All food, water and bedding were
sterilized.
Tumors
Two human cell lines of colorectal cancer, HT-29
and Hce-8693, transplanted into nude mice, were
used. HT-29 was an adenocarcinoma of the colon
established in the Memorial Sloan-Kettering Cancer
Center,  New York. Hce-8693 was a poorly
differentiated adenocarcinoma of the cecum
established in the Zhejiang Tumor Hospital,
Hangzhou.
       Colon tumor NO. 26 (CT-26), a murine colon
adenocarcinoma, was induced in a BALB/c mouse
by chemical carcinogens. Initially, CT-26 cells were
serially transplanted and then established as a cell
line and used in a large number of chemotherapy
studies.

Drugs
Commercially available mitomycin C (MMC) and
5- f luo rourac i l  (5 -FU)  were  used  fo r  t he
exper iment .  BAM, a  s ingle  component  of
bleomycin A6, was purified from bleomycin
complex at Institute of Medicinal Biotechnology,
CAMS & PUMC, Beijing. A 1/9 LD50 equitoxic
dose for each drug, MMC 1.0 mg/kg per injection,
5-FU 27 mg/kg per injection and BAM 10 mg/kg
per injection, was used for in vivo comparative
studies[12].

Chemotherapy of human colorectal cancer
xenografted in nude mice
Two human tumor fragments of about 2 mm3 were
inoculated subcutaneously into the right axillary region
of nude mice. When diameter of tumor reached 3 mm-
4 mm, tumor-bearing mice were randomized into test
groups of 5-6 each and drug treatment was initiated.
Test mouse was weighed and size of tumor was
measured with sliding calipers two times weekly, and
tumor weight (W) was calculated by the formula W
(mg) = a(mm) × b2(mm)/2 where a was the width and
b is the length. The drugs were administered i.p., b.i.
w., a total of 10 injections. Next day after last treatment,
mice were killed and the tumors were removed and
weighed. The antitumor effect of drug was evaluated
in terms of inhibitory ratio [1-(mean tumor weight of
treated group - mean tumor weight of control group)]
× 100%[12].

Chemotherapy of murine CT-26
Orthotopic tumor implantation  Six-week-old (18 g-
20 g) female BALB/c mice were anesthetized with
diethylether, and the abdomen was prepared for
sterile surgery. A small incision was made, the
cecum was exteriorized and CT-26 cells (1 × 106/
0.02 mL) were injected with a 30-G needle between

the submucosa and the subserosa. The lack of extra-
cecal leakage was the criterion for a successful injection.
The cecum was returned to the abdominal cavity, and
the wound was closed in one layer[7].

Subcutaneous tumor implantation  CT-26 cells
(1×106/0.02 mL) were injected into s.c in right axilla
region. Mice were randomized into treatment and
control groups based on the body weight next day
after tumor cell  injection.  The drugs were
administered i.m. (hindlimb), q.o.d., for  a total of
10 injections. Mice with s.c tumors and cecal
tumors were killed  on day 21 after tumor cell
injection, and tumors were removed and weighed.
The antitumor effect of drug was also evaluated in
terms of inhibitory ratio [1-(mean tumor weight of
treated group - mean tumor weight of control
group)] × 100%[7].

Pathologic examination
Samples from untreated and drug-treated tumors were
collected from subcutis or cecum and fixed in Bouin’s
solution, and embedded in paraffin. Sections were made,
stained with H & E and observed under microscopy with
a rectangular net-like micrometer. Whole area and
necrosis area in tumor section was measured, and the
necrosis ratio of tumors was calculated. Ten optical fields
were examined along the peripheral area of the tumor
and the mitotic figures were recorded[12].

Examination of nucleated cells in bone marrow
Femurs were removed and the bone marrow cavity was
washed out with 3 mL white-blood-cell diluting solution.
The nucleated cells per femur were counted under
microscopy[12].

RESULTS
Response of colon cancer to BAM in nude mice
The results shown in Table 1 reveals the same response
of the two types of human colon cancer to intraperitoneal
BAM in both 10 and 15 mg/kg dose groups. Both doses
exerted marked inhibition on the growth of HT-29 and
Hce-8693 xenografts in nude mice.

Table 1  Inhibitory effect of BAM on the growth of human
colorectal xenografts in nude mice*

Drug        Tumor                   No. of         Dose         Tumor weight (g) Tumor growth
                                                    mice       (mg/kg)                    x ± s               inhibition (%)

6 1.300 ± 0.620
HT-29 6 10 0.138 ± 0.064      89b

6 15 0.098 ± 0.074      92b

BAM
Hce-8693 5 1.501 ± 1.445

5 10 0.154 ± 0.125      90b

5 15 0.122 ± 0.154      92b

*Treatment was started on day 3 and day 14 after HT-29 and
Hce-8693 tumor transplantation, ip., twice a week, with a total
of 10 injections. bP<0.01, vs control group.
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Comparative response of colon cancer to BAM,
5-FU and MMC in nude mice
On the basis of equitoxic doses (1/9 LD50), BAM and
two clinically active drugs (5-FU and MMC) were
evaluated against human colon cancer HT-29 xenografts
in nude mice. Table 2  shows the response of the tumor
to two weekly treatments with three drugs. BAM is the
most active single agent with an inhibition rate of 82%
and exerted much stronger growth inhibition against HT-
29 xenografts than 5-FU(P<0.01) and MMC(P<0.05).
MMC had moderate activity against HT-29 xenografts
with an inhibition rate of 53%. 5-FU did not arrest tumor
growth throughout the experiment, and tumor increased
in size at the same rate as the untreated control with an
inhibition rate of 12%.

Comparative response of CT-26 growing at
subcutis and cecum to BAM 5-FU and MMC
In the experiment, BALB/c mice were given injections
of CT-26 cells into subcutis and cecum, which produced
s.c tumor and cecum tumor. In view of the drug
distribution, BAM, 5-FU and MMC were administered
i.m. rather than i.p. at an equitoxic dose. In the
treatment, the equitoxic dose was administered, and
the antitumor activity of the three agents was compared.
Table 3 shows the antitumor activity of BAM on the
intracecal and s.c CT-26 tumor in comparison with that of
5-FU and MMC. BAM displayed a striking activity against
intracecal CT-26 tumor; the inhibition of tumor

growth was higher at the cecum than at the s.c site
(P<0.05). The mean tumor weight after BAM treatment
was less than that in the control, 5-FU and MMC groups,
and the difference was statistically significant (P<0.01).
On the other hand, 5-FU did not effectively suppress
the tumor growth, and MMC showed mild activity.

Changes in tumor necrosis and mitosis
In contrast to the control HT-29 tumors that
maintained their feature of poorly differentiated
adenocarcinoma,  the  BAM-treated HT-29
xenografts in athymic mice presented extensive
tumor necrosis and fibrosis. In areas of residual tumor,
tumor cells were frequently found to have giant,
bizarre-shaped pyknotic nucleoli, or prominent
inclusion-type nucleoli. Xenografts treated with 5-FU
and MMC showed scattered giant, bizarre-shaped
nuclei and nucleolar prominence but these changes
were focal and less apparent than in BAM-treated
tumors. More extensive necrosis was found in tumors
treated with BAM than in those treated with 5-FU or
MMC. The necrotic ratio of tumors (whole necrotic
area/whole tumor area) in BAM-treated group (67%)
was much higher than that in 5-FU-treated (35%),
MMC-treated (43%) and control groups (35%). In
contrast to the tumor of the control group, the
pathologic mitosis figures in BAM-treated group were
reduced by 69%, which were fewer than those in 5-FU-
treated, MMC-treated and control group (Table 3).

Table 2  Inhibitory effect of BAM, MMC and 5-Fu on the growth and tumor cell mitosis of human colon cancer HT-29 xenografts in
nude mice*

                                                                                                                                                                             Mitotic figures
Drug            Dose**            No. of                Tumor weight (g)   Inhibitory rate   Necrotic ratio of
                     (mg/kg)            mice                           x ± s                       (%)               tumors  (%)             x ± s                            (%)

Control 5 0.804±0.173 35b 104±12 100
BAM 10 5 0.148±0.059 82 67   41±4   39b

MMC   1 5 0.376±0.174 53a 43b 107±12 103
5-FU 27 5 0.707±0.168 12b 35b 130±17 130

*Treatment was started on day 9 after tumor transplantation, ip., twice a week, with a total of 10 injections;
**Drugs were administered at equitoxic doses (1/9 LD50); Ratio of necrotic areas in whole section of the tumor.

Number of mitotic figures in 10 optical fields of the section of tumor.
aP<0.05, vs BAM group; bP<0.01, vs BAM group.

Table 3  Inhibitory effect of BAM, MMC and 5-FU on the growth of CT-26 tumor at the cecum and s.c site in mice*

                                                                                                                      s.c.  tumor                                             Cecal tumor
Exp.                   Drug             Dose**              No. of
                                                                                                Tumor weight (g)     Inhibitory rate      Tumor weight (g)    Inhibitory rate
                                             (mg/kg)              mice                          x ±s                         (%)                          x ± s                        (%)

I Control 9 0.854±0.151 0.557±0.112
BAM 10 9 0.101±0.054 88b 0.005±0.010 99b

MMC   1 8 0.311±0.105 64 0.159±0.043 71
5-FU 27 8 0.459±0.118 46 0.310±0.148 44

II Control 6 0.900±0.396 0.740±0.446
BAM 10 6 0.105±0.088 88b 0.011±0.019 99b

MMC   1 5 0.674±0.270 25 0.159±0.510 78
5-FU 27 6 0.657±0.322 27 0.434±0.255 41

*Treatment was started on next day after tumor cell injection, im., qod., with a total of 10 injections.
**Drugs were administered at equitoxic doses (1/9 LD50).
bP<0.01, vs any other group.
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Toxicity
No death or body weight loss of more than 20% was
seen in the control or treated mice during the experiment.
No inhibition on bone marrow cellularity was found  in
HT-29-bearing nude mice and CT-26-bearing mice at
therapeutic doses of BAM. There was no significant
difference in nucleated cell counts of marrow between
the control and BAM group. In the CT-26-bearing mice,
5-FU and MMC caused significant decrease in bone
marrow cellularity (Table 4). At therapeutic doses, no
pathologic changes were found in the heart, lung, liver,
spleen, kidney and brain of BAM-treated mice.

Table 4  Bone marrow nucleated cells in mice bearing CT-26
treated by BAM, 5-FU and MMC

                                                         Nucleated cells (106/femur)
Exp.       Drug           Dose**  No. of
                                (mg/kg)  mice            x ± s              %

I Control 6     13±3 100

BAM 10 6     13±3 100

MMC   1 5       7±2   54b

5-FU 27 6       7±2   54b

II Control   9     12±3 100

BAM 10 9     12±2 100

MMC   1 8       3±1   25b

5-FU 27 8       4±1   33b

*Drugs were administered at equitoxic doses (1/9 LD50).
bP<0.01, vs control group.

DISCUSSION
Colorectal carcinomas are generally not very
sensitive to the established chemotherapeutic agents;
only 5-FU and MMC have shown some activity
against colon carcinomas; the effects achieved,
however, are of only a little value with respect to
patient survival[31-41]. In the present study, we
investigated the antitumor effectiveness of BAM, a
new antitumor antibiotic, against human colorectal
adenocarcinoma heterotransplanted to nude mice and
murine colon adenocarcinoma. On the other hand,
BAM, an analog of BLM that is clinically
characterized by marked antineoplastic activity
against carcinoma of the head and neck[42,43], showed
a pronounced antitumor effect against the colorectal
carcinoma used in the present study. At a 1/9 LD50
equitoxic dose, BAM exerted much stronger growth
inhibition against human colon cancer HT-29
xenograft in nude mice than MMC and 5-FU.
However, the tumor that remained after treatment
consisted of viable cells with no degenerative changes,
which were the source of early recurrence[44]. These
results  indicated that  the effect  of  cancer
chemotherapy should be judged not only by tumor
reduction rate but also by histological changes, such
as the necrotic ratio of tumors. In the present study, more
extensive necrosis and fewer mitosis figures were

found in tumors treated with BAM than those with
MMC and 5-FU, indicating that BAM was more active
against colon cancer HT-29 xenografts among three
agents.
        Most patients with colorectal carcinoma will die
from distant metastases that are not detectable at
the initiation of treatment[45,46]. Two major factors
that influence the outcome of systemic therapy of
cancer are heterogeneity of malignant neoplasms
and in vivo conditions. Organ environment effects
on the response of tumor to systemic chemotherapy
are multifactorial, including the nutritional status of
cells, the presence of organ-specific growth factors
and other single-transducing agents, the degree of
oxygenation, pH, extent of the vascular network and
its functionality, local immunity, extracellular matrix
components and drug metabolism[22-24]. The current
model of orthotopic implantation of a colon carcinoma
provides a unique opportunity to study a human
malignancy in a context that is as close as possible
to the clinical condition. Since intracecal tumors were
much closer to clinical tumors than s.c tumors from
the view of the histology of tumor growth or
metastasis, this system was applicable to the
evaluation of the tumor growth inhibitory effect by
BAM. The present study demonstrated that murine
adenocarcinoma CT-26 can successfully, using the
orthotopic implantation technique, produce an
aggressive tumor which retained the morphological
biological characteristics of the donor tumor and
metastasized to the mesenteric glands. BAM
inhibited tumor growth on CT-26 implanted into the
cecum and s.c more than 5-FU and MMC at the
equitoxic dose. Moreover, the inhibitory effect of
BAM on the growth of CT-26 tumor was higher at
the cecum than at the s.c site in mice, which
implicates that BAM may have the organ-specific
effect. Organ-specific differences in the chemosensitivity
of tumor cells have been reported by a few authors.
Staroselsky et al have reported that a murine
fibrosarcoma growing s.c in syngeneic mice is more
sensitive to DXR than the same tumor growing as
lung metastases[24]. Pratesi et al investigated the
antitumor efficacy of flavone acetic acid against
human ovarian carcinoma cells xenografted into
different organ sites in nude mice, while tumors in
the liver and subcutis were sensitive to the flavone,
and ascites and lung tumors were resistant[22].
        Since current clinical chemotherapy of colorectal
cancer generally gives poor results, the finding
of the present study is of interest with respect
to the growth inhibiting activity of BAM against
human colon carcinoma xenograft and murine
c o l o n  c a r c i n o m a .  H o w e v e r ,  f u r t h e r  a n d
extensive studies are necessary to confirm this
finding and to evaluate the actual antineoplastic
effectiveness of BAM against colon carcinomas.



REFERENCES
1 Xu HZ, Dai LH, Zhang HY, Zhao GY, Zhang XR, Zhang GS.

Zhengguangmycin A6 and i ts  s ta tus  in  the  complex of
Zhengguangmycins. Yaoxue Xuebao, 1988;23:667-671

2 Xu HZ, Zhang HY. The isolat ion and ident i f icat ion of
pingyangmycin. Yaoxue Xuebao, 1980;15:609-614

3 Li DD, Lin FT, Liu HT, Xue SB. Antimicrobial activity of various
bleomycin components and their effects on transplantable esoph-
ageal cancer in mice. Kangshengsu, 1981;6:41-45

4 Zhen YS, Li DD, Lin FT, Li X, Tian PY, Xue YC, Yang XP. Study
on antitumor effect and toxicity of bleomycin A5 and bleomycin
A2. Yaoxue Xuebao,1979;14:83-89

5 Zhen YS, Zhang ZH, Wu SY, Huang J. Inhibitory effect of
pingyangmycin on human nasopharyngeal cancer transplanted in
nude mice. Zhongguo Yixue Kexueyuan Xuebao, 1986;8:51-53

6 Jiang M,Zhen YS.Inhibitory effect of pingyangmycin on human
liver cancer and stomach cancer xenografts in nude mice. Zhonghua
Zhongliu Zazhi, 1988;10:357-360

7 Deng YC, Zhen YS, Zheng S, Xue YC. Antitumor Activity of
Pingyangmycin against Colorectal Cancer. Zhongguo Zhongliu
Linchuang, 1999;26:759-771

8 Zhengguangmycin Coordinating Group. Therapeutic effect of
pingyangmycin on Malignant tumors. Zhonghua Zhongliu Zazhi,
1979;1:172-175

9 Zhang H, Zhen YS. Pingyangmycin shows no inhibition on the resto-
ration of depressed hemopoiesis and immune function in mice treated
with cyclophosphamide. Proc CAMS & PUMC, 1987;2:202-206

10 Lin FT, Song KG, Xue YC, Zhen YS. Preclinical pharmacologic
evaluation of bleomycin A6. Zhonghua Zhongliu Zazhi, 1989;
11:257-259

1 1 Liu JG, Jiang M, Xu LN, Zhen YS. Minocycline potentiates the
antimetastatic effect of boanmycin. Yaoxue Xuebao, 1995;30:
668-673

12 Deng YC, Zhen YS, Zheng S, Xue YC. Inhibitory effect of
bleomycin A6 on human colon cancer xenografts in nude mice.
Zhongguo Yixue Kexueyuan Xuebao, 1990;12:335-340

13 Jiang M, Zhen YS. Antitumor activity of bleomycin A6 against
human liver cancer in cell culture and in nude mice. Yaoxue Xuebao,
1987;22:881-885

14 Li DD, Hu JS, Yu B. Studies on antitumor effect of bleomycin A6.
Kangshengsu, 1985;10:312-315

15 Peng Z, Zhen YS. Experimental studies on the antitumor activity
of monoclonal antibody-bleomycin A6 conjugate against human
liver cancer. Yaoxue Xuebao, 1991;26:331-335

16 Deng YC, Zhen YS, Zheng S, Jiang M. Experimental studies on
the rapeutic effect of rat monoclonal antibody-bleomycin A6
conjugate against human colorectal cancer. Yaoxue Xuebao, 1993;
28:410-415

17 Zhen YS, Peng Z, Deng YC, Xu HZ, Chen YX, Tian PY, Li DD,
Jiang M.Antitumor activity of immunoconjugates composed of
boanmycin and monoclonal antibody. Chin Med Sci J, 1994;9:
75-80

18 Zhen YS, Chen YX, Yu B, Zhang H, Wu SY, Du P. Cytotoxicity of
the monoclonal antibody anti-CCT2 and bleomycin A6 conjugate
to leukemia cells. Zhongguo Yixue Kexueyuan Xuebao, 1986;8:
272-275

19 Tian PY, Zhang ML, Huang J, Yu B, Zhen YS. Specific binding and
internalization of anti-CCT2 monoclonal antibody and bleomycin A6
conjugate in human leukemia cells. Yaoxue Xuebao, 1989;24:16-21

20 Tian PY, Huang J, Zhen YS. An electron-microscopic study on
pulmonary toxicity of bleomycin A6 in mice. Zhongguo Yaolixue
Yu Dulixue Zazhi, 1990;4:221-223

21 Feng FY, Zhou LQ, Man JL, Liu H, Sun Y, Tang ZQ. Phase I
clinical study of a new anticancer drug boanmycin. Zhongguo
Yixue Kexueyuan Xuebao, 1996;18:143-146

22 Pratesi G, Manzotti C, Tortoreto M, Audisio RA, Zunino F. Differ-
ential efficacy of flavone acetic against liver versus lung metastases
in a human tumour xenograft. Br J Cancer, 1991;63:71-74

23 Fidler IJ, Wilmanns C, Staroselsky A, Radinsky R, Dong Z, Fan D.
Modulation of tumor cell response to chemotherapy by the organ
environment. Cancer Met Rev, 1994;13:209-222

24 Staroselsky AN, Fan D, O  Brian CA, Bucana CD, Gupta KP, Fidler
IJ. Site-dependent differences in response of the UV-2237 murine
fibrosarcoma to systemic therapy with adriamycin. Cancer Res,
1990;15:7775-7780

25 Rho YS, Lee KT, Jung JC, Yoon C, An Z, Hoffman RM, Chang SG.
Efficacy of new platinum analog DPPE in an orthotopic nude
mouse model of human colon cancer. Anticancer Res, 1999;19:
157-161

26 Sun FX, Sasson AR, Jiang P, An Z, Gamagami R, Li L, Moossa AR,
Hoffman RM. An ultra-metastatic model of human colon cancer in
nude mice. Clin Exp Metastasis, 1999;17:41-48

27 Garcia-Olmo D, Garcia-Rivas M, Garcia-Olmo DC, Atienzar M.
Orthotopic implantation of colon carcinoma cells provides an
experimental model in the rat that replicates the regional spread-
ing pattern of human colorectal cancer. Cancer Lett, 1998;132:
127-133

28 An Z, Jiang P, Wang X, Moossa AR, Hoffman RM. Development
of a high metastatic orthotopic model of human renal cell carci-
noma in nude mice: benefits of fragment implantation compared to
cell-suspension injection. Clin Exp Metastasis, 1999; 17: 265-270

29 Pocard M, Muleris M, Hamelin R, Salmon RJ, Dutrillaux B, Poupon
MF. Growth dependency of human colon cancer xenograft on
organ environment is related with their original clinical stage.
Anticancer Res, 1998;18:2743-2747

30 Liu QZ, Tuo CW, Wang B, Wu BQ, Zhang YH. Liver metastasis
models of human colorectal carcinoma established in nude mice
by orthotopic transplantation and their biologic characteristic.
World J Gastroenterol, 1998;4:409-411

31 Thirion P, Wolmark N, Haddad E, Buyse M, Piedbois P. Survival
impact of chemotherapy in patients with colorectal metastases
confined to the liver: a re-analysis of 1458 non-operable patients
randomised in 22 trials and 4 meta-analyses. Meta-Analysis Group
in Cancer. Ann Oncol, 1999;10:1317-1320

32 Van Halteren HK, Roumen RM, Coebergh JW, Croiset van Uchelen
FA, Keuning JJ, Vreugdenhil G. The impact of 5-FU-based bolus
chemotherapy on survival in patients with advanced colorectal
cancer. Anticancer Res, 1999;19:3447-3449

33 Kokudo N, Seki M, Ohta H, Azekura K, Ueno M, Sato T, Moroguchi
A,Matsubara T, Takahashi T, Nakajima T, Aiba K. Effects of
systemic and regional chemotherapy after hepatic resection for
colorectal metastases. Ann Surg Oncol, 1998;5:706-712

34 Seitz JF, Perrier H, Giovannini M, Capodano G, Bernardini D,
Bardou VJ. 5-Fluorouracil, high-dose folinic acid and mitomycin C
combination chemotherapy in previously treated patients with
advanced colorectal carcinoma. J Chemother, 1998;10:258-265

35 Li  XF,Wang GX, Chen J ,  Hong BZ.  Effect  of  regional
antineoplastics in fusion on local recurrence and hepatic metasta-
sis after colon carcinoma resection. Shijie Huaren Xiaohua Zazhi,
1999;7:958-959

36 Lu XP, Li BJ, Chen SL, Lu B, Jiang NY. Effect of chemotherapy
or targeting chemotherapy on apoptosis of colorectal carcinoma.
Shijie Huaren Xiaohua Zazhi, 1999;7:332-334

37 de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy
J, Boni C, Cortes-Funes H, Cervantes A, Freyer G, Papamichael D,
Le Bail N, Louvet C,Hendler D, de Braud F, Wilson C, Morvan F,
Bonetti A. Leucovorin and fluorouracil with or without oxaliplatin
as first-line treatment in advanced colorectal cancer. J Clin Oncol,
2000;18:2938-2947

38 de Gramont A, Louvet C, Andre T, Tournigand C, Krulik M. A
review of GERCOD trials of bimonthly leucovorin plus 5-fluorou-
racil 48-h continuous infusion in advanced colorectal cancer: evo-
lution of a regimen. Groupe d Etude et de Recherche sur les Can-
cers de l  Ovaire et Digestifs (GERCOD). Eur J Cancer, 1998;34:
619-626

39 Seitz JF, Perrier H, Giovannini M, Capodano G, Bernardini D,
Bardou VJ. 5-Fluorouracil, high-dose folinic acid and mitomycin C
combination chemotherapy in previously treated patients with
advanced colorectal carcinoma. J Chemother, 1998;10:258-265

40 Kokudo N, Seki M, Ohta H, Azekura K, Ueno M, Sato T, Moroguchi
A, Matsubara T,Takahashi T, Nakajima T, Aiba K. Effects of
systemic and regional chemotherapy after hepatic resection for
colorectal metastases. Ann Surg Oncol, 1998;5:706-712

41 Hartmann JT, Harstrick A, Daikeler T, Kollmannsberger C, Muller
C,Seeber S, Kanz L, Bokemeyer C. Phase II study of continuous
120 h infusion of mitomycin C as salvage chemotherapy in pa-
tients with progressive or rapidly recurrent colorectal cancer.
Anticancer Drugs, 1998;9:427-431

42 Amrein PC, Colecchi CH, Finkelstein DM, Fabian RL. Adjuvant
chemotherapy in advanced head and neck cancer. Oncologist,
1997;2:135-141

43 de Vries N, van Zandwijk N, Pastorino U. Chemoprevention of
head and neck and lung (pre) cancer. Recent Results Cancer Res,
1999;151:13-25

44 Yuan HY, Li Y, Yang GL, Bei DJ, Wang K. Study on the causes of
local recurrence of rectal cancer after curative resection: analysis
of 213 cases. World J Gastroenterol, 1998;4:527-529

45 Yang JH, Rao BQ, Wang Y, Tu XH, Zhang LY, Chen SH, Ou-Yang
XN, Dai XH. Clinical significance of detecting the circulating
cancer cells in peripheral blood from colorectal cancer. Shijie
Huaren Xiaohua Zazhi, 2000;8:187-189

4 6 August DA, Ottow RT, Sugarbaker PH. Clinical perspective of human
colorectal cancer metastasis. Cancer Metastasis Rev, 1984;3:303-324

Edited by Ma JY

Deng YC, et al. Activity of BAM against colorectal cancer       97



Immunogenicity of HGV NS5 protein expressed
from Sf9 insect cells

Hao Ren, Fen Lu Zhu, Shi Ying Zhu, Yan Bin Song and Zhong Tian Qi

P.O.Box 2345 Beijing 100023, China       World J Gastroentero, 2001; 7(1):98 - 101
Fax. 0086·10·65891893   Tel. 0086·10·65897901                   World Journal of Gastroenterology
E-mail.wcjd public.bta.net.cn        www.wd.org.cn    Copyright  2001 by the WJG Press  ISSN 1007 - 9327

Subject headings hepatitis agents, GB/immunology;
recombinant proteins; electrophoresis, polyacrylamide gel;
flaviviridae infections; Blotting, western; insect vectors;
polymerase chain reaction

Ren H, Zhu FL, Zhu SY, Song YB, Qi ZT. Immunogenicity of HGV NS5
protein expressed from Sf9 insect cells. World J Gastroenterol, 2001;7
(1):98-101

INTRODUCTION
Although reliable assays for the detection of hepatitis
C virus and E virus became available, still 10%-20%
hepatitis are not caused by hepatitisA-E virus[1-3]. In
1996, two research groups isolated this agent
independently and almost simultaneously and named
hepatitis G virus and GB virus C, respectively[4-7]. The
nucleotide and amino acid homologies between GBV-
C and  hepatitis G virus (HGV) were 85% and 95%[5-

7]. Therefore, GBV-C and HGV were considered as
two different isolates of the same virus, referred to as
HGV in this paper. HGV is a single-strand, positive
sense RNA virus with approximately 9.4kb in length,
and classified as a member of Flaviviridae. HGV is
mainly transmitted through transfusion and could be
responsible for chronic liver infection. HGV RNA has
been detected in the serum of intravenous drug users
(IVDUs), volunteer and commercial blood donors, and
patients with cryptogenic hepatitis[8-10]. Until now, RT-
PCR is the most commonly used method for the
diagnosis of HGV infection. It is necessary to develop
a more convenient antibody detection assay. The
baculovirus expression system is of a strong polyhedrin
promoter[11], and can carry out many types of
postranslation modification for a variety of proteins.
Most of the expressed proteins were usually shown to
be antigenic, immunological, and functionally similar to
their authentic counterparts[12-16]. In this study, we used the
baculovirus expression system to express HGV NS5

protein in Sf9 cells, and studied its immunogenecity.

