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Abstract

Hepatic cirrhosis is a common disease that poses a serious
threat to public health, and is characterized by chronic,
progressive and diffuse hepatic lesions preceded by hepatic
fibrosis regardless of the exact etiologies. In recent years,
considerable achievements have been made in China in
research of the etiopathogenesis, diagnosis and especially
the treatment of hepatic fibrosis, resulting in much improved
prognosis of hepatic fibrosis and cirrhosis. In this paper,
the authors review the current status of research in hepatic
fibrosis, cirrhosis and their major complications.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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ETIOLOGY OF HEPATIC CIRRHOSIS

In China, virus hepatitis B and C remain the primary etiological
factors for hepatic cirrhosis, and a recent increase in alcoholic
cirrhosis has also been noted"?. But in the past years,
approximately 25% to 40% of HBsAg-, antiHBc and antiHBe-
positive cases failed to receive due attention”! for the potential
risk of hepatic cirrhosis, and carcinoma in relatively rare cases.
With the development of public hygiene, schistosomal liver
cirrhosis has greatly decreased, and other etiologies such as
biliary cirrhosis, hemochromatosis and Wilson’s disease are
now hardly seen.

STUDY ON HEPATIC FIBROSIS

Hepatic fibrosis is a reversible pathological process™® and
chronic hepatic disease has become a widespread concern of
researchers. Recently, significant results have been obtained
in research of the pathogenesis of hepatic fibrosis in view of the
role of hepatic stellate cells (HSCs)?>"), formation of extracellular
matrix (ECM), hyperoxidation, cytokine network, Na*/H"
exchange pump and calcium channel.

Pathogenic mechanism of hepatic fibrosis

HSCs, the main source of ECM®, play important roles in the
formation of hepatic fibrosis™!*'¢!. Pathogenic research of
hepatic fibrosis is now focused on the following respects:

peroxidation mechanism, cytokine network, signal transduction
pathways, and cell apoptosis, as examined briefly in the
following.

Peroxidation mechanism Chronic hepatic damage by
inflammation, toxins, immunity, and malnutrition, efc.,can
activate HSCs. The process of activation is closely related to
peroxidation®**.. It has been shown that lipid peroxidation
occurs in injured hepatic cells!', which may further activate
HSC:s. In the event of hepatic inflammatory reaction, neutrophilic
granulocytes are the main source of reactive oxygen species
(ROS)™I that have been proved to be able to promote HSC
activation and proliferation in vitro!'%. Some anti-oxidants can
inhibit the activation of HSCs, suggesting that peroxidation
accompanies the progression of hepatic fibrosis.

Cytokine network Kupffer cells can initiate the progress of
hepatic fibrosis!'”!. After being activated, Kupffer cells release
a variety of cytokines closely related to hepatic fibrosis such
as transforming growth factors (TGF)a and [, tumor necrosis
factor (TNF)a, interleukin-1 (IL-1) and platelet-derived growth
factor (PDGF). In addition, Kupffer cells, which can be regarded
as important “coefficients”, help maintain the kinetic equilibrium
of hepatic fibrosis, and mediate the feedback mechanism of
some biological messages during the progression of hepatic
fibrosis. HSCs have both paracrine and autocrine functions,
the activation of which can be triggered via a reaction cascade
of cytokines and biochemical factors!'"®*”!, Two major changes
occur after the activation of HSC, that is, proliferation and
phenotypic transition®". PDGF and TGFf1 play an important
role in the proliferation and transformation of HSCs™. The key
role of PDGF, a most effective mitogen during the synthesis of
HSC DNA™!, is to convert HSC from G, to G, and S phases,
whereas TGFB1 promotes the synthesis of collagen and
inhibitors of tissue metalloproteinases (TIMPs) in activated
HSCs™!. Moreover, PDGF and TGF1 can interact with each
other. PDGF is capable of inducing HSCs to express and secrete
PDGEF receptors. PDGF and TGFf1 can also interact with IL-1
and TNFo, leading to the formation of cytokine network
with HSCs at the crucial center.

Na*/H" exchange pump and calcium/calmodulin Messages in
cytokines could pass to HSC nuclei through the membrane or
intracellular pathways. Svegliati Baroni ef /' found that the
HSCs exposed for 24 h to the culture medium of hepatocytes
subjected to oxidative stress could increase the proliferation of
HSCs and accumulation of collagen I. The mechanism is related
to the increased intracellular pH of HSCs and enhanced
activation of Na'/H" exchanger. Actually, Na® influx is the key
element that initiates the proliferative reaction®. PDGF can
activate Na'/H" exchanger byactivating IP3-calcium/calmodulin
and protein kinase C?7., Synthesis of ECM promoted by TGF[3 1
may be modulated by the activity of calcium channel™I.
Therefore, activation of IP3-calcium/calmodulin-Na'/H" exchanger
in succession induces proliferation of HSCs and synthesis of
ECM, which serves as the theoretical basis for therapy of hepatic
fibrosis.

HSC apoptosis Concerning the apoptosis of HSCs, consensus
has been reached over the occurrence of HSC apoptosis, which
takes place in a-SMA-positive but not static HSCs, in parallel
with phenotypic transition. CD95 (APO-1/Fas) receptor and



618 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

February 7, 2005 Volume 11 Number 5

its ligand have been recognized for their important role in
inducing HSC apoptosis®®”, and the therapeutic strategy against
hepatic fibrosis is maneuvered to target at promoting the
apoptosis of HSCs. Realization that activation is the premise of
apoptosis of HSCs is not meant to confirm the seemingly natural
cause-effect relationship between monophasic HSC activation
and apoptosis, and the reversibility of phenotype transformation
of HSC:s is still worthy of further exploration.

Diagnosis of hepatic fibrosis

Currently, the diagnosis of hepatic cirrhosis depends mainly
on needle biopsy of the liver, and ultrasonic examination can
hardly define the degree of hepatic fibrosis. Through consistent
effort, researchers have made encouraging progress in
serological diagnosis of hepatic cirrhosis?*'~*4.

Pathological diagnosis In May 1995, the Prevention and
Treatment of Virus Hepatitis was revised at the 5th Congress
of Parasite and Infectious Diseases, and chronic hepatitis was
then classified into mild, moderate and severe degrees and
pathologically graded into G0-G4 degrees and S0-S4 stages.
Wang et alt®, after observing 1 000 hepatic biopsy specimens,
proposed a classification protocol of the inflammatory activity
and fibrosis, which was an improved version of the criteria
given by Knodell et al® and Chevallier et al*".. This protocol
has now been accepted in clinical practice.

Serological diagnosis Needle biopsy of the liver has its inherent
limitations in diagnosis and curative effect assessment®®.
Currently, great progress has been made in the serological
diagnosis of hepatic fibrosis™®*. Many useful indices have
been set up to reflect the metabolism of ECM, including PCIII/
PIIIP, CIV, PIIIP, and LN"*?! of which HA is the most sensitive.
CIV, the main ingredient of basal membrane, was found to
elevate during capillarization of the hepatic sinusoid. After
comprehensive analysis, HA and CIV were established as the
most significant indices during S3 and S4 stages®®. Our hospital
developed a “quadruple detection” protocol combining CIV,
PIITP, LN and HA, which proved to be highly specific and
sensitive. However, its value should not be overemphasized
while comprehensive judgment is still needed including that
derived from biochemical examinations.

Treatment of hepatic fibrosis

So far, no satisfactory treatment protocol with western drugs is
available for hepatic fibrosis because of their severe side effects.
Meanwhile, we have obtained promising results with traditional
Chinese medicines, and a number of drugs have been found to
reverse the progression of hepatic fibrosis. Antifibrotic therapy
targets at the inhibition of HSC proliferation™*-*%), cytokine
activity”*) and ECM degradation. Calmodulin antagonists
belong to HSC proliferation inhibitors, working to inhibit the
pathway of IP3-calcium/calmodulin-Na'/H" exchangers, but
relevant studies™? conducted in China have so far achieved
no significant breakthrough in this aspect. The apoptosis of
HSC was another interest of study in recent years!*!-3-3-31,
Gene therapies using antisense oligonucleotides, nucleases
and gene carriers promise optimistic results of treatment, but
the problems of gene targeting and expression modulation have
yet to be solved. Studies have shown that traditional Chinese
medicines can inhibit the deposition of collagen fibers®5¢*
and promote the reversion of fibrosis, which was also confirmed
by experimental evidence that Radix Salviae Miltiorrhizae,
Radix Angelicae Sinensis, Radix Astragali seu Hedysari, Radix
Paeoniae Rrbra, Semen Persicae, Hirudo, Flos Carthami,
Radix Notoginseng, Rhizoma Sparganii, Rhizoma Zedoariae,
etc could obviously inhibit the formation of collagen fibers.
The agent 8615, Qianggan capsule, Fuzhenghuayu 3195,
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Dahuangzhechong pill™), Yigan infusion®’, and the traditional
Chinese medicinal formula Xiaochaihu decoction etc., could
eliminate clinical symptoms, improve liver function, decrease
liver collagen content and improve the histologic picture of the
liver without obvious side effects, all of which seem to suggest
a bright future of traditional Chinese medicine in treating hepatic
fibrosis. Problems, however, do exist in traditional Chinese
medicines, in the standardization and purification methodology.
Currently no standardized criteria are available to compensate
for the geographical variation in the content of effective
components of drugs, and the methods of harvest and
refinement are also controversial. The methodology employed
for animal experiments needs standardization, and strict double-
blind, multi-center studies have yet to be performed.

STUDY OF LIVER CIRRHOSIS

In China, histological diagnosis of liver cirrhosis is not a
universal practice and liver puncture is performed in a very
small portion of patients suspected of the disease. The clinical
diagnosis of liver cirrhosis still depends on the presence of
enlarged and hardened liver and spleen, and manifestations of
portal hypertension. Non-invasive B type ultrasound provides
a convenient means for the diagnosis of liver cirrhosis, the
typical manifestations of which include sharp or wave-like
margins of the liver and disproportional right and left lobes of
the liver with uneven echoes from the hepatic parenchyma. The
indirect signs include enlarged spleen, dilated portal (>1.4 cm)
or splenic veins (>0.9 cm) and ascites. The treatment of cirrhotic
patients is directed against the complications including ascites,
gastrointestinal bleeding, spontaneous bacterial peritonitis
(SBP), hepatorenal syndrome, hepatic encephalopathy,
cirrhosis-induced carcinoma and thrombosis, efc. Current
interests of research are devoted predominantly to bleeding
gastroesophageal varices, early diagnosis of SBP, recognition
and treatment of subclinical hepatorenal syndrome, treatment
of ascites especially refractory ascites, diagnosis of subclinical
hepatoencephalopathy, early detection of liver cancer, and
hypertensive gastrointestinal diseases.

Esophageal variceal bleeding (EVB)

Critical factors and prediction of EVB Degree of liver damage,
size of varices, endoscopic red color signs and elevated portal
vein pressure (PVP) or hepatic vein pressure gradient (HVPG)
are the major risk factors for bleeding!®. In China, patients
with PV=1.70 cm, SPV=1.20 cm and EV =6.0 mm especially
those with red color signs are at high risk for bleeding!®®. Impaired
liver function is the dominant factor threatening bleeding, as
the blood flow rate in cases of extrahepatic hypertension with
normal liver function, in spite of the presence of severe varices
and higher PVPs, is decidedly lower than that in liver cirrhosis
patients with portal hypertension!®!. The more relevant factors
are the red color signs on the varices seen on endoscopy and
hemodynamic changes with portal pressure!®’. Recently, much
attention has been paid to bacterial infection for its potential to
cause bleeding!®*7, possibly because in patients with severe
varices and a high esophageal wall tension, the release of
endotoxin into the systemic circulation during the episodes of
bacterial infection resulted in a further increase in the portal
pressure induced by endothelin and possibly vasoconstrictive
cyclo-oxygenase products. The subsequent contraction of HSC
caused a rise in intrahepatic vascular resistance. Furthermore,
endotoxin-induced nitric oxide and prostacyclin, and
prostacyclin induced by endothelin could inhibit platelet
aggregation, which may result in further deterioration of the
already existent bleeding!®".
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Strategies of management Correct use of Sengstaken-Blakemore
tube, knot and sclerosis of esophageal varices, and uses of
new hemostatics such as somatostatin and thrombin, have
improved the prognosis of EVB!"'7¥, The rebleeding and
mortality rates have been greatly reduced by use of B-receptor
blockers as the first-line drugs; the combination of B-receptor
blockers, calmodulin antagonists, and nitroesters can enhance
the efficacy; vasopressin should be used with nitroglycerin or
to reduce the side effects, somatostatin and octreotide are better
options than vasopressin and have no obvious side effects.
Traditional Chinese herbal drugs such as Radix Salviae
Miltiorrhizae, Radix Angelicae Sinensis, may promote the
blood flow and remove blood stasis, and are effective for
lowering the PVP and HVPG. The slow but relatively long-
lasting effects of the herbal drugs help prevent bleeding!”>71.
Sclerosis and knot of the varices also effectively prevent the
primary bleeding and decrease the rate of rebleeding. Porto-
systemic shunt, however, is not recommended for the prevention
of the primary bleeding. TIPSS could prevent the primary
bleeding, but the rebleeding rate and long-term effect need
further assessment.

Refractory ascites and hepatorenal syndrome

The ascites in cirrhotic patients usually indicates the progression
of the disease into the decompensatory stage. Patients with a
small amount of ascites should receive active and adequate
treatment when they respond favorably to diuretics and have
sufficient renal function without electrolyte disturbance. Rest,
restricted salt intake, protein-rich food or application of herbal
drugs that promote blood flow, removing stasis, invigorating
the spleen and refreshing Qi (such as Rhizoma Alismatis,
Polyporus Umbellatus, Semen Plantaginis and the preparation
of Weiling decoction), could help eliminate the ascites. For
patients with a large amount of ascites that failed to be resolved
by exclusive use of traditional Chinese drugs, spirolactone
should be given with short-term use of dihydrochlorothiazide.
Diuretic abuse should be avoided for potential drastic reduction
in systemic blood volume and development of hepatorenal
syndrome. Close relationship has been identified between
ascites and renal function. Patients with refractory ascites are
often characterized by increased resistance index (RI) of the
interlobar and cortical vessels in comparison with patients with
responsive ascites. The RI decreases physiologically from the
hilum of the kidney to the outer parenchyma in healthy subjects
and patients with responsive ascites, but this difference
vanishes in patients with refractory ascites!’®. Examination of
renal blood distribution may help identify hepatorenal syndrome
at early stages and make correct therapeutic decisions on
responsive ascites. In clinical practice, elimination of ascites
should be considered in line with the evaluation of the renal
function. Spontaneous ascites discharge with intravenous
albumin” or dextran infusion® and ascites autoperfusion!™
have achieved good results. Close monitoring of the renal
function needs to be carried out when attempt is made to lower
the portal pressure and eliminate the ascites. Radionuclide renal
dynamic imaging can be performed for diagnosis of subclinical
hepatorenal syndrome®”, and a thorough understanding of
the status of the renal blood dynamics and perfusion of the
glomeruli may hold much significance for the prognosis of
hepatorenal syndrome and refractory ascites.

Splanchnic hyperdynamics and SBP

Most cirrhotic patients suffer from disturbance of the intestinal
flora. The overgrowth of aerobic Gram-negative bacteria may
play an important role in endotoxemia™!. The diagnosis of SBP
is based mainly on the results of cell counting, and differential

or bacterial culture of the ascites greatly helps the description
of SBP. So far, the knowledge about endotoxemia, endothelin
and NO has revealed a new scope of splanchnic hyperdynamics
and SBP: endotoxin evokes the release of endothelin, which in
turn increases the PVP, and promotes the synthesis of NO and
other vasodilators such as VEGF® derived from the residue
cells induced by IL-1 and TNFa as well. These dilators cause
the dilation of the splanchnic vascular beds, and the arterioles
and microarteries are especially responsive to these substances,
to result in the decreased blood RI followed by lowered blood
pressure and increased heart output. This low RI and
hyperdynamics, along with the high CI and low blood flow
velocity " at the portal system, are further deteriorated by SBP,
resulting in variceal bleeding for more elevated PVP and heat
shock or hepatorenal syndrome. Close relationship was found
among the four episodes: SBP, portal hypertension with
splanchnic hyperdynamics, esophageal venous bleeding and
hepatorenal syndrome. For those who were not responsive to
diuretics, diagnostic abdominocentesis and bacterial culture
should be performed even in the absence of abdominal signs
of SBP. The treatment of SBP include (1) strengthening the
trophotherapy, (2) using antibiotics according to the bacterial
culture, (3) treatment with intravenous antibiotics for more than
7 d or continuous use for 3-6 d after the abdominocentesis
becomes negative, and (4) intravenous antibiotics combined
with ascites discharge and intraperitoneal injection of drugs,
which may produce better effect than exclusive use of
intravenous antibiotics.