MATERIALS AND METHODS
Materials
HGV positive sera were collected from HGV RNA
positive hemodialyzed patients. The plasmid pFastBac
HTa, E.coli DH10 Bac cell, Spodoptera frugiperda
(Sf9) cell and recombinant plasmid HGV Iwh6 were
prepared previously in this laboratory[17]. The pPROEX
HTa, Lipofectin and Grace’s medium were purchased
from GIBCO/BRL; and expandTM Long Template PCR
System was purchased from Boehringer Mannherm
Company. PCR primers were designed according to
HGV-Iwh6 and synthesized by Sangon Biotechnology
Company. Two restriction enzyme sites Bam H I and
Kpn Iwere added to the 5’ end of sense and antisense
primers separately. The primer sequences are sense:
5’-GCG GAT CCC TAT CGG CTG CTG TAG CTA
AG-3’; antisense: 5’-GCG GTA CCT TAT TGA GCG
GCC CTC TTA GC-3’.

Amplification and sequence analysis of HGV NS5
fragment
HGV NS5 fragment was amplified using HGV-Iwh6 clone
as the template (PCR condition: predenature 94  2 min,
followed by 94  30 s, 60  1 min, 68  2 min, 35 cycles,
and extension 10 min before the ending of the reaction).
The amplified fragments and pPROEX HTa were digested
with Bam H I and Kpn I. Fragment and vector were
recovered respectively and ligated by T4 DNA ligase to
obtain recombinant plasmid pHTNS5. Sequence analysis
was carried out using ABI PRISM 377 DNA sequencer
(PE Company) with M13/pUC primer.

Cloning into transposing vector pFastBac HTa
pHTNS5 and transposing vector pFastBac HTa were
digested with Bam H I and Kpn I, and were ligated by
T4 DNA ligase. The ligation mixture was transformed
into DH5α competent cell, the positive colonies were
chosen on selecting agar plate (ampicillin 100 µg/mL)
and identified with endonuclease digestion to obtain the
recombinant plasmid pFHTNS5.

Transposon between pFHTNS5 and bacmid
Plasmid pFHTNS5 was transformed into DH10Bac
competent cells containing bacmid with a mini-att
Tn7 site and helper plasmid. Following hot-shock at
42  for 45 s, the transformation mixture was placed
in a shaking incubator at 37  for 4 h. Recombinant
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bacmid was selected on selecting plate agar containing
kanamycin 50 µg/mL, gentamicin 7 µg/mL, tetracyline
10 µg/mL, X-gal 200 µg/mL, and IPTG 40 µg/mL after
24 h-48 h incubation at 37 .

Transfection of Sf9 cells
Recombinant bacmid was extracted according to the
procedure of Bac-to-Bac system. For transfection, Sf9
insect cells were grown to 60%-70% confluence. The
recombinant bacmid DNA 2 µg was transfected into
insect cells Sf9 with Lipofectin. After 5 d-6 d incubation
at 27  until the morphology of the cells had obvious
changes, Sf9 cells and viral supernatant were harvested
respectively.

Expression of recombinant protein in insect cells
and SDS-PAGE, Western-blot analysis
Twenty µL viral supernatant harvested from the
transfected cells was used to infect fresh insect cells.
After 5 d-6 d incubation at 27 , the cells were harvested
for protein expression analysis. The cells were washed
twice with PBS and analyzed by SDS-PAGE according
to the standard procedure. Western-blot was performed
using HGV RNA positive sera (1:40 dilution).

RESULTS
Amplification of HGV NS5 fragment and
sequence analysis
PCR product  was analyzed by agrose gel
electrophoresis and the length was the same as
expected (Figure 1). Sequence analysis showed that
the HGV NS5 fragment was cloned into the vector
with correct orientation (data not shown).

Construction of recombinant transposing
plasmid pFHTNS5
Figure 2 shows the construction of recombinant
transposing plasmid pFHTNS5. Figure 1 shows the
analysis of recombinant plasmid on agarose gel by
restriction endonuclease digestion which verified that
target fragment was correctly cloned into the transposing
vector. The results demonstrated a successful
construction of recombinant transposing plasmid
pFHTNS5.

Figure 1 Analysis of recombinant plasmid by restriction
endonuclease digestion.
1. λDNA/Eco R I + Hind III;  2. PCR product;  3. pHTNS5/Bam H
I + Kpn I;  4. pFHTNS5/Bam HI + Kpn I.

Screening of recombinant bacmid
After transforming competent cell DH10Bac with
transposing plasmid pFHTNS, the recombinant
bacmid was screened by colour selection. White
c lones  ( l acZ -)  were  se l ec t ed  a s  pos i t ive
recombinant bacmid in a background of blue
colonies (lacZ+). The recombinant bacmid was
extracted according to the procedures described in
the manual of Bac-to-Bac system.

Figure 2  Construction of recombinant plasmid pFHTNS5.
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Morphology of transfected or infected Sf9 cells
The morphology of Sf9 cells changed gradually after
transfection or infection. The cells became big and round
obviously at 4 d-5 d after transfection or infection.
Cytopathic effects (CPE) were seen whereas no
pathological effects were observed in normal cells
(Figure 3).

Figure 3  Morphology of uninfected, transfected and infected
Sf9 cells (100×). A: Uninfected cells; B: Transfected and infected
cells

SDS-PAGE and Western blot analysis of the
recombinant protein
Transfected or infected Sf9 cells were harvested
and analyzed on 12.5% polyacrylamide gels. Figure
4 shows the result of expressed target HGV NS5
protein with a molecular weight of Mr 41 500.
Scanning results indicated that the recombinant
protein amounted to 11.7% of the total proteins.
Western blot results implied that the recombinant
protein could react with HGV RNA positive sera
(Figure 5).

Figure 4  SDS-PAGE analysis of expressed HGV NS5 protein.
1. Uninfected sf9 cells;  2. sf9 cells infected with recombinant
viruses; 3. Protein relative molecular mass standards. Arrow
indicates the position of recombinant protein.

Figure 5  Western-blot analysis of recombinant protein HGV NS5.
1. Uninfected sf9 cells; 2. sf9 cells infected with recombinant viruses;
3. Protein relative molecular mass standards.

DISCUSSION
Although easy and reliable assays for the clinical
diagnosis of HBV and HCV infection have been
established[18-26], there still existed 10%-20%
parenterally and community acquired hepatitis cases
of unknown cause[4,5,7]. Transmission and molecular
biology of these viruses have been studied thoroughly
[27-34]. Clinical studies suggest that some of these may
be of viral origin.  HGV is a potential aetiological
agent for viral hepatitis. As a member of Flaviviridae,
HGV is a single-stranded RNA virus with a genome
of 9 400 bp in length which includes 5’ non-coding
region, structural gene region C, E1, E2, non-
structural gene region NS2, NS3, NS4, NS5a, NS5b
and 3’ non-coding region. The genome contains a
single open reading frame (ORF)  which encodes a
2 900 amino acid polyprotein precursor. Many
researches  have been carried out since the discovery
of HGV,the studies of its antigencity is one of them
[17,35-39]. HGV NS5B protein functions as RNA-
dependent RNA polymerase]. In addition, Pilot-
Matias et al[40] also found that C26,C27,C28 (2047-
2376 aa) of  HGV NS5 gene had potential antigen
epitopes. Wang et al[41] reported that two linear
epitopes (P22, P6) might exist in HGV NS5 gene.
The obtained HGV NS5 recombinant protein will
provide important materials for studying its structure
and function.
        The Bac-to-Bac system was established by
Luckow[11] in 1993, and a variety of proteins have
been expressed with the control of a strong
polyhedin promoter since then. It is based on site-
specific transposition (transposon Tn7) of an
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expression cassette into baculovirus shuttle vector
(bacmid) propagated in Escherichia coli. After selection
of blue-white clonies, recombinant bacmid DNA was
extracted for the transfection of  Sf9 cells. Insect cells
can identify and run many modifications of post-
translation and make the expressed protein close to
natural protein.
         In this study, HGV NS5 gene fragment amplified
by PCR was confirmed by restriction enzyme and
sequence analysis, and cloned into baculovirus
transposing vector pFastBacHTa. Recombinant bacmid
was obtained with site-specific transposition, Sf9 cell
was transfected with recombinant bacmid or infected
with viral supernatant. On the polyacrylamine gel, an
expected protein band was seen at Mr 41 500. Western
blot found that HGV NS5 recombinant protein could
react strongly with HGV RNA positive sera, which
implied that recombinant HGV NS5 protein could be
used as antigen to detect HGV infection.
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INTRODUCTION
Hepatitis B virus (HBV) is the most common etiologic
agent for infectious liver diseases. It is estimated that
there are more than 250 million chronic HBV carriers in
the world today and there is a significant association
among persistent infection, liver cirrhosis and
hepatocellular carcinoma[1-3]. The control of  HBV
infections is thought to be mediated by both humoral and
cellular immune responses involving neutralizing
antibodies as well as class I and class II major
histocompatibility complex (MHC)-restricted
T- cells[4,5]. Among the HBV antigens, a number of
studies have highlighted the importance of the human
immune response against the HBcAg and HBeAg during
HBV infections. During acute HBV infection,
cytotoxicity T lymphocyte (CTL) specific for HBcAg
and HBeAg can be detected in the circulation of the
infected host. In contrast, in chronic HBV infection,
HBcAg and HBeAg-specific CTL and T-helper cell
activity are not readily detected. The cumulated data
suggest that CTL activity may play an important role in
resolving HBV infection[6-11].
        DNA mediated immunization has been shown to
be an novel method to induce both humoral and cell-
mediated immune responses against many different

antigens including HBV antigens[12,13]. We have
demonstrated that the DNA vaccine based on HBV core
gene has strong humoral and cellular immunogenecity in
different species of mice[14,15].  In our experiments, we
have further investigated the immunogenecity of this
DNA vaccine in rhesus monkeys. The results show that
the DNA vaccine of HBV core gene can prime obvious
antigen-specific antibody and cell mediated immune
responses.

MATERIALS AND METHODS
Preparation of DNA vaccine of HBV core gene
The control plasmid (pJW4303) and DNA vaccine of
HBV core gene (pJW4303/HBc) were propagated by a
large amount of culture of the transformed E.coli strain
of HB101.  Plasmid DNA was purified with QIAGEN
Plasmid Mega Kit (QIAGEN, Germany).

Rhesus monkeys
Four rhesus monkeys (2 male, 2 female, 3 years of age)
were purchased from Special Animal Breeding and
Raising Center, Xingye, Henan Province, China and
maintained at the animal house in Beijing Medical
University.  The monkeys were divided into experimental
group and control group (2 monkeys in each group).

Protocols of DNA immunization
The monkeys in the experimental group were immunized
with plasmid pJW4303/HBc and that in the control group
were immunized with plasmid pJW4303.  The plasmids
were dissolved in normal saline to a final concentration
of 1 g/L. Each time one monkey received 4-site
intramuscular injections with a total volume of 2 mL
plasmid solution containing  2 mg plasmid DNA. Three
boosts with same dose were given  at an interval of 2
months. The monkeys’ sera before and after
immunizations were collected and stored at -30 .

Detection of anti-HBc antibody
Anti-HBc antibodies in monkeys’ sera were first
detected by Abbott Imx System (Abbott, USA)
according to the manufacturer’s instructions and
end-point titers of anti-HBc antibody were then
detected by an enzyme linked immunosorbent assay
(ELISA).  The procedures were as follows:  The
96-well microplates were coated with recombinant
HBcAg (1 mg/L) and blocked with PBS containing
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10% FCS.  Three-fold dilutions of monkeys’ sera ( 1:
50, 1:150, 1:450 …… 1:984150) were added to triplicate
wells.  HRP labeled rabbit anti-human IgG (Sino-
American Biotechnology Co.) at the dilution of 1:3000
was used as second antibody.  The substrate solution
(TMB) was then added to each well and reaction was
stopped by 2M H2SO4.  The absorbence value was
measured at wavelength of 450 nm by an ELISA reader.
Microplate washings were performed between each step
with PBST solution. The end-point of anti-HBc titer was
defined as the highest serum dilution that resulted in an
absorbence value two times that of non-immune or
control serum.

Detection of IgG subclasses of anti-HBc
Subclasses of anti-HBc antibodies were detected in
the sera of the monkeys positive for anti-HBc. The
procedures were similar to the ELISA method
mentioned above for detecting anti-HBc, except that
serum was diluted to 1:30.  1:500 diluted sheep anti-
human IgG1, IgG2, IgG3 and IgG4 (Nordic
Immunological Laboratories, Tilburg, the Netherlands)
were used as the second antibody, and  1:5000 diluted
HRP labeled rabbit anti-sheep IgG (Jackson Immuno-
Research Laboratories Inc, PA, USA) was used as
the third antibody.

Detection of IFN-γγγγγ and IL-4 in PBMC culture
supernatant
The procedures were as follows:  PBMCs were
separated from heparinized monkey blood by Ficoll
gradient sedimentation method.  PBMCs were
resuspended with RPMI-1640 containing 10% FCS to a
final concentration of 2 × 106 cells/ mL.  PBMC
suspension 250 µL (5 × 105 cells) was added to triplicate
wells in a 24-well cell culture plate, and recombinant
human IL-2 (500U/well) was added as well.  Except
for control wells, PBMCs in each triplicate wells were
restimulated with recombinant HBcAg at different doses
of 5 µg/well, 10 µg/well and 12.5 µg/well.  After 48 h
incubation under the condition of 37 , 5% CO2, the
supernatant was collected from each well and stored at
once at -70 .  IFN-γ and IL-4 concentrations were
detected by the ELISA kits ( Jinmei Biotechnology Co.,
Shenzheng, China).

PBMC proliferation assay
The procedures were similar to that for detecting
IFN-γ and IL-4 in PBMC culture supernatant,
except that  PBMCs were incubated for 72 h;

 0.5 µCi 3H-TdR was added  to each well and
followed by another 4h incubation; PBMCs were
then collected onto filter membrane which were
then backed 2 h at 80 ; and the radioactivity
(CPM) was determined by a beta-scintillation
counter (Beckman). The PBMC proliferation
activity was expressed by Stimulation Index (SI),
which was calculated according to the following

formula: (SI = CPM of HBcAg stimulated well/CPM of
non HBcAg stimulated well). SI value greater than 2
was generally considered as having antigen specific
PBMC proliferation.

RESULTS
Anti-HBc IgG and its end-point titer in monkey’s
sera
The results of anti-HBc IgG and its end-point titer in
monkey’s sera are shown in Table 1.

Table 1  Anti-HBc in sera of experimental and control monkeys

                                                                          Anti-HBc antibody
Monkey          Group                                                                                                        End-point
No.                                          0 month   2 month  4 month     6 month     8 month

1 Experimental          Na            Pb          N/Dc          N/D          N/D       1:36450
2 Experimental          N            N              P                  P                  P        1:109350
3 Control                       N            N             N                 N                 N             1:150
4 Control                       N            N             N                 N                 N             1:150

aN: negative
b P: positive (in Abbott Imx System, the detected value less than 1.
00 was considered positive for anti-HBc).
c not detected because of death.

Subclasses of  ant i -HBc IgG in  sera of
experimental group of rhesus monkeys
Subclasses of anti-HBc IgG (IgG1, IgG2, IgG3 and IgG4)
were detected in the experimental monkeys (No.1 and
No.2), which were found to be positive for anti-HBc in
the previous tests. The results are shown in Table 2.

Table 2  Subclasses of anti-HBc IgG and IgG1/IgG2 ratio in
rhesus monkeys’ sera

Monkey No.   IgG1                     IgG2                     IgG3                      IgG4      IgG1/IgG2

1    0.61 + 0.01a        1.02 + 0.08           0.32 + 0.02          0.12 + 0.01       0.60
2    0.61 + 0.04          1.05 + 0.04          0.40 + 0.01           0.18 + 0.03       0.58

a The values indicated x ± s of triplicate wells.

IFN-γγγγγ and IL-4 levels in culture supernatant of
PBMCs stimulated with recombinant HBcAg
IFN-γ and IL-4 levels were detected in monkey No.2
(experimental group) and monkey No.3 (control group).
Monkey No.1 and No.4 died before this test was
performed. The results are shown in Table 3.

Table 3  IFN-γ and IL-4 values in culture supernatant of PBMCs

Monkey No.          Group                IFN-γ (ng/L)    IL-4 (ng/L)

2 Experimental 15.63 6.25
3 Control <3.13 6.25

HBcAg specific PBMCs proliferation activity in
experimental and control groups of rhesus
monkeys
HBcAg specific PBMCs proliferation activities were
measured in monkey No.2 and No.3 by the time of
12 months after first immunization.  The results are
listed in Table 4.
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DISCUSSION
DNA-mediated immunization refers to the induction of
an immune response to antigen expressed in vivo
subsequent to the introduction of DNA carrying the
protein coding sequences and the regulatory elements
needed to express them[16,17]. An important feature of
DNA-based immunization is the in situ production of
the expressed protein (s), mimicking a viral infection.
The endogenous synthesis should allow presentation of
antigens by class I molecules of MHC, resulting in the
induction of CD8 +  cytotoxic T lymphocytes (CTL)[18].
There have been several experimented reports in which
recombinant  plasmid DNA was used to induce immune
responses to particular pathogens, including malaria[19],
herpes simplex virus (HSV)[20], influenza A[21], rabies
virus[22], simian immunodeficiency virus (SIV)[23], human
immunodeficiency virus type I (HIV)[24] and hepatitis B
virus (HBV)[25-32].
         In our earlier work, the HBV core gene fragment,
which was modified to assure the high level expression
of HBcAg[33], was successfully cloned into the plasmid
pJW4303, the vector containing CMV immediate early
promotor. This recombinant plasmid was named
pJW4303/HBc. The DNA immunization using pJW4303/
HBc among Balb/c (H2d) and C57BL/6 (H2b) mice
showed that this recombinant could induce strong humoral
(antibody) and cellular (CTL) immune responses[34].
        When evaluating the immunogenecity and safety
of potential DNA vaccine for eventual use in humans,
the nonhuman primate models should be considered. The
best nonhuman primate candidate would be those closest
to humans on a phylogenetic basis. However, cost and
other considerations may preclude studies in hominoid
species, such as chimpanzee, orang utans, gorillas, and
gibbons.  Based on the cost and availability, nonhominoid
primate species including rhesus monkeys, represent the
alternative candidate nonhuman primate species for pre-
clinical immunogenecity studies[35,36].
        Townsend et al[37] observed the specific immune
responses in mouse and rhesus monkeys after
genetic immunization with retrovirus vectors
expressing different forms of the hepatitis B virus
core and e antigens. Their results showed that
intramuscular injections with 108 CFU of the the
LHBc-Neo retrovirus vector into rhesus monkeys

induced HBc/eAg-specific antibody production and CD8
+  CTLs. The CTL response is long-lasting, and being
detectable as late as 16 weeks after immunization.
        We used the plasmid as the vector to carry HBV
core gene for DNA immunization in rhesus monkeys,
which was different from the observation above the
reason for that is that the safety of the vector for
retrovirus vector was integratable to the host genome.
         In our experiments, all 4 monkeys were negative
for anti-HBc before DNA immunization. After
intramuscular immunization of pJW4303/HBc and
pJW4303, the monkeys in the experimental group all
developed anti-HBc antibody while the monkeys in
the control group all negative for this antibody,
indicating that this DNA vaccine could induce antigen
specific humoral response in rhesus monkeys. We also
found that the monkeys in the experimental group
could show different antibody response profiles.
Monkey No.1 became positive for anti-HBc (1:36450)
after the first immunization while monkey No.2 was
not negative for anti-HBc until  the second
immunization and the antibody titer became higher (1:
103 950) as late as the total four immunizations were
accomplished. This different antibody production
profiles might indicate the individual difference in
response to DNA immunization.
         In human and other hominoid primates, the serum
IgG exhibited four subclasses, i.e., IgG1, IgG2, IgG3 and
IgG4. The relative concentrations of these IgG subclasses
were 60%-70% for IgG1, 15%-20% for IgG2, 5%-10%
for IgG3, and 1%-7% for IgG4. When looked into the
antigen specific IgG antibodies the concentration of IgG1
and IgG2 and its ratio IgG1/IgG2 could reflect the
response profiles of helper T cells (T-H1 type or T-H2
type) to some extent. Generally speaking, IgG1/IgG2<1
or IgG1/IgG2>1 reflected T-H1 type or T-H2 type
immune responses. The previous data showed that T-
H1 type response was beneficial for the clearance or
eradication of chronic infected viruses while the T-H2
type- response was usually correlated to the exacerbation
of immunopathogenic damage of host tissues[38].
Feltquate et al had found that intramuscular immunization
of DNA vaccines was prone to induce T-H1 type of
immune response,  thereby facilitating the recovery of
the host from chronic viral infection[39].  Our results also

Table 4  HBcAg specific PBMC proliferation activity*

                                                                                                  HBcAg dose for stimulation (µg/well)
Monkey    Group
No.                                                     0                                        5                                                 10                                           12.5

2 Experimental 354.4 ± 64.5 984.9 ± 105.4a (2.74) 1364.9 ± 47.9a (3.83) 890 ± 155.6a (2.12)

3 Control 198.4 ± 3.9 274.5 ± 33.2 (1.37)   261.5 ± 28.2 (1.32) 250 ± 70.0 (1.24)

*The values in the table refer to CPM (x ± s from each triplicate well), the values in the brackets indicate stimulation index (SI).
aP<0.05 vs control monkey.
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demonstrated that two monkeys intramuscularly
immunized with HBV core DNA vaccine all exhibited
T-H1 type of immune response based on the fact that
their IgG1/IgG2 ratios were all less than 1 (0.60 and 0.58,
respectively).
        The profiles of cytokine production were another
indicators of helper T cell responses[40-44]. IFN-γ,
IL-2, TNF-α and GM-CSF were usually considered
as T-H1 type cytokines, while IL-4, IL-5 and IL-10
were T-H2 type cytokines. IFN-γ and IL-4 were
chosen in this experiment to observe helper T cell
responses after DNA immunization of HBV core
gene in  rhesus monkeys.  IFN-γ level  was
significantly higher in the culture supernatant of
PBMC from the monkeys immunized with HBV
core DNA vaccine than that from monkeys injected
only with control plasmid (15.63 ng/L vs <3.13 ng/L).
At the same time, IL-4 levels in both monkeys with
injections of pJW4303/HBc or PJW4303 were
similar (6.25 ng/L vs  6.25 ng/L). The results
indicated IFN-γ prominent cytokine profile in the
monkey immunized with HBV core DNA vaccine.
This result combined with the result of IgG1/IgG2
ratios mentioned above further confirmed the T-
H1 type immune responses in the monkeys of the
experimental group.
        Cell-mediated immune response is critical for the
termination of chronic HBV infections[45-47]. Antigen
specific lymphocyte proliferation assay is an
alternative for the CTL assay to evaluate the cell-
mediated immune response[48]. In this experiment,
the HBcAg specific PBMC proliferation activity was
seen in the monkey immunized with pJW4303/HBc
but not in the monkey injected with pJW4303 (P<0.
05). After stimulation with three different doses of
HBcAg, the stimulation index (SI) was all >2 in the
experimental monkeys but all <2 in the control
monkeys, which strongly indicated that DNA vaccine
of pJW4303/HBc could induce antigen-specific cell-
mediated immune response in rhesus monkeys.
         Sallberg et al reported that DNA immunization of
HBV core gene using retrovirus as vector could
markedly decrease the HBV DNA level in the sera
of experimental chimpanzees, and even induce the
seroconversion of HBeAg to anti-HBe[49]. Our
results showed that using plasmid as vector the
DNA vaccine could also stimulate the immune
responses in nonhuman primate rhesus monkeys,
which was obviously helpful and beneficial for the
host to inhibit and eventually eradicate chronically
infected  virus, including hepatitis B virus. As the
designer vaccines for the 21st century, DNA
vaccines demonstrated its feasibility of inducing
specific cellular immunity in humans[50]. We believed
that DNA vaccine of HBV core gene may become
a potential therapeutics for the treatment of chronic
HBV infection in humans in the near future.
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INTRODUCTION
Hepatitis B viral infection, one of the most-prevalent
liver disorders in China and Korea, is a serious infectious
disease as it has the potential of progressing into liver
cirrhosis and primary hepatic carcinoma. China and
Korea both belong to high-risk endemic regions of viral
hepatitis[1]. The HBsAg positive rates in China ranged
from 6.9%-17.9% by age, race and test methods[2-5].
In Korea, they were 6.5%-13.3% in all age groups[6-9],
and 3.9%-5.9% in childhood groups[10-11]. There have
been few comparative studies on Korean-Chinese and
other Chinese. Considering the high mortality rates of
liver cirrhosis or hepatoma among Korean-Chinese,
HBsAg positive rate of Korean-Chinese must be higher
than that of other Chinese. The positive rates of
Korean-Chinese in Yanji and Longjing cities of Yanbian
area by RPHA method were 7.5% and 7.1%
respectively, which were higher than 6.2% and 4.7%
in Han-Chinese respectively[12].
       In regard to the possible reasons of such differences,
some studies have laid special emphasis on social,
economic and demographic variables such as age, sex,
life style, and environment.
        This study was conducted in order to assess the
pattern of hepatitis B infection prevailing among

Han-Chinese, Korean-Chinese, and Koreans. For
collection of data, two serological surveys were carried
out in 1996 in Korea and China respectively.

MATERIALS AND METHODS
Study areas
Study areas were Yangpyung County of Kyonggi
Province in Korea and Helong County of Yanbian, a
Korean Autonomous Prefecture in China. In Helong
County, the proportion of residents by ethnicity were
55% for Korean-Chinese and 44% for Han-Chinese[13].
To compare the prevalence of hepatitis B between Korea
and China, we carefully considered the characteristics
of selected areas. In both areas, 70% of the residents
were farmers. But the pattern of age distribution was
different; the majority residing in Yangpyung County in
Korea were more than 50 years old, while those in Helong
County in China were over 40 years old.

Study subjects
Study subjects among ethnic groups were 556 Korean
(male 41.7%, female 58.3%, P<0.05), 541 Korean-
Chinese (male 51.6%, female 48.4%) and 261 Han-
Chinese (male 39.5%, female 60.5%, P<0.05). These
distributions by gender were statistically significant in
Korean and Han-Chinese. Age distributions by ethnic
groups were also significantly different; and the Koreans
had older age and the Chinese had younger age. Age
distributions by gender were not different between
Korean and Korean-Chinese, but they were significantly
different in Han-Chinese (Table 1). Therefore, this study
showed the results with age-adjusted rates by gender.

Table 1  Characteristics of subject by ethnic groupsd

                                                                  Gender
Ethnic groups         Age (years)                                         Total
                                                           Male      Female

Korean-Chineseb,c 20-39          103 117      220
40-49            89   77      166
50-            87   68      155

Total 279          262 541
Han-Chinesea,b,c 20-39            42 103      145

40-49            30   44        74
50-            26   16        42

Total 98          163 261
Koreansa,b 20-39            43   70      113

40-49            37   60        97
50-          152 194      346

Total 232          324 556

aP<0.05 between sex, by χ2 test; bP<0.05 among age groups, by χ2

test; cP<0.05 among age groups by sex, by χ2  test;
dKoreans-Chinese: Koreans in Yanbian in China, Han-Chinese:
Chinese in Yanbian in China, Koreans: Koreans in Yangpyung in
Korea.
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Questionnaires
The questionnaire survey gave direct interviews, including
the relative factors on hepatitis B infection such as
demographic characteristics, life style, vaccination and
disease history.

Serologic tests
Serological markers on hepatitis B virus (HBsAg, anti-
HBs and anti-HBc) were tested by EIA (enzyme
immunoassays). Sera were stored in a deep freezer, at -
30   until this test. The serologic tests were all done in
Korea.

Statistical analysis
For comparison by ethnic groups, age-adjusted rates by
direct method were used. The statistical significance was
determined using χ2 test or Mantel-Haenszel’s χ2-test
on SPSS or EPISTAT.

RESULTS
There were no vaccinees on hepatitis B among Chinese,
but the vaccination rate  among Koreans was 32.4%
(36.5% for males and 29.0% for females). The
vaccination rate was 44.2% for the age group of 20-39
years, 45.4% for the age group of 40-49 years, and 24.
4% among those aged  50 and over (Table 2). In order
to compare hepatitis B virus markers among ethnic
groups, the vaccinees were excluded.
        HBsAg positive rate of males was higher than that
of females in the three ethnic groups. Age-adjusted
HBsAg positive rates were 7.2%, 12.0% and 4.1% in
Han-Chinese, Korean-Chinese, and Korean
respectively (P<0.05). This order was same in both
genders. But, the difference was statistically significant
only in males (P<0.05). Anti-HBs positive rates of
males were higher than those of females in Korean-
Chinese and Korean, but the differences were not
statistically significant. There was also no difference
by gender in the Han-Chinese. The age-adjusted anti-
HBs positive rate of Korean (62.5%) was the highest,
of Korean-Chinese was 57.6%, and of Han-Chinese
49.2%. This order was true in males and females, but
the differences among the three ethnic groups were
not significant. Anti-HBc positive rates of males were
higher than those of females in all three groups, but
these differences were not significant. Age-adjusted
anti-HBc positive rate was 69.7%, the highest in

Korean-Chinese, 60.9% in Korean and 54.0% in Han-
Chinese. This order was also found by gender, and these
differences were all statistically significant (P<0.05).
       The definition of hepatitis B infection was
determined as cases that have any hepatitis B virus
markers among HBsAg, anti-HBs and anti-HBc. The
infection rate was higher in males than in females among
the three ethnic groups. But the difference was significant
only in Koreans (P<0.05). Age-adjusted infection rates
were 78.6% in Korean, 77.0% in Korean-Chinese and
60.7% in  Han-Chinese. These differences among the
three ethnic groups were significant (P<0.05) in males,
females and the total.
        In Koreans, the HBsAg positive rate was lower
than that of Korean-Chinese, but the HBV infection rate
was not different from Korean-Chinese, and was higher
than that of the Han-Chinese. In Korean-Chinese, the
HBsAg positive rate and HBV infection rate were higher
than those of the Han-Chinese. In the Han-Chinese, the
HBV infection rate was the lowest and the percentage
of those who are susceptible was the highest (Table 3).
         We classified the serologic profiles into 8 types by
3 HBV markers, which are HBsAg, anti-HBc and
anti-HBs. Mushahwar et al (1981)[21] used 15
classifications by 5 HBV markers including HBeAg
and anti-HBe, to determine the HBV infectivity.
We used 8 types for the description of HBV
serologic profiles in the cross-sectional study. Type
I of our classification means those susceptible who
have all three negative markers. These percentages
of those susceptibles were higher in females than
in males in all three ethnic groups. The percentage
was 18.6% for Koreans or Korean-Chinese, and
36.7% for Han-Chinese. In females, the percentage
was 40.5% for Han-Chinese, 29.6% for Korean,
and  23.7% for Korean-Chinese. Among HBsAg
positive serologic profiles, type VII was dominant.
But, varied types such as V, VI and VIII were
found only in Korean-Chinese and Han-Chinese
excluding Koreans. Koreans had only one type VII,
among HBsAg positive profiles. The percentage of
HBsAg negative combination (HBsAg- and anti-
HBs+ and/or anti-HBc+), were 78.5% and 65.5%
for Korean, 67.5% and 67.6% for Korean-Chinese
and 53.1% and 52.1% for Han-Chinese. Among these
profiles, type IV was dominant in all three ethnic
groups (Table 4).

Table 2  Rate of vaccination by sex and age in Koreansb

                                                                   Malea                                                                                              Femalea                                                                                             Total
Age (yrs)
                        No. of respondents   No. of vaccinces                    %                 No. of respondents   No. of vaccinces                    %                No. of respondents   No. of vaccinces   %

20-39 43 19 44.2   70 31 44.3 113   50 44.2
40-49   37 23 62.2   60 21 35.0   97   44 45.4
50- 152 44 28.9 194 42 21.6 346   86 24.9
Total 232 86 37.1 324 94 29.0 556 180 32.4

aP<0.05 among age groups, by χ2 test; bKoreans: Koreans in Yangpung in Korea.
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DISCUSSION
Since 1980, China has produced hepatitis B vaccines
and by regulations, children must be vaccinated. However,
vaccination against HBV was not mandatory in adults.
Therefore, none of study subjects in China were
vaccinated, while in Korea, 32.4% were vaccinated. It
implies that the circumstances of HBV infection and
transmission were different between China and Korea.
Age-adjusted HBsAg positive rate of Korean-Chinese
was 12.0%, higher than the 10% previously reported in
China as a whole[14]. Moreover, the rate was higher than
the 8.0% for the Korean-Chinese in Yanbian area during
the 1980s[12]. The rate for Han-Chinese (7.2%) was less
than the national level (10%) in China, and the same or
less than that of other reports[2-5]. However, no other
reports were found  from Yanbian area, the differences
did not reflect the chronological change. In Koreans,
the rate for non-vaccinees was 4.1%, which was less
than other reports (6.5%-13.3%)[6-10,15,16].
        Korean and Korean-Chinese are the same race,
but HBsAg positive rates were different and

increased with time for Korean-Chinese and decreased
with time for Koreans. The difference between Korean
and Korean-Chinese seems to be caused mostly by
vaccination. Other factors such as socioeconomic status,
sanitary status and medical support appear to influence
HBV infection and transmission[6,7,11,17]. The difference
between Korean-Chinese and Han-Chinese resulted
from cultural difference such as life style, food habits
and susceptibility[6,7,11,17]. The rate for Korean-Chinese
was more similar to the Han-Chinese than to Koreans,
which suggests that environmental factors are more
important than genetic factors on HBV.
        Positive anti-HBc is difficult to determine definitely.
Type IV (anti-HBs+, anti-HBc+, and HBsAg-) and VIII
(anti-HBs+ anti-HBc+, and HBsAg+) are in recovery
phases caused by the positive anti-HBs. But type III
(anti-HBs-, anti-HBc+, and HBsAg-) and VII (anti-HBs-
anti-HBc+, and HBsAg+) mean acute or chronic
infection. The order of high anti-HBc positive rates
among the three ethnic groups was Korean-Chinese,
Korean and Han-Chinese. This order was too

Table 3  Positive rates and infection rate of Hepatitis B virus by sex and ethnic groupse

                                                                                                                 Male                                                                           Female                                                                           Total

                                                                        No. of                            Crude        Age-adjusted         No. of               Crude         Age-adjusted        No. of                 Crude            A  ge-adjusted
                                                                       tested                         rate(%)               rated(%)             tested              rate(%)               rated(%)           tested                 rate(%)                  rated(%)

HBsAg positive ratea,c

Korean-Chinese 279 14.0       14.8 262          8.8   8.8         541 11.5               12.0
 Han-Chinese   98 10.2         9.4 163          7.4   6.0         261   8.4                 7.2
Korean 146 2.7         6.1 230          4.8   3.0         376   4.0                 4.1
Anti-HBc positive ratea,b,c

Korean-Chinese 279 74.6       73.2 262        68.3 66.0         541 71.5               69.7
 Han-Chinese   98 58.2       59.1 163        50.9 50.4         261 53.6               54.0
Korean 140 69.3       61.3 226        58.0 60.0         366 62.3               60.9
Anti-HBc positive rate
Korean-Chinese 279 62.4       61.1 262        56.5 54.0         541 59.5               57.6
 Han-Chinese   98 46.9       48.4 163        49.1 51.7         261 48.3               49.2
Korean 146 62.3       69.1 230        55.7 58.6         376 58.2               62.5
HBV infection ratea,b,c

Korean 140 81.4       85.3 226        70.4 74.0         366 74.6               78.6
Korean-Chinese 279 81.4       79.7 262        76.3 74.1         541 78.9               77.0
Han-Chinese   98 63.3       63.4 163        59.5 59.8         261 60.9               60.7

aP<0.05 among 3 ethnic groups in male, by χ2 test; bP<0.05 among 3 ethnic groups in female, by χ2 test; cP<0.05 among 3 ethnic groups in
total, by χ2 test; dAge-standardized rates (standard population; Helong in 1997 and Yangpyung in 1995); eKorean-Chinese: Koreans in
Yanbian in China, Han-Chinese: Chinese in Yanbian in China, Koreans: Koreans in Yangpyung in Korea.

Table 4  Serological profiles of hepatitis B virus markers by sex and ethnic groupsa

                                                                                                 Serological profiles* (%)
Gender ethnic groups                                                                                                                                                                         Total
                                          I                 II               III                   IV                     V               VI                 VII                VIII

HBsAg       -               -      -    -  +         +                    +                +
Anti-HBc       -               -     +   +  -          -                    +                +
Anti-HBs       -               +      -   +  -         +                     -                +
Male Korean-Chinese 52(18.6)              16(5.8) 27(9.7)              145(52.0)                1(0.4)       2(0.7) 25(9.0)               11(3.9)   279(100.0)
      Han-Chinese 36(36.7)                3(3.1)   8(8.2)                41(41.8)                2(2.0)       0(0.0)   6(6.1)                 2(2.0)     98(100.0)
      Koreans 26(18.6)              17(12.1) 22(15.7)                71(50.7)   4(2.9)   140(100.0)
Female Korean-Chinese 62(23.7)              17(6.5) 35(13.4)              125(47.7)                3(1.1)       1(0.4) 14(5.3)               5(1.9)   262(100.0)
      Han-Chinese 66(40.5)                9(5.5)   8(4.9)                68(41.7)                4(2.5)       1(0.6)   5(3.1)               2(1.2)   163(100.0)
      Koreans 67(29.6)              28(12.4) 21(9.3)                99(43.8) 11(4.9)   226(100.0)

aKorean-Chinese: Koreans in Yanbian in China, Han-Chinese: Chinese in Yanbian in China, Koreans: Koreans in Yangpung in Korea.
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difficult to interpret like the anti-HBc.
         Positive anti-HBs means having immunity against
HBV. Age-adjusted anti-HBs positive rate for Chinese
(57.6% for Korean-Chinese and 49.2% for Han-
Chinese) was higher than that of other reports[2-5],
however, in Korean (the 62.5%) it  was higher[8,18] or
lower than that of other reports[7,19]. Even though the
difference among the three ethnic groups was not
statistically significant, the reason why the anti-HBs
positive rate for Korean (62.5%) was the highest, can
be explained by the different serological profiles. Among
the anti-HBs positive Koreans, 20.9% was type II (anti-
HBs+, anti-HBc-, and HBsAg-), which indicates remote
past infection, but, 10.3% and 9.5% among Korean-
Chinese and Han-Chinese. Other types like IV (anti-
HBs+, anti-HBc+, and HBsAg-), VI (anti-HBs+, anti-
HBc-, and HBsAg+) and VIII (anti-HBs+, anti-HBc+,
and HBsAg+) indicate the recovery phase of acute
infection as a whole (IV, recovery phase of HBV
infection; VI, unknown; and VIII, circulating immune
complex of HBsAg or reinfection with different HBsAg
subtype or process of seroconversion from HBsAg to
anti-HBs). Therefore, positive anti-HBs Koreans had
more remote infections than Korean-Chinese and Han-
Chinese, which could be also applied to the exploration
of HBV infection rates. HBV infection was determined
by having had any one of the positive HBV markers
among HBsAg, anti-HBs and anti-HBc. The order of
high HBV infection rates among the three ethnic groups
was the same as anti-HBs, Korean, Korean-Chinese
and Han-Chinese. The difference was statistically
significant (P<0.05).
         HBV infection rates in Korean-Chinese were 81.4%
in males and 76.3% in females, which were 80.8% in
males of Hunan area and 75.5% in female of Guangxi
of China[5]. The rates for Koreans were 81.4% in
males and 70.4% in females. Therefore, even if the
HBsAg rates have been  decreasing as compared with
that of the 1980s, HBV infection rate did not drop.
According to Maynard et al[20]. 70%-90% of the
population were infected with HBV in the highly
endemic areas. Hence, Korea and Yanbian were
included in the endemic area.
        The fact that HBV infection rates for Korean-
Chinese and Koreans were higher than those of the Han-
Chinese seems to be caused by susceptibility and cultural
factors such as life style and dining habits. Ahn et al[19]

reported the association between HBV infection and
behavioral characteristics such as life style, dining habit
and sanitary status. Therefore, to determine the reason
for the higher rate of HBV in Koreans and Korean-
Chinese, more studies dealing with genetic factors
and behavioral factors are needed.

        In regard to positive HBsAg rate, the results
showed difference by ethnic groups in the same area.
Consequently, for each of the areas and the ethnic groups,
the HBV infection and transmission must be
differentiated[21]. For the clarification of the natural course
on HBV, more detailed immigration studies and follow-
up efforts should also be made.
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INTRODUCTION
Hepatitis B virus (HBV) belongs to the group of
hepatovirus, a major pathogen of  human acute and
chronic hepatitis B[1-4], which has a very close
association with human hepatocellular carcinoma
(HCC)[5-8].  For example, a statistical data from a
hospital in Shanghai showed that 80% of HCC patients
were positive for HBsAg (personal communication).
The published data reported that people infected with
HBV have a 200-fold greater risk of developing HCC
than age-matched population not infected with HBV[9-11].
So HBV infection, including its consequences, is one of
the key problems for the human health in the world. Since
HBV only infects human beings and a few kinds of higher
primates[12-14], the lack of culture cell and animal model
impede the study of biological characteristics of HBV
and human hepatitis B in the laboratory[15,16]. In 1985,
the first transgenic mouse carrying HBV genes was
generated[17], and thereafter the transgenic mouse
system was applied in HBV studies[18-26].
          HBV prevailing in the world has at least 4
subtypes[27-30],  ayw, adr, ayr and adw, among
which subtype adr is the most prevailing in
China[31,32]. The complete genome of subtype adr
has been cloned and analyzed from HBV infected

population in China. It was identified that subtype adr
was different from other 3 subtypes in DNA and protein
sequence[33].  In order to produce the animal model for
exploring adr subtype of HBV associated biomedical
issues, we generated transgenic mice harboring
complete genome from subtype adr of HBV by
microinjection method, in which the HBsAg gene and
HBeAg gene could be expressed, and the genomic
DNA of HBV could be replicated and packed into
complete virus particles. This model will be very useful
for examination of many aspects of HBV and its
associated biomedical issues in vivo.

MATERIALS AND METHODS
HBV genome of adr subtype was obtained from plasmid
-padr-1-dimer. C57 mouse strain was bought from
Animal Center of Shanghai Birth Control Research
Institute. PCR primers for identification were designed
by ourselves according to S region of HBV genome,
primer 1: 5’CCCAACCTCCAATCACTCACC3’,
primer 2: 5’ACGAACCACTGAACAAATGGC3’,
synthesized by GIBCO BRL company (USA). The
themostable DNA polymerase was bought from Sangon
Co. (Canada), antigen-antibody ELISA kit of HBV was
the product of Sino-American Bio-Engineering Co.
(China). Primera gene Labeling System kit was bought
from Promega Co. (USA).  Antibodies for
immunohistochemistry assay were products of Dako Co.
(USA). Reagents for transmission electron microscopy
were standard ones (China).

Preparation of HBV DNA and microinjection
padr-1-dimer has two copies of intact HBV (adr
subtype) genome head to tail, cloned in BamHI site of
plasmid pBR322 (Figure 1). Restriction enzymes Sal I
and Cla I were used to digest Padr-1-dimer, followed
by 7 g·L-1 agarose gel electrophoresis of the digested
products, the 7.0 kb band was retrieved, purified and
dissolved in TE buffer for microinjection. Microinjection
and embryo manipulation were performed according to
the methods described in References[34-36].

PCR and Southern-blotting of integrated
transgenes
Genomic DNA from tail tissue of transgenic mice
and normal mouse were prepared, and amplified
with primers in S region according to the cycling
program: 94 , 30s; 60 , 40s; 72 , 45s; run 35

1Department of Cell Biology, Second Military Medical University,
Shanghai 200433, China
2University of Wisconsin, Madison, WI 53705, USA
3Department of Pathology, Second Military Medical University,
Shanghai 200433, China
4Center of Laboratory Animals, Second Military Medical University,
Shanghai 200433, China
Yi Ping Hu, Professor, and now is working at Second Military Medical
University , having more then 40 papers published.
This work was supported by Projects of Tackling Key Problems
in Science and Technology from the State Science and
Technology Ministry (TJ99-LA01) and Shanghai Science and
Technology Commission (994919033)
Correspondence to:  Professor Yi Ping Hu, Department of Cell
Biology, Second Military Medical University Shanghai 200433, China
Tel. 0086-21-25070240,   Fax. 0086-21-25070240
Email. yphu@ smmu.edu.cn
Received 2000-05-30    Accepted 2000-06-23



      112        ISSN 1007 - 9327   CN 14 - 1219/ R      World J Gastroentero    February  2001   Volume 7   Number 1

cycles in 50 µL reaction system. Fifteen µL of PCR
products were loaded on 15 g·L-1 agarose gel in the
presence of 0.5 µg  ethidium bromide per mL. 380 bp
band was visualized by UV fluorescence. Southern blot
was performed on genomic DNA by agarose
electrophoresis of 30 µg restricted DNA with Bam HI.
Nylon filtrates were hybridized with the probe including
HBV genome labeled with α-P32-dATP for further
characterization of the transgenic mice.

HBV gene expression in transgenic mice
HBV gene expression in serum  Venous blood in
eye sockets of mice was collected, serum was isolated
by centrifugation, and then used for HBsAg and HBeAg
ELISA or RIA.

HBV gene expression in tissues The distribution of
HBsAg and HBcAg was assessed by the labeled-avidin-
biotin detection procedure. Briefly paraffin-embedded
sections were treated for 10 min at 37  with 30 mL·L-

1 hydrogen peroxide and washed with PBS. Rabbit anti-
HBsAg primary antiserum at 1:100 dilution, and goat
anti-HBcAg primary antiserum  at 1:200 dilution were
applied over night at room temperature. After washing
with PBS, a secondary antiserum consisting of biotin-
conjugated goat anti-rabbit IgG and rabbit anti-goat IgG
was applied at 1:200 dilution for 40 min at 37 , and
then washed with PBS. Then the preparation was treated
with 1:100 dilution ABC complex stained with DAB, and
finally counterstained with hematoxylin.

Assay of serum antibody of transgenic mice
Fifty µL of the serum from transgenic mouse was
assayed for anti-HBsAg, anti-HBeAg  and anti-HBcAg
by ELISA according to the Kit protocol.

Pathological findings analysis
Serum ALT and AST Serum ALT and AST were tested
with auto-biochemical analyzer.

Histopathological study  The specimens of liver,
kidney, heart, spleen from transgenic mice were fixed
in formalin, paraffin embedded, sectioned and stained
with HE.

Examination of HBV Dane’s particles in liver
tissue from transgenic mice under TEM
Several immunohistochemically HBV-positive
mouse liver  specimens were fixed over night at 4

 in 40 mL·L-1 paraformaldehyde and 1 g·L-1

glutaradehyde in PBS. They were then postfixed
in 10 g·L-1 OsO4 in cacodylate buffer for 1hr at
room temperature, dehydrated in gradient ethanol,
and embedded in epoxy resin. This sections were
cut on an LKB Ultratome III, mounted on copper
grids, stained in uranyl acetate and lead citrate, and
examined with electron microscope.

RESULTS
Microinjection and embryo manipulation
Hundreds of molecules of target fragment were
microinjected into male pronuclei of fertilized eggs. Of
355 fertilized eggs microinjected, 262 of manipulated eggs
survived; the survival rate was 73.8%. Thirteen of female
recipient mice were transplanted with microinjected eggs
through one of the ovarioles, and 2 of the transplanted
mice were pregnant; the pregnant rate was 15.4%. Six
small mice were born and all of them survived; the
survival rate was 100%.