Hepatic encephalopathy

Severe liver diseases may lead to functional disturbance of the
central nervous system with a high mortality rate, which can be
relieved by early detection of the condition. In recent years,
the diagnosis of subclinical hepatic encephalopathy has
witnessed great improvement in China. The examination of
nerve-evoked potentials offers a means of objective and
sensitive diagnosis of the disease®. Several factors may
contribute to the occurrence of encephalopathy, including (1)
blood accumulation in the intestines after bleeding or intake of
substances containing nitrogen, (2) water and electrolyte
disturbance for iatrogenic reasons, (3) endotoxemia and
infections, (4) Helicobacter pylori (H pylori) infection, (5) use
of anesthetics or sedatives, and (6) decompression of the portal
vein such as by TIPSS or porto-systemic shunt. Elimination of
these factors may reduce or even prevent the occurrence of
encephalopathy. When the disease occurs, treatments with
defecation and intestinal acidification, use of arginine or
glutamate, branch-chain amino acids, and levodopa are often
effective. Antibiotics for H pylori can be used to reduce the
absorption of ammonia from the intestine for treatment of hepatic
encephalopathy.

Others

Ultrasonic examination and AFP dynamic methods are reliable
for early diagnosis of primary liver cancer. Hepatic arterial
radiography, CT and needle biopsy should be used in
suspected cases to raise the diagnostic accuracy.
Gastrointestinal disease with portal hypertension is no longer
a concept of simple pathology, but a disease with specific
clinical and endoscopic presentations secondary to liver
cirrhosis®**%. Low blood oxygen capacity in liver cirrhosis,
or hepatopulmonary syndrome, is closely related to the
portopulmonary shunt, inflammation of the lungs, hydrothorax
and atelectasis at the base of the lung *”). Hepatic hydrothorax
is most often found on the right side of the pleural cavity, but so
far its causes have not been fully understood. Hypoalbuminemia
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could accelerate the formation of hydrothorax in cirrhotic cases.
Budd-Chiarry syndrome, which is found much more frequently
than ever, is likely to be confused with liver cirrhosis. Color
Doppler ultrasound or infravenacavography, if necessary,
could identify most of the causes of the disease. It is worth
noticing that splanchnic hyperdynamics and hypoalbuminemia
may lead to hepatic myocardiopathy and heart insufficiency®™.

We believe that the incidence of liver cirrhosis can be lowered
with its prognosis improved, when more effort is made in
research of the complex mechanism of fibrosis and cirrhosis
and their molecular biology, serological diagnosis, complications
in relation to liver cirrhosis, application of integrated Chinese
and western medicine, and especially the study of the curative
mechanism of Chinese herbs, their serological pharmacology
and the extraction of effective components.
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Abstract

AIM: To investigate the expression of mitogen-activated
protein kinases (MAPKs) and its upstream protein kinase
in human gastric cancer and to evaluate the relationship
between protein levels and clinicopathological parameters.

METHODS: Western blot was used to measure the expression
of extracellular signal-regulated kinase (ERK)-1, ERK-2, ERK-3,
p38 and mitogen or ERK activated protein kinaseMEK-1
proteins in surgically resected gastric carcinoma, adjacent
normal mucosa and metastatic lymph nodes from 42 patients.
Immunohistochemistry was employed for their localization.

RESULTS: Compared with normal tissues, the protein levels
of ERK-1 (integral optical density value 159 526+65 760 vs
122 807+65 515, P = 0.001), ERK-2 (168 471495 051 vs
120 469+72 874, P<0.001), ERK-3 (118 651+71 513 vs
70 934468 058, P<0.001), P38 (104 776+51 650 vs
82 930440 392, P= 0.048) and MEK-1 (116 486+45 725 vs
101 434+49 387, P = 0.027) were increased in gastric
cancer tissues. Overexpression of ERK-3 was correlated to
TNM staging [average ratio of integral optic density (I0D)wmor:
IODormal in TNM 1, II, III, IV tumors was 1.43+0.34,
5.08+3.74, 4.99+1.08, 1.44+1.02, n =42, P= 0.023] and
serosa invasion (4.31+4.34 vs 2.00+2.03, P = 0.037). In
poorly differentiated cancers (n7 = 33), the protein levels of
ERK-1 and ERK-2 in stage III and IV tumors were higher
than those in stage I and II tumors (2.64+3.01 151.01+0.33,
P=0.022; 2.05+1.54 vs1.24+0.40, P = 0.030). Gastric
cancer tissues with either lymph node involvement (2.49+2.91
vs 1.03+0.36, P = 0.023; 1.98+1.49 vs1.24+0.44, P = 0.036)
or serosa invasion (2.39+2.82 vs 1.01+0.35, P = 0.022;
1.95+1.44 vs 1.14+0.36, P = 0.015) expressed higher
protein levels of ERK-1 and ERK-2. In Borrmann II tumors,
expression of ERK-2 and ERK-3 was increased compared
with Borrmann III tumors (2.57+1.86 151.23+0.60, A= 0.022;
5.50+5.05 v51.83+1.21, P= 0.014). Borrmann IV tumors
expressed higher p38 protein levels. No statistically
significant difference in expression of MAPKs was found
when stratified to tumor size or histological grade (~>0.05).
Protein levels of ERK-2, ERK-3 and MEK-1 in metastatic
lymph nodes were 2-7 folds higher than those in adjacent
normal mucosa. The immunohistochemistry demonstrated

that ERK-1, ERK-2, ERK-3, p38 and MEK-1 proteins were
mainly localized in cytoplasm. The expression of MEK-1 in
gastric cancer cells metastasized to lymph nodes was
higher than that of the primary site.

CONCLUSION: MAPKs, particularly ERK subclass are
overexpressed in the majority of gastric cancers.
Overexpression of ERKs is correlated to TNM staging, serosa
invasion, and lymph node involvement. The overexpression
of p38 most likely plays a prominent role in certain
morphological subtypes of gastric cancers. MEK-1 is also
overexpressed in gastric cancer, particularly in metastatic
lymph nodes. Upregulation of MAPK signal transduction
pathways may play an important role in tumorigenesis and
metastatic potential of gastric cancer.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The incidence and mortality of gastric cancer have decreased
markedly since 1930s!!. This decrease is mirrored worldwide,
but it is comparatively higher in Japan, China, Chile, and Ireland.
Gastric cancer still is the leading cause of cancer-related deaths
in China®.

Surgical removal with resection of adjacent lymph nodes
offers the only chance for cure, which is less than 33% of
patients with gastric cancer. The five-year survival rate is 30-40%
with a poorer prognosis of advanced tumors®~!. Thus far, current
treatments have largely been unsuccessful. Therefore it is
critical to further elucidate the etiological factors and molecular
mechanism for the pathogenesis of gastric cancer.

Mitogen-activated protein kinases (MAPKs) are serine/
threonine kinases activated in response to a variety of external
signals. Three major subclasses of MAPKs, namely,
extracellular signal-regulated kinase (ERK), c-Jun NH,-terminal
kinase (JNK), and p38 have been identified®”. Various receptor
tyrosine kinases, cytokine receptors, G proteins and oncogene
products can activate MAPKs through phosphorylation by
mitogen activated protein kinase or ERK-activated protein
kinase (MEK)®!%, Thus, MAPKs are proposed to be a critical
integrator of various signaling transduction systems and
involved in various cellular processes including cell
proliferation, differentiation, apoptosis, and transformation(®”.
Constitutive activation of these signaling cascades has been
noted in the malignant transformation of various cell lines!!"-?
and implicated in carcinogenesis and metastatic potential of
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human cancers!"**l. The purpose of this study was to investigate

the expression of MAPKSs and its upstream regulating signals in
human gastric cancer and to evaluate the relationship between
protein levels and clinicopathological parameters.

MATERIALS AND METHODS

Materials

Immobilon PPVDF membranes for Western blot were purchased
from Millipore (Bedford, MA), and X-ray film was purchased
from Eastman Kodak (Rochester, NY). Antibodies to ERK-1 (sc-94),
ERK-2 (sc-154), ERK-3 (sc-155), p38 (sc-535)and MEK-1 (sc-219)
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
The enhanced chemiluminescence (ECL) system for Western
immunoblot analysis was purchased from Amersham (Arlington
Heights, IL). The concentrated protein assay dye reagent was
purchased from Bio-Rad Laboratories (Hercules, CA). All other
reagents were of molecular biology grade and purchased from
either Sigma or Amresco (Solon, OH).

Tissue procurement and whole cell extracts

Primary gastric adenocarcinomas, adjacent (5 to 10 cm from the
primary site) normal mucosa and metastatic lymph nodes were
obtained from 42 continuously enrolled patients undergoing
elective radical gastrectomy at the Peking University People’s
Hospital from July 1998 to January 2000. Resected tissues were
immediately flash frozen with liquid nitrogen. Tumors were
classified according to the histological subgroups
recommended by the World Health Organization (WHO) and
staged by the TNM system.

Tissues were homogenized on ice in RIPA lysis buffer
(50mmol/LNaCL, 50 mmol/L Tris,pH 7.4, 0.5% NP-40, 1 mmol/L
EDTA, 1 mmol/L dithiothreitol, 1 mmol/L Na;VO,, 1 mmol/L
phenylmethylsulfonyl fluoride, 1 mmol/L NaF, 1 ug/mL
aprotinin, 1 ug/mL leupeptin). Cell extracts were then clarified
by centrifugation (for 30 min at 12 000 g) and protein concentration
was determined using the method of Bradford!s!.

Western blotting

Western blotting was performed as described previously!'’..
Briefly, whole cell lysates (50 ug) were denatured in SDS sample
loading buffer (50 mmol/L Tris, pH 6.8, 100 mmol/L DTT, 2%
SDS, 0.1% bromophenol blue, 10% glycerol) and fractionated on
a 10% SDS-polyacrylamide gel. Proteins were electroblotted to
Immobilon-P PVDF membranes. Filters were probed overnight
at 4 °C in blocking solution (TBS containing 5% non-fat dried
milk, 0.1% Tween 20) followed by an incubation for 3 h with the
primary antibody. Filters were then washed in blocking solution
and incubated with a horseradish peroxidase-conjugated
donkey anti-rabbit immunoglobulin G (IgG) as a secondary
antibody for 1 h. After 4 final washes, the immune complexes
were visualized using ECL detection. ERK-1, ERK-2, ERK-3,
p38and MEK-1 expression in tumor and paired normal mucosae
were quantitated by densitometry to obtain an integral optic
density (IOD) value.

Immunohistochemical staining

In brief, sections (5 um thick) placed on silane-coated slides
(Muto Pure Chemicals, Sigma, Co. USA) were deparaffinized,
rehydrated and then pretreated with 3% H,O, in methanol for
20 min at 25 “C to quench the endogenous peroxidase activity.
The sections were then placed in 10 mmol/L citrate buffer
(pH 6.0) and heated in a microwave oven (400 W) for 10 min to
facilitate antigen retrieval. Subsequently, the sections were
incubated with 10% goat non-immune serum-3% BSA in PBS at
room temperature for 60 min to block the nonspecific binding

and then incubated with primary antibodies for 1 h. The sections
were then incubated at room temperature with the secondary
antibodies (biotinylated goat anti-rabbit IgG; Dako, Denmark)
followed by incubation with avidin-biotin-peroxidase
complex (Dako, Denmark), labeled with peroxidase and
colored with diaminobenzidine substrate. Sections of gastric
adenocarcinoma, confirmed to overexpress the protein of
interest, were used as positive controls. No primary antibody
was used as negative control.

Statistical analysis

Paired-samples ¢ test was used to analyze the difference in
MAPKSs expression between cancer tissues and normals. Either
independent-sample ¢ test or one-way ANOVA was used to
analyze the relationships between IOD ymo/IODyoma ratios and
clinicopathological characteristics. All analyses were performed
with the SPSS statistical software (Ver. 9.0). P values less than
0.05 were considered statistically significant.

RESULTS

Expression of ERK-1, ERK-2, ERK-3, p38 and MEK-1in gastric cancer
Todetermine whether ERK-1, ERK-2 or ERK-3 was overexpressed
in gastric cancer, 42 gastric cancer tissues and adjacent normal
mucosa were examined by Western blot. The protein levels of
ERK-1, ERK-2 and ERK-3 were increased in gastric cancer tissues
compared with adjacent normal mucosa (P<0.001, Table 1). ERK-1,
ERK-2 and ERK-3 were overexpressed, as defined by an
TOD 1o/ TOD o ratio >1.3,in 22, 22 and 27 cases of gastric
cancer, respectively (Figure 1). The average protein levels of
ERK-1, ERK-2 and ERK-3 in gastric cancer were 2.10, 2.04 and
3.85 folds higher than those in adjacent normal mucosa,
respectively. Because parts of our samples were used up in
previous experiments, the expressions of p38 and MEK-1 were
detected in 30 gastric cancers. The protein levels of p38 (P=0.048)
and MEK-1 (P=0.027, Table 1) were increased in gastric cancer
tissues compared with adjacent normal mucosa. MEK-1 and
p38 were overexpressed in 14 and 12 cases of gastric cancer,
respectively (Figure 1). The average protein levels of p38 and
MEK-1 in gastric cancer were 1.71 and 1.31 folds higher than
those in adjacent normal mucosa, respectively.

Table 1 Integral optical density value of gastric cancer and
adjacent normal mucosa (mean+SD)

10D value
Items n t P
Gastric cancer Normal mucosa

ERK-1 42 159 526+65 760 122 807+65 515  3.658 0.001
ERK-2 42 168 471+95 051 120 469+72 874 4.758 <0.001
ERK-3 42 118 651+£71 513 709 34+68 058 5.065 <0.001
P38 30 104 776+51 650 829 30+40 392  2.064 0.048
MEK-1 30 116 486+45 725 101 434+49 387  2.160 0.027

Relationships between expressions of ERK-1, ERK-2, ERK-3,
p38, MEK-1 and clinicopathological characteristics

When stratified to clinicopathological parameters, expression
of ERK-2 and ERK-3 was be increased in Borrmann II tumors in
comparison to Borrmann I1I or Borrmann IV tumors (2.57+1.86
vs 1.2340.60, P=0.022;5.50+5.05vs 1.83+1.21, P=0.014). The protein
levels of ERK-3 were higher in stage I and stage III tumors than
those in stage I and IV tumors (average ratio of IOD ymo:
IOD,ormas in TNM L II, IIT, TV tumors was 1.4340.34, 5.08+3.74,
4.9941.08,1.44+1.02, n=42, P=0.023). Stage I1I tumors trended to
express higher levels of ERK-1 and ERK-2 proteins, but no
statistically significant difference was found (P>0.05).
Gastric cancer tissues with serosa invasion expressed higher
protein levels of ERK-3 (4.3144.34 vs 2.00+2.03, P=0.037).
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Figure 1 Assessment of ERK-1, ERK-2, ERK-3, p38 and MEK-
1 expression by Western blot. A: Expression of ERK-1 in
gastric carcinoma; B: Expression of ERK-2 in gastric
carcinoma; C: Expression of ERK-3 in gastric carcinoma; D:
Expression of p38 in gastric carcinoma; E: Expression of MEK-
1 in gastric carcinoma. Rabbit polyclonal anti-ERK-1, anti-
ERK-2, anti-ERK-3, anti-p38 and anti-MEK-1 antibodies were
used to recognize the 44 ku, 42 ku, 63 ku, 41 ku, and 41 ku
isoforms respectively.

Interestingly, in 33 cases of poorly differentiated cancer,
the protein levels of ERK-1 and ERK-2 in stage IIT and IV tumors
were higher than those in stage [ and II tumors (Table 2, P<0.05).

Gastric cancer tissues with either lymph node metastasis or
serosa invasion expressed higher protein levels of ERK-1 and
ERK-2 (P<0.05). No statistically significant difference in ERK
expression was found when stratified to tumor size or
histological grade (7>0.05).

No statistically significant association was found between
the IOD ymor/IOD soma ratio of p38 or MEK-1 proteins when
stratified to age, sex, histological classification, or TNM
staging of patients. However in Borrmann IV cancers, there
was an increase in p38 expression compared with Borrmann II
(3.83+4.43 vs 1.64+1.21, P=0.039) and Borrmann III tumors
(3.83+4.43 vs 1.194+0.89, P=0.019), as defined by the average
ratio of IODwmor: IODsormat.