Founder mice and the identification of HBV DNA
integration in transgenic mice
PCR and Southern-blotting results indicated that 4 mice
were positive. So four founders were obtained. The
founder mice were named HB adr dimer-x. The positive
rate was 66%. Then the founders were mated with the
normal mice of the same line. 27 F1 offspring of the
founder mice were born. In 14 of them PCR showed
positive genomic DNA PCR. The offspring of F1 were
56 mice, 28 of them were positive, and the positive rate
was 50%. The exogenous genes can be transmitted
through the germ line (Figure 2).

HBV genes expression in transgenic mice
HBV gene expression in serum  The HBsAg and HBeAg
were detected in the serum with ELISA and RIA. And
the expression level of HBsAg was higher than that of
HBeAg, and the gene expression was different in
different founders (Table 1). The concentration of
HBsAg in the serum was about 3000 IU·L-1.

Table 1  The ELISA result of founder mice and normal mice
(A450)

                                              Control                                Transgenic mice
Antigen
                                  Negative  Positive      HB-2        HB-3        HB-4        HB-5

HBsAg 0.01 1.42 0.17 0.06 0.26 0.23
HBeAg 0.01 1.56 0.06 0.06 0.08 0.09

Distribution of HBsAg and HBcAg in transgenic
mice  Immunohistochemical study of liver and kidney
tissues from transgenic mice indicated that the distribution
of positive hepatocytes was uneven, HBsAg-positive
particles were located mainly in cytoplasm of
hepatocytes. HBsAg expression level was weaker in
kidney than in liver; the products of immune reactions of
HBcAg-positive were not very certain, and mainly
emerged in a few nuclei of hepatocytes from the
individuals that were invariably HBsAg-positive (Figure
3). No obvious product of immune reaction from HBsAg
and HBcAg positive mice was found in spleen, skin, testis
and other detected tissues.

Serum antibody in transgenic mice  The ELISA test
indicated that there was no significant positive result
of HBV antibodies in HBV transgenic mouse serum.



Hu YP, et al. HBV genomes       113

HBV Dane’s particles in liver in transgenic mice
under TEM  HBsAg particles (spherial and filamental)
were found in the endoplasmic reticulum of some
hepatocytes, a few of in renal tubule-epithalia, and the
cytoplasm of a few Kupffer cells (Figure 4).

Histopathological findings in transgenic mice
Histopathologic observation in transgenic mice
tissues  Mice have been monitored histologically
for over 1 year without evidence of pathological
changes in any organ, especially the liver and
kidney. The serum ALT and AST assays indicated
that there was no significant difference between
the transgenic mice and the normal ones.(P>0.05)
(Table 2).

Table 2  Aminotransferase in the transgenic mice (n = 12, x ± s)

Mice                             ALT(nkat·L-1)                 AST(nkat·L-1)

Normal 698.5 ± 471.8 3597.4 ± 7669.9
Transgenic 708.5 ± 491.8 4349.2 ± 7248.1

DISCUSSION
The HBV transgenic mice show replication of the
HB virus in the hepatocytes, but have no evidence
of cytopathology of the liver and other organs or
tissues.
        In theory, HBV genes microinjected are complete
in structure, and can be expressed and replicated
i n  t h e i r  b o d i e s [ 3 7 , 3 8 ] ,  b e c a u s e  w e  h a v e
purposefully prepared the fragment which contains

two copies of intact HBV (adr subtype) genomes
head-to-tail to make it sure that all of four open
reading frames of HBV genome are complete in
structure. Four of the founders all showed serum
HBsAg-positive, but the expression level is
different. We think this is due to the different
integrated site of HBV DNA. In general, the
exogenous gene will be integrated into multi-sites
in transgenic mice. This is similar with the other
reports[39,40].
        Immunohistochemical assays of several tissues
from transgenic mice revealed that HBV gene
tissue-dependent  expressions were t issue-
dependent, and the genes were mainly expressed
in the liver and kidney, but the expression level was
different; this is similar to HBV-infection in nature.
Examination of liver and kidney tissue from
transgenic mice under transmission electron
microscope revealed the existence of Dane’s
particles and HBsAg particles in hepatocytes, which
confirmed the ability of HBV genome replication
in the transgenic mice.
        Serum anti-HBs, anti-HBc and anti-HBe detected
by ELISA were negative in all of the transgenic
mice,  and suggested that  these  mice  were
tolerant to HBsAg, HBcAg and HBeAg; this
result was consistent with that of other author’s
reports[41].  Now, we obtain the F3 generation
positive mice. The HBV DNAs were able to be
transmitted through the germ line of the mice from
one generation to another.

Figure 1  Restriction map and microinfection fragment of padr-1-
dimer.
C: Cla I;  B: Bam HI;  H: Hind III;   S: SalI

Figure 2  Southern-blot analysis of the HBV transgenic mice.
Lane 1: positive control;  Lane 2: negative control;
Lane3-6: transgenic mouse

Figure 3  Immunohistochemical analysis of HBV antigens in transgenic mouse tissues.
A. HBsAg in the liver; B. HBcAg in the liver; C. HBsAg in the kidney
Figure 4  Dane’s particles under electron microscope.
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       The results of our experiments shows that
HBVgenome introduced by microinjection is
integrated into the mouse genome, and the HBV genes
can be expressed, replicated and packaged. So these
lines of HBV transgenic mice may be used as the
animal model for the study on HBV and its associated
biomedical issue. And it can also be applied in the
selection of anti-HBV drugs and vaccine[42,43]. It is
also useful for exploring the mechanism of HBV
infection.
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INTRODUCTION
Liver fibrosis is a dynamic course leading to cirrhosis
from a various chronic liver diseases.  The
pathological basis of fibrosis is the disturbance of
production and degradation of the extracellular matrix
(ECM), which causes accumulation of ECM in the
liver[1,2]. The deposition of collagen is derived primarily
from collagen types I and III in liver fibrosis[3]. The
main sources of ECM are the hepatic stellate cells
(HSCs)[4,5], especially when HSCs are activated by
hepatic injury[6,7]. One of the important methods for
preventing liver fibrosis is the inhibition of proliferation
and activation of HSCs so as to reduce production of
collagen. Glycyrrhetinic acid (GA) has been clinically
used in the treatment of liver diseases. It has  anti-
injury[8-10] and anti-viral[11-13] effects on hepatic
diseases. The clinical trials have shown that GA
could lower the serum aminotransferase level both
in Asian[14,15] and European patients[16] with chronic
hepatitis. Our previous studies also indicated that
GA could down-regulate mRNA expression of types
I and III procollagen in NIH3T3 cells[17] and in
fibrotic livers of rats induced by alcohol and

CCl4
[18]. However, the effect of GA on HSCs mRNA

expression of types I and III procollagen is unclear. In
this study, the effects of GA on HSCs mRNA expression
of procollagen types I and III and collagenase were
investigated and deposition of types I and III collagen in
different stages of fibrotic livers in rats was also
observed.

MATERIALS AND METHODS
Animal model of l iver f ibrosis and drug
treatment
Adult SD rats weighing 250 g-300 g were selected. They
were distributed as the normal group, the model group,
and the GA group. Each group contained the early  (2
weeks), middle (6 weeks), and late stage (9 weeks)
subgroups. There were 30 rats in each group and 10
rats in each subgroup. The liver fibrosis model was
induced by the administration of CCl4 and alcohol.
Potenlini, an injectable compound whose active
component is GA, was administered introperitoneally in
the GA group with 3 mL per rat three times a week,
begining at 2 weeks prior to sacrifice. Rats were killed
by the end of 2, 6 and 9 weeks respectively.

Isolation and culture of HSCs
HSCs were isolated from rat liver as described by
Hu[19] with slight modifications. The HSCs showed a
typical stellate-like shape containing fat droplet in
cytoplasm. During the culture period, HSCs became
larger and contained less amounts of fat droplet. By the
end of 2 weeks, HSCs looked like myofibroblast. Cells
were seeded in culture flask and maintained in DMEM
media supplemented with 20% FCS and antibiotics. The
media was changed every 48 h. After 2 weeks, when
cell confluence was attained, they were harvested by
the trypsinized method and applied to further studies or
stored in liquid nitrogen.

Identification of HSCs
Freshly isolated HSCs could be distinguished by its
autofluoresence characteristic of vitamin A in the
lipid droplets at 328 NM. Immunohistochemistry
showed that desmin and α-SMA were positive in 99%
of cells after 2 weeks of culture.  Besides,
transmission electron microscopy confirmed the
existence of lipid droplet in cytoplasm and revealed
a purification of about 90% in freshly isolated cells.
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3H-TdR and 3H-proline incorporating test
After two weeks of culture, the HSCs were collected
and seeded on 96-well culture plates at a density of 1 ×
105 cells/mL cultured media. Forty-eight hours later, GA
(i.e.potenlini) was added into wells at a final
concentration of  1.0, 0.5, 0.25, 0.125 and 0.0625 mg/L,
respectively, and incubated for 4 h, 24 h or 48 h, then
3H-TdR or 3H-Proline at a density of 18.5 KBq/per well
were added and incubated for 24 h. The cells were then
harvested with trypsin and the adhered cells were placed
into glass fiber filter by multiple cell collector. The cells
were baked at 80  for 2 h, scintillation fluid was added
and the radioactivity in the cells was determined  using
scintillation counter.

Plasmid amplification and probe labeling
Plasmid pUCAU1U (containing procollagen type I
cDNA fragment)[20], pHFS3 (containing procollagen type
III Cdna fragment)[21], and pUC19A (containing
collagenase cDNA fragment)[22], were amplificated in
LB culture media. The plasmid DNA was extracted with
a plasmid extracting kit (QIAGEN Incorporation,
Germany). Plasmid was cleaved with restriction
endonuclease and the target cDNA fragment was
retrieved and phenolized. The cDNA fragment was
labeled with DIG high primer technique (Boehringer
Maannheim Incorparation,Germany). The probe was
further purified by ethanol precipitation. Finally, the
efficiency of probe labeling was determined using pseudo-
hybridization, the optimal probe concentration of
procollagen types I and III and collagenase was found
to be 25, 35 and 25ìg/L respectively.

RNA extraction and Northern blot
HSCs RNA was extracted with a Rneasy mini-kit
(Boehringer Maannheim Incorparation, Germany).
Total RNA 5 µg was electrophorized on a 1% agarose/
3% formadehyde gel. The RNA samples were stained
with ethidium bromide and transferred overnight by
capillary blotting in 20 × SSC to nylon membrane. The
RNA was immobilized by baking for 30 min, at 120 .
Membranes were prehybridized (2 h) and hybridized
(overnight) at 60  in high SDS solution. The
membranes were washed at a stringency of 2 × SSC
with 0.1% SDS at room temperature for 30 min and 0.
1 × SSC with 0.1% SDS at 68  for 30 min. The
hybr id iza t ion  band  was  ob ta ined  by  the
chemoiluminescent method after film exposure for 5-
10 min and then quantified by the scanning laser
densitomitry.

Dot blots of types I and III collagen
The  types I and III collagens were isolated by limited
pepsin digestion. The livers were minced and
homogenized thoroughly in cold distilled water and
then centrifuged at 12 000rpm for 20 min. The
precipitate (5 g) was suspended in 0.5M acetic acid

and digested with pepsin for 24 h at 4  with stirring,
and  then centrifuged. The supernatant was incubated
with NaCl (1.0M) overnight. The precipitate contained
types I and III collagen which were purified by salt
fractionation and their concentration was estimated by
ultraviolet spectroscopy. Twenty µL of each sample was
loaded on PVDF membrane and was blocked with 10%
BSA for 60 min. The polyclonal antibodies (1:250 dilution)
of types I and III collagen were added and incubated
overnight. The membrane was then washed with PBST
3 times and blocked again with 10% BSA for 30 min. It
was then incubated with the secondary antibody for 2 h
at room temperature. After washing with 50mM Tris-
HCl, the dot was obtained 5-10 min after incubation with
DAB. The dot intensity was quantified by scanning laser
densitomitry.

Statistical analysis
Data were expressed as mean ± SD. One way ANOVA
and t test were applied for data analysis.

RESULTS
Histological examination and identification of
HSCs
Histological examination (H&E and collagen specific
staining) revealed the successful establishment of the
rat liver fibrosis models at different stages. Two weeks
after CCl4 and ethanol treatment, denaturation and
necrosis were the main microscopic changes in liver.
By 6 weeks, except for denaturation, connective tissues
began to enlarge and extend. By 9 weeks, pseudo-nodules
formed and bands of connective tissues were found  in
the portal areas. The yield of HSCs was 1.6-1.8 × 107

cells per liver. The result of transmission electron
microscopy, fluorescence microscopy (Figure 2) and
immnohistochemical staining all showed that the purity of
HSCs was high, which met the demand of further studies.

3H-TdR and 3H-proline incorporating test
Compared with the control group, GA had an inhibitory
effect on cultured HSCs on incorporation of 3H-TdR
and 3H-proline at 4 h, 24 h, and 48 h (Table 1), with a
time dependent relationship. This inhibitory effect was
significant in a dose-dependent manner when the
concentration of GA was above 0.25 mg/L (3H-TdR),
and 0.125 mg/L (3H-proline), respectively  (Table 2).

Table 1  Effect of GA treatment with different duration on 3H-
TdR and 3H-proline incorporation of HSCs

                                              3H-TdR  incorporation              3H-proline incorporation
Drug   Duration
                 (hrs)                 cpm         Inhibition rate(%)       cpm          Inhibition rate(%)

None 1540 ± 120     542 ± 102
GA   4 1327 ± 198   15a     421 ± 16       22a

24 1217 ± 254   21a     316 ± 18       42b

48 1057 ± 121   31b     265 ± 84       51b

a Compared with control values, P<0.05; b Compared with control
values, P<0.01.



Wang-JY, et al. Effects of GA on collagen metabolism of HSCs at different stages of liver fibrosis in rats       117

Table 2  Effect of GA of different doses on 3H-TdR and 3H-
proline incorporation of HSCs

                                              3H-TdR  incorporation                   3H-proline incorporation
Drug      Duration
                    (hrs)             cpm        Inhibition rate(%)        cpm          Inhibition rate(%)

None 1540 ± 120     542 ± 102
GA 0.0625 1427 ± 175     7     441 ± 76       19a

0.125 1321 ± 126   14     327 ± 71       40b

0.25 1211 ± 137   21a     316 ± 57       42b

0.5 1176 ± 134   24a     295 ± 81       46b

1.0 1027 ± 121   33b     220 ± 63       59b

aCompared with control values, P<0.05; bCompared with control
values,P<0.01.

Plasmid amplification and probe labeling
The purity of extracted plasmid DNA was high, and the
ratio OD260/OD280 was over 1.6. The DNA yield of
three kinds of plasmid all exceeded 130 µg.
Electrophoresis showed that the yield of DNA fragment,
which was cleaved with restriction enzyme, was
satisfactory. On the other hand, the probe concentration
of type I and III procollagen and collagenase was
determined to be 15 mg/L, 35 mg/L and 100 mg/L,
respectively.

The effect of GA on HSCs mRNA expression of
types I and III procollagen and collagenase
At the end of 2, 6 and 9 weeks after the induction
of rat liver fibrosis, HSCs mRNA expression of

types I and III procollagen in the model group was
higher than  in normal group (P<0.05). However,
HSCs mRNA expression of types I  and III
procollagen in GA group was lower than that in the
model group, but was higher than the normal group
(GA group vs model group and GA group vs normal
group, P<0.05). HSCs mRNA expression of
collagenase in the model group was higher than in
normal group at each stage of liver fibrosis (P<0.
05). And at the end of 9 weeks, the mRNA
expression of HSCs showed a dropping tendency.
HSCs mRNA expression of collagenase in GA group
was also higher than in normal group, but there was
no difference between the GA and the model group
(Figure 1).

The effect of GA on liver deposition of types I
and III collagen
At the end of the 2nd, 6th and 9th week, the
liver deposition of types I and III collagen in
the model group was higher than in normal group
(P<0.05). The liver deposition of types I and III
collagn in GA group was lower than in model group
(P<0.05), but was still higher than in the normal
group. In addition, the density of type I and  III
collagen in treatment groups were closer to the
model group at the end of the 9th week than at the
2nd and 6th weeks (Figure 2).

Figure 1  Densitometric analysis of collagenase, type III and I procollagen mRNA Northern blot. The result of Densitometric analysis after
normalization against hybridization signals for  normal groups was expressed as mean percentage ± SD of the control values (n = 5). The
level of types I and III procollagen mRNA expression of HSCs in GA groups was lower than in model groups (aP<0.05). For the collagenase
mRNA expression of HSCs, there was no significant difference between GA groups and model groups.

Figure 2  Dot blot densitometric analysis of types I and III collagen. The result of densitometric analysis after normalization
against hybridization signals for  normal groups was expressed as mean percentage ± SD of the control values (n = 5). The level of
types I and III collagen densitometric values in GA groups was lower than in model groups (aP<0.05).
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DISCUSSION
In normal livers, HSCs are situated in the Disse£§s
spaces, separating hepatocytes from sinusoidal
endothelium and being rich in fat drips. It has been
well known that HSCs are responsible for the
excessive production of ECM[23-25]. The central event
in liver fibrosis is the activation of HSCs and
subsequent transformation from quiescent vitamin A-
rich cells to proliferative, fibrogenic and contractile
myofibroblasts[26]. In situ hybridization demonstrated
the specific transcript of procollagen[27,28]. It is
ra t ionale  to  choose  HSCs as  a  target  for
pharmacological therapies for anti-fibrosis of liver. In
this study, we observed that GA had an inhibitory effect
on proliferation and collagen production of HSCs in
vitro, which could be associated with the inhibition of
activation of HSCs. The activation of HSCs is a
pleiotrofic process. It involves a series of gene
transcriptions. Finally, HSCs display a shape that is
similar to myofibroblast-like cells while addition of GA
delayed the  t ransformat ion of  HSCs in to
myofibroblast-like cells. It suggests that GA could
serve as a proximal segment modulator to decrease
the activation and collagen production of HSCs in
culture.
        It has been proved that the expression of type I
and III procollagen is up-regulated in hepatic fibrosis
[29,30]. In this study, we demonstrated that the
expression of types I and III procollagen of HSCs
increased in hepatic fibrosis of rats. At the end of the
2nd, 6th and 9th week, the expression of types I and
III procollagen was down-regulated in GA treated
group, but still higher than in normal group, which
indicates that GA only decreases the expression of
types I and III procollagen partially. We have previously
reported that GA inhibits nuclear factor-κB (NF-κB)
binding activity[31]. NF-κB is a pleiotropic transcription
activator[33] that exists in many kinds of cells[32]. It binds
NF-κB inhibitors (IκB) in the cytoplasm as an inactive
form. A wide spectrum of cellular stimulating signals,
i nc lud ing  mi togen ,  cy tok ines ,  bac t e r i a l
lipopolysaccharides, viruses and viral proteins, and
oxidative injury, could induce the activity of NF-κB[34].
Inducers of NF-κB activity resulted in phosphorylation,
ubiquitination and degradation of IκB proteins, thus
releasing free NF-κB for its translocation into the
nucleus to activate transcription. We presume that by
this way, GA can down-regulate the expression of types
I and III procollagen of HSCs. In normal liver, the
production of collagen is relatively static, and only with
moderate expression of mRNA of type III and IV
procollagen  and laminin. The mRNA expression of
type I procollagen increased significantly in the
formation of hepatic fibrosis. The ratio of type I:III
was about 4:1[35] as observed in our study.
        Recently, it has been found that the activity of
interstitial collagenase is elevated in the early stage

of hepatic fibrosis[23]. However, in the development
of fibrosis, the activity of collagenase decreased[36-40].
In our study, the activity of collagenase increased at
the early and middle stage of fibrosis, i.e. 2 or 6 weeks
after CCl4 treatment. At the end of the 9th week
(late stage), it dropped to the level similar to that of
normal groups. It could be due to the overexpression
of tissue inhibitor of metalloproteinase in late stage
of hepatic fibrosis[41,42]. GA reduced the mRNA
expression of types I and III procollagen of HSCs,
but  not  elevated the mRNA expression of
collagenase of HSCs, which indicates that GA
decreases the deposition of types I and III collagen
by reducing the production of collagen, instead of
dissolving the collagen. Therefore, at the end of the
9th week, GA was unable to obviously decrease the
deposition of collagen. It suggested that the treatment
for hepatic fibrosis with GA should begin at the early
stage of fibrosis.
        Based on the well-known mechanism of fibrosis,
the treatment of fibrosis should include the following
elements: removing the injurious stimuli; suppressing
the hepatic inflammation; down-regulating the
stellate cell activation and promoting the matrix
degradation[26]. As we know, the major etiological
factor of cirrhosis in patients in China is chronic
hepatitis B. Histological improvement was found in
the patients responding to antiviral therapy with
lamivudine for HBV[43]. The result of a long-term
follow-up study suggested that the proliferation of
fibrous tissues was reversible[44]. Sun et al [45]

indicated that antifibrotic therapy is important even in
cirrhotic stage in which the  fibrogenesis is still active.
The results of our studies indicated that the effects
on antifibrosis of GA might be exerted by down-
regulating the binding activity of NF-κB and HSC
activation, and by suppressing the hepatic
inflammation. Our previous study also showed that
the effect of GA on serum conversion of HBeAg[14].
Sato et al[46] reported that GA could inhibit the release
of HBsAg from the infected hepatocytes. Therefore,
GA appears to function at multiple phases of hepatic
fibrogenesis. Furthermore, the more exciting report
is that GA treatment could inhibit the occurrence of
hepatocellular carcinoma[47]. It has been also reported
that long term (2-16 years.) treatment by GA in chronic
hepatitis C patients had no side-effect and was
effective in preventing liver carcinogenesis[48].
        Other Chinese herbal recipes have shown their
features in antifibrosis. Varieties of recipes or
herbal extracts, such as Xiao Chaihu Tang[49],
Recipe 861[50], Yiganxian[51], Ganyanping[52], and
Matrine[53] have been shown to be effective in
prevention and treatment of liver injury and fibrosis
with different mechanism and pathway. It implies
that the clinical application using the combination
of glycyrrhetinic acid with these medicines is an



interesting area for further investigations.
        In conclusion, GA inhibits the proliferation and
collagen production of HSCs in culture, down-regulates
the mRNA expression of type III and I procollagen, and
reduces the deposition of type III and I collagen in fibrotic
liver. It can be a very useful drug for anti-fibrotic treatment
in patients with chronic liver disease.
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INTRODUCTION
The increased expression of ICAM-1 on a wide range
of cells and in the sera of patients with malignancies,
chronic liver diseases and inflammation diseases has
been described since the late 1980s[1-22]. Recently rapid
progress in studies on expression of ICAM-1 in patients
with  hepatocellular  carcinoma (HCC) have been
achieved, including clinical and experimental researches
[23-31]. It is well known now that ICAM-1 expressed in
two ways in HCC:  membrane-bounded ICAM-1
on the surface of HCC cells (mbICAM-1), which did
not express in normal liver cells, and  soluble ICAM-
1 (sICAM-1) in sera of the patients, the concentration
of which is well correlated with the progress and
prognosis of the disease[32]. However, little is known
about whether sICAM-1 is a diagnostic marker for early
detecting HCC and monitoring its postoperative
recurrence. It has been demonstrated that measurement
of sICAM-1 might be of clinical values for early
diagnosis and monitoring recurrence of HCC,
particularly in patients with normal or low serum level
of α-fetoprotein (AFP)[33-37]. Another controversy in
this field is what is the main source of high levels of
circulating sICAM-1 in HCC patients. It was reported
that there were two forms of sICAM-1: HCC-specific
circulating form of ICAM-1 shedding from HCC cells,
and inflammation-associated ICAM-1 upregulated by
several cytokines, of which interferon-gamma (INF-
gamma) was the main cytokine trigger for ICAM-1

expression[38]. To solve the two problems mentioned
above has become the key to the study. For this purpose,
we have further confirmed the clinical values of sICAM-
1 detection in HCC compared with benign liver diseases
and normal control, analyzed the  serum levels of AFP
and sICAM-1 in HCC; observed mbICAM-1 expression
in different regions of HCC tissues with the
immunohistochemistry, and measured the expression of
ICAM-1 mRNA in tissue samples by reverse
transcriptase polymerase chain reaction (RT-PCR).

MATERIALS AND METHODS
Patients
Between January 1997 and July 2000, 151 patients
with pathologically proven HCC either by surgical
resection of liver tumors or by liver biopsies (131 men
and 20 women; aged from 14 to 80 years, median 49)
were treated in our department. Tumor was less than
5 cm in diameter in 21 patients,less than 10 cm in 43
and more than 10 cm or with extrahepatic metastasis
in 87 cases. Liver cirrhosis was found in 137 patients.
Hepatitis B surface antigen (HBsAg) was positive in
129 patients. Hepatitis C antibody was positive in 14
patients. The serum concentration of AFP was
measured in all cases by radioimmunoassay (RIA)
and its reference ranges  were classified as follows:
>200 µg/L as positive in 93; 20 µg/L-200 µg/L as
questionable positive in 33 and <20 µg/L as negative
in 25[35]. Treatment included surgical procedures (in
90 cases), interventioanl radiology (IR in 46) and
percuteneous ethanol injection (PEI in 15). Among
the surgically-treated patients, tumor resection was
performed in 75, including radical resection in 42,
nonradical in 33 due to intrahepatic vascular invasion
on the resected margin pathologically or intrahepatic
metastasis of tumor found intraoperatively.
Laparotomy cathterization of the hepatic artery was
undertaken in 15. The 46 patients underwent IR
therapies  inc luding  t ransca the ter  a r te r ia l
embolization (TAE) in 30 and transcatheter arterial
infusion (TAI) in 16.

Fo l low-up of  the pat ients  undergoing
hepatectomies
The patients undergoing hepatectomies were
followed up monthly in the first year and once every
two months in the second year postoperatively.
During the follow-up, serum concentration of AFP
an d  s I C A M - 1 ,  l i v e r  f u n c t i o n  a n d  i m a ge
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examinations including BUS, CT or selective hepatic
angiography were undertaken. Tumor recurrence was
confirmed when intrahepatic lesion or portal vein tumor
thrombi were found by liver image, and pathological
diagnosis was established by reoperation or biopsy of
the tumor.

ELISA for sICAM-1
Concentrations of sICAM-1 were measured with an
enzyme-linked immunosorbent assay kit (Biosource
Europe, Fleurus, Belgium) as described previously[31-37].
In all HCC patients, sICAM-1 levels were compared
with their levels of serum AFP. As controls, serum
levels of sICAM-1 were measured in 62 patients with
chronic hepatitis B (CH), 60 with liver cirrhosis (LC)
and 50 healthy blood donors.Immunohistochemistry
of liver tissues -Tissues from tumor and adjacent
region were obtained from 52 patients with surgical
resection. Histologically normal liver tissues were
obtained from 3 patients with liver hemangioma. To
demonstrate the presence of ICAM-1 in the resected
liver tissues, each fresh specimen was cut at -20
with the cryostat (4 µm- thick), mounted on sialinized
adhesion microscope slides, dried  overnight at  room
temperature, fixed with cold acetone (-20 ) for 10
min and chloroform for 20 min. Anti-human ICAM-
1 mouse monoclonal antibody (Clone HA58,
Pharmigen) was used. The slides were washed twice
in TRIS/0.2% BSA and then incubated with sheep-
anti-mouse-Ig (DAKO, Copenhagen, Denmark).
And then the staining reaction was developed with
a streptavidin-biotinylated-alkaline-phosphatase-
complex (DAKO),slides were counterstained with
hematoxylin, and nonreacting monoclonal antibody
of IgG-1-isotype (DAKO) was used as negative
control.

RNA extraction and DNA amplification
The total RNA was isolated from the fresh
resected liver tissues by the acid guanidium
thiocynate-phennol-chloroform method[39] (Gstract,
Maxim Biotech, Inc., San Francisco, USA). The
concentration of RNA was determined from
absorption at 260nm, and A 260: -80 ratios were >
1.7. RNA (10 µg)was subjected to electrophoresis
in 1.5% agarose gels. The PCR primer for ICAM-
1 and GAPDH were designed according to Vigano
et al[40]. The following four primers presented by
D r .  S h r a v e n  w e r e  u s e d :   ( 1 0 5 )  5 ’ -
TGATGACATCAAGAAGGTGGTGAAG-3’; 
(1047) 5’-TCCTTGAGGCCATGTGGGC-CAT-3’;

 (825) 5’-GTCCCCTCAAAAGTCATCC-3’; 
(1064) 5’-AACCCCATTCAGCGTCACCT-3’.
The primer set was used to amplify an intron-
spanning region of the human glyceraldeyde-3-
phosphate dehydrogenase (GAPDH) gene. The
latter gene provided a constitutively expressed

internal  cont ro l  for  complementary  DNA
contamination. The presence of ICAM-1 and
GAPDH mRNAs was demonstrated by amplifying
respective target sequences using PCR according
to the instruction provided with the Technical Bulletin
Kit (Promega). In brief, 3 µL (2.5 mM) RNA, and
50 pmol/L primers for ICAM-1 or GAPDH were
added to each reaction mixture respectively, which
included 0.4mM dNTPs 2 µL, 3 µL (1.5 mM) MgSO4,
AM V reverse transcriptase 1 µL (5U), TfI DNA
polymerase 1 µL (5U), and AMV/TfI 5 × buffer 10
µL. The final reaction volume was 50 µL and was
covered with 20 µL mineral oil. Then with PCR
thermal cycle(Hema 480, China), RT-PCR reaction
was run in the following procedures:  48  for 45
min, 1 circle;  94  for 2 min, 1 circle;  94  for
30s, 60  for 1 min, 38  for 2 min, 30 circles; and

 68  for 7min, 1 circle. Five µL PCR product
was placed on 1.5% agarose gel and observed by
EB staining under UV light, the electrophoresis photo
was transformed into computer, and ICAM-1
intensity was analyzed with MPIAS500 image
system, while the GAPDH band intensity was
subtracted as an internal standard.

Statistical analysis
Groups were compared by the Kruskal-Wallsi test and
the t test.

RESULTS
sICAM-1 measurement
The concentrations of sICAM-1 measured in different
groups are illustrated in Figure 1. The levels of sICAM-
1 in the patients with CH (median -462 µg/L), LC
(median-587 µg/L) and HCC (median -1120 µg/L) were
significantly higher than that in the normal control (median
-285 µg/L) (P<0.01). The levels of sICAM-1 in HCC
group was also significantly higher than those in CH and
LC groups (P<0.01).

Figure 1  Serum concentration of sICAM-1 in normal controls
(n = 50), in patients with chronic  hepatitis (CH, n = 62),
cirrhosis (LC, n=60), and hepatocellular carcinoma (HCC, n =151).
aP<0.05,bP<0.01.
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       Comparative analysis of the serum values of
sICAM-1 and AFP in HCC patients is listed in Table
1. There were 93 (62%) patients with positive
serum AFP, and 58 (38%) with questionable and
negative (33 and 25). However, the median values
of sICAM-1 in these patients were 1597, 1456 and
1271 µg/L respectively. Statistical analysis showed
no significant differences. In addition, analysis of
ranges of sICAM-1 of HCC patients showed that
129 (85.4%) patients had a serum concentration
exceeding 1000 µg/L, which was higher than the
positive rate of serum AFP in the group of same
patients.

Table 1  Comparative analysis of serum levels of sICAM-1 and
AFP in HCC patients

Group                            Number of patients    sICAM-1(µg/L)             AFP(µg/L)

AFP<20 µg/L 25 1271      18
AFP 20-200 µg/L 33 1456     121
AFP>200 µg/L 93 1597 26280

         During the postoperative follow-up period of 6-61
months, tumor recurrence was confirmed in 41 patients.
The median level of sICAM-1 of the patients was 1051
µg/L and 30 (73.2%) cases had a value higher than
1000 µg/L. On the other hand, there were 25 (60%)
patients with serum AFP positive (>200 µg/L). In 6
patients with negative AFP, tumor recurrence was not
detected by liver image until their serum levels of
sICAM-1 had exceeded 2-4 times higher than before
for 1-4 months.

Immunohistochemical staining
In all HCC samples, cancerous regions showed positive
membrane staining for ICAM-1 with a honeycomb
pattern (Figure 2). Parts of plasma of HCC cells showed
strong positive reactions. In contrast to the cancerous
areas, in noncancerous adjacent areas (Figure 3), the
expression of ICAM-1 was negative, except those
hepatocytes in severe cirrhotic areas. Normal liver
tissue showed negative or very weak staining of the
vascular endothelial cells and hepatocyts for ICAM-1
(Figure 4).

RT-PCR detection of ICAM-1
ICAM-1 mRNA in HCC tissues was detected by RT-
PCR analysis (Figure 5). The result showed that freshly
aspirated liver tissues expressed the gene coding for
ICAM-1 because RT-PCR generated a DNA fragment
corresponding to the predicted length, 943bp, of the
ICAM-1 amplification product. In each tissue sample,
all GAPDH amplification products were of 240bp
length. The results revealed that the expression of
ICAM-1 was stronger in the carcinomatous tissues of
28/43 cases (65.1%) than that in the paracacinomatous
tissues of 13/43(30.2%) cases. Thirty-two of 43 cases had
the levels of sICAM-1 >1000 µg/L.

Figure 2   Immunohistochemical staining of ICAM-1 in
hepatocellular carcinoma tissue is positive on the surface of tumor
cells and in a honeycomb pattern.
Figure 3  Increased expression of ICAM-1 in paracancerous tissue
was shown with severe cirrhosis by immunohistochemical staining.
Figure 4  ICAM-1 expression was negative in normal liver tissue
by immunohistochemical staining (AEC method).
Figure 5  RT-PCR product gel electrophoresis. Three ìL RT-PCR
products of ICAM-1 and GAPDH run on 1.5% agarose gel
stained with EB. Lane 1 and Lane 4: the control for ICAM-1 and
GAPDH. Lane 2 and 5: paracarcinomatous tissue for ICAM-1 and
GAPDH. Lane and 6: HCC tissues for ICAM-1 and GAPDH.
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         The clinicopathological analysis of ICAM-1
mRNA and HCC is shown in Table 2. In the patients
with serum levels of sICAM-1 above 1000 µg/L, the
expression rates of ICAM-1 mRNA in HCC and
adjacent tissues were 75.0% and 34.4%, respectively
(P<0.01), however, in group with sICAM-1 lower than
1000 µg/L, the expression rate in those tissues were
36.4% and 18.2%, respectively (P>0.05). It is noticed
that the expression rate of ICAM-1 mRNA was
related to the severity of liver cirrhosis and
intrahepatic metastasis of tumor. However, the
expression rates of ICAM-1 mRNA were not
correla ted with  the  serum levels  of  AFP,
differentiation of tumor and tumor sizes.

Table 2  Clinicopathological analysis of ICAM-1 mRNA and
HCC %(n)

Clinical data                                     Cases          Positive tumor       Positive paratumor
                                                                                     ICAM-1 mRNA           ICAM-1 mRNA

Serum AFP>400 µg/L           25               68.0 (17/25) 32.0(8/25)

Serum AFP<400 µg/L           18               61.1(11/18) 27.8(5/18)

sICAM-1>1000 µg/La           32               75.0(25/32) 34.4(11/32)

          <1000 µg/L           11               36.4( 3/11) 18.2( 2/11)

Severe cirrhosisa  Yes           30               80.0(24/30) 36.7(11/30)

                 No           13               30.8( 4/13) 15.4( 2/13)

Differentiation  High           15               66.7(10/15) 33.3( 4/15)

               Low           28               64.3(18/28) 32.1( 9/28)

Tumor size >5 cm            31               66.7( 8/12) 25.0( 3/12)

              <5 cm           12               64.5(20/31) 32.3(10/31)

Intrahepatic metastasisb  Yes         15               86.7(13/15) 40.0( 6/15)

                No           28               46.4 (13/28) 25.0( 7/28)

aP<0.01; bP<0.05.

DISCUSSION
HCC is one of the malignancies, which inflicts Chinese
population severely. The prognosis of the disease is
still dismal due to a delayed diagnosis, low resected
rate and high recurrence rate of the tumor. Thus early
diagnosis and effective postoperative monitoring are
important to improve the surgical effectiveness for
HCC[41]. The present study further confirmed our
previous observations and other reports, in which
elevated serum sICAM-1  was found in HCC, which
was significantly higher than in benign liver diseases
and the normal controls (Figure 1). As described by
Shimizu et al[42], a sICAM-1 level above 1000 µg/L is
a determinant for prognosis and progression of HCC.
In our 151 patients with HCC, 129 (85.4%) cases had
a high serum concentration of ICAM-1 above 1000
µg/L, which suggested that the positivity of sICAM-1
was higher than that of serum AFP. Although the
serum levels of AFP in the HCC patients were
different (Table 1), the sICAM-1 levels in the same
group of patients showed no significant differences,
particularly in cases with low levels of or negative
AFP, indicating that  measurement of sICAM-1
might be of diagnostic value for HCC.

        Another interesting finding from our study is that
in patients with AFP negative or questionable positive,
sICAM-1 is a more sensitive serum diagnostic marker
than AFP and other procedures, including BUS, CT,
etc. In 41 patients with tumor recurrence detected
during the postoperative follow-up, 73.2%  patients had
a high level of sICAM-1 above 1000 µg/L, however,
the proportion of positive serum AFP in the same cases
was only 60%. Moreover, in 6 of the 41 patients with
negative AFP, tumor recurrence was diagnosed 1-4
months earlier by sICAM-1 than by liver image
examination. We believe that sICAM-1 is not only a
useful marker for predicting the progression and
prognosis of the disease, but also a sensitive marker
for diagnosing and monitoring HCC and its recurrence,
especially for patients with low serum concentrations
of AFP when the serum level of sICAM-1 was
above 1000 µg/L[32-36].
        As mentioned above, our clinical observations
strongly supported that sICAM-1 might be of
diagnostic value for HCC. However, it is unknown
what is the main source of high level of sICAM-1 in
HCC: HCC- specific ICAM-1 shedding from
mbICAM-1 or inflammation-associated ICAM-1[38].
To distinguish the two forms of ICAM-1 is the ultimate
goal of  the study in this field[38]. Clinically, we have
got the evidence that sICAM-1 is  derived from HCC
tumor cells, because we found in non-radical resected
patients, the sICAM-1 concentrations maintained at
a high level after the operation compared with those
who underwent a radical resection of tumors, whose
sICAM-1 levels would be decreased to the normal
within 1-2 months postoperatively. This suggested that
circulating sICAM-1 in HCC may originate mainly
from tumor cell itself[36,37].
        To verify our clinical findings that sICAM-1 is
mainly derived from the HCC cells, we investigated
the expression of ICAM-1 in HCC and its adjacent
tissues with immunohistochemistry. The results
showed that ICAM-1 expressed strongly in all
specimens of HCC, but did not express in
noncancerous regions, which reflected such a fact
that high serum sICAM-1 levels of HCC patients might
be attributable to tumor cells and a malignant
transformation of hepatocytes. Our inference was
supported by other authors[24,30,43,44]. Torri and
Momosaky reported a high expression rate of ICAM-1
in HCC (80%-96%). Although three possible mechanisms
for the expression of ICAM-1 were considered, Torri et
al hold that malignant transformation of liver cells
appeared to be the most important mechanism for the
ICAM-1 expression in HCC. Thus they concluded that
examination of ICAM-1 might yield significant
information on the process of malignant transformation
of hepatocytes[41,43]. In the nude mouse liver cancer
metastasis model, Sun JJ et al demostrated that
tissue ICAM-1 and sICAM-1 could indicate the stage
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of HCC, potential of hepatoma cells for invasion and
metastasis[45].  In addition, in vitro study by Momosaky
et al showed that HCC cell itself markedly secreted
soluble ICAM-1 into the culture supernantant in tumor
cell lines[43]. On the other hand, no soluble ICAM-1
was shed from normal mouse hepatocytes regardless
of the presence or absence of cytokine stimuli[43].
According to the observations from the present and
other studies mentioned above, we think that high levels
of sICAM-1 in HCC patients might be released mostly
from the tumor cells.
          After the clinical and immunohistochemical studies,
we have recently investigated the correlation between
serum levels of sICAM-1 and expression of its mRNA
in HCC tissues. The results (Table 2) suggested that
hepatocytes transformation may be the essential cause
for strong expression of ICAM-1 mRNA, as in
carcinomatous tissues of the 43 patients, the positive rate
of expression was 65.1% (28/43). However, that in non-
carcinomatous tissues was only 30% (13/43), which was
quite different from the HCC tissues (P<0.01), and in
normal liver tissues expression of ICAM-1 mRNA did
not exist. Furthermore, the same correlation between
the expression of ICAM-1 mRNA and the serum
concentrations of sICAM-1 was observed. In patients
with serum levels of sICAM-1 above 1000 µg/L, the
expression rates of ICAM-1 mRNA  in HCC and
adjacent tissues were 75% and 34.4%, respectively,
however, in group with sICAM-1 lower than 1000 µg/L,
the expression rates were 36.4% and 18.2% respectively,
which indicated that the expression of ICAM-1 protein
was controlled by its correlative gene at the level of
transcription regulation.
        The expression rate of ICAM-1 mRNA was also
related to the severity of liver cirrhosis and
intrahepatic metastasis of tumor. Particularly in the
later circumstances, the expression rate was much
higher in metastatic patients (86.7%) than those
without metastasis (53.6%), which suggested that
the expression of ICAM-1 mRNA may play an
important role in tumor intra and extrahepatic spread.
These results were identical to our clinical
observations, in which the proportion of sICAM-1
level >1000 µg/L was higher than that of AFP (73.
2% vs 60%) and sICAM-1 level was more sensitive
than liver image examinations in indicating tumor
recurrence.
        Based on our studies on expressions of ICAM-1
and its mRNA in serum and tissues of HCC, we
concluded that:  Serum levels of sICAM-1 in
HCC were significantly higher than that in benign
liver diseases and normal controls, which indicated
that it is useful to measure sICAM-1 to differentiate
HCC from other benign lesions when the level of
sICAM-1 is higher than 1000 µg/L.  The high
expression level of sICAM-1 might result from the
strong expression of ICAM-1 in HCC tissue, which

was controlled by its related gene. The source of sICAM-
1 in HCC was originated mainly from HCC cells.  In
HCC with intrahepatic metastasis, the expression of
ICAM-1 mRNA was significantly high, which suggested
that detecting sICAM-1 is of important value in predicting
tumor recurrence after surgery.  With understanding
of the mechanism of ICAM-1 expression and its
origination, we believe that measurement of sICAM-1
may be of diagnostic value for HCC, particularly in
patients with low levels of serum AFP.
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INTRODUCTION
Portal hypertension is a common clinical syndrome
characterized by an abnormal increase in portal blood to
the systemic circulation, bypassing the liver. Recent
studies have reported  that humoral substances play an
important role in the pathogenesis of portal hypertension,
either by increasing vascular resistance at both the
intrahepatic and  porto-collateral  sites or affecting
splanchnic vasodilation with a concomitant increase in
parto-collateral blood flow[1-6].
         Endothelin (ET) released by endothelial cells is a
21-amino acid peptide with potent vasoconstrictor
action. Endothelin comprises a family of four
homologous isopeptides in human and animals (ET-1,
ET-2,  and ET-3, VIC)[7-14]. Most reported data are
related to ET-1, which is the most powerful
vasoconstrictor. Owing to a variety of reasons, reports
concerning endothelin levels in cirrhotics are not
consistent with each other. Endothelin concentrations
in plasma have been reported to be increased in some
studies and normal or reduced in others[15-20]. Present
evidence suggests that endothelin may play an
important role in modulating intrahepatic vascular
resistance[21-24]. However, the relationship between
vasoconstrictor (ET, TX-) and vasodilator (PGI2) during
portosystemic shunt has not been documented.

METHODS
We measured the concentration of endothelin  in plasma
using radioimmunoassay in 121 patients with cirrhosis
and compared these values with 50 age- and sex-matched
control subjects, and evaluated systemic endotoxemia.
At the same time, perioperative plasma vasoconstrictor
and vasodilator were clinically observed in 30
portohypertensive cirrhotic patients undergoing
portosystemic shunt.

RESULTS
Plasma endothelin levels were higher in cirrhotic patients
with ascites than in those without ascites. Femoral venous
plasma endothelin levels averaged 90 ± 23 ng/L in
cirrhotic patients versus 34 ± 8 ng/L in controls (P = 0.
000), and that of cirrhotics with ascites was higher than
those without 106 ± 17 ng/L vs 90 ± 23 ng/L(P = 0.002).
Moreover, plasma endothelin levels increased in
proportion to the severity of endotoxemia (rs = 0.61, P =
0.034). Both the levels of plasma vasoconstrictors (ET,
TX-) and of the vasodilator (PGI2) were higher in
portohypertensive cirrhotic patients (ET: 107.8 ± 25.9
ng/Lvs 48.1 ± 9.4 (P = 0.000); TX-: 349.7 ± 198.4 ng/L
vs 156.3 ± 54 (P = 0.000); PGI2: 463.1 ± 108.3 ng/L vs
227.2 ± 46 (P = 0.000), and their concentrations
decreased significantly in patients after portosystemic
shunt (P = 0.002).

DISCUSSION
These results suggest that endothelin has significant
influence on the portal vascular resistance of cirrhotic
liver in vivo and may play an important role in the
pathogenesis of portal hypertension[25-28]. Endotoxin may
lead to the increased synthesis and release of endothelin.
It could be that a dynamic balance between levels of
vasoconstrictor and vasodilator  in plasma exists  in the
pathophysiology of portohypertensive cirrhotic patients
after portosystemic shunt.
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INTRODUCTION
Multiple organ dysfunction syndrome (MODS) is thought
to be a frequent consequence of sepsis[1-3]. Despite
substantial advances in our knowledge and understanding
of the basic pathophysiologic mechanisms[4-7], in critically
ill patients infections and sepsis are still associated with
a high mortality[8,9]. There is evidence that the
development of tissue damage in sepsis and shock is
closely associated with the release of an ever increasing
number of mediators and accumulation of neutrophils at
the sites of infection or injury[10,11].
        The endothelium is an intimal layer of simple
squamous cells which provides a continuous, fluent
surface for circulating blood. It is not the passive,
metabolically inert barrier that it was once thought
to be, and it is now known to be a metabolically and
physiologically dynamic tissue with multiple functions.
On the basis of recent discoveries in the field of
endothelial cell biology (such as endothelium-derived
mediators and the expression of adhesion molecules),
end othelial cells are now thought to be not only
target cells of injury, but also actively involved in
inflammatory reactions and subsequent organ
damage[12,13].
         Polymicrobial sepsis induced by cecal ligation and
puncture (CLP) is a model of sepsis which reproduces many
of the inflammatory and pathological sequelae that are
observed clinically. Following CLP, animals develop
bacteremia, hypothermia, hypotension, and damage to multiple
organ systems[14]. The present study was designed to

observe the gene expression of adhesion molecules and
proinflammatory cytokines in hepatic sinusoidal
endothelial cells with a CLP model, in order to investigate
the role of endothelial cells in tissue damage during sepsis.

MATERIALS AND METHODS
Animal model and CLP
NIH mice were obtained from the animal center of the
General Hospital of PLA. The mice were randomly
divided into 2 groups: CLP group and sham group. Sepsis
was induced in the CLP group by CLP. The mice were
anesthetized, and the cecum was ligated below the
ileocecal junction: intestinal continuity was maintained.
The cecum was punctured twice with a 20-gauge needle
and a small amount of cecal contents was expressed
through the punctures. The incision was closed and 1
mL of normal saline was administered subcutaneously.
Sham-operated mice underwent the same surgical
procedure, but without CLP. The mice were sacrificed
at 3 or 12 h after the procedure.

Isolation and purification of hepatic sinusoidal
endothelial cells
Hepatic sinusoidal endothelial cells were isolated by
collagenase perfusion of the liver, isopyknic sedimentation
in a two-step percoll gradient, and selective adherence
[15]. The purified sinusoidal endothelial cells were
identified by staining with anti-von willebrand factor
(vWF, factor VII I-related antigen). Flow cytometric
analysis showed a purity greater than 85% in hepatic
sinusoidal endothelial cells.

Ana lys i s  o f  adhes ion  mo lecu les  and
proinflammatory cytokines mRNA by reverse
transcription-PCR
Total RNA was extracted  from endothelial cells.
We used a phenol-chloroform extraction method
reported by Chomczynski. The RNA was then
quantitated spectrophotometrically. Total RNA from
experimental samples was used to synthesize cDNA
using AMV reverse transcriptase. β-actin and β2-
MG were used as internal control primers. The
primers for the adhesion molecules and controls
were as follows: β- actin (478bp), 5’AGG GAA
ATC GTG CGT GAC ATC AAA 3’, 5’ACT CAT
CGT ACT CCT GCT TGC TGA 3’; β2-MG (300 bp),
5’GGC TCG CTC GGT GAC CCT AGT CTT T 3’,
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5’TCT GCA GGC GTA TGT ATC AGT CTC A 3’;
VCAM-1 (442bp), 5’CCT CAC TTG CAG CAC TAC
GGG CT 3’, 5’ TTT TCC AAT ATC CTC AAT GAC
GGG 3’; ICAM-1 (326bp), 5’TGC GTT TTG GAG CTA
GCG GAC CA 3’, 5’ CGA GGA CCA TAC AGC ACG
TGC AG 3’; E-selectin (435bp), 5’CCT GAA CTG CTC
CCA CCC GTT CG 3’, 5’ GTG AAG TTA CAG GAT
GAC TTA AAC GCA 3’; TNF-α (349 bp), 5’TTC TGT
CCC TTT CAC TCA CTG G3’, 5’TTG GTG GTT TGC
TAC GAC GTG G 3’ IL-1β (441bp), 5’ATT AGA CAG
CTG CAC TAC AGG CTC 3’, 5’AGA TTC CAT GGT
GAA GTC AAT TAT 3’ IL-6 (156bp), 5’TGG AGT CAC
AGA AGG AGT GGC TAA G 3’,  5’TCT GAC CAC
AGT GAG GAA TGT CCA C 3’. Polymerase chain
reactions  were performed in a 25 µL reaction volume.
A hot start was applied for 5min at 95 . The
amplification cycle (denaturation step at 94  for 30s,
an annealing step at 55  for 30s  and an extension step
at 72  for 90s) was repeated 30 times and followed by
a final extension for 10 min at 72 . Amplified products
were separated by electrophoresis in ethidium bromide-
stained 1.5% agarose gel and visualized with UV
illumination. The bands representing reaction product on
the film were scanned by densitometry. A normalization
quotient (Q) was calculated between the integrated
optical density values (IOD) for the adhesion molecules
and the β-actin or β2-MG bands (Q = IOD, adhesion
molecules band/internal control band). The level of
adhesion molecules mRNA were expressed as the
quotient of the integrated optical density values for the
adhesion molecules and the β-actin or β2-MG bands.