Expression of MAPKs and MEK-1 in metastatic lymph nodes
Although the cellular content of metastatic lymph nodes was
heterogenous, we found that the overall expression of ERK-2,
and ERK-3 was still increased (Figure 1 and Table 3). The
average protein levels of ERK-2 and ERK-3 in metastatic lymph
nodes were 1.68 and 6.89 folds higher than those in adjacent
normal mucosa in 14 paired samples, respectively.

Metastatic lymph nodes expressed higher levels of MEK-1
protein when compared with normal mucosa and primary sites
(P<0.05, Figure 1 and Table 3). The average protein level of
MEK-1 in metastatic lymph nodes was 2.09 folds higher than
that in adjacent normal mucosa in 12 paired samples. The protein
level of p38 was not increased in metastatic lymph nodes in
comparison to normal mucosa or primary sites (P>0.05).

Immunohistochemical staining

Immunohistochemistry of gastric carcinomas and normal
mucosademonstrated that ERK-1, ERK-2, ERK-3, p38 and MEK 1
proteins were localized in the cytoplasm. Gastric cancer cells
expressed higher levels of these proteins compared with
adjacent normal mucosa. In particular, the expression of MEK-1
in metastatic gastric cancer cells localized in lymph nodes was
higher than that of the primary sites (Figures 2A-D).

Table 2 Relationship between ERK1/2 expression and clinicopathological characteristics in poorly differentiated gastric cancers

(mean+SD)
ERK1 ERK2

Items n

T:N ratio! F (b p T:N ratio! F () p
TNM stage
I, 11 11 1.01+0.33 2.505 0.022 1.24+0.40 2.297 0.030
111, IV 22 2.64+3.01 2.05+1.54
Lymph node involvement
+ 24 2.49+2 .91 2.421 0.023 1.98+1.49 2.191 0.036
- 9 1.03+0.36 1.24+0.44
Serosa invasion
+ 26 2.39+2.82 2.428 0.022 1.95+1.44 2.585 0.015
- 7 1.01+0.35 1.14+0.36
Tumor size
<5 cm 19 1.97+2.30 0.323 0.749 1.72+1.31 0.309 0.760
>5 cm 14 2.27+2.96 1.86+1.39
Borrmann classification
I 5 1.27+0.53 1.420 0.257 0.96+0.22 1.169 0.338
11 22 2.17+1.64 2.96+3.27
111 12 1.30+0.68 1.02+0.37
v 3 1.38+0.19 1.59+0.20

! Average ratio of IOD umor: IODsormals.
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Figure 2 Assessment of MEK-1 expression in human gastric cancer, adjacent normal mucosa, and metastatic lymph nodes by
immunohistochemical staining. Magnification, A-C, x200; D, x100. A: Expression of MEK-1 in primary sites; B: Expression of
MEK-1 in normal mucosa; C, D: Expression of MEK-1 in metastatic lymph nodes.

Table 3 Expression of ERK-1, ERK-2, ERK-3, p38 and MEK-1 in metastatic lymph nodes (mean+SD)

Items n 10D value t P
ERK-1

Metastatic lymph nodes 14 195 734.7+70 508.8

Primary site 210 423.7+74 207.3 0.608 0.554°
Normal mucosa 155 862.3+79 052.8 1.453 0.170*
ERK-2

Metastatic lymph nodes 14 186 959.5+80 801.8

Primary site 211 155.1+64 116.8 0.893 0.388°
Normal mucosa 127 092.4+56 585.6 2.579 0.023*
ERK-3

Metastatic lymph nodes 14 140 323.2+120 532.0

Primary site 98 732.1+54 021.3 1.261 0.230°
Normal mucosa 50 032.9+58 937.8 3.116 <0.001*
P38

Metastatic lymph nodes 12 96 866.8+76 857.3

Primary site 99 740.6+38 279.6 0.202 0.844°
Normal mucosa 77 784.4+30 367.0 0.797 0.442*
MEK-1

Metastatic lymph nodes 12 133 353.9+42 374.3

Primary site 101 112.5+39 124.0 2.203 0.05°
Normal mucosa 77 431.9+£31 282.1 4.235 <0.001*

2P<0.05 vs normal mucosa; "P>0.05 vs primary site.

DISCUSSION

Mitogen-activated protein kinase is a key molecule in intracellular
signal transducing pathways that transport extracellular stimuli
from cell surface to nuclei. MAPK pathway has been revealed
to be involved in the physiological proliferation of mammalian
cells and also to potentiate them to transform!®”. With regard
to human gastric carcinoma, investigations of alterations in
expression and activity of components of the MAPK cascade
will help to understand the mechanisms of malignant behaviors
of gastric cancer cells.

In the present report, the expression of MAPKs was
examined by Western blot in 42 gastric cancer tissues and
adjacent normal mucosa. Our results demonstrate that the
protein levels of ERK-1, ERK-2 and ERK-3 are increased in
gastric cancer tissues compared with adjacent normal mucosa.
The average protein levels of ERK-1, ERK-2 and ERK-3 in
gastric cances are 2.10, 2.04 and 3.85 folds higher than those in
adjacent normal mucosa, respectively. In a previous report!'¥,
we showed an increase of phosphorylated ERK1/2 in gastric
adenocarcinoma compared to normals and the consistency of
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ERK1/2 activity and expression. Therefore, our results suggest
that ERK hyperexpression and increased activation may
contribute to the determination of the constitutive activation
of MAPK/ERK pathways in gastric carcinoma. Iwase et all'”
found that upregulation of ERK pathway could contribute to
proliferation and transformation of gastric mucosa cells. Thus
constitutive activation of MAPK/ERK pathways may play an
important role in tumorigenesis of gastric cancer.

Cancer development is thought to be regulated by the
integration of distinct signals. It has been reported that ERK-3
is structurally related to the better characterized ERK-1 and
ERK-2 with 43% overall homology®”, however little is known
about its cellular function. Recent studies have shown that
activation of ERK-3 may participate in recovery of malignant
behaviors of colon HD3 cell line, including tumorigenesis in
nude mice®!. Wang et al™ found that the activation of ERK-
3 was increased in colon cancer, but the relationship between
ERK-3 activation and clinicopathological characteristics
remains to be identified. Our results demonstrate that
overexpression of ERK-3 is noted in 64.3% samples, and
increased protein levels of ERK-3 are found in TNM stage 11
and III tumors or Borrmann II tumors. The exact roles of ERK-3
in human cancer carcinogenesis has not been identified. Its
upstream and downstream molecular targets are also
unidentified. Our data show that ERK-3 is associated with the
progression of gastric cancer, but the role is unclear. ERK-3
could be activated in certain morphological subtypes of gastric
cancer, and might play an important role in a certain stage.
Future investigation will provide the necessary information to
shed lights on these points.

The ERK signaling pathway is associated with progression
and metastatic potential of tumors. When we analyzed the
relationship between ERK-1 and ERK-2 expression and
clinicopathological characteristics of the patients,
overexpression of these proteins was positively correlated with
later TNM staging, lymph node involvement, and serosa
invasion in poorly differentiated gastric carcinomas. Lengye
et al™ suggested the role of ERK pathway in regulation of
urokinase-type plasminogen activator expression in NIH3T3
cells. Shibata et al* found that Ras signaling was required for
enhanced matrix metalloproteinase 9 secretions induced by
fibronectin in ovarian cancer cells. Taken together, our data
show that overexpression of ERK-1 and ERK-2 is part of its
upregulation in gastric cancer. Upregulation of ERKs may
therefore play an important role in the progression and metastatic
potential of gastric cancer.

Several recent studies have demonstrated that tumor cell
invasion is associated with p38 MAPK signaling pathway>=°l.
Huang et al™'showed that endogenous p38 MAPK activity
correlated well with breast carcinoma cell invasiveness. They
have suggested that p38 MAPK signaling pathway is important
for the maintenance of BT549 breast cancer cell invasive
phenotype by promoting the stabilities of uPA and uPAR
mRNA. In our study, the expression of p38 protein in gastric
cancer was also increased. No statistically significant
association was found between the 10D o/ IOD oma ratio of
p38 protein with age, sex, histological classification, or TNM
staging of patients. However in Borrmann IV cancers, there
was an increase in p38 expression compared with Borrmann 11
and IIT tumors. Our data may shed lights on the possible role of
p38 in gastric cancer tumorigenesis. Further work will focus on
the p38 activity in gastric cancer and the role of p38 pathway in
gastric cancer tumorigenesis and metastasis.

Alterations in the upstream signals could lead to subsequent
alterations within the intracellular phosphorylation cascade.
Our data show that the protein level of MEK-1 is increased in

gastric cancer tissues and consistent with that of ERKs,
suggesting that up regulated upstream signals are amplified
through intracellular phosphorylation cascade and could lead
to constitutive activation of MAPK signaling pathway.

Although the cellular content of metastatic lymph nodes
was heterogeneous, we found that in metastatic lymph nodes,
the expression of ERK-2, ERK-3, and MEK-1 was increased.
Immunohistochemical data also show that the expression of
MEK-1 in gastric cancer cells metastasized to lymph nodes is
higher than that of the primary sites (Figures 2A-C). Sivaraman
et al®used in situ RT-PCR to detect the expression of ERK
mRNA in breast cancer cells metastasized to involved lymph
nodes and found intense staining in the metastatic cancer cells,
but not in the surrounding stromal cells within the lymph node.
Webb et al™ also found that the activity of ERK in metastatic
NIH3T3 transformed cells was higher than that in parent cells.
Their data suggest that overexpression of MAP kinase may
potentiate metastases. All in all, upregulation of the MAP kinase
pathway might be associated with malignant potential in gastric
cancer and can potentiate metastases.

In conclusion, upregulation of ERK pathway rather than p38,
plays a more importantrole in cancer tumorigenesis, aggressiveness
and metastases. Future studies are required to better delineate
the effectors that mediate the malignant phenotype. Studies,
which assess resected human samples, are essential to our better
understanding of the signaling mechanisms underlying the
regulation of gastric carcinogenesis.
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Abstract

AIM: To understand the expression of latent and lytic genes
of Epstein-Barr virus (EBV) in EBV-associated gastric
carcinoma (EBVaGC) and to explore the relationship
between EBV-encoded genes and development of EBVaGC
at molecular level.

METHODS: One hundred and seventy-two gastric carcinoma
tissues and 172 corresponding para-carcinoma tissues
were tested for EBV genome by polymerase chain reaction
(PCR)-Southern blotting. EBV-encoded small RNA (EBER)
1 of the PCR positive specimens was detected by /n situ
hybridization (ISH). Gastric carcinomas with positive EBER1
signals were classified as EBVaGCs. RT-PCR and Southern
hybridization were applied to the detection of expression
of nuclear antigen (EBNA) promoters (Qp, Wp and Cp),
EBNA 1 and EBNA 2, latent membrane proteins (LMP) 1,
2A and 2B and lytic genes (immediate early genes BZLF1
and BRLF1, early genes BARF1 and BHRF1, late genes BcLF1
and BLLF1) in EBVaGCs.

RESULTS: Eleven EBV positive samples existed in gastric
carcinoma tissues (6.39%). No EBV positive sample was
found in corresponding para-carcinoma tissues. The
difference between EBV positivity in carcinoma tissues and
corresponding para-carcinoma tissues was significant
(x?=9.0909, P =0.0026). Transcripts of Qp and EBNA1
were detected in all the 11 EBVaGCs, while both Wp and
Cp were silent. EBNA2, LMP1 and LMP2B mRNA were absent
in all the cases, while LMP2A mRNA was detected in 4 of the
11 cases. Of the 11 EBVaGCs, 7 exhibited BcLF1 transcripts
and 2 exhibited BHRF1 transcripts. The transcripts of BZLF1
and BARF1 were detected in 5 cases, respectively. No BLLF1
and BRLF mRNA were detected.

CONCLUSION: The latent pattern of EBV in gastric
carcinoma corresponds to the latency I/II. Some lytic infection
genes are expressed in EBVaGCs tissues. BARF1 and BHRF1
genes may play an important role in tumorigenesis of gastric
carcinoma.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Epstein-Barr virus (EBV) is a tumor-related virus and EBV
genome exists in many human malignant tumors, such as
Burkitt’s lymphoma (BL), nasopharyngeal carcinoma (NPC),
Hodgkin’s disease (HD) and B lymphocyte carcinoma in
immunodeficiency patients. In recent years, EBV has also been
reported to be associated with the development of gastric
carcinoma. EBV has been found in most cases of rare gastric
lymphoepithelioma-like carcinomas and in a small but significant
proportion of common gastric adenocarcinomas. EBV-
associated gastric carcinoma (EBVaGC) is observed in various
histological types, such as well moderately and poorly
differentiated adenocarcinomas, signet ring carcinomas!'-l.
Latent infection is a characteristic of EBV infection. It is
generally thought that EBV-carrying tumors express latent
infection genes but not lytic infection genes. Studies about
Burkitt’s lymphoma and nasopharyngeal carcinoma (NPC) have
shown that the expression of EBV genes is different in different
types of malignancies and that lytic genes are also expressed™l.
The pathogenic role of EBV in gastric carcinomas still remains
undefined. In order to identify the role of EBV in oncogenesis,
the form of EBV and expression of EBV genes in tumor tissues
must be understood. The aims of the present study were to
understand the expression of EBV latent and lytic genes in
EBVaGCs at transcriptional level, and to investigate the relationship
between EBV-encoded genes and development and progress of
gastric carcinomas at molecular level.

MATERIALS AND METHODS
Specimens and extraction of DNA and RNA

Tumor tissues and corresponding para-carcinoma tissues were
dissected from the stomachs removed at surgery from 172
patients with gastric carcinoma in the Affiliated Hospital of
Qingdao University Medical College, Qingdao Municipal Hospital
and Yantai Yuhuangding Hospital. DNA was extracted by the
standard proteinase K-sodium dodecyl sulfate (SDS) method,
followed by phenol-chloroform purification. Total RNA was
extracted with TRIzol reagent (Gibco BRL, Gaithersburg MD,
USA) following the manufacturer’s instructions.

PCR-Southern blotting for EBV DNA
EBV DNA was detected by PCR and Southern hybridization
analysis as previously described™.
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In situ hybridization for EBV-encoded small RNA (EBER) 1

EBERI of the PCR positive specimens was detected by in situ
hybridization (ISH) to confirm EBV infection. ISH was carried out
as previously described™. Briefly, paraffin-embedded sections
were deparaffinized with xylene, hydrated with ethanol, and
predigested with proteinase K. Then the sections were hybridized
with digoxigenin (DIG)-labeled oligonucleotide probes (antisense
probe: 5’-AGACACCGTCCTCACCACCCGGGACTTGTA-3’;
senseprobe: 5’-TCTGTGGCAGGAGTGGTG-GGCCCTGAAC
AT-3’) overnight at 37 “C. DIG-labeled probes were visualized
by alkaline phosphatase (AP) conjugated anti-DIG antibodies.

NBT/BCIP (Roche Diagnostics, Germany) was used as a substrate
for AP. EBER1 sense probe was used to confirm the specificity
ofhybridization.

RT-PCR analysis for EBV gene expression

Details of the sequences and genome coordinates of primers and
probes used to detect EBV transcripts are given in Table 1!,
The probes were labeled with DIG-ddUTP by DIG oligonucleotide
3’-end labeling kit (Roche Diagnostics, Germany). Approximately
1 pg RNA of EBV-positive samples was subjected to cDNA
synthesis with a reverse transcription system (Promega, USA).

Table 1 Sequences and coordinates of primers and probes for RT-PCR analysis

Transcript Oligonucleotide sequence (5’-3") Product size (bp) Genome coordinate
Wp 5 primer CAGGAGATCTGGAGTCCACACAAATCCT 131/136 14 396-14 556
5 primer GAGGAGATCTGGAGTCCACACAAATGGG 14 396-14 561
3’primer ACTGAAGCTTGACCGGTGCCTTCTTAGGAG 14 735-14 716
probe GAGACCGAAGTGAAGGCCCTGGACCAACCC 14 561-14 590
Cp 5 primer TGTAGATCTGATGGCATAGAGAC 285/290 11 342-11 355
3’primer ACTGAAGCTTGACCGGTGCCTTCTTAGGAG 14 735-14 716
probe AAGGACACCGAAGACCCCCAGAG 11 356-11 378
Qp 5 primer ATATGAGCTCGTGCGCTACCGGATGGCG 255 62 441-62 457
3’primer GATCGAATTCCATTTCCAGGTCCTGTACCT 107 987-107 967
probe GGTGAATCTGCTCCCAGGTC 67 628-67 609
EBNA1 5 primer GATGAGCGTTTGGGAGAGCTGATTCTGCA 273 67 510-67 539
3’primer TCCTCGTCCATGGTTATCAC 108 075-108 056
probe AGACCTGGGAGCAGATTCAC 67 608-67 627
EBNA2 5 primer GCTGCTACGCATTAGAGACC 339 47 892-47 911
3’primer TCCTGGTAGGGATTCGAGGG 48 616-48 597
probe CAGCACTGGCGTGTGACGTGGTGTAAGTT 48 391-48 420
LMP1 5 primer TCCTCCTCTTGGCGCTACTG 490 169 383-169 364
3’primer TCATCACTGTGTCGTTGTCC 168 740-168 759
probe GAACAGCACAATTCCAAGGAACAATGCCTG 169 061-169 090
LMP2A 5 primer ATGACTCATCTCAACACATA 280 166 874-166 893
3’primer CATGTTAGGCAAATTGCAA 380-361
probe ATCCAGTATGCCTGCCTGTA 62-81
LMP2B 5 primer CAGTGTAATCTGCACAAAGA 325 169 819-169 838
3’primer CATGTTAGGCAAATTGCAAA 380-361
probe ATCCAGTATGCCTGCCTGTA 62-81
BZLF1 5 primer ATTGCACCTTGCCGCCACCTTTG 608 103 194-103 180
3’primer CGGCATTTTCTGGAAGCCACCCGA 102 486-102 463
probe CACTGCTGCTGCTGTTTGAACAGT 102 772-102 795
BRLF1 5 primer ACCATACAGGACACAACACCTC 266 106 166-106 145
3’primer GATGTTGAGCGTGGCCATTAGC 104 959-104 980
probe GTTAGCCTCAGAAAGTCTTCCAAGCCATCC 105 140-105 169
BARF1 5 primer GGCTGTCACCGCTTTCTTGG 203 165 560-165 579
3’primer AGGTGTTGGCACTTCTGTGG 165 762-165 743
probe CTGGTTTAAACTGGGCCCAGGAGAGGAGCA 165 644-165 673
BHRF1 5 primer GTCAAGGTTTCGTCTGTGTG 211 53 830-53 849
3’primer TTCTCTTGCTGCTAGCTCCA 54 480-54 461
probe ATGCACACGACTGTCCCGTATACAC 54 435-54 411
BcLF1 5 primer TGCCCAATCCCAAGTACACGACC 377 136 229-136 207
3’primer CAGCAGGTCATAATTGGACGGG 135 853-135 874
probe GAGAGCATTCTGTAGGTTAAACGCGAGGA 136 099-136 128
BLLF1 5 primer CCTACCTTGAATACAACTGG 309 90 860-90 841

3’primer TGACGCTTGGCTGGTGGTGC
probe TGGTGACATCCGCGGTGGAT

89 961-89 980
90 731-90 750




Luo B et al. EBV gene expression in gastric carcinomas 631
- N T
A Gr w B ok AT S .
o '@q ey =R T e 1. T
P il il W o Lo p e gl by Y s Lt - .
¥ '*’_J:'q- -gi 3 i Ee [ _;-"'! il e s }
e e TR RN ey e
-s. .,r‘ "."-l"f # "| L i {n"- '- -_ LI - ] # ol
- I..-:l, :-ff .n:' ,fl & e T . P
-'-;, — " -3 + i P -] T
o - :"-”: = . ir#. _‘:E “=.£s:;‘ 1 4 e E e : gt ¥ TR :.!.l
T el v B T ot g £
Fio=a o e Y N T
-* iy 4 t." l('* 5 - -
...-1. g b A et . P " %
1 ! :.'T S iy i? ] e ' e, ; fow ol
[ i i 3 a

b T - : ' .
Fedm o e e

Figure 1 In situ hybridization for EBER1 in gastric carcinoma tissue. A: In situ EBER1 hybridization with antisense probes. Strong
signals were observed in the nuclei of all tumor cells; B: In situ EBER1 hybridization with sense probes; C: Hematoxylin/eosin
(H&E) staining in the adjacent pair of EBER1 in situ hybridization. original magnification x200.

Three microliters of cDNA was added into a solution containing
200 umol/L dNTPs, 500 pmol/L each primer, 1.5 mmol/L MgCl,
and 1 UTaq DNA polymerase (Promega, USA) in a total volume
of 30 uL. PCR was carried out under the following conditions:
first denaturation at 94 “C for 5 min, then denaturation for 45 s
at 94 °C, annealing for 45 s at 55 °C, extension for 1 min at72 C
in 35 amplification cycles, and finally extension for 5 min at
72 °C. The amplified products were electrophoresed in 2%
agarose gel, transferred onto a Hybond N* nylon membrane
(Amersham Pharmacia Biotec, Ireland) and subjected to
hybridization with 3’-end-DIG-labeled oligonucleotide probes.
The hybridized signals were detected by alkaline phosphatase
(AP) conjugated anti-DIG antibodies. The substrate of AP was
CSPD (Roche Diagnostics, Germany). cDNAs from EBV-
immortalized lymphoblastoid cell lines (LCL) were used as
positive controls, and those from EBV-negative Ramos cells as
negative controls. The integrity of RNA was checked by the parallel
amplification of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)mRNA.

Statistical analysis
Software SAS 6.12 was employed to process the data with
fourfold table y test.

RESULTS
Detection of EBVaGC

One hundred and seventy-two gastric carcinoma tissues and
corresponding para-carcinoma tissues were tested for EBV
genome by PCR-Southern blotting. EBER1 of the PCR positive
specimens was detected by ISH to confirm EBV infection.
Eleven EBYV positive samples were found in gastric carcinomas
(6.39%). No EBV positive sample was found in corresponding
para-carcinoma tissues. The difference in EBV positivity was
significant between carcinoma and corresponding para-
carcinoma tissues (*=9.0909, P=0.0026). Tumor cell nuclei
of EBER1-positive cells were stained dark blue (Figure 1). Of
the 11 EBVaGCs, 10 expressed EBER1 in almost all carcinoma
cells, only one case expressed EBER1 in a proportion of tumor
cells.

Expression of EBNA promoters

RT-PCR and Southern hybridization were performed with exon-
specific primers of Qp, Wp and Cp. Transcripts of Qp were
detected in all the 11 EBVaGCs, while neither Wp nor Cp
transcripts were detected. The transcripts were also detected
in LCL cells but not in Ramos cells (Figure 2). GAPDH mRNA
was amplified to check pertinent RNA extraction. The result
showed the integrity of RNA.

bp M1 23456 7 89 10111213
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Figure 2 RT-PCR and Southern hybridization analysis of EBNA
gene transcription using promoters. M: DIG-labeled DNA
molecular weight marker VIII (Roche). Lane 1: EBV-positive
LCL(positive control); lane 2: EBV-negative Ramos cells
(negative control); lanes 3-13: EBV-positive gastric carcinoma
samples. GAPDH mRNA was amplified to check pertinent
RNA extraction and results were shown by EB staining.

Expression of EBV latent infection genes

We investigated the expression of latent infection genes in 11
EBVaGCs with RT-PCR and Southern blotting (Figure 3A).
EBNA1 mRNA was detected in all the cases, while EBNA2
mRNA was not detected, which was consistent with the Qp
utilization for EBNA1 mRNA. LMP2A mRNA was found in 4 of
the 11 cases, but neither LMP1 nor LMP2B mRNA was found
in any of the cases.

Expression of EBV lytic infection genes

To characterize the EBV lytic cycles in EBVaGCs, transcription
of EBV immediate-early genes BZLF1 and BRLF1, early genes
BARF1 and BHRF1 and late genes BcLF1 and BLLF1 were
analyzed by RT-PCR and Southern blotting (Figure 3B). Ofthe
11 EBVaGCs, 7 exhibited BcLF1 transcripts and 2 exhibited
BHRF1 transcripts. The transcripts of BZLF1 and BARF1 were
detected respectively. No BLLF1 and BRLF mRNA were
detected in the 11 EBVaGCs.
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Figure 3 Detection of EBV latent gene expression (A) and
EBV lytic gene expression (B) by RT-PCR and Southern
hybridization. M: DIG-labeled DNA molecular weight marker
VIII (Roche). Lane 1: EBV-positive LCL (positive control); lane
2: EBV-negative Ramos cells (negative control); lanes 3-13:
EBV-positive gastric carcinoma samples. GAPDH mRNA was
amplified to check pertinent RNA extraction and results were
shown by EB staining,.

DISCUSSION

Recently, great attention has been paid to the association of
EBV infection and gastric carcinoma. In the present study, 11
EBVaGCs (6.39%)were confirmed, whilenoEBV positive sample
was found from corresponding para-carcinoma tissues (£<0.01).
These results are consistent with previous reports on EBV
positivity in gastric carcinomal'?. Ten of the 11 EBVaGCs
expressed EBER1 in almost all carcinoma cells, suggesting that
EBYV infection occurs early in oncogenesis with a subsequent
clonal expansion of EBV-containing tumor cells as shown by
other investigators using molecular genetic techniques!”'?. One
EBVaGCexpressed EBER1 in a small number of gastric carcinoma
cells with focal EBER1 staining, indicating that EBV infection
occurs after the neoplastic transformation.

The expression of EBNA promoter genes was investigated
in 11 EBVaGC tissues. Qp was clearly detected in all the cases,
whereas Cp and Wp were not detected in all EBVaGCs, indicating
that Qp, but not Cp or Wp, mediates EBNA transcription in
EBVaGC tissues. Activation of Qp only resulted in expression
of EBNAI gene but not other EBNA genes. EBNA1 mRNA was
transcribed from Qp in 11 EBVaGCs. EBNA2, LMP1 and LMP2B
mRNA were not detected. Four of 11 cases exhibited LMP2A
mRNA. These results are consistent with previous reports on

EBVaGC"®. The pattern of viral gene expression is not like the
latency I of Burkitt’s lymphoma (BL) or the latency II of NPC,
but corresponds to the unique latency I/II of EBV infection.

EBNA and LMP1 are essential genes for transformation of
cells. Since EBNA1 is commonly expressed in 3 types of latency,
it may play a similar pathogenic role in different types of tumors.
Several in vitro studies have demonstrated that LMP1 can
transform rodent fibroblasts and human keratinocytes, inhibit
differentiation of human epithelial cells, and induce expression
of epidermal growth factor receptors. These important findings
strongly support that they play crucial roles in the development
of non-lymphoid cell carcinomas, for example, the positivity of
NPC LMP1 exceeds 80% of the NPC cases!'*'!. In the present
study, EBNA1 mRNA was detected in all of the EBVaGCs,
suggesting that the pathogenic role of EBNAL is similar in
EBVaGCs, NPC and BL. The absence of LMP1 expression in
EBVaGCs implies that LMP1 may not be necessary for the
tumors, at least not necessary for sustaining its already
established malignant state. Rather, LMP1 might participate in
the earlier stage of tumor development and is down-regulated
thereafter. Alternatively, the lack of LMP1 may reflect the result
of clonal selection of LMP1-negative tumor cells by immunological
pressure because EBV-specific cytotoxic T cells are potentially
directed against the viral latent membrane proteins rather than
EBNALI. In fact, patients with EBVaGC normally retain virus-
specific immune T-cell responses, in contrast to NPC patients®!.
It has been reported that LMP2A is involved in blocking B-cell
specific signaling pathways and calcium mobilization, which
might be advantageous for maintaining latent patterns of EBV
infection and inhibiting EBV reactivation"®. However, the
functions of LMP2A in epithelial cells have not been analyzed
yet. Serological studies have shown that NPC patients have
elevated titers of antibody to both LMP2A and LMP2B,
suggesting that LMP2A and LMP2B are expressed during the
progression of the disease!'’l. The pathogenic roles of LMP2A in
the development and progression of gastric carcinoma remain
to be determined.

In our study, the expression of lytic infection genes in 11
EBVaGC tissues was detected by RT-PCR analysis. We demonstrated
EBV replication in part of the samples. Four cases simultaneously
exhibited BZLF1, BARF1 and BcLF1 mRNA. Immediate-early
genes BZLF1 and BRLF1 were necessary and sufficient to
orchestrate the switch from latency to lytic replication and
expression of early and late genes. BRLF1 mRNA was not
detected in 11 EBVaGCs, whereas BZLF1 mRNA was detected
in 5 of 11 cases. We therefore assume that BZLF1 gene activates
EBYV lytic replication. Early gene BHRF1 showed partial
sequence homologous to human bcl-2 proto-oncogene, a gene
involved in inhibiting cell apoptosis. BHRF1 protein could
inhibit apoptosis of B lymphocytes and epithelial cells, and
promote cell growth and transformation™®!*). BARF1 is able to
immortalize epithelial cells and fibroblast cells in vitro.
Furthermore, it could activate the expression of bel-2!'2%, We
demonstrated that 5 of 11 EBVaGCs exhibited BARF1 mRNA
and 2 exhibited BHRF1I mRNA. Because EBVaGC lacks the
expression of LMP1!"7# BARF1 and BHRF1 genes might be
the viral oncogenes in EBVaGC. Late gene BLLF1 encodes
envelope glycoprotein gp320/220, which is the most abundant
protein synthesized during lytic replication of EBV. The
infection of B lymphocytes is mediated by adsorption of EBV
gp320/220 to the receptor, CD21. In our study, BLLF1 mRNA
was not found in 11 EBVaGCs. It can be proposed that EBV
infects gastric epithelial cells by CD21-independent pathways.

In Iytic lymphocytes, transcripts of all known EBV lytic genes
have been detected. In our study, BLLF1 and BRLF1 mRNA
were not detected in EBVaGC. The expression of lytic genes
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varied among the individual tumors analyzed. These results
suggest that EBV lytic infection occurs in a small portion of
EBV-infected carcinoma cells and the productive cycle is often
incomplete. The same results have been reported previously!”.
Because EBERI-positive cells are detected only in carcinoma
cells but not in infiltrated lymphocytes in tumor tissues, we
could deny the possibility that EBV lytic infection occurs in
other cells (such as infiltrated lymphocytes in tumor tissues)
but not in carcinoma cells. Many studies have shown that the
pattern of viral gene expression corresponds to latency I/II of
EBYV infection in EBVaGC. However, reports on the expression
of lytic infection genes in EBVaGC are very few and have
disparate results. For example, Sugiura et a/™ did not detect
BZLF1 mRNA in EBVaGCs, whereas Hoshikawa et a/l”! detected
BZLF1,BRLF1, BLLF1 and BcLF1 mRNA in EBVaGCs.

In conclusion, the latent pattern of EBV corresponds to
latency I/Il and EBV lytic infection occurs in EBVaGC. BARF1
and BHRF1 may play important roles in tumorigenesis of
EBVaGC. However, the mechanism by which EBV lytic infection
regulates the pathogenesis and development of gastric carcinoma
remains to be determined.