Statistical analysis
All data were reported as means ± SD. Data were
analyzed by t test for comparisons between the two
groups. A P value of less than 0.05 was deemed
significant.

RESULTS
Adhesion molecules mRNA expression in hepatic
sinusoidal endothelial cells
E-selectin mRNA levels markedly increased at 3 h after
CLP in hepatic sinusoidal endothelial cells, and returned
to baseline at 12 h after CLP. Increases in ICAM-1
mRNA level was found at 3 h after CLP, and this level
became higher at 12 h after CLP. VCAM-1 mRNA
expression in hepatic sinusoidal endothelial cells increased
significantly 3h after CLP but declined at 12h after CLP
(Table 1).

Table 1  Adhesion molecules mRNA expression in hepatic
sinusoidal endothelial cells (x ± s)

                  E-selectin               ICAM-1                VCAM-1

                3h          12h           3h         12h           3h          12h

Sham 0.22 ± 0.04     0.23 ± 0.04     0.26 ± 0.03     0.30 ± 0.05     0.37 ± 0.04     0.30 ± 0.05

CLP 0.85 ± 0.06b   0.24 ± 0.03     0.67 ± 0.04b   1.02 ± 0.10b    1.04 ± 0.14b    0.86 ± 0.05b

bP<0.01 vs sham group.

Proinflammatory cytokines mRNA expression in
hepatic sinusoidal endothelial cells
A significant increase in TNF, IL-1 and IL-6 gene
expression was observed at 3 and 12 hours after CLP.
The level of TNFα and IL-1β at 3 hours was higher
than 12 hours, and the level of IL-6 gene expression at
12 hours was higher than 3 hours (Table 2).

Table 2  Proinflammatory cytokines mRNA expression in
hepatic sinusoidal endothelial cells (x ± s)

                               TNFα                                    IL-1β                                  IL-6

                         3h                12h                 3h                12h                 3h                12h

Sham 0.23 ± 0.04     0.22 ± 0.04     0.30 ± 0.04     0.39 ± 0.06     0.47 ± 0.05     0.49 ± 0.05

CLP 0.71 ± 0.03b   0.54 ± 0.07b    1.02 ± 0.12b    0.78 ± 0.08b   0.90 ± 0.05b    1.11 ± 0.14b

bP<0.01 vs sham group.

DISCUSSION
The liver, with its rich supply of blood and sinusoid, is
directly exposed to bacteria and endotoxins drained from
the GI tract[16-19]. Previously, researchers in our institute
have reported that the liver is the most susceptible and
vulnerable organ during sepsis and multiple organ failure
[20].
       Vascular endothelial cells form an interface between
tissues and inflammatory cells. This unique location allows
localization of the inflammatory reaction to the site of injury
while protecting adjacent healthy tissue. Endothelial cells
mediate the local inflammatory response through
modulation of vascular tone, vascular permeability and
stimulation of leukocyte extravasation[21,22]. The role of
neutrophil extravasation and accumulation has been
emphasized in recent years[23,24]. This is mediated by the
induced expression of multiple cell adhesion molecules on
the surface of neutrophils and endothelial cells[25,26]. These
include the selectins which are a group of surface
glycoproteins essential to leukocyte margination and rolling
along the vascular endothelium. Specifically, endothelial
E- and P- selectin and L-selectin are expressed on
neutrophils[27]. Another group of cell adhesion molecules
involved in endothelial cell-leukocyte interaction is the
immunoglobulin supergene family. This group comprises
intercellular adhesion molecules-1 and 2 (ICAM-1, ICAM-
2), vascular cell adhesion molecules-1 (VCAM-1)[28]. The
most well studied of these molecules is ICAM-1, which
play a critical role in events subsequent to initial leukocyte
margination. In this study, we found that the up-regulation
of the expressions of adhesion molecules in liver
sinusoidal endothelial cells is a crucial step for the
migration of leukocytes to and accumulation at the site
of inflammation. Although neutrophils are important for
killing microorganisms, activation of recruited
neutrophils coupled with excessive release of oxygen
metabolites and proinflammatory mediators may
induce tissue injury which can lead to organ dysfunction[29,30].
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         Cytokines are polypeptides or glycoproteins of low
molecular weight. Most cytokines are not stored as
preformed molecules, hence their production requires
new gene transcription and translation. Unlike mediators
derived from the classical endocrine system, cytokines
are produced. The production of cytokines at various
tissue sites depends, in part, on the proximity of the site
to the injurious stimulus. In this study we assessed the
gene expression of proinflammatory cytokines in hepatic
sinusoid endothelial cells. Recent discoveries in the field
of endothelial cell biology have shown its capability of
production cytokines[31-33], but the role of endothelial cell-
derived cytokines in sepsis induced tissue injury was
largely ignored. Proinflammatory cytokines TNF and IL-
1 are known to play predominant roles in the normal
inflammatory response. Exaggerated endogenous
production is likely responsible for the complications
associated with sepsis such as tissue injury and ultimate
organ failure[34-36]. We observed a significant increase
in TNF and IL-1 gene expression shortly after the
induction of sepsis. This indicates that endothelium is an
important source of cytokines during sepsis, and may
play a role in sepsis induced organ dysfunction. The
consensus of the concept of systemic inflammatory
responses has brought about a likely promising approach
in the treatment of SIRS/MODS[37] -anti-inflammatory
instead of anti-infection[38,39]. Various approaches aimed
at interrupting the cascade of host inflammatory
responses have been tested. These include interventions
targeted at the inflammation effector cells as monoclonal
antibodies or receptor antagonist to pro-inflammatory
cytokines. However, many of these seemingly effective
measures in experimental study failed when moved from
the laboratory bench to clinical ward [40-44].
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common human malignancies world wide[1,2], and is
closely associated with infection of HBV and HCV
and contamination of aflatoxin B1[3-6]. Although the
molecular mechanisms of hepatocarcinogenesis
remain poorly understood, an increasing number of
genetic abnormalities have been recognized[7-10], for
example, the p16 gene[11,12] the p53 gene[13-18], the
E-cadherin gene[19], and the c-myc gene[20]. In
relevance to HCC, inactivation of a tumor suppressor
gene p16, which is important in the regulation of cell
cycling, has recently been described in a significant
proportion of patients with HCC[11]. An important
mechanism of gene inactivation is aberrant
methylation in the promoter region of the gene[11,21,

22]. Evidence of p16 hypermethylation has also been
documented in several human cancers[21-26].
However, to our knowledge, there were  few studies
on the p16 gene in HCC. 5-Aza-2’-deoxycytidine
(5-Aza-cdR) is thought to act by inhibiting DNA
methyltransferase that methylates cytosine residues
in eukaryotic DNA[27]. Cedar et al[28] even took it as an
experimental tool for demethylation. This drug

appears to incorporate into the cellular DNA where it
acts as a noncompetitive inhibitor of the maintenance
methylase[29]. Methel moieties are thus passively
removed when the DNA undergoes replication, and
indeed, numerous inactive cellular and viral genes can
be turned on following exposure to 5-Aza-cdR[30]. In
order to determine whether p16 hypermethylation is
involved in hepatocarcinogenesis, we determined the
p16 gene protein, mRNA expression and methylation
status in HCC cell line HepG2 before and after
treatment with 5-Aza-cdR, and observed the growth
change.

MATHERIALS AND METHODS
Cell line culture
Human hepatocellular carcinoma cell line HepG2 was
obtained from the Laboratory of Gastroenterology,
Southwest Hospital. It was cultured in RPMI 1640
supplemented with 100 mL/L fetal bovine serum,
100KU/L penicillin/ streptomycin and 5% sodium
pyruvate at 37  in humidified atmosphere of 50 mL/L
CO2.

5-Aza-CdR treatment
Cells (approximately 1 × 105/mL) were plated in
the vial, and treated  with 5 × 10-7M 5-Aza-cdR
(Sigma Co.) for 24 h. The medium was changed
after 24 h drug treatment and cultured for 9 days,
to ensure complete recovery from the immediate
toxic effects of 5-Aza-cdR[31]. Untreated cells
were analyzed under similar conditions as a
control.

Determination of cell cycle profile
 Cells (2 × 106/100 mL vial) were plated and treated
with 5×10-7 M 5-Aza-cdR. Cells were fixed after 7 days
with 700 mL/L ethanol, and stained with propidium iodide
(50 mg/L: Crze Co.). DNA content at each cell cycle
stage was determined via flow cytometry.

Effects of 5-Aza-CdR on tumorigenicity
HepG2 cells (2 × 106) were injected into the right
flank of 4-week-old Balb/c male nude mice 11 days
after treatment with 5-Aza-cdR. Untreated cells
were injected into the left flank under the same
condition as a control. Tumor sizes were measured 4
weeks after injection.
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Immunohistochemistry
Cells (1 × 106/3 cm dish) were cultured onto acid-washed
0.8 × 0.8 (mm) coverslips. The cells were fixed in 4%
parafomaldehyde for 30 min at room temperature. The
slides were washed in phosphate-buffered saline (PBS)
three times for 3 minutes. The endogenous peroxidase
activity was quenched by 10 minute incubation in
methanol with 3% hydrogen peroxide (Zhongshan
Chemical Co.). The fixation slides were then cleared
with PBS. Nonspecific binding was blocked by applying
normal goat serum in humidity chamber in a dilution of
1:10
for 30 minutes. Slides were blotted, and the anti-entire-
human p16 antibody (Zhongshan Chemical Co.) (ready
to use) as a primary antibody was applied for 1 hour
at 37  in a humidity chamber. Secondary antibody
(rabbit anti-mouse IgG) (Zhongshan Chemical Co.)
diluted with PBS and normal human serum (40 µL
rabbit anti-mouse antibody, 50 µL normal human
serum, and 910 µL PBS) was applied for 1 hour at 37

 in a humidity chamber. Finally, peroxidase-
antiperoxidase conjugate diluted 1:100 in PBS was
applied for 1 hour at 37  after washing with PBS.
S l i d e s  w e r e  k e p t  i n  d i a m i n o b e n z i d i n e
tetrahydrochloride for 10 minutes (50 mg in 200 mL
PBS with 25 µL of 30% H2O2) (DAB; Zhongshan
Chemical Co.) . The manufacturer provides the
presence (+) and absence (-) controls. The expression
of p16 gene was observed under the light microscope
and analyzed by the figure analysis method.

RT-PCR
RNA was isolated using Tripure isolation reagent
(Boehringer Mannheim Co.). RNA was reverse
transcribed according to the manufacturer’s
instructions of the access RT-PCR system (Promega
Co.). cDNA was amplified using primers specific
for both the p16 gene and GAPDH gene, the latter
being used as a control. The primers used for
p16 amplifications were located in exon 1 and
exon 2 of the gene. Their sequences were 5’-
AGCCTTCGGCTGACTGGCTGG-3’(sense) and 5’-
CTGCCCATCATCATGACCTGGA-3’- (antisense).
(Shanghai Sheng Gong Chemical Co., PAG pure).
Standard PCR reaction was performed in total
volume of 25 µL reaction mixture, including dNTP
0.2mM, 1 mM each primer 1 (sense) and Primer 2
(antisense), 1 mM MgSO4, 0.1 U/mL of reverse
transcriptase AMV, 0.1U/mL of Taq DNA
polymerase and 100ng RNA. Conditions for p16
amplifications were 94  for 2 min, 40 cycles of 94

 for 30s; 60  for 45s; and 68  for 90s , followed
by incubation at  68  for  7 min.  RT-PCR
amplification product is 428 base pair[bp]. Primers
f o r  t h e  G A P D H  g e n e  w e r e  5 ’ -
CCACCCATGGCAAATTCCATGGCA-3’ (sense),
and 5’-TCTAGACGG CAGGTCAGGTCCAC-3’.

(antisense) Conditions for GAPDH amplifications were
94  for 2 min, 40 cycles of 94  for 30s , 60  for 40s
and 68  for 60s, followed by incubation at 68  for
7min. The amplification product is 598 bp. RT-PCR
products were resolved on 2% agarose gel by figure
analysis method.

PCR-based methylation assay
DNA was isolated with the Tripure isolation reagent.
A PCR assay relying on the inability of some
restriction enzymes, e.g. Hpa II  or Msp I, to cut
methylated sequences was used to analyze the
methylation status of the second exon of the p16.
DNA digests were performed according to the
manufacturer’s directions (Boehringer Mannheim
Co.). DNA (1 µg) was digested for 2 h with 10
units of enzyme/µg of DNA. 200 ng of the digested
DNA were amplified with primers flanking the
restr ict ion s i tes .  The primers set  used for
methylation analysis of p16 exon 2 were 5’-
CTGCTTGGCGGTGAGGGGG-3’(sense) and 5’-
CCTCACCTGAGGGACCTTC-3’(antisense). The
amplifiction products was 402 bp. Conditions were:
94  for 3 min, 35 cycles of 94  for 1 min, 57
30s, and 72  for 40s, followed by incubation at 72
for 1 min. PCR products were resolved on 2% agarose
gel. To rule out the possibility of incomplete restriction,
all samples were digested twice with each of the
enzymes in independent experiments. PCR
ampifications from each of the duplicate digests were
repeated at least twice to ensure reproducibility of
the results.

Statistical analysis
t tests were used for statistical analysis. Significance
was defined as P<0.05.

RESULTS
Cell cycle arrest after treatment with 5-Aza-cdR
HepG2 cells treated with 5-Aza-cdR were analyzed by
flow cytometry to identify any change in its cell cycle
profiles. The treated cells showed an increase in the
proportion in G1,from 79.4% to 82.2% and a decrease in
S, from 11.9% to 6.4%. Apoptotic rate increased from 6.
5% to 14.5%. These results indicated that 5-Aza-cdR may
induce cancer cell division and apoptosis.

Effects of 5-Aza-cdR on tumorigenicity
Tumors induced via the injection of untreated HepG2
cells were approximately 1.32 cm3 in size, whereas the
tumors induced by HepG2 cells treated with 5-Aza-cdR
averaged 0.98 cm3 in size. These demonstrated that the
growth-inhibitory effects of 5-Aza-cdR treatment in vivo
were still recognizable.

Effect of 5-Aza-cdR on P16 protein expression
The positive  5-Aza-cdR-treated cells showed intense
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homogenous brown staining of their nucler. After
treatment with 5 × 10-7 M 5-A2a-cdR, HepG2 showed
a higher expression of P16 protein than untreated cells.
We observed under light microscope 5 fields in every
slide at random, measured the staining degree of every
124 positive cells by the figure analysis method, IOD
was 212.81 ± 62.56 and 495.89 ± 52.12 respectively in
the untreated group and the treated group. This showed
a significant difference (P<0.05). Although P16 protein
expression alternations are very complicated and still
undefined, our data showed that P16 protein expression
could be silenced by hyper methylation of p16 gene
(Figures 1,2).

Effect of 5-Aza-CdR on p16 mRNA expression
Figure 3 shows that expression level of p16 mRNA
in HepG2 cells was increased after treated with 5 ×
10-7 M 5-aza-cdR. The p16 gene, was selected for
this study, because it was known to frequently

undergo de novo methylation during tumorigenesis and
because 5-Aza-cdR  might be highly effective in inducing
the expression of the gene inappropriately silenced by
de novo methylation[18]. These results demonstrated a
strong correlation between hypermethylation of the p16
and transcriptional silencing of this gene.

Effect of 5-Aza-CdR on p16 gene methylation
status
Before 5-aza-cdR treatment the p16 exon2 showed
hypermethylation, and therefore could not be deaved
by loth HpaII and Msp I. It has been known that only
the DNA indigested with Hpa II or Msp I can be
amplified. After treated with 5-aza-cdR, the p16 gene
became demethylated, then could be deaved  by  loth
of the enzymes, and this failed to be emplified. Our
experiment demonstrated that after  hypermethylation
in the p16 exon2 and 5-aza-cdR could enhance
demethylation (Figure 4).

Figure 1  Immunohistochemical demonstration of p16 protein expression in HepG2 cell line before treatment with 5-Aza-cdR. SABC × 200
Figure 2  Immunohistochemical demonstration of p16 protein expression in HepG2 cell line after treatment with 5-Aza-cdR. SABC × 200

Figure 3   Effects of 5-Aza-cdR on the p16 mRNA expression in
HepG2 cell line. Cells were treated with 5 × 10-7 M 5-Aza-cdR for
24 hours; after culturing for  9 days, p16 mRNA were determined
by RT-PCR. U: untreated T: treated with 5-Aza-CdR

Figure 4  Detection of aberrant methylation of the p16 gene in
HCC cell line HepG2. Lane M: molecular weight marker; Lane 1:
Neither treated with 5-aza-cdR nor digested with Hpa II or Msp
I; Lane 2: Untreated with 5-aza-cdR, but digested with Hpa II;
Lane 3: Untreated with 5-Aza-cdR, but digested with Msp I;
Lane 4: Treated with 5-aza-cdR, but not digested with Hpa II or
Msp I; Lane 5: Treated with 5-aza-cdR, and digested with Hpa II;
Lane 6: Treated with 5-aza-cdR, and digested with Msp I.
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DISCUSSION
HCC is one of the most frequent human malignances
worldwide. A number of tumor suppressor genic
abnormalities are being recognized involving in the
development of HCC[7-20]. The tumor-suppressor gene,
p16,coding for an inhibitor of cyclin-dependant kinase
(cdk) 4, was isolated and mapped to chromosome 9p21
[32,33], a locus frequently lost in diverse malignancies
[34]. The p16 gene product p16 protein was originally
isolated as a protein that was associated with cdk
complexes[35] and thought to exert a negative type of
control on cell proliferation through its binding to cdk4,
thereby preventing cdk4 from forming an active
complex with cyclin D protein[36]. As one of cancer-
associated genes, the p16 gene abnormalities is
arousing more and more attention. Germ-line mutations
of the p16 gene have been identified in hereditary
melanomas[37]. In addition,the gene is homozygously
deleted or mutated in uncultured tumors of diverse
origin[38], including pancreatic adenocarcinomas[39],
melanomas[37], esophageal carcinomas[40,41], gliomas
[42]lung cancer[43] and hepatocellular carcinoma[44].
Recently, it has been reported that  inactivation of
the p16 gene is frequently associated with aberrant
DNA met hylation in all common human cancers[26].
However, there have been relatively few studies on
expression of p16 in HCC.
        Sun et al[45] found that DNA methyltransferase
(MTase) mRNA levels were significantly higher in
HCC and HCC cell lines (including HepG2  cell line),
but they did not study the related genic methylation.
Wong et al[46] demonstrated that aberrant methylation
of the p16 gene occurred  in 73% of HCC tissues.
Hui et al[44] studied six HCC cell lines and  found no
p16 mRNA and protein in only one of them. After
ruling out mutation and homozygous deletion of the
p16 gene, they guessed that the silence of p16 gene
might be associated with enhanced methylation of p16
gene, although the methylation status was not tested.
However, p16 mRNA was detected in the other five
HCC cell lines, and they thought that the lack of p16
gene transcription was not a frequent event in HCC
cell line. The absence of p16 protein and presence of
p16 mRNA expression strongly suggested that
inactivation of p16 gene function could occur at the
posttranscriptional level, but, the presence of
expressions of both p16 mRNA  and protein in
HepG2, could not be explained. Boyes et al[47]

discovered that the inhibition of gene transcription
correlated with density of DNA methylation and the
length of the promoter region. Hsieh[48] also found
that the expression of gene transcription depended
on CpG island methylation density; lower levels of
methylation yielded a 67% to 90% inhibition of gene
expression, higher levels of methylation extinguished
g e n e  e x p r e s s i o n  c o m p l e t e l y .  N u m e r o us
investigations described reactivation of genes by 5-

Aza-cdR by acting on various loci of the inactive X
chromosome[49], the VHL gene[50], the E-cadherin gene
[51], the estrogen receptor gene[52] and the p16 gene[31].
In order to detect similar methylation changes in HepG2
cell line, we also used 5-Aza-cdR.  
        In this study, HepG2 cells treated with 5-Aza-cdR,
showed demethylation of the p16 gene. The p16 mRNA
and protein were all increased dramatically, cell cycle
was arrested in G1, apoptototic rate increased and
implanted tumor grew more slowly. According to our
results, we thought that: p16 hypermethyla tion is
associated with HCC cell line;  MTase is increased in
HepG2 cell line; 5’CpG island of p16 promoter was
not methylated completely in this HCC cell line; p16
gene can be reactivated by inhibiting the activities of
MTase; p16 methylation may be a common event during
the establishment of the cell line in vitro; and p16 gene
encodes a cell cycle regulatory protein that belongs to
the cyclin-dependent kinase inhibitory protein family
and regulates the G1/S phase cell cycle transition, and
therefore, reactivated  p16 may affect the growth of
the HCC cell line. Xiao et al[53 ,54] found that 17p13.3
CpG island, PYN22.1, Rb gene all showed
hypermethylation, we guess that 5-Aza-cdR may
reactivate those genes.  
         The induction of p16 activation by 5-Aza-cdR
in vivo and the decreased tumorigenicity in animal
experiment suggest the chemotherapeutic potential of
5-Aza-cdR in the management of cancer.
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INTRODUCTION
The mechanism that DNA hypomethylation leads to
activation of oncogene and occurrence of malignant
neoplasm is being increasingly recognized by
researchers. Normal DNA methylation plays
important role in stabilizing the phenotype of cell. DNA
methylation status reduction and/or pattern alteration
are related to activation and abnormally high
expression of some oncogenes and cellular malignancy
[1-6]. c-fms oncogene encodes for colony stimulating
factor 1 receptor (CSF-1R)[7], c-fms/CSF-1R was
highlyexpressed in hepatocellular carcinoma (HCC)
tissue, but the mechanism remained obscure[8,9]. In
this study, restrictive endonucleases Hpa II/Msp I
digestion and Southern blot were used to study
methylation status alteration of c-fms oncogene in
HCC tissue and matching circum-cancer liver tissue,
meanwhile the relationship between the alteration and
clinical pathology of HCC was investigated. The gist
of this study was to clarify the mechanism leading to
c-fms oncogene high expression in hepatocellular
carcinogenesis.

MATERIALS AND METHODS
Subjects
Thirty HCC patients were verified with pathological
examination (25 males and 5 females, age range 32

-76 years, mean 55 years). Fresh hepatic tissue of
HCC focus and circum-tissues 2 cm from HCC focus
were cut off, normal control was from HBV negative
hepatic tissue of renal transplantation donor. All the
tissues were washed with physiological saline and put in
freezing tube, and then they were put in liquid nitrogen
for storage.

Main reagents
Restrictive endonucleases Hpa II/Msp I were purchased
from Japan TaKaRa Bio-Company. DIG random labeling
and detection kit were purchased from Boster Bio-
Company. Nylon transfer membranes used for Southern
blot were purchased from Shanghai Bio-Company. c-
fms plasmid was kindly provided by academician Gu
Jianren in the National Laboratory for Oncogene and
Related Genes, Shanghai Cancer Institute.

METHODS
DNA extraction  About 0.5g hepatic tissue was
triturated in mortar, and a dissolvent (10 mmol/L Tris-
Cl pH 8.0,10 mmol/L EDTA pH 8.0, 0.5% SDS) 500
µL was added. The preparation  was digested with
proteinase K and RNase, then it was extracted twice
with saturated hydroxybenzene and once with
chloroform isoamyl alcohol (chloroform:isoamyl alcohol
= 24:1), and at last 2.5 volumes of absolute alcohol and
0.1 volume of 3 mol/L sodium acetate (pH 5.2) were
added to precipitate the DNA. The extracted DNA
was dissolved in TE buffer (pH 8.0), and DNA
concentration was detersmined with an ultraviolet
spectrophotometer.

Probe labeling
Plasmid extraction, restrictive endonucleases digestion,
reclamation and purification were performed as the
methods recorded in Molecular Cloning. The probe was
labeled with DIG random labeling and detection kit.

Southern blot
Genome DNA 10 µg was digested with restrictive
endonucleases Hpa II and Msp I 50U each for 12
hours respectively. Digested DNA was examined with
0.8% agarose electrophoresis. The buffer used for
electrophoresis was 0.5 × TBE. Electrophoresis was
ended when 2 kb marker shifted to the middle of the
gel.  Photo was taken under ultraviolet ray
transmission. The gel was immersed in 0.25 mol/L
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HCl for 10 minutes, washed with distilled water for 20-
30 minutes, and then immersed in denaturalizing
liquid twice for 15 minutes each time. The gel was
again washed twice with distilled water, and then
it was immersed into neutralizing liquid twice for
15 minutes each time. A piece of nylon membrane
of the same size as the gel was cut, it was immersed
into 2 × SSC for 20 minutes. Transfer was
performed for 18 hours at room temperature by  the
capillary transfer method. Then the nylon membrane
was taken out and washed several times with 2 ×
SSC. After this, it was fixed for 20 minutes under
long wave ultraviolet radiation. The transferred
nylon membrane was sealed in a plastic bag and
then pre-hybridizing reagent was perfused into the
bag. The bag was put in a 42  water bath for 2
hours, and then pre-hybridizing reagent was
decanted off. The bag was sealed, after the
hybridizing reagent containing the DIG-labeled
probe had been put in. The bag was put into a 42
water bath and hybridized for 20 hours. After
hybridization the nylon membrane was taken out,
and showed coloration according to the instruction
of the DIG random labeling and detection kit.