REFERENCES

1  zur Hausen A, Brink AA, Craanen ME, Middeldorp JM, Meijer
CJ, van den Brule AJ. Unique transcription pattern of Epstein-
Barr virus (EBV) in EBV-carrying gastric adenocarcinomas:
expression of the transforming BARF1 gene. Cancer Res 2000;
60: 2745-2748

2 Imai S, Koizumi S, Sugiura M, Tokunaga M, Uemura Y,
Yamamoto N, Tanaka S, Sato E, Osato T. Gastric carcinoma:
monoclonal epithelial malignant cells expressing Epstein-Barr
virus latent infection protein. Proc Natl Acad Sci USA 1994; 91:
9131-9135

3 Martel-Renoir D, Grunewald V, Touitou R, Schwaab G, Joab
L. Qualitative analysis of the expression of Epstein-Barr virus
lytic genes in nasopharyngeal carcinoma biopsies. | Gen Virol
1995; 76 ( Pt 6): 1401-1408

4 Bashir R, Luka J, Cheloha K, Chamberlain M, Hochberg F.
Expression of Epstein-Barr virus proteins in primary CNS lym-
phoma in AIDS patients. Neurology 1993; 43: 2358-2362

5 Ikuta K, Satoh Y, Hoshikawa Y, Sairenji T. Detection of Epstein-
Barr virus in salivas and throat washings in healthy adults and
children. Microbes Infect 2000; 2: 115-120

6 Tokunaga M, Uemura Y, Tokudome T, Ishidate T, Masuda H,
Okazaki E, Kaneko K, Naoe S, Ito M, Okamura A. Epstein-
Barr virus related gastric cancer in Japan: a molecular patho-
epidemiological study. Acta Pathol Jpn 1993; 43: 574-581

7 Hoshikawa Y, Satoh Y, Murakami M, Maeta M, Kaibara N, Ito
H, Kurata T, Sairenji T. Evidence of lytic infection of Epstein-
Barr virus (EBV) in EBV-positive gastric carcinoma. | Med Virol

10

11

12

13

14

15

16

17

18

19

20

2002; 66: 351-359

Sugiura M, Imai S, Tokunaga M, Koizumi S, Uchizawa M,
Okamoto K, Osato T. Transcriptional analysis of Epstein-Barr
virus gene expression in EBV-positive gastric carcinoma: unique
viral latency in the tumour cells. Br | Cancer 1996; 74: 625-631
Oudejans JJ, van den Brule AJ, Jiwa NM, de Bruin PC,
Ossenkoppele GJ, van der Valk P, Walboomers JM, Meijer CJ.
BHRF1, the Epstein-Barr virus (EBV) homologue of the BCL-2
protooncogene, is transcribed in EBV associated B-cell lympho-
mas and in reactive lymphocytes. Blood 1995; 86: 1893-1902
Kelleher CA, Paterson RK, Dreyfus DH, Streib JE, Xu JW,
Takase K, Jones JF, Gelfand EW. Epstein-Barr virus replicative
gene transcription during de novo infection of human thymocytes:
simultaneous early expression of BZLF-1 and its repressor RAZ.
Virology 1995; 208: 685-695

Prang NS, Hornef MW, Jager M, Wagner HJ, Wolf H,
Schwarzmann FM. Lytic replication of Epstein-Barr virus in
the peripheral blood: analysis of viral gene expression in B
lymphocytes during infectious mononucleosis and in the nor-
mal carrier state. Blood 1997; 89: 1665-1677

Gulley ML, Pulitzer DR, Eagan PA, Schneider BG. Epstein-
Barr virus infection is an early event in gastric carcinogenesis
and is independent of bcl-2 expression and p53 accumulation.
Hum Pathol 1996; 27: 20-27

Levitskaya J, Coram M, Levitsky V, Imreh S, Steigerwald-
Mullen PM, Klein G, Kurilla MG, Masucci MG. Inhibition of
antigen processing by the internal repeat region of the Epstein-
Barr virus nuclear antigen-1. Nature 1995; 375: 685-688
Miller WE, Earp HS, Raab-Traub N. The Epstein-Barr virus
latent membrane protein 1 induces expression of the epidermal
growth factor receptor. | Virol 1995; 69: 4390-4398

Chen F, Hu LF, Ernberg I, Klein G, Winberg G. Coupled tran-
scription of Epstein-Barr virus latent membrane protein (LMP)-
1 and LMP-2B genes in nasopharyngeal carcinomas. | Gen Virol
1995; 76 ( Pt 1): 131-138

Miller CL, Lee JH, Kieff E, Longnecker R. An integral mem-
brane protein (LMP2) blocks reactivation of Epstein-Barr virus
from latency following surface immunoglobulin crosslinking.
Proc Natl Acad Sci USA 1994; 91: 772-776

Lennette ET, Winberg G, Yadav M, Enblad G, Klein G. Anti-
bodies to LMP2A /2B in EBV-carrying malignancies. Eur | Can-
cer 1995; 31A: 1875-1878

Dawson CW, Dawson ], Jones R, Ward K, Young LS. Func-
tional differences between BHRF1, the Epstein-Barr virus-en-
coded Bcl-2 homologue, and Bcl-2 in human epithelial cells. |
Virol 1998; 72: 9016-9024

Huang Q, Petros AM, Virgin HW, Fesik SW, Olejniczak ET.
Solution structure of the BHRF1 protein from Epstein-Barr virus,
a homolog of human Bcl-2. ] Mol Biol 2003; 332: 1123-1130
Sheng W, Decaussin G, Sumner S, Ooka T. N-terminal do-
main of BARF1 gene encoded by Epstein-Barr virus is essential
for malignant transformation of rodent fibroblasts and activa-
tion of BCL-2. Oncogene 2001; 20: 1176-1185

Assistant Editor Li WZ Edited by Zhu LH and Wang XL



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

ELSEVIER

World J Gastroenterol 2005;11(5):634-640
World Journal of Gastroenterology ISSN 1007-9327
© 2005 The WIG Press and Elsevier Inc. All rights reserved.

e GASTRIC CANCER e

Selection of optimal antisense accessible sites of survivin and its
application in treatment of gastric cancer

Qiang-Song Tong, Li-Duan Zheng, Fang-Min Chen, Fu-Qing Zeng, Liang Wang, Ji-Hua Dong, Gong-Cheng Lu

Qiang-Song Tong, Fang-Min Chen, Fu-Qing Zeng, Liang Wang,
Gong-Cheng Lu, Department of Surgery, Union Hospital of Tongji
Medical College, Huazhong University of Science and Technology,
Wuhan 430022, Hubei Province, China

Li-Duan Zheng, Department of Pathology, Union Hospital of Tongji
Medical College, Huazhong University of Science and Technology,
Wuhan 430022, Hubei Province, China

Ji-Hua Dong, Department of Central Laboratory, Union Hospital of
Tongji Medical College, Huazhong University of Science and
Technology, Wuhan 430022, Hubei Province, China

Supported by National Natural Science Foundation of China, No.
30200284 and Science Foundation of Huazhong University of Science
and Technology

Correspondence to: Dr. Qiang-Song Tong, Department of Surgery,
Union Hospital of Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430022, Hubei Province,

China. gs_tong@hotmail.com

Telephone: +86-27- 85991567

Received: 2004-02-23 Accepted: 2004-04-13

Abstract

AIM: To select the optimal antisense accessible sites of
survivin, a highly expressed gene in tumor tissues, in order
to explore a novel approach to improve biological therapy
of gastric cancer.

METHODS: The 20 mer random oligonucleotide library
was synthesized, hybridized with /in vitro transcribed total
survivin cRNA, then digested by RNase H. After primer
extension and autoradiography, the antisense accessible
sites (AAS) of survivin were selected. Then RNADraw
software was used to analyze and choose the AAS with
obvious stem-loop structures, according to which the
complementary antisense oligonucleotides (AS-ODNs) were
synthesized and transferred into survivin highly- expressing
gastric cancer cell line MKN-45. Survivin expression was
detected by RT-PCR and Western Blotting. Cellular growth
activities were assayed by tetrazolium bromide (MTT)
colorimetry. Cellular ultrastructure was observed by
electronic microscopy, while apoptosis was detected by
annexin V-FITC and propidium iodide staining flow cytometry.

RESULTS: Thirteen AAS of survivin were selected /in vitro.
Four AAS with stem-loop structures were chosen, locating
at 207-226 bp, 187-206 bp, 126-145 bp and 44-63 bp of
survivin cDNA respectively. When compared with non-
tranfection controls, their corresponding AS-ODNs (AS-ODN;,
AS-ODN,, AS-ODNs and AS-ODN,) could reduce Survivin
mMRNA levels in MKN-45 cells by 54.3+1.1% (¢=6.12, P<0.01),
86.1+£1.0% (¢=5.27, P<0.01), 32.2+1.3% (f{= 7.34, P<0.01)
and 56.2+0.9% (¢ = 6.45, P<0.01) respectively, while survivin
protein levels were decreased by 42.2+2.5% (¢ = 6.26,
P<0.01), 75.4+3.1% (¢t=7.11, P<0.01), 28.3+2.0% (¢ = 6.04,
P<0.01) and 45.8+1.2% (¢ = 6.38, P<0.01) respectively.
After transfection with 600 nmol/L AS-ODN,~AS-ODN, for
24 h, cell growth was inhibited by 28.12+1.54% (¢=7.62,
P<0.01), 38.42+3.12% (t= 7.75, P<0.01), 21.46+2.63%

(t=5.94, P<0.01) and 32.12+1.77% (t= 6.17, P<0.01)
respectively. Partial cancer cells presented the characteristic
morphological changes of apoptosis, with apoptotic rates
being 19.31+£1.16% (¢= 7.16, P<0.01), 29.24+1.94%
(¢ = 8.15, P<0.01), 11.87+0.68% (¢ = 6.68, P<0.01) and
21.68+2.14% (¢t = 7.53, P<0.01) respectively.

CONCLUSION: The AAS of survivin could be effectively
selected /n vitro by random oligonucleotide library/RNase
H cleavage method combined with computer software
analysis, this has important reference values for further
studying survivin-targeted therapy strategies for gastric
cancer.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Survivin is a novel member of inhibitors of apoptosis (IAPs)
family, which expresses during human embryonal development
and in most of tumor tissues, whereas lacks of expression in
terminally differentiated normal tissues!'*. A series of studies
indicate that survivin has a double function in blocking cell
apoptosis and regulating cell proliferation, its overexpression
correlates with occurrence and development of gastric cancer™®,
Antisense technique has become an efficient therapeutic method
for gastric cancer through blocking gene expression and
biological function of survivin”l. However, since the target
sequence is always folded into secondary and tertiary structures,
resulting in the blocking effects on antisense accessible sites,
which leads to the low inhibition activities of antisense
oligonucleotides designed only by computer software, it is an
attractive research focus on how to select optimal antisense
accessible sites of targeted sequence®'!l. In this research, the
antisense accessible sites of survivin were selected in vitro
through random oligonucleotide library/RNase H cleavage
method combined with computer analysis software, in order to
establish an experimental basis for further exploring the
survivin-targeted therapy strategies for gastric cancer.

MATERIALS AND METHODS

Design and synthesis of random oligonucleotide library

According to literature!"”, random oligonucleotide library was
synthesized, with the following required standards: a length of
20 bp, a mixture of phosphoramidites ata ratioof 1.5:1.25:1.15:1.0
(A: C:G:U/T),andasequence of 5’-mmmnnnnnnnn nnnnnnnmm-
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3’. G, A, T and C denote four kinds of deoxynucleotides, m
denotes the methylation, n denotes random deoxynucleotides.
Random oligonucleotide library was synthesized and purified
by Shanghai Sangon Company.

Transcription of target gene in vitro

The plasmid pcDNA-SVV including full length of survivin
c¢DNA was a kind gift from the Walter and Eliza Hall Institute of
Medical Research (Australia). The plasmid was linearized by
digestion with restriction enzyme Nhe I (Takara Biology
Company) and transcribed into cRNA in vitro using a T,
transcription kit (Promega Biology Company). The total reaction
volume was 50 pL, and incubated at 37 “C for 2 h. Then the
DNA template was removed by digestion with DNase I for 30 min.
The products were extracted with phenol: chloroform: isoamyl
alcohol (V/V 25:24: 1), precipitated with 100% ethanol, washed
with 70% ethanol and dissolved in DEPC H,O after drying at
room temperature. The cRNA concentrations were measured with
UV spectro- photometer, and determined with 1% agarose gel
electrophoresis. The cRNA was preserved at -70 C.

RNase H cleavage reaction

The total volume for hybridization reaction between random
oligonucleotide library and cRNA was 200 uL. The
oligonucleotide library (60 pL, 300 nmol/L) was denatured at
95 “C for Smin, kept on ice for 5 min, added with cRNA 3 pL
(30 pmol/L), 5xTris buffer (200 mmol/L Tris, pH 8.0, 20 mmol/L
MgCl,, 5mmol/LDTT)40 pL, 10 U/uL RNase H (Takara Biology
Company) 2 pL and 1% DEPC H,O 95 uL. The reaction was
conducted at 30 C for 1h. Then the product was extracted with
phenol: chloroform: isoamyl alcohol (V/V 25:24:1), added with
1/10 volume 3 mol/L NaAc and 2.5 volume 100% ethanol,
precipitated at -20 “C for 30 min, washed with 70% ethanol and
dissolved with DEPC H,O.

Primer extension and selection of antisense accessible sites
According to human survivin cDNA sequence (429 bp) and
protocol of the primer extension kit (Promega Corporation),
two extension primers were designed with Primer 5.0 software:
P,5’-CCAAGGGTTAATTCTTCAAACTGCTTC-3", P, 5’-
CCAAGTCTGGCTCGTTCTCAGTGGGGCAGT-3’, which were
synthesized by Shanghai Genebase Company and diluted with
double distilled H,O into 150 nmol/L. Primers and PhiX174 Hinf
I DNA marker were labeled with **P-ATP (Beijing Furui Biology
Corporation) with T, polynucleotide kinase. The 5’ end primer
extension reaction was conducted on the RNase H cleaved
products with each labeled primer, and reaction volume was
20 L. Thereaction was continued at42 “C for 30 min, terminated
by adding 20 uL loading dye, then analyzed on 8% denaturing
polyacrylamide gel. The gel was fixed with 8% acetic acid for
10 min at room temperature, dried up in vacuum at 80 ‘C for 1 h,
exposed to X-ray film overnight at -70 “C for autoradiography.
The secondary structures of full-length survivin cDNA were
predicted with RNADraw software. The antisense accessible
sites (AAS) with obvious stem-loop structure domains, were
selected with results of random oligonucleotide libraries/RNase
H cleavage in vitro combined with RNADraw analysis. Their
complementary antisense oligonucleotides (AS-ODNs) were
synthesized by Shanghai Gene-base Company.

Design of control AS-ODN

According to the secondary structure of survivin cDNA
predicted by RNADraw, the antisense accessible site containing
two stem-loop domains (4-23 bp) was selected (Figure 1). Its
complementary antisense oligonucleotide, named as AS-ODN,

(sequence: 5’-GGGGGCAACGTCGGGGCACC-3’), was
synthesized as a control.
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Figure 1 Secondary structure of antisense accessible sites
(4-23 bp) of survivin designed only with RNADraw software.

Cell culture and gene transfection

The gastric cancer cell line MKN-45, a highly expressing
survivin gene, was purchased from American Type Culture
Collection (ATCC), and incubated in RPMI 1640 medium
supplemented with penicillin/ streptomycin (100 U/mL and
100 pg/mL respectively) and 10% fetal bovine serum at 37 C in
a humidified atmosphere of 50 mL/L CO, and passaged every
three days. MKN-45 cells at exponential phases of growth were
inoculated into 24-well plates. The procedure for transfection
of AS-ODN,and AS-ODNs was conducted according to the
protocol of Lipofectamine 2000 kit (Gibco Company).

SurvivinmRNA expression detection

Reverse transcription polymerase chain reaction (RT-PCR) was
used. Eighteen hours after gene transfection, total RNA was
extracted from cells of each group. Reverse transcription
reaction was carried out using the following mixture containing
1pL 10 mmol/L 4xdNTP, 1uL 1 U/uL RNase inhibitor, 1 pL
0.5 pg/uL OligodT primer, 0.5 pLL AMV reverse transcriptase,
4 uL 5 AMYV buffer, 4 uL RNA template, 8.5 pL ddH,O. The
reaction was conducted at 42 C for 30 min, heated to 99 C
for 5 min to inactivate AMV reverse transcriptase and kept at
5 C for 10 min. In reference to survivin cDNA sequence in
GenBank (accession number: U75285), the primer pairs for
survivin fragments were designed with Primer Premier 5.0
software: forward primer: 5’-CACCGCATCTCTACATTCAA-
3, reverse primer: 5’-CACTTTCTTCGCAGTTTCCT-3". The
anticipated product was 345 bp in length. The primers for a-
tubulin, including forward primer: 5’-CCGTCCTTTCCACTCA-
3’ and reverse primer: 5’-GTAATCT CGGCAACAC-3’, served
as an inner control with a product of 410 bp. PCR amplification
was conducted in following condition: pre-denaturation at
95 °C for 5 min, denaturation at 95 ‘C for 1 min, annealing at 60 C
for 1 min, and extension at 72 ‘C for 90 s. After 30 amplification
cycles the products were extended at 72 “C for 10 min. The PCR
products were separated with electrophoresis on 1% agarose
gel and photographed under ultraviolet radiation light.

Survivin protein expression assay

Western blotting was used. The total cellular protein was extracted
and determined according to the Molecular Cloning Manual.
Western blot was conducted. Blots were incubated sequentially
with 1% fat free dry milk, rabbit polyclonal anti-survivin antibody
(Santa Cruz Company) and peroxidase-conjugated second
antibody, and evaluated using ECL Western blotting kit. Survivin
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protein band intensities were determined densitometrically
using the CMIASWIN computer imaging system.

Cell growth assay

The3-(4,5-dimethylthiazol-2-yl)-2,5-dimethyl tetrazolium bromide
(MTT) colorimetry method was used. MKN-45 cells were seeded
at a density of 3x10°/100 pL into 96-well chamber slides. The
non-transfection controls, 600 nmol/L. AS-ODNjtransfection and
600 nmol/L. AS-ODN transfection groups were designed, with
each group having five wells. After transfected for 6, 12, 18 and
24 h, each well was added with 0.5% MTT 20 pL and incubated
for another 4 h. The supernates were discarded, then DMSO
100 puL was added. When the crystals were dissolved, the optical
density 4 values of the slides were read on enzyme-labeled
minireader II at the wavelength of 490 nm. Cell growth inhibition
rate (%) = ( 1- average A4 value of experimental group/ average A
value of non-transfection control group)*100%.

Cellular ultrastructure observation

Cancer cells from three groups were collected, rinsed with PBS
and fixed using 2.5% glutaraldehyde for 30 min, then washed
with PBS. After routine embedding and sectioning, cells were
observed under electronic microscope.

Cell apoptosis detection

Apoptosis was detected by annexin V-FITC and propidium iodide
staining flow cytometry. Cells were collected, washed twice with
cold PBS, resuspended with 100 uL binding buffer (10 mmol/L
HEPES, 140 mmol/LNaCl, 2.5mmol/L CaCl2,pH7 4)to2-5x107/mL,
and incubated with annexin V-FITC at room temperature for
10 min. After washed with binding buffer, cells were resuspended
with 400 pL binding buffer containing 10 uL PI (20 pug/mL) and
incubated on ice for 15 min. Apoptosis was analyzed by flow
cytometry (BD Company, USA) at the wavelength of 488 nm.

Statistical analysis
Data were expressed as mean=SD and analyzed by SPSS10.0

statistical software.

RESULTS

In vitro selection of antisense accessible sites of survivin

As shown in Figure 2, after survivin cRNA was mixed with the
random oligonucleotide library and digested by RNase H, there
were obvious products on autoradiography through primer extension
of P and P,, which weretargeting coding regions of survivin mRNA.
Thirteen antisense accessible sites were selected. Their product
size of primer extension, 3’ end cleaving sites by RNase H and
corresponding antisense accessible sites are shown in Table 1.
Secondary structures of these thirteen sites were analyzed with
RNADraw software. As shown in Figure 3, four sites were found
to have obvious stem-loop structures (at 207-226 bp, 187-206
bp, 126-145 bp, 44 -63 bp of survivin cDNA respectively). The
antisense oligonucleotides AS-ODN;-AS-ODN,, complementary
to these four sites, were synthesized (Table 2).
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Figure 2 Primer extension analysis for the selection of antisense
accessible sites of survivin by random oligonucleotide library/
RNase H cleavage method. M: PhiX174 Hinf I DNA marker.
Lane 1: Primer extension positive control; lanes 2-3: Primer
extension products of P; and P,.

Qe il =

Table 1 Antisense accessible regions of survivin mRNA shown by primer extension analysis

Primer Product size of primer 3" end site of primer 3’ end site of RNase H Antisense accessible
name extension (bp) extension (bp) cleavage (bp) sites (bp)
Py 42 255 254 235-254
60 237 236 217-236
70 227 226 207-226
82 215 214 195-214
90 207 206 187-206
104 193 192 173-192
118 179 178 159-178
151 146 145 126-145
P, 40 124 123 104-123
70 94 93 74-93
100 64 63 44-63
118 46 45 26-45
140 24 23 4-23

Table 2 Antisense accessible sites and their complementary oligonucleotide sequences selected by random oligonucleotide

library /RNase H cleavage combined with RNADraw analysis

Serial number Base sequence Origination-end sites Base pair
ODN; AGATGACGACCCCATAGAGG 207-226 20 bp
AS-ODN; CCTCTATGGGGTCGTCATCT

ODN, GAGCTGGAAGGCTGGGAGCC 187-206 20 bp
AS-ODN;, GGCTCCCAGCCTTCCAGCTC

ODN; CTTCATCCACTGCCCCACTG 126-145 20 bp
AS-ODNj; CAGTGGGGCAGTGGATGAAG

ODNy AGGACCACCGCATCTCTACA 44-63 20 bp

AS-ODN, TGTAGAGATGCGGTGGTCCT
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Figure 3 Four secondary structures of antisense accessible sites predicted by RNADraw software. A: ODN ; (207-226 bp); B: ODN,

(187-206 bp); C: ODN}; (126-145 bp); D: ODN} (44-63 bp).

Blocking effects of antisense oligonucleotides on gene expression
The ratio of survivin/o-tubulin in non-transfection group
was 0.918+0.006. Eighteen hours after transfection with
AS-ODNj;and AS-ODN,;-AS-ODN,, the survivin/a-tubulin
ratios were(0.749+0.006,0.419+0.011,0.12840.009, 0.622+0.012
and 0.402+0.008 respectively (Figure 4A). Their inhibitory rates
on survivin mRNA expression were 18.4+0.6% (1=5.02, P<0.05),
54.3+1.1%(t=6.12,P<0.01),86.1£1.0%(t=5.27,P<0.01),32.2+1.3%
(t=7.34, P<0.01) and 56.2+0.9% (= 6.45, P<0.01) respectively.
As shown in Figure 4B, Western blotting detection found
obvious 16.5 KD protein bands in non-transfected MKN-45 cells.
Computer imaging system demonstrated that the inhibitory
efficiencies of AS-ODNyand AS-ODN;-AS-ODN, on survivin

A 65432 1M

o-tubulin (410 bp)
Survivin (345 bp) —

= r—
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SUrvivin  wees eess o e = 16.5 ku

Figure 4 RT-PCR and Western blotting detection of the block-
ing effects of various antisense oligonucleotides on survivin
mRNA and protein expression of MKN-45 cells. A: RT-PCR
detection of the blocking effects of various antisense oligo-
nucleotides on survivin mRNA expression of MKV-45 cells
M: PCR marker (100-1 000 bp). Lane 1: Non-transfection
Control; lane 2: AS-ODNy; lane 3: AS-ODNj ; lane 4: AS-ODN,;
lane 5: AS-ODNj; lane 6: AS-ODNj; B: Western blotting detec-
tion of the blocking effects of various antisense oligonucle-
otides on survivin protein expression of MKN-45 cells.

protein expression were 12.6+1.1% (¢=4.05, P<0.05),42.2+2.5%
(1=6.26,P<0.01),75.4+3.1% (t=7.11, P<0.01),28.3+2.0% (t=06.04,
P<0.01) and 45.8+1.2% (¢t = 6.38, P<0.01), respectively. The
blocking effect of AS-ODN, was the highest among all these
antisense oligonucleotides.

Cell growth inhibition

After treatment with 600 nmol/L AS-ODN, and AS-ODN;-AS-
ODN,, the growth activities of MKN-45 cells were reduced in
a time dependent manner. Twenty-four hours after transfection,
their growth inhibition rates on MKN-45 cells were 15.24+1.85%
(t=5.44,P<0.01),28.12+1.54% (t=7.62, P<0.01),38.42+3.12%
(t=7.75,P<0.01),21.46+2.63% (t=5.94, P<0.01)and 32.12+1.77%
(t=6.17, P<0.01) respectively. The growth inhibition effect of
AS-ODN;, was the highest in all antisense oligonucleotides

(Figure 5).
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Figure 5 Growth inhibitory effects of various antisense oligo-
nucleotides on MKN-45 cells.

Cell morphological features
Cancer cells in non-transfection control group grew rapidly, with
aregular polygon shape. After transfection with 600 nmol/L AS-
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ODNS; -4, some cells presented reduced size, irregular shape,
and mostly round profile. Under electronic microscope, some
cells had characteristic morphological changes of apoptosis such
as nuclear shrinkage, chromatin congregation around nuclear
membranes, reduction of cell volume and integrity of nuclear
membranes (Figure 6).

Induction of cell apoptosis

The apoptotic rate of MKN-45 cells in non-transfection group
was 0.92+0.12%. After treatment with 600 nmol/L AS-ODNyand
AS-ODNS;-,for 24 h, the apoptotic rates of MKN-45 cells
were 5.02+0.26% (t=4.17, P<0.05),19.31+£1.16% (¢="7.16,
P<0.01),29.24+1.94% (¢=8.15, P<0.01), 11.87+0.68% (¢=6.68,
P<0.01) and 21.68+2.14% (¢ =7.53, P<0.01) respectively. The
apoptosis-inducing effect of AS-ODN, was the highest in all
antisense oligonucleotides (Figure 7).

DISCUSSION

Gastric cancer is acommon malignant neoplasm of the alimentary
tract, its incidence is among the leading three kinds of cancers
in different regions of China and has an increasing tendency!'*'*.
It is one of the research focuses to explore effective methods
for early prevention and treatment of gastric cancer. Survivin is
a novel member of the apoptosis inhibitor gene family, which
was identified by hybridization screening of human genome
libraries with cDNA of effector cell protease receptor-1 (EPR-1)

Non-transfection control

AS-DN2 transfection
chromatin congregating

by Altieri et al' at Yale University in 1997. Interestingly,
survivin expresses during embryonal development and in most
human tumor tissues. It also expresses in many transformed
cell lines, whereas lacks of expression in normal adult tissues!'”),
indicating that survivin participates in occurrence and development
of neoplasms through inhibiting apoptosis, promoting cell
proliferation and regulating mitosis and angiogenesis. These
findings indicate that survivin is a potential neoplasm marker
correlated with prognosis!'®. A series of researches demonstrate
that both mRNA and protein levels of survivin in gastric cancer
tissues are significantly higher than those in adjacent non-
tumor gastric tissues, indicating that it can serve as a novel
target for early diagnosis and treatment of gastric cancer!'*?’!.
Tu et al stably transferred the antisense RNA vector for
survivin into gastric cancer cells and found that cell growth
was decreased with an increased rate of apoptosis, while these
cells also exhibited decreased de novo gastric tumor formation
and reduced angiogenesis.

In recent years, antisense oligonucleotide has been used
to explore gene function, and exhibits a great potential in
prevention and treatment of neoplasms!?'**. Because the
secondary or tertiary structure of target gene is found in its
regions inaccessible to their complementary nucleic acids
through base partnership, the selection of optimal antisense
accessible sites of targeted sequence is one of the key factors

influencing the blocking effects of antisense nucleic acids™*.

e 2 .
AS-ODN, transfection
nuclear shattering

Figure 6 Morphological observation of gastric cancer cells after transfection with antisense oligonucleotides targeting survivin

by electronic microscopy.
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Figure 7 Flow cytometry detection of apoptosis-inducing effects of various antisense oligonucleotides on MKN-45 cells.
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Random shooting method has been widely used to select
antisense nucleic acids, in which a series of oligonucleotides
(usually 50-100 pieces) targeting different regions of a special
mRNA were synthesized and evaluated for their antisense
activities or accessibilities to targeted sites. But generally only
2-5% antisense oligonucleotides are efficient. Moreover, this
method can not determine all accessible sites of targeted
mRNAP®, By computer- predicting method, RNA secondary
structures can be predicted through RNA fold softwares, such
as MFOLD. Though it has been used for 25 years, it is not
sufficient to design antisense oligonucleotides, except for few
successful examples. The reason is that computer software can
form different structures with similar free energies, which makes
it difficult to determine folded structures®2?. Antisense
hybridization screening was once considered as an efficient way
to select antisense oligonucleotides, by which a large number of
oligonucleotides could be synthesized and fixed in solid medium
for preparation of screen-array, while corresponding analysis
softwares for hybridization are also required. So, it costs a large
amount of research expenditure®’..

In 1996, based on the fact that RNase H could specifically
hydrolyze the phosphodiester backbone of the RNA strand in
RNA-DNA duplex hybrid, Siew et al firstly brought forward a
brand-new conception for the in vitro selection of antisense
accessible sites by random oligonucleotide libraries/RNase H
cleavage method. Firstly, a set of random oligonucleotide libraries,
which were fixed in length and composed of possible sequences,
were synthesized and incubated with targeted mRNA.
Oligonucleotides, which were complementary to accessible
sites in libraries, could form hybridization duplex with targeted
mRNA. After RNase H cleavage, the sizes and sites of the
cleaved products are determined by 5’ end primer extension
reaction, then the accessible sites of targeted sequence are
selected"?. This method does not require a complex resource
of molecular biology and has full consideration of the blocking
effects of thermodynamics on secondary or tertiary structure
of mRNA. Using this method, Siew e? al successfully selected
22 antisense accessible sites of human MDR-1 mRNA, and the
maximal blocking rate of synthesized complementary antisense
oligonucleotides to MDR-1 expression reached 95 percent. In
order to explore the effects of random oligonucleotide libraries
on selection of antisense accessible sites, Lloyd et a/P!
introduced four kinds of random oligonucleotide libraries
including 8, 12, 16 and 20 mer, and selected 34 antisense
accessible sites of TNFo mRNA, in which the 20 mer library
has the highest selection efficiency. Vickers et a/t*¥ compared
this method with RNAi (RNA interference) technique, and found
the blocking effect of antisense oligonucleotides designed and
synthesized by this method was close to that of siRNA.

In this study, thirteen antisense accessible sites of survivin
were selected in vitro by the random oligonucleotide libraries/
RNase H cleavage method, then analyzed by RNADraw
software. Four sites with obvious stem-loop structures were
chosen to synthesize their complementary oligonucleotides.
The results of cell transfection indicate that these four antisense
oligonucleotides have significantly higher blocking effects on
gene expression of survivin than that of simply designed by
computer software. AS-ODN, against 187-206 bp region of
survivin cDNA, had the best blocking effects. After transfected
with 600 nmol/L AS-ODN,, the growth activities of gastric cancer
cells were significantly inhibited with obvious apoptotic cells.
This demonstrates that the selected antisense oligonucleotides
can block the biological function of survivin. This research
establishes a basis for further exploring the roles of survivin in
biological behaviors of gastric cancer and its regulation
mechanisms. Meanwhile, it also provides a brand-new field of

vision and an important method for the targeted therapy of
gastric cancer, through antisense technology against survivin
genes to carry biological therapeutic drugs®*-*4.
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Abstract

AIM: To set up a mathematic model for gastric cancer
screening and to evaluate its function in mass screening
for gastric cancer.

METHODS: A case control study was carried on in 66
patients and 198 normal people, then the risk and protective
factors of gastric cancer were determined, including heavy
manual work, foods such as small yellow-fin tuna, dried
small shrimps, squills, crabs, mothers suffering from gastric
diseases, spouse alive, use of refrigerators and hot food,
etc. According to some principles and methods of probability
and fuzzy mathematics, a quantitative assessment model
was established as follows: first, we selected some factors
significant in statistics, and calculated weight coefficient
for each one by two different methods; second, population
space was divided into gastric cancer fuzzy subset and
non gastric cancer fuzzy subset, then a mathematic model
for each subset was established, we got a mathematic
expression of attribute degree (AD).

RESULTS: Based on the data of 63 patients and 693 normal
people, AD of each subject was calculated. Considering
the sensitivity and specificity, the thresholds of AD values
calculated were configured with 0.20 and 0.17, respectively.
According to these thresholds, the sensitivity and specificity
of the quantitative model were about 69% and 63%.
Moreover, statistical test showed that the identification
outcomes of these two different calculation methods were
identical (P>0.05).

CONCLUSION: The validity of this method is satisfactory.
It is convenient, feasible, economic and can be used to
determine individual and population risks of gastric cancer.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Gastric cancer is the second most common cause of cancer

deaths in the world, and China is one of the high-risk areas!".
Population screening is an effective program for providing early
diagnosis and subsequent treatment of gastric cancer at its
curable stage. Whatever screening method is used, the most
important thing is that the method should be convenient,
feasible, and acceptable to the target population. At present,
the methods used to find and diagnose gastric cancer at early
time are complicated, or their sensitivity and specificity are
dissatisfactory. Based on a population case-control study, a
mathematic model was established for determining individual
and population risks of gastric cancer in this paper. An assessment
of its practical application was also carried out to determine its
validity.

MATERIALS AND METHODS

Case-control study

To study the risk factors for gastric cancer, a case-control study
including 66 patients and 198 normal people, was carried out in
1999. Factors involving demographic variables, diet, drinking
water source, individual habits, disease history and family history
of gastric cancer were investigated in this study. Risk and
protective factors for gastric cancer were determined by the fast
epidemiology assessment method?!. At the level of a. = 0.10,
gastric cancer risk factors included heavy manual work (>2 h/d),
foods such as small yellow-fin tuna, dried small shrimps, squills,
crabs, and mothers suffering from gastric diseases. In contrast,
spouse alive, use of refrigerators and hot food were the protective
factors against gastric cancer.

Mathematic expression

Based on the case-control study, a quantitative assessment
method was put forward by selecting some factors significant
in statistics, including risk factors and protective factors, with
application of some theories and approaches of fuzzy and
probability mathematics. The method was set up as follows.
Population characteristic space was divided into gastric cancer
fuzzy subset and non gastric cancer fuzzy subset, respectively.
Which subset each subject belonged to was determined by
attribute function, and the determination probability should be
maximal, or its error probability should be minimum. A was
configured as a fuzzy subset suffering from gastric cancer.
First, for setting up a fuzzy mathematical model, a group of
standard factors should be determined, that was U,. Weight
sum (P) of U;was configured as following:

Pfi*:Z%Ci """ (D
i1

In the expression (1),j=1, 2, 3,...n, and n is the number of the
factors selected. C; is an identification score of each factor,
that is C; equals 1 when a subject has a factor of F;, no matter
that F;is a risk factor or not. o; is an attribute coefficient of F;,
thereof P is weight sum of all factors (F;).