Pathological examination and classification
The tumors  were variously classified into unifocal
or multifocal, and massive or nodular (a main tumor
mass with satellites). The size and inner-condition
of the tumors were recorded. The histological
grading was based on Edmondson standard I-IV
scale.

RESULTS
Southern blot of HCC tumor tissue and circum-
cancer liver tissue
Hpa II and Msp I are isoschizomers. Both can digest
CCGG sequence, but when the sequence is
methylated into C-mCGG, only Msp I can digest while
Hpa II can not. Methylation status of the gene may
thus be determined by relying on such a difference.
The data in this study showed that after digestion
with Hpa II, hybridizing bands of less than 6.5kb in
size were observed in 36.7%(11/30) of HCC tissue
and 13.3%(4/30) of circum-cancer liver tissue, which
resembled those of the hybridizing bands digested
with Msp I. The results indicated that the methylation
status of c-fms oncogene in the tissue was decreased
(Figures 1,2).

Methylation status comparison of c-fms
oncogene in HCC tissue and circum-cancer liver
tissue
Hypomethylation rate of c-fms oncogene in HCC
tissue and circum-cancer liver tissue was compared,
the difference was determined, the result is shown
in Table 1.

Table 1  Methylation status of c-fms oncogene (number of
patients)

Methylation status                             HCC tissue         Circum-cancer liver tissue

Normal methylation 19       26
Hypomethylation 11         4

Note: χ2=4.36, P<0.05, hypomethylation rate of c-fms oncogene in
HCC tissue was higher than that in circum-cancer liver tissue.

Relationship between hypomethylation of c-fms
oncogene and clinical pathology
The relationship between hypomethylation of c-fms
oncogene in hepatic tissue and the sex, age and
pathological Edmondson scale of patients was analysed;
the results are shown in Table 2.

Table 2  Relationship between hypomethylation of c-fms
oncogene and clinical pathology

                                                                              HCC tissue       Circum-cancer liver tissue
Item                                             Total
                                                      number    Number            %          Number           %

Sex Male    25    10      41.0         3           12.0
Female      5      1      20.0         1           20.0

Age(yrs) <60    22      7      31.8         2             9.1
60      8      4      50.0         2           25.0

Edmondson I-II    14      2      14.3         1             7.1
scale III-IV    16      9      56.3b         3           18.8

bP<0.05, vs Edmondson I-II.

Chi-square test showed that there was no significant
relationship between hypomethylation of c-fms
oncogene and sex and age of patients (P>0.05). There
was significant relationship between Edmondson scale
and hypomethylation of c-fms oncogene in HCC tissue
(χ2=5.66, P<0.05), while there was no significant
relationship between Edmondson scale and
hypomethylation of c-fms oncogene in circum-cancer
liver tissue(P>0.05).

Figure 1  Southern blot of HCC tissue genome DNA digested with
Hpa II/Msp I.
Lane 1, 3, 5, 7, 9, 11 Msp I digestion;
Lane 2, 4, 6, 8, 10, 12 Hpa II digestion;
Lane 13 λDNA/Hind III markers;
Lane 1, 2 normal control hepatic tissue;
Lane 3-12 HCC tissue;
Lane 8, 10 hybridizing bands of less than 6.5kb in size appeared
after Hpa II digestion
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Figure 2  Southern blot of circumª²cancer liver tissue genome DNA
digested with Hpa II/Msp I. Lane 1, 3, 5, 7, 9, 11 Msp I digestion;
Lane 2, 4, 6, 8, 10, 12 Hpa II digestion;
Lane 13 λDNA/Hind III markers;
Lane 1, 2 normal control hepatic tissue;
Lane 3-12 circum-cancer liver tissue;
Lane 4 hybridizing bands of less than 6.5kb in size appeared after
Hpa II digestion

DISCUSSION
In the process of cellular carcinogenesis, genetic
and epigenetic mechanism contributes to abnormal
expression of gene. The genetic mechanism involves
the mutation and chromosome rearrangement, with
which genetic products of abnormal  molecular
structures can be produced[10-19]. The epigenetic
mechanism mainly refers to an altered methylation
status of 5’-cytosine in the DNA sequence, which
leads to an abnormal expression of gene in quantity,
but no change in DNA sequence and genetic product
[20-24]. In the process of cellular carcinogenesis, the
methyl groups in CpG islands of DNA are lost
gradually. Although the accurate mechanism
between DNA hypomethylation and cellular
carcinogenesis remains obscure, some data showed
that DNA hypomethylation could affect chromatin
condensation in the middle stage, which led to a
change and/or rupture of chromosome[25-31]. DNA
hypomethylation is a kind of molecular structure
leading to abnormal expression of gene; it facilitates
a high expression of gene[32]. Highly specific DNA
methylation types exist in human genomes, and are
reflected in  genetic characteristics of DNA, such
as transcription, duplication, recombination,
transposition and mutation. One biological function
of human genome DNA methylation is to keep
promoter of gene in silent status for long. 5’ methyl-
cytosine in special DNA sequence can mediate the
specific combination and interaction between DNA
and some functional proteins. As the interactions
locate in the core region which regulates biological
function of gene, sequence-specific methylation of
DNA can affect cellular function[33-39]. Furthermore,
DNA methylation depends on combining special proteins,
and it directly or indirectly induced conformational

alterations of DNA. DNA methylation is a kind of
modificatory mode of cellular DNA at transcription level.
In human genome, CpG islands in house keeping genes
including a great number of oncogenes are in the form of
methylation. Transcription and expression of the methylated
genes especially oncogenes are limited. Decline of DNA
methylation status at special sites of oncogene induces
abnormal expression of the gene[28,40-43].
       c-fms oncogene locates at 5q 33.3 of human
chromosome and encodes CSF 1R, which has tyrosine
kinase activity[44]. c-fms/CSF-1R is highly expressed in
hepatocellular carcinogenesis, and its expressing level
in HCC tissue is higher than that in circum-cancer liver
tissue. Through the mechanism of signal transduction,
CSF-1R stimulates the growth and development of HCC
[45-50]. The whole length of c-fms oncogene is 43kb, in
which there are 49 CCGG sites. The data in this study
indicated that the hypomethylation rate of c-fms
oncogene in HCC tissue was higher than that in circum-
cancer liver tissue, while no hypomethylation of c-fms
oncogene in normal hepatic tissue was observed. So
hypomethylation is an important activating mechanism
of c-fms oncogene in hepatocellular carcinogenesis. The
data also showed that the hypomethylation rate of c-
fms oncogene in Edmondson III-IV HCC was higher
than that in Edmondson I-II HCC. All the evidence
indicated that hypomethylation of c-fms oncogene might
be an important late genetic incident in hepatocellular
carcinogenesis. HCC with hypomethylation of c-fms
oncogene may show the characteristics of higher
malignancy and rapid development, and  provide a clinical
guide in the  selection of surgery, radiotherapy and
chemotherapy, and also in judging the prognosis of
patients.
        c-fms/CSF-1R is abnormally high-expressed in
hepatocellular carcinogenesis at a late stage, meanwhile
hypomethylation of c-fms oncogene occurs, and the
hypomethylation rate of c-fms oncogene in HCC tissue
is higher than that in the circum-cancer liver tissue. These
data indicate that hypomethylation of c-fms oncogene is
a kind of molecular mechanism leading to abnormally
high CSF-1R expression and promoting the occurrence
and development of HCC. So blocking the process of
hypomethylation of c-fms oncogene, consequently
decreasing a high expression of CSF-1R may have great
clinical significance in decreasing malignant phenotype
of HCC and improving prognosis of patients.
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INTRODUCTION
Crypt epithelial cells in normal small intestine proliferate
at a high speed. But they are very difficult to culture in
vitro and passage stably.  A lot of studies have been done
[1-16]. Some domestic labs isolated and cultured crypt cells
from embryonal intestines and aseptic animal intestine,
but failed. We introduced normal rat epithelial cell line
IEC-6 from the USA and its living condition for stable
passage was successfully established after trials. The cell
line was testified to be the small intestinal epithelial cell by
electron microscopy, immunihistochemistry and enzymatic-
histoch-emistry. It has been applied to some related
research work[17-21]. It was found that many factors were
involved in the culture system. Our present study focuses
on the culture method and the influencing factors on IEC-6.

MATERIALS AND METHODS
Reagents
Dulbecco’s modified Eagle Medium (DMEM), HEPES
from Sigma Cooperation, 3H-TdR with the radioactive
concentration of 37 MBq/mL and activity ratio of 740GBp/
mL is the product of the Chinese Nuclear Science Institute.

Apparatus
Carbon dioxide culture case, Model Queue 2721,
USA; automatic liquid scintillation counter, Model
1217, Sweden; cell harvester,  Model 2T-II,
Zhejiang Province; and microplate, Japan.

Cell line
Intestinal epithelial cell line, No. 6, IEC-6 was provided
by the General Hospital of Massachusetts, Boston, USA.

Culture liquid medium
Liquid DMEM/L was made up according to the protocol
supplemented with HEPES 10 mmol, penicillin 105U,
streptomycin 100 mg, sodium carbonate 3.7 g and fetal
bovine serum 100 mmol. L-glutamine 200 mmol/L was
added before use.

Establishment of cell passage and detection of
activity
IEC-6 cell line was immediately put into 40  water bath
to thaw after being taken from liquid nitrogen, centrifuged
for 10 minutes at 1000r/min. Liquid medium was added
per bottle after the supernatant was deserted. Then the
bottle was put into the carbon dioxide case (10% CO2,
18.6% O2 100% relative humidity, 37 ). After the cells
adhered to the wall, change the liquid once, then passage
on the 5th day. When the cell was passaged or the activity
was detected, the liquid medium was deserted and 0.
02% EDTA 8 mL was added for digestion of 30 minutes
at  37 . The incompletely digested cells were scraped
softly with curved tube, passed into centrifuge tube and
centrifuged for 8 minutes at  1000r/min. Supernatant was
deserted and the liquid medium was added to a certain
concentration. The cells were then seeded onto 96-well
plates and cultured for 72 hours. 3H-TdR, 1.5uCi per
well, was added  at the 12th hour before the culture was
stopped. At the end of the culture, the cells were digested
with 0.02% EDTA, harvested on the glass fiber filter
membrane, and heated at 80 . When the membrane
cooled down to the room temperature, 8 mL scintillation
liquid was added, Cpm was measured with automatic
liquid scintillation counter.

Scintillation liquid contained  POPOP 0.4 g, PPo 4 g,
xylene 1000 mL.

RESULTS  AND  DISCUSSION
Effect of IEC-6 density
IEC-6 cells at various densities in microplate wells
were labeled with 3H-TdR 18.5kBq and cultured for
72 hours to investigate its effect on proliferation.
Table 1 shows that at a certain range of densities,
3H-TdR incorporation increased with the IEC-6
amount, the peak was at 10 × 104/well. Positive
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correlation was found between cell density (X) and 3H-
TdR incorporation (y) at the range of  1.25 × 104-10 ×
104/well with the correlation coefficient r = 0.956
and regression equation  y = 2177X+3575(min-1).
When the cell density was more than 11.25×104/well,
there was negative correlation (r = 0.986, y) =
36782-1253 X), possibly due to the limit amount of
nutrition, liquid evaporation and subject to changes
of culture condition[22].

Table  1  Effect of density on 3H-TdR incorporation in culture cell (x ± s)

Density                 n                     Min-1                Density                n                       Min-1

(×104/well)                                                        (×104/well)

1.25             18             3547 ± 681            11.25 20 23648 ± 1398

2.50             20             9941 ± 413            12.50 18 20593 ± 2245

5.00             18           17931 ± 2051            13.75 20 19812 ± 2310

7.50             18           19825 ± 2135            15.00 18 17638 ± 959

10.00             24           23789 ± 2536            17.50 22 14874 ± 881

Effect of culture time
Incorporation of 3H-TdR was different after IEC-6 was
cultured for 6, 12, 24, 48, 72 and 96 hours (Table 2).
Within 72 hours, incorporation increased from 1846 ±
146 to 25727 ± 4006  (min-1) along with the time
prolongation and it reached its peak at 72 hour. But when
the culture time extended to 96 hours, the incorporation
decreased. This may be caused by the activity inhibition
of some IEC-6 under non-physical conditions.

Table 2  Effect of  culture time on IEC-6 cell proliferation
(x ± s)

Culture       n                   Min-1               Culture          n                         Min-1

time (h)                                                       time (h)
6    24 1846 ± 146 48 24 21258 ± 1240

12    26 4038 ± 363 72 24 25727 ± 2006

24    24 6367 ± 588 96 24 24355 ± 2079

Effect of different 3H-TdR dosage
In this study, different dosage of 3H-TdR was
administered in the IEC-6 culture system. A linear
correlation was found between the 3H-TdR incorporation
and dosage when the dose was below 55.5KBq/well.
When larger dosage was used, the incorporations slightly
increased or decreased (Table 3). The radioactive
damage to cells and consequent inhibition of DNA
synthesis by high concentration of 3H-TdR contributed
to the incorporation decrease. Generally, the dosage of
18.5 KBq/well 3H-TdR to 10 × 104 cell yielded a
satisfactory result of incorporation 2.5 × 104.

Table 3  Effect of 3H-TdR dosage on IEC-6 cell proliferation (x ± s)

3H-TdR dosage     n                           Min-1      3H-TdR dosage       n                 Min-1

(kBq/well)                                                                  (kBq/well)

0.00                 20                      139 ± 29 27.75        21 27555 ± 1637

2.31                 22                    1333 ± 118 37.00        21 37235 ± 1485

4.62                   10136 ± 1083 46.25        22 41874 ± 1213

9.25                 24                  16880 ± 1447 55.05        24 48072 ± 1676

18.50                 24                  24890 ± 1623 74.00        20 42430 ± 1735

Effect of pH in lipid medium
pH of culture medium is one of the most important factors
in cell culture. To  optimize the  culture condition, the pH
value was set at 6.0, 6.6, 7.26, 7.6, 8.0 and 8.8, and 3H-
TdR incorporation was measured respectively (Table 4).
The incorporation was the highest at pH 7.26, lower pH
at 6.6 and 7.6, and the lowest at pH 6.0 and 8.0. In the
common sense, cells can survive when pH ranged from
6 to 8. Variant cells and animal species do not have the
same optimal pH. It is believed that optimal pH has an
effect on the survival of cells in vitro by adjusting the
intracellular enzymes and proliferation factors. We
therefore set the optimal pH 7.26 in IEC-6 culture
medium.

Table 4  Effect of pH of culture medium on 3H-TdR incorporation
(x ± s)

pH        n              Min-1             pH        n               Min-1

6.0 20 4528 ± 660 7.6 28 12897 ± 1301
6.6 24 18771 ± 920 8.0 20 1305 ± 146
7.26 24 22510 ± 1448 8.8 20 636 ± 102

Effect of insulin and concentration of fetal bovine
serum
Fetal bovine serum is one of the essential factors in cell
culture in vitro. If the concentration of fetal bovine serum
is too low, cells will die or have proliferation prohibited.
When the concentration is too high, the osmotic pressure
in culture medium will change and it will influence  the
survival of cells. In this study, we found that 10% of fetal
bovine serum was optimal in culture medium. Content of
glucose in DMEM was high (4500 mg/L) and insulin can
speed up glucose oxygenolysis and transportation through
cell membrane, so the use of glucose was accelerated in
the cells. The results showed that incorporation of 3H-
TdR was higher in cells treated with insulin than in the
cells (Table 5) without insulin treatment.

Table 5  Effect of insulin and concentration of fetal bovine
serum on IEC-6 cell proliferation (x ± s)

                                                                                                   Min-1

Fetal bovine               n
serum(%)                                                   Insulin group              Control group

0.0 18                   476 ± 22     510 ± 101
2.5 20              13111 ± 978   1901 ± 580
5.0 22              14756 ± 1094   9097 ± 1069
7.5 22              20262 ± 2012 14569 ± 1136
10.0 24              23666 ± 1114 18775 ± 1361
15.0 20              22743 ± 1728 17645 ± 1289
20.0 18              22590 ± 1603 16965 ± 1147

Repeatability measurement
To investigate the experimental method, stability
and the researcher’s error, repeatability was
measured by dividing the same culture system of
IEC-6 into 30 parts. The incorporation of 3H-TdR
was 24327 ± 808 (min-1). The value ranged from
23921 to 24733 when P<0.01 and coefficient of
variation was 3.32%.
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Effect of ionizing radiation on IEC-6
Intestinal epithelial cells are sensitive to ionizing radiation.
The changes of incorporation of 3H-TdR showed the
damage of ionizing radiation on cells which reflected the
cell biological characteristics. When IEC-6 was not
exposed to radiation, the incorporation was 24327 ± 808.
Incorporation after 4Gy, 8Gy, 16Gy, 2Gy and 26y
irradiation were 31.8%, 24.1%, 15.2%, 11.2% and 8.
3% of control. Significantly negative dose-effect relation
was found with the relative coefficient r = -0.970 (Table 6).

Table 6  Effect of ionizing radiation dosage on 3H-TdR
incorporation in IEC-6 cell (x ± s)

Dosage(Gy)   Min-1                    (%)       Dosage(Gy)          Min-1                        (%)

0 13427 ± 803 100.0       16      3698 ± 371         15.2

4   7736 ± 765   31.8       18      3381 ± 235         13.9

6   7249 ± 472   29.8       20      3041 ± 327         12.5

8   5863 ± 594   24.1       22      2725 ± 348         11.2

10   4865 ± 586   20.0       24      2481 ± 263         10.2

14   4136 ± 424   17.0       26      2019 ± 154           8.3

                                                               r = -0.970

         In summary, methods of IEC-6 culture, passage
and activity detection established in this study have the
advantage of easy handling, being reliable in results, using
less amounts of cells and a good repeatability. Subjective
error can be avoided in measurement of epithelial
proliferation with radioactivity. These will provide an ideal
method for the research[23-35] on intestinal epithelimm[36-42].
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INTRODUCTION
Development of drug-resistance to chemotherapy
and subsequent metastasis of tumor are primarily
responsible for treatment failure and the death from
cancer. There have been many previous studies on
the relationship between expression of multidrug
resistance (MDR) phenotype P-glycoprotein (P-gp)
and the malignant properties of tumors, but the results
are often conflicting[1-8]. The difference in tumor
types or MDR phenotype induced by specific agents
might account for this discrepancy. Taxotere (TXT),
a member of the family of taxanes, has antitumor
activity through its effect of promoting the
polymerization of tubulin[9,10]. Since microtubules are
involved in many respects of cell functions, such as
cell movement, intracellular protein translocation, an
altered invasive ability has been confirmed in in vitro
invasion assay[11-14] and in vivo metastasis assay[15]

in tumor cells treated with taxane. Taxane has also
been found to down-or up- regulate the expressions
of metastasis-associated proteins or genes, such as
me ta l l o -po t e inase [13 ,16 -18 ],  u rok ina se - t ype
plasminogen activator[18], and E-cadherin[19]. Our
previous work demonstrated that the intrinsic and acquired
resistance to TXT in pancreatic adenocarcinoma
(PAC) cell line SUIT-2 was mediated mainly by P-

gp[20]. This study demonstrated that the invasive ability
of TXT-resistant cells S2/TXT was not significantly
greater than that of SUIT-2. However, S2/TXT cells
have increased resistance to the anti-invasion effects of
TXT as compared with their parental cells, SUIT-2.

MATERIALS AND METHODS
Reagents
Taxotere, obtained from Rhone-Poulenc Rorer
Pharmaceuticals Inc., was stored as 10mM stock
solution in absolute ethanol at -20 . This solution was
further diluted in the medium and used in the cell culture
immediately before each experiment. MTT (3-[4,
5dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide)
was dissolved in phosphate buffered saline (PBS) at a
concentration of 5 g/L and filtered. The MTT solution
was stored in the dark at 4  before use.

Cell cultures
Human pancreatic cancer cell line SUIT-2 was
established by Iwamura et al[21]. This cell line was
derived from a metastatic liver tumor of human
moderately differentiated pancreatic carcinoma. Its
sublines including S2-007, S2-013, S2-020 and S2-028
were cloned by soft agar culture and showed different
metastatic potential[22]. Cells were cultured in plastic
flasks with McCoy’s modified medium supplemented
with 10% fetal bovine serum (FBS) (Sigma) and 1.
25% penicillin-streptomycin solution (Sigma)
(designated as “culture medium” below) and
maintained at 37  in humidified atmosphere
containing 5% CO2.

Development of TXT resistant SUIT-2 cell line
(S2/TXT)
A SUIT-2 TXT resistance derivative was developed
by growing the parental cell line SUIT-2 in
increasing concentration of TXT. Initially, the cells
were grown as monolayers in culture medium at 37

 in 5% CO2 humidity atmosphere and exposed
to 0.1nM TXT with addition of fresh culture
medium and drugs every 3 days. After 2 weeks,
the cells were exposed sequentially to stepwise
increasing concentration of the drug until a TXT
concentration of 2 nM was achieved. These cells
were maintained in a drug-free culture medium for
at least 3 weeks before used in experiments.
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MTT colorimetric assay
The MTT colorimetric assay was performed as
described by Page et al[23]. Briefly, SUIT-2 and S2/
TXT cells were grown within 96well microtitre plates
(Costar) at 2 × 104 cells/100 µL of culture medium
per well and acclimated for 6 hours. Various
concentrations of drugs (100 µL) diluted in culture
medium were added. Five duplicate wells were used
for each determination. The plates were incubated at
37  in 5% CO2 for 72 hours when the control cells
reached 90% confluence, and 30 µL of MTT solution
was then added to each well and the plates were
incubated at 37  for another 4 h. The medium and
MTT solutions were then aspirated and 150 µL of
dimethyl sulfoxide (DMSO) (Sigma) was added.  The
plates were agitated on the shaker for 15 minutes and
read on Bio-Tek Microplate reader EL 800 (Bio-Tek
Instruments, Inc.) with DeltaSoft 3 software. Fraction
of cell proliferation was defined as the ratio of optical
density volume to that of controls. The IC50 was
defined as the concentration of the drugs required to
reduce the optical density by 50% in treated cells to
that of the controls.

Reverse transcription-polymerase chain
reaction (RT-PCR)
The isolation of total RNA was based on the method
of Chomczynski and Sacchi[24]. After the SUIT-2
and S2/TXT cell lines grew to 90% confluence, the
total RNAs were extracted from the cell lines using
Trireagent (Biotechnique, Molecular Research
Center, Inc.). The total RNA was also isolated from
the SUIT-2 cells incubated with 0.4 nM of TXT for
24 h.  The messenger RNA was quantitated by
measuring its absorbance at 260 nm. Equal amounts
of  RNA were  reversed  t ranscr ibed  us ing
SuperScriptTM One-stepTM RT-PCR System (Life
Technologies). The 25 µL PCR mixed in each tube
containing 0.5 µL RT/Tag Mix, 3 µL of 5 mM
MgSO4, 5 µL diethy pyrocarbonate (DEPC, Sigma)
treated distilled water, 3 µL mixed primer pairs, 12.
5 µL 2X reaction mix and 1 µg template RNA in
DEPC water. After an initial denaturation in a
programmable thermocycler at 94  for 2 minutes,
PCR was carried out for 30 cycles with the thermal
profile: denaturing at 94  for 30 seconds, annealing
at 55  for 30 seconds and extension at 72  for 1
minute with an extra 10 minutes extension for the
last cycle. After completion of the amplification
c y c l e s ,  5  µ L  o f  e a c h  P C R  p r o d u c t  w a s
electrophoresed at 60V for 1.5 h on a 1.2% agarose
gel (GIBCOBRL) in Trizma base and glacial acetic
acid EDTA buffer, together with a 100-bp DNA
(GIBCOBRL). The specific primers for mdr1 used
in this study were sense 5’-CCC ATC ATT GCA
ATA GCA GG-3’, antisense: 5’- GTT CAA ACT
TCT GCT CCT GA-3’. The metastasis of the

carcinoma involved many kinds of genes. The
primers used to detect the metastasis-related genes in
this study were MMP-2: sense 5’-GAG CTG AAG GAC
ACA CTA AAG AAG A-3’; antisense 5’-TTG CCA
TCC TTC TCA AAG TTG TAG G-3’, MMP-9: Sense
5’-CAC TGT CCA CCC CTC AGA GC-3’; antisense
5’-GCC ACT TGT CGG CGA TAA GG-3’, Intigrin α5:
sense 5’-CAT TTC CAA GTC TGG GCC AA-3’;
antisense 5’-TGG AGG CTT GAG CTG AGC TT-3’,
intigrin β1: sense 5’-TGT TCA GTG CAG AGC CTT
CA-3’; antisense 5’-CCT CAT ACT TCG GAT TGA
CC-3’ and E-Cadherin: sense 5’-GTG ACT GAT GCT
GAT GCC CCC AAT ACC-3’; antisense 5’-GAC GCA
GAA TCA GAA TAA GAA AAG CAA G-3’. β-actin
was used as controls. Its sense primer was: 5’-TGA
CGG GGT CAC CCA CAC TGT GCC CAT CTA-3’;
antisense primer was: 5’- CTA GAA GCA TTT GCG
GTG GAC GAT GGA GGG-3’.