P A is representative of weight sum of a subject when he
(or she) has some or all factors, that is:

PQ:XGJCZ ...... @G{=1,273...,n

In the expression (2), o, is the attribute coefficient of each
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F;, and when a subject has a certain F;, C’;equals C;if F; is a risk
factor. On the contrary, C; equals 0 or 1 if a subject has no F..
An attribute function (individual or population) can be set up
with P é and PA:

In the expression (3), ué (U)) is the expression of attribute
function of A. A specific value ranging from 0 to 1 can be
calculated by the expression for each subject, that is AD.

Determination of weight coefficient for each factor
o, in the expressions (1) and (2) was calculated by two different
methods. In method 1, OR for each F; is taken as the weight
coefficient of each F;(if F; is a protective factor, its weight
_OR,(or1/OR)

" D OR

coefficient was calculated using the conditional probability and

coefficient equals 1/0OR), that is « . A weight

H(F, | D)

———— 1~ inmethod 2.
H(F, /D+H(F, /D)

entropy of each F;, whichis «,=
In the expression, H (F/D) is the entropy of F; in the condition

of patients, and (E / 5) is entropy of F; in the condition
of normal people.

H(Fi/ D) =—P(Fi/D)log, P(Fi/ D)
H(Fi/ D) =—-P(Fi/D)log, P(Fi/ D)

Weight coefficients of all factors are illustrated in Table 1.

Assessment of quantitative method

AD values of 63 patients and 693 normal people were calculated
with the expression (3), based on the quantitative assessment of
individual risk and population screening of gastric cancer. The
variational trend of sensitivity, specificity and Youden indexes
were identical, which are illustrated in Figure 1, though calculation
methods were different.

Because AD is a continuous variable, the identification
threshold could be determined based on actual needs. The
threshold could be reduced a little in order to increase the positive
rate while trying to check out more patients. Moreover, the
threshold could be raised to increase the specificity and reduce
the rate of false diagnosis in detective diagnosis (Figure 1).

In order to get the maximal Youden indexes, the thresholds
of AD values were configured with 0.20 and 0.17, considering
the sensitivity and specificity of population screening for
gastric cancer. Diagnostic value of different calculation methods
of weight coefficients are summaried in Table 2, and significance
test showed that these Youden indexes had no statistical
significance (P>0.05). Thus we could see the outcomes tended
to be identical.

DISCUSSION

Gastric cancer, the most common fatal malignancy in the
world, causes more than 750 000 deaths annually™. To the year
of 2005, the mortality of gastric cancer is about to reach
26.3/100 000 per year in china®. Early finding, diagnosis and
treatment are the keys to reduce the mortality of gastric cancer,
to raise the survival rate and improve the life quality of patients.

Table1 OR values, confidence limits and weight coefficients of risk factors and protective factors of gastric cancer

Variable OR; 95%C.I o, (method 1) o, (method 2)
Time of heavy manual work (>2 h/d) 2.00 1.14-3.54 0.084 0.439
Eating small yellow-fin tuna frequently 1.52 1.10-2.09 0.064 0.490
Often eating squills (dry) 6.12 1.15-32.66 0.257 0.782
Eating dried small shrimps frequently 1.26 0.99-1.60 0.053 0.462
Often eating squills (fresh) 1.70 0.92-3.13 0.071 0.429
Eating crabs frequently 1.76 1.00-3.09 0.074 0.451
Mother suffering tummy bug 5.51 0.95-32.06 0.231 0.774
Eating shortly after anger 2.07 1.31-3.27 0.087 0.522
Spouse alive 0.89 0.81-0.99 0.047 0.819
Using refrigerators 0.47 0.19-1.15 0.089 0.399
Often eating hot food 0.52 0.28-0.97 0.081 0.438

Table 2 Diagnosis value of different calculation method of weight coefficient

oj AD Patients (n/N) Normal people (1/N) Sensitivity (%) Specificity (%) Youden index
Method 1 =0.20 44/64 440/693 69.8 63.5 0.333
Method 2 =0.17 43/63 435/693 68.3 62.8 0.311
A 1> B 1.2r
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Figure 1 Diagnostic value of risk assessment for gastric cancer by methed 1 (A) and method 2 (B).
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In early gastric cancer, the 5-year survival rate is greater than
90% if treated by experienced hands™. It has important significance
to develop a simple and feasible screening method to find high
risk populations or early gastric cancer.

Up to now various methods for gastric cancer screening
have been developed. X-ray examination”*, endoscopy®!?,
Helicobacter pylori screening!™!, power Dopller imaging™? and
photo fluorography! are used in gastric cancer screening. In
addition, gastric occult blood bead test!'"), serum pepsinogen
concentration measure™ and fecal carcinoembryonic antigen
measurement'®, are also used in screening gastric cancer. The
efficacy of some methods has reached an ideal level'*'7. Except
for the methods mentioned above, some gene alterations, such
as hMLHI methylation™®, BAT-26 mutation localized in intron
5 of hMSH2 gene!™, E-cadherin germline mutations™, cyclin
overexpression, microsatellite instability, P53 mutation! are
useful molecular markers for gastric cancer.

Quantitative method has rarely been applied to gastric
cancer screening either at home or at abroad. Qiu ef a/*¥ studied
the application of pattern recognition method in 1994. A
computer program was designed according to the principle of
pattern recognition and risk factors for gastric cancer. Its
detection rate was 1.54/1 000 in a study of 51 735 males aged
45-64 years.

Though the accuracy of some screening methods is ideal,
they have obvious disadvantages in practice. Endoscopy and
biopsy could make subjects discomfort. Many suspicious
patients tend to refuse these kinds of examinations. Another
shortcoming is the high cost. Some molecular biology marker
tests cost subjects too much due to expensive reagents, some
of them are invasive because gastric juice must be collected
before tests. In addition, the pattern recognition method reported
by Qiu et al™ was complicated and high-cost, because 61
indexes must be questioned to subjects. Moreover, the principle
of pattern recognition is difficult to be mastered by subjects
and inquirers, and the workload is heavy. Therefore, a
conclusion may be reached that these methods are not suitable
for application in China.

Compared with these methods, the quantitative assessment
model is simple, economic, non-invasive and feasible. Identification
can be run as long as each subject fills in a simple questionnaire,
and calculation method is simpler than traditional mathematic
methods such as regression identification. Furthermore, the
diagnostic value of this quantitative method is relatively high.
Its sensitivity and specificity are about 69% and 63%. Given the
factors just outlined, this quantitative screening method for
gastric cancer can be applied to a large population in China.

Formerly, quantitative methods were mostly applied to
differential diagnosis in clinic®. There have been some methods
for assessing health hazard/health risk based on epidemic study
of population since 1980s*.. In the 1990s, a quantitatively
scored cancer-risk assessment model™®! was developed to promote
cancer prevention and screening in America. Subsequently
quantitative models are widely used in the diagnosis, treatment
and prevention of diseases, such as multi-stage lung cancer™,
assessment of cancer death in elderly patients’, quantitative
model for early diagnosis of colorectal cancer® and efficacy
evaluation of intervention experiments®!. In the late 1980s,
Chen et al®” reported a mathematic model for mass screening
of colorectal cancer, which was subsequently proved to be a
convenient, effective and economic screening method. In recent
years, the mathematic model has been applied to screening
other diseases, including coronary heart disease and stroke®®!],
lung cancer®?. These studies show that the model has good
efficacy. However, there are two points to which attention must
be paid. One is how to identify threshold values. In our study,

the threshold could be defined with practical application
because AD is a continuous variable. However, further follow-
up is needed to increase its precision in screening other diseases,
because causes of different diseases are complicated. The other
is the low Youden index?"*!l. The reasons why many factors
are associated with these diseases are still unclear.

In short, the quantitative method can be regarded as the
front line method for assessing risks of gastric cancer. Occurrence
of gastric cancer is the outcome of many influential factors,
which are possibly different in different areas and populations,
that combining with actual status is very important. Further
studies are needed to testify whether this screening method
can contribute to the decrease of gastric cancer mortality.
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Abstract

AIM: To evaluate the serum levels of cytokeratins and
carcinoembryonic antigen (CEA) in diagnosis, staging and
prognosis of patients with colorectal adenocarcinoma.

METHODS: The sample consisted of 169 patients. One
hundred blood donors formed the control group. Radical
surgery was performed on 120 patients, with an average
follow-up duration of 22.3 mo. Relapses occurred in 23
individuals after an average of 18.09 mo. CEA was assayed
via the Delfia® method with a limit of 5 ng/mL. Cytokeratins
were assayed via the LIA-mat® TPA-M Prolifigen® method
with a limit of 72 U/L.

RESULTS: In the diagnosis of patients with colorectal
adenocarcinoma, CEA showed a sensitivity of 56%, a
specificity of 95%, a positive predictive value of 94%, a
negative predictive value of 50% and an accuracy of 76.8%.
TPA-M had a sensitivity of 70%, a specificity of 96%, a
positive predictive value of 97%, a negative predictive value
of 66% and an accuracy of 93.6%. The elevation of one of
the markers was shown to have a sensitivity of 76.9%, a
specificity of 91%, a positive predictive value of 93.5%, a
negative predictive value of 70% and an accuracy of 83.6%.
There was no variation in the levels of the markers according
to the degree of cell differentiation while there was an
elevation in their concentrations in accordance with the
increase in neoplastic dissemination. There was a
statistically significant difference between the patients with
stage 1V lesions and those with stages I, II and III tumors.
With regard to CEA, the average level was 14.2 ng/mL in
patients with stage I lesions, 8.5 ng/mL in patients with
stage II lesions, 8.0 ng/mL in patients with stage III lesions
and 87.7 ng/mL in patients with stage IV lesions. In relation
to TPA-M, the levels were 153.1 U/L in patients with stage I
tumors, 106.5 U/L in patients with stage II tumors, 136.3 U/L
in patients with stage III tumors and 464.3 U/L in patients
with stage IV tumors. There was a statistical difference in
patients with a high CEA level in relation to a shorter survival
(P<0.05). However, there was no correlation between
patients with high TPA-M levels and prognostic indices of
patients undergoing radical surgery.

CONCLUSION: Cytokeratins demonstrate a greater sensitivity
than CEA in the diagnosis of colorectal adenocarcinoma.
There is an increase in the sensitivity of the markers with

tumor dissemination. Cytokeratins cannot identify the
worse prognosis in patients undergoing radical surgery.
Cytokeratins constitute an advance in the direction of a
perfect tumor marker in the treatment of patients with
colorectal cancer.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Colorectal cancer is the third most frequent cancer in the world,
with a high incidence rate in North America, Western Europe,
Australia, New Zealand and France!'?. The general survival
rate of colorectal patients does not exceed 40%5.

The average five-year survival rate of patients with lesions
diagnosed at early stages (stage I) is approximately 70%, and is
6% in cases of advanced disease (stage V)P Better public
awareness has assisted in diagnosing lesions at initial stages.
Nonetheless, patients are commonly found to have the disease
at advanced stages with extremely poor results. Sometimes
palliative surgery or interventions are performed in which tumor
resection is not achieved®7.

It is in this context that the use of serum tumor markers has
its place. These substances, which can be detected in peripheral
blood indicate the existence of developing neoplasm in the
body®™. In colorectal adenocarcinoma, CEAP! has become
distinguished as a tumor marker in the diagnosis'*'%, staging'*'2,
and prognosis!"*'* of patients with colorectal carcinoma, and
in the detection of its recurrence!''",

Other markers have been developed such as CA 19-9%20211,
CA 24201 CA 72-423, cytokeratins™*, VEGF®, and p53%67.,
Of these, cytokeratins merit attention.

Tissue polypeptide antigen (TPA) was the first developed
for detecting cytokeratins in 1978, This evolved into tissue
polypeptide specific antigen (TPS) in 1992%%], Subsequent to
this, monoclonal tissue polypeptide antigen (TPA-M) was
developed in 1994. Its utilization has been analyzed with regard
to the diagnosis of colorectal adenocarcinomat®**'! and
neoplasms in other organs, such as the prostate®, ovaries™),
lungsP, bladder?®*! and breast?*®),

A comparison between cytokeratins and CEA would be
useful for determining whether they have clinical advantages
in the diagnosis, staging and prognosis of colon or rectal
cancer patients.

MATERIALS AND METHODS

A study was made in 169 patients (n) with colorectal
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adenocarcinoma undergoing surgical treatment. The study was
conducted in accordance with international standards (Helsinki
Declaration)®”), and approved by the Institutional Ethics
Committee. Patients who had a previous neoplasm history were
excluded. A control group of 100 individuals was recruited
among blood donors at the General Hospital, Sdo Paulo.

The patients were informed that the study period would
consist of the surgical phase and a postoperative follow-up
period of 6,12, 18, 24, 36,48 and 60 mo. The preoperative staging
was achieved via clinical evaluation, colonoscopy,
computerized tomography (CT) of the abdomen and pelvis,
and chest radiography. Opaque enema, nuclear magnetic
resonance (NMR) and bone scintigraphy were performed in
accordance with the clinical indications of each case.

Blood samples were centrifuged and the peripheral serum
was frozen at -20 “C. The patients were periodically followed
up during the postoperative period by means of clinical
evaluation and performing the examinations mentioned. In the
control group, peripheral blood samples were collected via
procedures similar to those used for the patients.

With regard to ethnicity, 69.2% of the patients were whites,
20.1% brown-skinned, 7.7% yellow-skinned and 3% blacks.
With regard to gender, 43.2% were males. At the time of diagnosis,
the average age was 62.2 years, ranging from 19 to 89 years.
Fifty-four point four percent of the lesion locations were in the
rectum, 18.9% in the left colon, 3.6% in the transverse colon
and 23.1% in the right colon. The average diameter of the
neoplasms was 6.1 cm, ranging from 1 to 17 cm.

Of'the initial 169 patients, 120 underwent curative surgery
(71%). The average time of follow-up was 22.3 mo.

Follow-up was lost in 3 patients (1.8%). Of the 120 patients
undergoing radical surgery, 81 (67.5%) completed the follow.

Among the 120 patients undergoing radical surgery, 23 (19.2%)
presented neoplastic relapse at an average of 18.1 mo after the
initial surgery.

The control group was composed of 100 blood donors at
the General Hospital, Sdo Paulo (HGSP). Forty-five percent of
the donors were whites, 39% brown-skinned, 12% blacks and 4%
yellow-skinned. Fifty-four were males. At the time of blood donation,
their average age was 42.5 years, ranging from 18 to 60 years.

A single professional at the Clinical Analysis Laboratory of
Hospital Sdo Paulo, Federal University of Sao Paulo - Escola
Paulista de Medicina, performed the serum assays for tumor
markers. The CEA level was determined via the Delfia® method,
using the Cobas Mira Plus® automatic analyzer from Roche®,
and the limit for normality was considered to be 5 ng/mL!0!181,
The cytokeratin levels were determined via the LIA-mat TPA-
M Prolifigen® method from the AB Sangtec Medical®
Laboratory, using the Lumat LB 9501® Luminometer from EG&G
Berthold, and the reference value of 72 U/L.

The following were utilized in the statistical analysis: ROC
curvel®, kappa statistic analysis ()P, variance analysis™’),
Student’s ¢ test (¢)*!! and survival analysis*!! via the Kaplan-
Meier curves. P<0.05 was considered statistically significant.

RESULTS
Diagnosis
In the diagnosis of colorectal adenocarcinoma, CEA demonstrated
a sensitivity of 56%, a specificity of 95%, a positive predictive
value of 94%, a negative predictive value of 50% and an accuracy
of 76.8%. TPA-M presented a sensitivity of 70%, a specificity
of 96%, a positive predictive value of 97%, a negative predictive
value of 66% and an accuracy of 93.6% (Figure 1).

The elevation of one of the markers was shown to have a
sensitivity of 76.9%, a specificity of 91%, a positive predictive
value of 93.5%, a negative predictive value of 70% and an

accuracy of 83.6%. The reagents had independent action modes
in samples from the patients.
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Figure 1 Receiver operating characteristic curve obtained in
analysis of CEA and TPA-M in patients with colorectal cancer
and individuals of the control group.

Staging

There was no variation in the levels of the markers according to
the degree of cell differentiation while there was an elevation in
their concentrations in accordance with the neoplastic
dissemination. There was a statistically significant difference
between the patients with stage IV lesions and those with stages
I, IT and IIT tumors.