Flow cytometry for Rhodamine-123 (Rho-123)
accumulation assay
SUIT-2 and its subline S2/TXT cells were harvested
in logarithmic growth phase with 0.25% trypsin and
resuspended in phenol red-free DMEM medium at
1 × 106 cells/mL. For Rho-123 accumulation assay,
aliquots of 1 mL cell suspension were preincubated
with or without 5 µM  Verapamil for 45 minutes at
37 . Rho-123, 200 µg/L dissolved in DMEM, was
added and incubated for 40 minutes at 37  in the
dark. After incubation, cells were washed twice
with and resuspended in ice-cold Rho-123 free
DMEM with 5 µM Ver. The accumulation of Rho-
123 in cells was analyzed with flow cytometry. Ten
thousand cells per sample were analyzed. The
fluorescence was measured on a logarithmic scale
of 4 decades of log. These cell lines, which had not
been exposed to Rho-123, were used to determine
the background of autofluorescence under this
condition.

Fibroblast conditioned medium (FCM)
The FCM was obtained by incubating NIH 3T3 cells
(ATCC) in a serum free medium. Briefly, after NIH
3T3 cells grew to 70%-80% confluence in 10% FBS
McCoy’s medium, the medium was changed to DMEM
containing ascorbic acid (50 mg/L), the cells were then
incubated at 37  for 24 h. The medium was collected
after spinning down the cells and stored at -80 [25].

Cell invasion assay
Matrigel invasion ability of cells was assayed using
a Transwell cell culture chamber[25] with an 8 µm
pore size polyvinylpyrrolidone-free polycarbonate
filter (Costar, Cambridge, MA). At first, the filter
was coated with 200 µL Matrigel (Invitrogen, 0.25
µg/µL) and allowed to air-dry overnight. The
Matrigel was reconstituted the following day with
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200 µL  DMEM at room temperature for 30 minutes.
SUIT-2 and S2/TXT cells were harvested by
trypsinization and resuspended in the culture medium at
concentration of 2 × 105 cells/mL. Single cell suspension
(400 µL) were placed in the upper chamber of the
Transwell in the presence or absence of 0.4 nM of
taxotere. The lower chamber contained 1 mL conditioned
medium. After the cells were incubated at 37  for 24
h, the cells on the upper surface of the filter were
removed by wiping with a cotton swab. The filter was
fixed with 3% glutaraldehyde, stained with Hematoxylin.
Cells which had invaded to the lower surface of the filter
in five microscopic fields of 150 ×  magnification, were
counted in each filter. Triplicate samples were
conducted. The data were expressed as the average
cell number of 15 fields.

Statistics
The significance of different invasion ability between
SUIT-2 and S2/TXT, before and after treatment with
TXT, was analyzed with Student’s t test. Values were
expressed as mean ± SD.

RESULTS
The sensitivity of SUIT-2 and S2/TXT cells to TXT
The acquired TXT resistant cell line S2/TXT was
established from SUIT-2 by culturing with stepwise
increasing concentrations of TXT as described in the
Materials and Methods. Its IC50 (8.1 nM) was 9.5 folds
that of its parental cell line SUIT-2 (IC50: 0.85 nM). No
change of sensitivity to TXT was found in this cell line
during 4 months of study. The doubling time and
morphology were similar to that of its parental cell line
SUIT-2.

Expressions of mdr1 and other metastasis related
genes
The expressions of the major drug transporter pump gene
mdr1 were studied by RT-PCR. There were strong
expressions of mdr1 in TXT-resistant cell line S2/TXT
and SUIT-2 cells treated with 0.4 nM TXT for 24 h, and
no expressions in the parental cell line SUIT-2, which
were sensitive to TXT. Expression of metastasis-related
genes in S2/TXT, including MMP-2, MMP-9, Integrin
α5, Integrin β and E-Cadherin, was different from the
parental cell line SUIT-2. Incubated with 0.4 nM of TXT
for 24 h, TXT did not up- or down-regulate these
metastasis-related gene expressions (Figure 1).

Rho-123 accumulation assay
Transporter activity of P-gp in S2/TXT cells was assayed
by accumulation and efflux of Rho-123 tested with flow
cytometry. The accumulation of Rho-123 in SUIT-2 cells
is much higher than that of S2/TXT cells. The addition
of 5 µM Ver significantly elevated the intracellular Rho-
123 level in the TXT-resistant SUIT-2/TXT cells but not in
the TXT-sensitive SUIT-2 cells.

Figure 1  Reverse transcription-polymerase chain reaction (RT-
PCR) analysis of drug resistance gene messenger RNA mdr1 in
SUIT-2 and S2/TXT cell lines. RT-PCR was performed with 30
cycles of PCR amplification. The β-actin gene RT-PCR products
confirms that intact mRNA is equally present in each of the
cell lines. This figure shows that there were strong expressions
of mdr1 in TXT-resistant cell line S2/TXT and SUIT-2 cells
treated with 0.4 nM TXT for 24 h, no expressions in the parental
cell line SUIT-2. Metastasis-related gene expressions had no
difference in these cells.

Invasion assay
The effects of TXT on the in vitro invasion ability
of SUIT-2 and S2/TXT were examined using an
invasion assay system with reconstituted Matrigel
membrane. The invasion ability of S2/TXT, which
expressed P-gp, was not significantly different from
that of SUIT-2 (83 ± 28 vs 71 ± 22 cells per field,
P>0.05). Treatment of the cells with 0.4 nM of TXT
for 24 h significantly inhibited the cell invasion of
SUIT-2 through the Matrigel basement membrane
(71 ± 22 vs 17 ± 5 cells per field, P<0.01). However,
the TXT, in the concentration tested, had no effect
on invasion of drug resistant cell line S2/TXT (83 ±
28 vs 68 ± 24 cells per field before and after TXT
treatment, P>0.05).

DISCUSSION
Pancreatic adenocarcinoma (PAC) currently remains
one of the leading causes of cancer death throughout
the world. Most patients are surgically unresectable at
the time of diagnosis. For those who were resected,
the risk of recurrence was extremely high[26].
Consequently, chemotherapy is an important approach
for most patients with PAC. Taxane as a promising
antitumor agent has been widely used in treatment of
cancers. Unfortunately, the initial response to this agent
may be hampered by the development of multidrug-
resistant cells[27] and possible enhancement of malignant
potential[28]. Taxane resistance of tumor cells may
involve many mechanisms, but were most often
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related to the expression of P-gp[20]. In this study,
examination of the TXT effect on the in vitro
proliferation capacity of SUIT-2 and S2/TXT cells
revealed a higher sensitivity of SUIT-2 when
compared to the S2/TXT variant. TXT challenge
of the initially drug sensitive parental SUIT-2 cell
lines resulted in the development of multidrug
resistance together with simultaneous expression
of P-gp. Active drug transporter pump P-gp in these
TXTª²resistant cells was confirmed by Rhodamine
accumulation assay. However, in a study by
Dumontet et al, only 44% of resistant clones were
found to express the mdr1 gene, and studies with
labeled paclitaxel (Taxol, PTX) did not show altered
accumulation in mdr1 negative clones[29]. Other
studies on the mechanisms of Taxane-resistance
included the composition and the mutations in β-
tubulin isotypes[29,30]. The different expression of
P-gp or tubulin mutation might be related to the
means by which the resistant cells were selected
[31]. Multi-step selected cells often present a high
level of Taxane-resistance mediated by P-gp, while
single-step selection yields a low level Taxane-
resistance cells with tubulin mutations[31]. Since
severe tubulin mutations are very likely to affect
cell survival, these cells will generally be lost during
the selection.
         As shown in this study, TXT had marked inhibitory
effects on tumor cell invasion. These effects were
also found in other tumor cells treated with taxol[11-

13,32]. The basic effects of Taxane on tumor cell
promoted the polymerization of tubulin and stabilizing
microtubule assembly, thereby blocking cell
replication in the late G2 mitotic phase of the cell
cycle[10,33,34]. Since microtubules are also important
components of cell motility and intracellular transport
[19,35,36], it is possible that TXT inhibits the invasive
and migratory ability through interference with the
func t ion  o f  t he  fundamen ta l  pa r t  o f  t he
cytoskeleton, such as inducing rearrangements or
changes of the microtubules, which might interfere
with their functional ability to mediate cell
movement and protease vesicle transports and
secretions of the gelatinase[13]. Direct observation
by microinterferometry demonstrated that taxol can
suppress the mean area of protrusion and retraction
of cells and reduced the spread of cell translocation
[35]. The prevention of microtubule depolyme rization
by taxol can freeze the cell in a spread conformation,
thereby blocking motility[37]. In some cell types,
microtubules are known to serve as tracks to
transport vesicles and organelles[38]. Mark et al
reported that relatively low levels of taxol can inhibit
secretion of the Mr 72 000 and Mr 92 000 type IV
collagenases plus an Mr 57 000 glatinase by
blocking the cytoplasmic processing and packaging
of the protease and completely inhibit  cell

attachment to matrigel, type IV collagen and plastic
substrates in vitro. This has been shown to contribute
to the reduced in vitro invasive ability and the
establishment, growth and long-term survival of prostate
tumor cells in SCID mice[13]. TXT did not, however,
increase Integrin-mediated cell adhesion and cell
spreading, which are attributable to microtubule
depolymerization induced by microtubule disrupting
agents[39].
        Like other neoplasms, this pancreatic carcinoma
cell line SUIT-2 is heterogeneous and consists of
multiple subpopulations of cells with different
invasive and metastatic properties[22]. These cells
may be heterogeneous with regard to their sensitivity
to chemotherapeutic agent and may contain different
expressions of drug resistant phenotypes. Our
previous studies have shown that the most TXT-
resistant cell line in SUIT-2 and its subline (S2-007,
S2-013, S2-020, S2-028) was S2-020 with strong
expression of P-gp[21]. Although an in vitro study
showed that S2-020 was also the most invasive
toward Matrigel among these cell lines[22], there was
no direct evidence that the expression of P-gp in
this cell lines is responsible for its high invasive
potential. On the contrary, it has been demonstrated
that type I and IV collagenolytic activities are related
to the malignancy of these cell lines[22,40].
        The existence of different subpopulations in tumor
increases the chance that cells with a high probability
of survival will be selected when environmental
conditions change. When SUIT-2 cell lines were
treated with TXT, the highly invasive S2-020 with
positive P-gp expression would be selected. However,
the morphology of S2/TXT is totally different from
that of S2-020 and in vitro invasive ability and
morphology are similar to that of SUIT-2. Therefore,
the expression of P-gp in S2/TXT was not due to
the selection effect of TXT but to creation of TXT-
resistant clone caused by potential of genetic
mutation of TXT. In addition to the development of
M D R ,  e x p o s u r e  t u m o r  c e l l s  t o  s o m e
chemotherapeutic agents can cause activation or
inactivation of genes with altered behavioral
phenotype[41]. There was, however, no evidence that
this occurred in this specific cell line treated with
TXT, as shown by analysis of a number of
metastasis-related genes. Thus, TXT appears
capable of inducing the expression of P-gp without
changing the intrinsic malignant characteristics of
SUIT-2 cells.
        In contrast to the study by Belotti et al, which show
the PTX inhibits the motility of parental and PTX
resistant cells equally[11], TXT did not inhibit the
invasiveness of the TXT-resistant cell SUIT-2. This
difference might be related to the mechanisms
of taxane-resistance. Although the effect of PTX
on cell motility and invasiveness is independent of



its effect on cell proliferation[11], these effects might
still be based on the intracellular concentration of the
drug. Studies have shown that the tumor cells can
present TXT-resistance with normal intracellular
concentration of TXT. This kind of resistance usually
is mediated by changes of beta tubulin isotypes[31]. In
such cases, the normal intracellular drug concentration
in the TXT-resistance cell can be reached as in the
TXT sensitive cells. In the S2/TXT cell line, which
expresses active drug transporter pump P-gp, the
intracellular concentration of TXT might not be high
enough to act on microtubule and to inhibit cell invasion.
It indicates that the resistance to the cytotoxic activity
of TXT also confers resistance to the anti-invasion of
the drug in the cell line SUIT-2. Therefore, the
collateral anti-tumor effects of chemotherapeutic
agents, as proposed by other studies[13], will disappear
in this TXT-resistant cell line when treated with
taxotere.
        The relationship between P-gp expression and
tumor malignancy is controversial. Although some
studies have found that the expression of P-gp is
casually related to a less aggressive pheno-type[4,42,

43], in numerous cases, metastases exhibit a multidrug
resistant pattern.  Clinical and in vitro studies have
also provided correlative results concerning the
changes of metastatic potential following acquisition
of the MDR phenotype[2,3,8,44]. To date, there has been
no direct evidence showing that P-gp is involved
intumor malignant potential. The invasive ability in the
P-gp-positive S2/TXT cell line was not different from
its P-gp-negative parental cell line SUIT-2, suggesting
that TXT has no direct effect on increasing tumor
malignant potential related to the induction of P-gp
expression in this PAC cell line. The higher malignant
potential associated with positive P-gp expression
found in the other studies might be due to other
invasive or metastatic related gene expressed
simultaneously with P-gp.
         From this study, we conclude that P-gp is primarily
responsible for TXT resistance in PAC cell lines
SUIT-2. However, expression of P-gp does not confer
a more malignant invasive potential in this cell line
with TXT resistance.  Furthermore, TXT can inhibit
the invasive ability of drug-sensitive cells but not drug-
resistant cells.

REFERENCES
1 Zhang LJ, Chen KN, Xu GW, Xing HP, Shi XT. Congenital ex-

pression of mdr-1 gene in tissues of carcinoma and its relation
with patho morphology and prognosis. World J  Gastroentero,
1999;5:53-56

2 Staroselsky AN, Mahlin T, Savion N, Klein O, Nordenberg J,
Donin N, Michowitz M, Leibovici J. Metastatic potential and
multidrug resistance correlation in the B16 melanoma system. J
Exp Ther Oncol, 1996;1:251-259

3 Kakehi Y, Wu WJ, Kim WJ, Arao S, Fukumoto M, Yoshida O.
Comparison of multidrug resistance gene expression levels with
malignant potentials and influence of chemotherapy in urothelial

cancers. Int J Urol, 1995;2:309-315
4 Mitsumoto M, Kamura T, Kobayashi H, Sonoda T, Kaku T, Nakano

H. Emergence of higher levels of invasive and metastatic proper-
ties in the drug resistant cancer cell lines after the repeated admin-
istration of cisplatin in tumor-bearing mice. J Cancer Res Clin
Oncol, 1998;124:607-614

5 Scotlandi K, Manara MC, Serra M, Benini S, Maurici D, Caputo A,
De Giovanni C, Lollini PL, Nanni P, Picci P, Campanacci M,
Baldini N. The expression of P-glycoprotein is causally related to
a less aggressive phenotype in human osteosarcoma cells.
Oncogene , 1999;18:739-746

6 Anzai H, Kitadai Y, Bucana CD, Sanchez R, Omoto R, Fidler IJ.
Expression of metastasis-related genes in surgical specimens of
human gastric cancer can predict disease recurrence. Eur J Cancer,
1998;34:558-565

7 Scotlandi K, Serra M, Nicoletti G, Vaccari M, Manara MC, Nini G,
Landuzzi L, Colacci A, Bacci G, Bertoni F, Picci P, Campanacci
M, Baldini N. Multidrug resistance and malignancy in human
osteosarcoma. Cancer Res, 1996;56:2434-2439

8 Greene GF, Kitadai Y, Pettaway CA, von Eschenbach AC, Bucana
CD, Fidler IJ. Correlation of metastasis-related gene expression
with metastatic potential in human prostate carcinoma cells im-
planted in nude mice using an in situ messenger RNA hybridization
technique. Am J Pathol, 1997;150:1571-1582

9 Bissery MC, Guenard D, Gueritte-Voegelein F, Lavelle F. Experi-
mental antitumor activity of taxotere (RP 56976, NSC 628503),
a taxol analogue. Cancer Res, 1991;51:4845-4852

10 Yuan JH, Zhang RP, Zhang RG, Guo LX, Wang XW, Luo D, Xie Y,
Xie H. Growth-inhibiting effects of taxol on human liver cancer
in vitro and in nude mice. World J Gastroenterol, 2000;6:210-215

11 Belotti D, Rieppi M, Nicoletti MI, Casazza AM, Fojo T, Taraboletti
G, Giavazzi R. Paclitaxel (Taxol(R)) inhibits motility of paclitaxel-
resistant human ovarian carcinoma cells. Clin Cancer Res, 1996;
2:1725-1730

12 Terzis AJ, Thorsen F, Heese O, Visted T, Bjerkvig R, Dahl O,
Arnold H, Gundersen G. Proliferation, migration and invasion of
human glioma cells exposed to paclitaxel (Taxol) in vitro. Br J
Cancer, 1997;75:1744-1752

13 Stearns ME, Wang M. Taxol blocks processes essential for pros-
tate tumor cell (PC-3 ML) invasion and metastases. Cancer Res,
1992;52:3776-3781

14 Westerlund A, Hujanen E, Hoyhtya M, Puistola U, Turpeenniemi-
Hujanen T. Ovarian cancer cell invasion is inhibited by paclitaxel.
Clin Exp Metastasis, 1997;15:318-328

15 Belotti D, Vergani V, Drudis T, Borsotti P, Pitelli MR, Viale G,
Giavazzi R, Taraboletti G. The microtubule-affecting drug paclitaxel
has antiangiogenic activity. Clin Cancer Res, 1996;2:1843-1849

16 Stearns ME, Wang M.  Immunoassays of the metalloproteinase
(MMP-2) and tissue inhibitor of metalloproteinase (TIMP 1 and
2) levels in noninvasive and metastatic PC-3 clones: effects of
taxol. Oncol Res, 1994;6:195-201

17 Jardillier JC, Affoue M, Bobichon H, Delvincourt C, Madoulet C.
Detection of metastatic activity of the MCF-7 multidrug resistant
cell line cultured in spheroids. Bull Acad Natl Med, 1998;182:
651-661

18 Alonso DF, Farina HG, Arregui C, Aon MA, Gomez DE. Modula-
t i o n  o f  u r o k i n a s e - t y p e  p l a s m i n o g e n  a c t i v a t o r  a n d
metalloproteinase activities in cultured mouse mammary-carci-
noma cells: enhancement by paclitaxel and inhibition by
nocodazole. Int J Cancer, 1999;83:242-246

19 Eckert K, Fuhrmann-Selter T, Maurer HR.  Docetaxel enhances
the expression of E-cadherin and carcinoembryonic antigen (CEA)
on human colon cancer cell lines in vitro. Anticancer Res, 1997;
17:7-12

20 Liu B, Staren E, Iwamura T, Appert H, Howard J. Mechanisms of
intrinsic and acquired Taxotere-related drug resistance in pancre-
atic carcinoma cell SUIT-2 and its sublines. Proc Am Asso Can
Res, 2000;41:616

21 Iwamura T, Katsuki T, Ide K. Establishment and characterization
of a human pancreatic cancer cell line (SUIT-2) producing
carcinoembryonic antigen and carbohydrate antigen 19-9. Jpn J
Cancer Res, 1987;78:54-62

22 Taniguchi S, Iwamura T, Kitamura N, Yamanari H, Setoguchi T.
Heterogeneities of attachment, chemotaxis, and protease produc-
tion among clones with different metastatic potentials from a
human pancreatic cancer cell line. Clin Exp Metastasis, 1994;12:
238-244

23 Page M, Bejaoui N, Cinq-Mars B, Lemieux P.Optimization of the tetraz
olium-based colorimetric assay for the measurement of cell number and
cytotoxicity. Int J Immunopharmacol, 1988;10:785-793

24 Chomczynski P, Sacchi N.  Single-step method of RNA isolation
by acidguanidinium thiocyanate-phenol-chloroform extraction. Anal
Biochem, 1987;162:156-159

Liu B, et al. Effects of TXT on invasive potential and MDR phenotype in pancreatic carcinoma cell line SUIT-2      147



      148        ISSN 1007 - 9327   CN 14 - 1219/ R      World J Gastroentero    February  2001   Volume 7   Number 1

25 Albini A, Iwamoto Y, Kleinman HK, Martin GR, Aaronson SA,
Kozlowski JM, McEwan RN.  A rapid in vitro assay for quantitat-
ing the invasive potential of tumor cells. Cancer Res, 1987;47:
3239-3245

26 Zhou ZH, Song MZ. Current therapies of pancreatic cancer. Shijie
Huaren Xiaohua Zazhi, 2000;8:214-215

27 Parekh H, Wiesen K, Simpkins H. Acquisition of taxol resistance
via P-glycoprotein  and non-P-glycoprotein-mediated mechanisms
in human ovarian carcinoma cells. Biochem Pharmacol, 1997;
53:461-470

28 Emanuel SL, Chamberlin HA, Cohen D. Antimitotic drugs cause
increased tumorigenicity of multidrug resistant cells. Int J  Oncol,
1999;14:487-494

29 Dumontet C, Duran GE, Steger KA, Beketic-Oreskovic L, Sikic BI.
Resistance mechanisms in human sarcoma mutants derived by single-
step exposure to paclitaxel (Taxol). Cancer Res, 1996;56:1091-1097

30 Kapoor P, Ghosh A, Madhubala R. Isolation of a taxol-resistant
Leishmania donovani promastigote mutant that exhibits a multidrug-
resistant phenotype. FEMS Microbiol Lett, 1999;176:437-441

31 Gonzalez-Garay ML, Chang L, Blade K, Menick DR, Cabral F. A
beta-tubulin leucine cluster involved in microtubule assembly and
paclitaxel resistance. J Biol Chem, 1999;274:23875-23882

32 Verschueren H, Dewit J, De Braekeleer J, Schirrmacher V, De
Baetselier P. Motility and invasive potency of murine T-lymphoma
cells: effect of microtubule inhibitors. Cell Biol Int, 1994;18:11-19

33 Bissery MC, Guenard D, Gueritte-Voegelein F, Lavelle F. Experi-
mental antitumor activity of taxotere (RP 56976, NSC 628503),
a taxol analogue. Cancer Res, 1991;51:4845-4852

34 Hill BT, Whelan RD, Shellard SA, McClean S, Hosking LK. Dif-
ferential cytotoxic effects of docetaxel in a range of mammalian
tumor cell lines and certain drug resistant sublines in vitro. Invest
New Drugs, 1994;12:169-182

35 Dunn GA, Zicha D, Fraylich PE. Rapid, microtubule-dependent

fluctuations of the cell margin. J Cell Sci, 1997;110:3091-3098
36   Mooney DJ, Langer R, Ingber DE. Cytoskeletal filament assembly

and the control of cell spreading and function by extracellular
matrix. J Cell Sci, 1995;108:2311-2320

37 Stracke ML, Soroush M, Liotta LA, Schiffmann E. Cytoskeletal
agents in hibit motility and adherence of human tumor cells. Kid-
ney Int, 1993;43:151-157

38 Robin P, Rossignol B, Raymond MN. Effect of microtubule net-
work disturbance by nocodazole and docetaxel (Taxotere) on pro-
tein secretion in rat extraor bital lacrimal and parotid glands. Eur
J Cell Biol, 1995;67:227-237

39 Kadi A, Pichard V, Lehmann M, Briand C, Braguer D, Marvaldi J,
Rognoni JB, Luis J. Effect of microtubule disruption on cell adhe-
sion and spreading. Biochem Biophys Res Commun, 1998;246:
690-695

40 Taniguchi S, Iwamura T, Katsuki T. Correlation between sponta-
neous metastatic potential and type I collagenolytic activity in a
human pancreatic cancer cell line (SUIT-2) and sublines. Clin Exp
Metastasis, 1992;10:259-266

41 Bashir I, Sikora K, Foster CS. Multidrug resistance and behavioural
phenotype of cancer cells. Cell Biol Int, 1993;17:907-917

42 Serra M, Scotlandi K, Manara MC, Maurici D, Lollini PL, De
Giovanni C, Toffoli G, Baldini N. Establishment and characteriza-
tion of multidrug-resistant human osteosarcoma cell lines. Anti-
cancer Res, 1993;13:323-329

43 Suwa H, Ohshio G, Arao S, Imamura T, Yamaki K, Manabe T,
Imamura M, Hiai H, Fukumoto M. Immunohistochemical local-
ization of P-glycoprotein and expression of the multidrug resis-
tance-1 gene in human pancreatic cancer: relevance to indicator
of better prognosis. Jpn J Cancer Res, 1996;87:641-649

44 Yao XQ, Qing SH. Detection of multidrug resistance gene in
progvessive colon cancer and its significance. Shijie Huaren Xiaohua
Zazhi, 1999;7:535-536

Edited by Ma JY


	WJG-7-1
	WJG-7-9
	WJG-7-16
	WJG-7-22
	WJG-7-28
	WJG-7-33
	WJG-7-37
	WJG-7-42
	WJG-7-49
	WJG-7-53
	WJG-7-60
	WJG-7-66
	WJG-7-74
	WJG-7-80
	WJG-7-83
	WJG-7-88
	WJG-7-93
	WJG-7-98
	WJG-7-102
	WJG-7-107
	WJG-7-111
	WJG-7-115
	WJG-7-120
	WJG-7-126
	WJG-7-128
	WJG-7-131
	WJG-7-136
	WJG-7-140
	WJG-7-143