With regard to CEA, the average level was 14.2 ng/mL in
patients with stage I lesions, 8.5 ng/mL in patients with stage I
lesions, 8.0 ng/mL in patients with stage I1I lesions and 87.7 ng/mL
in patients with stage IV lesions. In relation to TPA-M, the
levels were 153.1 U/L in patients with stage I tumors, 106.5 U/L
in patients with stage II tumors, 136.3 U/L in patients with
stage III tumors and 464.3 U/L in patients with stage IV tumors.

The sensitivity of each marker or its association with stages
I, II, IIT and IV of the TNM classification is described in Table 1.

Table 1 Sensitivity of CEA and TPA-M in patients with colorectal
cancer according to the staging of the TNM classification

Sensitivity at different stages (%)

I 1I 111 v

CEA 35.0 23.3 34.1 69.0
TPA-M 75.0 53.3 61.0 82.8
Increased CEA
or TPA-M 77.5 60.0 68.3 91.4
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Figure 2 Preoperative TPA-M and survival of patients with
colorectal cancer undergoing radical surgical treatment.

Prognosis

There was a statistical difference in patients with a high CEA
level in relation to a shorter survival. However, there was no
statistical difference between patients with high TPA-M levels
in relation to a shorter survival (Figure 2). Even when higher
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cut-off values for TPA-M were adopted (216 U/L, three times
higher than the maximum value were considered to be normal),
no significant differences were discovered.

DISCUSSION

The exclusion criteria for patients with a prior history of benign
or malignant neoplasms were appropriate, because they could
have an increase in the levels of the serum tumor markers
analyzed not due to the colorectal neoplasm present. For the
control group, blood donors present colorectal neoplasm were
used as the healthy population sample as in other studies of the
same naturel**3!,

CEA presented unsatisfactory results when the diagnosis
of colorectal neoplasia was made, with a diagnostic rate of
about 40%!''4. In this study, the sensitivity was approximately
50%, confirming that this marker should, therefore not be utilized
for the diagnosis of lesions***. The cytokeratins assayed via
TPA-M showed a sensitivity of about 70%. Correale et all*”
found a sensitivity of 48% with a cut-off point of 70 U/L. Plebani
et al®by using TPA-M with a cut-off value 0f 46 U/L, identified
a sensitivity of 58%. The rates obtained in the present
investigation appear to be promising. Additional studies are
necessary for verifying the real sensitivity of TPA-M in
colorectal cancer patients.

Plebani et alP' foresaw the advantages in utilizing
cytokeratins in combination with CEA in the diagnosis of
colorectal neoplastic lesions. On the basis of the data from the
present research, the utilization of cytokeratins and CEA was
attractive, with a sensitivity of 77%.

Perhaps the use of TPA-M in combination with CEA will
make it possible to detect colorectal neoplasms in populations
at risk at a reasonable cost, especially when its ease of execution
and elevated sensitivity are considered.

With such a sensitivity, TPA-M may have some usefulness,
even in terms of diagnosis, of the lesions that have the macroscopic
characteristics of neoplasm in endoscopic or radiological
examinations but without confirmation of the malignant nature
from the anatomopathological examination. Increased use of
TPA-M in combination with CEA may constitute an additional
element for indicating surgical interventions.

The association between quantification of these tumor
markers and staging of patients is relative. Carriquiry and
Pifieyro!'” studied 209 patients, and identified an average
preoperative CEA level of 4.25 ng/mL in patients with stage I
tumors, 7.49 ng/mL in patients with stage II tumors, 6.42 ng/mL
in patients with stage III tumors, and 241.88 ng/mL in patients
with stage IV tumors. The percentage of increased CEA at each
stage was 21%, 31%, 36% and 92% in patients with stages I, II,
IIT and IV tumors, respectively.

Correale et al® studied TPA-M assays taken from 98
patients with malignant colorectal tumors using a cut-off point
of 57 U/L, and found the sensitivity 33%, 35%, 59% and 73% in
patients with stages I, II, I, and IV tumors, respectively. Plebani
et al® reported a statistically significant variation in TPA-M
levels only in patients with stage IV colorectal neoplasm, in
relation to those with other stage tumors.

In this research, the sensitivity of CEA and TPA-M presented
a statistically significant difference between stage IV and the
other stage tumors. Larger samples would perhaps be able to
find evidence for other differences. However, it is possible that
elevation in serum levels of tumor markers might only be
provoked by lesions that extend beyond the colon or rectum.
In any event, preoperative assay of the markers would show
some value in the staging, and should be done for all patients.
Several studies demonstrated lower levels on the survival curves
for patients with elevated CEA assays during the preoperative

period, such as the studies by Carriquiry and Pifieyro!'”,
Wang et al'"*! and Wiratkapun et all'.

No studies are available regarding the correlation between
preoperative TPA-M levels above or below 72 U/L and prognostic
indices such as disease-free intervals and relapse, in patients
with colon or rectum cancer.

In the present study, no statistical difference was identified
in the disease-free interval and survival of patients with
preoperative concentrations of TPA-M above or below the
level of 72 U/L. In the same way, with cut-off value three times
greater than normal, as calculated by Forones ef all'¥ and
Wiratkapun et al™! for CEA, there was no difference in patient
survival for TPA-M. This does not, however, necessarily signify
that there is no difference between the groups of individuals
with normal or elevated pre-surgical levels of this tumor marker.
It is possible that the patient sample did not have medical follow-
up for a sufficient period of time for a statistical difference to
emerge between the groups in relation to the marker studied.
In this research, the average patient follow-up time was 22.3 mo.
Other investigations!'*!***1did have a longer follow-up, with a
statistical difference identified in survival. TPA-M can demonstrate
prognostic importance in studies with a longer follow-up time.

The peripheral serum level of CEA during the preoperative
period reached the status of a relevant prognostic variable. At
present, the preoperative staging of colorectal cancer includes
CEA assay with the following classification: CX - undetermined
CEA level, CO - level less than 5 ng/mL, and C1 - level greater
than 5 ng/mLM.

What are the intrinsic characteristics that would define an
ideal tumor marker? The level of such a marker would rise in the
presence of the smallest neoplastic lesions, and would increase
only with the existence of tumors. The marker would be
produced by all neoplastic cells, thus making it possible to
correlate between marker levels and tumor extent. All patients
would generate such a marker. For the public, the examination
must have an accessible cost, be minimally invasive and can be
performed in any location. The marker should precisely indicate
the diagnosis, staging, prognosis and occurrence of neoplastic
relapse. There is a consensus on the fact that the ideal tumor
marker does not exist®4I,

Cytokeratins constitute an advance in the direction of a
perfect tumor marker, and their association with CEA is useful
in offering a better approach towards patients with colorectal
cancer.
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Abstract

AIM: Chronic hepatitis B virus (HBV) infection is predominantly
treated with interferon alpha (IFN-a), which results in an
efficient reduction of the viral load only in 20-40% of treated
patients. Mutations at HBV precore prevail in different clinical
status of HBV infection. The roles of precore mutation in
the progression of chronic hepatitis and interferon sensitivity
are still unknown. The aim of this study was to explore if
there was any relationship between HBV precore mutation
and sensitivity to interferon in vitro.

METHODS: HBV replication-competent recombinant
constructs with different patterns of precore mutations
were developed. Then the recombinants were transiently
transfected into hepatoma cell line (Huh?7) by calcium
phosphate transfection method. With or without IFN, viral
products in culture medium were collected and quantified
3 d after transfection.

RESULTS: We obtained 4 recombinant constructs by
orientation-cloning 1.2-fold-overlength HBV genome into
pUC18 vector via the £coRI and Hind 111 and PCR mediated
site-directed mutagenesis method. All the recombinants
contained mutations within precore region. Huh7 cells
transfected with recombinants secreted HBsAg and HBV
particles into the cell culture medium, indicating that all
the recombinants were replication-competent. By comparing
the amount of HBV DNA in the medium, we found that HBV
DNA in medium reflecting HBV replication efficiency was
different in different recombinants. Recombinants containing
precore mutation had fewer HBV DNAs in culture medium
than wild type. This result showed that recombinants
containing precore mutation had lower replication efficiency
than wild type. HBV DNA was decreased in pUC18-HBV1.2-
WT recombinants after IFN was added while others with
precore mutations were not, indicating that HBV harboring
precore mutation was less sensitive to IFN in cell culture
system.

CONCLUSION: These data indicate that HBV harboring
precore mutation may be resistant to IFN /n vitro.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) is a small, partially double-stranded
DNA (dsDNA) virus that causes acute and chronic hepatitis in
humans. HBV infection is a global health problem. Current
estimates are that 2 billion people are infected with HBV
worldwide, 360 million ofthem suffer from chronic HBV infection
resulting in over 520 000 deaths each year (52 000 from
acute hepatitis B and 470 000 from cirrhosis or liver cancer)™.
Transient infections may lead to serious illness, and
approximately 0.5% are terminated in fatal, fulminant hepatitis.
Chronic infections may also have serious consequences, nearly
25% are terminated in untreatable liver cancer'”. Chronic HBV
infection is predominantly treated with IFN alpha, which could
reduce the viral load in only 20-40% of treated patients with
low-level viremia and evidence of active liver disease®®. It is
known that IFN alpha reduces viremia in responding patients
by modulation of immunological responses and/or by direct
induction of an intracellular antiviral state in infected cells.
So far, drug-induced intracellular antiviral mechanisms against
HBYV have mostly been examined by use of hepatoma cell lines
and transgenic mice with integrated HBV DNA, since cell lines
permissive for HBV infection are not available. Studies have
shown that treatment of various stable HBV-expressing
hepatoma cell lines with IFN-a could lead to intracellular
inhibition of synthesis of one or several HBV products,
depending on the type of cells and systems used™”..

HBYV sequence variability has been increasingly recognized
as a factor that modulates the course and outcome of HBV
infection. Variants with disturbed hepatitis B e antigen (HBeAg)
synthesis, large deletions in the nucleocapsid gene, or mutations
in the basic core promoter (BCP) have been found to be associated
with severe liver diseases and might be related to the sensitivity
of interferon therapy'®. There have been many studies on HBV
replication and IFN sensitivity, but the results are inconclusive.
The significance of mutations of HBV precore/core antigen in
causing persistent infection and subsequent liver diseases is
debatable. Therefore the roles of precore mutations in the
progression of chronic hepatitis are still unknown. G to A
transition at nt1896 in the precore (preC) region terminates
translation of the HBeAg precursor and results in HBeAg-
minus HBV. Although A1896 mutation was reported
previously to be associated with severe forms of chronic liver
diseases, the real significance of A 1896 mutation in the course
of hepatitis is still controversiall'®!!l,

In addition, there are a few works about HBV mutation and
IFN sensitivity in vitro. HBV genome is a condensed structure,
the open reading frames are overlapped. Therefore mutation at
one site may alter transcription or translation of more than one
viral gene. Most previous studies focused on HBV subgenomic
fragments, nevertheless,there are a few researches on the full



650 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

February 7, 2005 Volume 11 Number 5

Table 1 Sequences of primers for mutagenesis reaction

Primer Direction Length Position (nt) 5’-sequence-3’

A1762/G1764For + 34 1 748-1 781 aggagattagttaaaggtctttgtactaggagge
1896/1899Rev - 20 1 895-1 876 aaagccacccaaggcacage

A1896For + 31 1 876-1 906 getgtgecttgggtggctttagggcatggac
A1899For + 34 1 876-1 909 getgtgecttggetgectttggeacatggacatt
A1896A1899For + 34 1 876-1 909 getgtgecttgggtggctttaggacatggacatt
PS5For + 20 1 260-1 279 gcegatccatactgeggaac

PS4Rev - 20 2 386-2 405 gagaccttcgtctgegaggc

length of HBV. Therefore we introduced recombinant constructs
harboring more than one copy of HBV genome into hepatoma
cell line by transient transfection. Since the recombinants
contained different mutations at the precore region, we could
study the relationship of these mutations and interferon
sensitivity in vitro.

MATERIALS AND METHODS

Construction of plasmids

Cloning of plasmid constructs used in transfection experiments
was performed by standard techniques™”. Mutagenesis
reactions were performed through polymerase chain reaction
(PCR)-mediated site-directed mutagenesis with the designed
mutagenetic primers (Table 1). For the calculation of the
nucleotide (ntd.) positions, the first thymine of the putative
EcoRI site of HBV was defined as position 1 and then anti-
clockwise was counted (GenBank accession number is
AY 040627, genotype C). Different kinds of mutations were
introduced by amplification with Pwo-Taq DNA polymerase
mix (expand high fidelity PCR system, Roche Molecular
Biochemical, Germany).

First,pUC18-HBV 1.2-TA was constructed. Plasmid pUC18-
HBV1.2-TA was derived from pALTER-HBV 1.2 containing a
1.2xHBYV full length (T1762/A1764 mutant type). The 1.2xHBV
full length from pALTER-HBV 1.2 and linearized pUC18 vector
were obtained by restrictive endonuclease EcoRI and Hind 111
digestion. Both of them were purified by QIAquick gel extraction
kit (Qiagen, Germany). Then the 1.2xHBV full length was
orientedly subcloned into the linearized vector pUC18 to acquire
pUC18-HBV1.2-TA (T1762/A1764).

Second, we constructed wild type recombinants. Plasmid
pUC18-HBV1.2-WT was produced by the large primer PCR
method. In brief, fragments which were prepared by expand
high fidelity PCR system (Roche) were used as large primers. In
the PCR system, pUC18-HBV1.2-TA was used as a template
with repair primer (wild type) A1762/G1764For and primer
PS4Rev. The PCR products were purified by QITAGEN gel
extraction kit and then used as large primers. The large primers
and primer PS5For were used to amplify template pUC18-
HBV1.2-TA to obtain the wild type fragments of HBV which
were ascertained by sequencing. The PCR products and pUC18-
HBV1.2-TA were both digested by restrictive endonucleases
EcoRI and Xmn 1 respectively. After ligation and subcloning,
the fragments between EcoRI and Xmn 1in pUC18-HBV1.2-TA
were replaced by corresponding fragments derived from PCR
products, then wild type constructs of pUC18-HBV1.2-WT were
produced which had a wild type A1762/G1764 instead of a mutant
type T1762A1764.

Third, we constructed 1896/1899 recombinants. One
segment, designated as segment A was prepared by PCR using
pUC18-HBV1.2 as template with the primers PS5For and
1896/1899Rev, this fragment was used as a common segment
for all next round amplifications. Segment B was prepared with

the primers A1896For and PS4Rev, while segment C was
prepared with primers A1899For and PS4Rev and segment D
with primers A1896A1899For and PS4Rev. Then A1896 mutated
fragments were obtained by PCR using segments A and B as
templates with primers PS4 and PS5. Restrictive endonucleases
EcoRI and Xmn 1 were used to digest PCR products and
pUCI18-HBV1.2-WT, then fragments between EcoR I and Xmn
I were exchanged between pUC18-HBV1.2-WT and PCR
products by subcloning as described above. Plasmids
containing the mutated site A1896 were obtained and named
aspUC18-HBV1.2-A1896. Accordingly, plasmidspUC18-HBV1.
2-A1899 and pUC18-HBV1.2-AA were obtained later. The
detailed mutation patterns of all the produced plasmids are
shown in Table 2 and Figure 1. Correctly introduced nucleotides
were verified by sequencing.

Table 2 Mutation patterns of the 4 recombinant constructs

Number Recombinant constructs Mutation pattern
A1896 A1899

1 pUC18-HBV1.2-WT - -

2 pUC18-HBV1.2-A1896 + -

3 pUC18-HBV1.2-A1899 -

4 pUC18-HBV1.2-AA +

Note: “+” indicates the construct containing the correspond-
ing mutation, “-” indicates the constructs containing no corre-
sponding mutation instead of wild type.

Determination of the most optimum concentration of interferon-cx
invitro

Huh?7 cells were seeded at a density of 6x10°/well in six-well
plates (10 cm? per well, Falcon) in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal calf serum and cultured
at37 C in 5SmL/L CO, 1 d before transfection. The medium was
changed 4 h before transfection. Five ug plasmid was
transfected into nearly confluent Huh7 cells. Sixteen hours after
transfection, Huh7 cells were shocked with 15% glycerol
solution, and then incubated with a fresh culture medium for
24 h. To determine the most optimal concentration of interferon
in vitro, different concentrations of interferon a-2b were added
to the culture medium. The concentrations of IFN-a (Intron A,
Schering-Plough Research Institute) used in the experiment
were62.5 [U/mL, 125 1U/mL, 250 [U/mL, S00TU/mL, 1 000 [U/mL,
2 000 IU/mL, 4 000 IU/mL, 8 000 IU/mL. Three days after
transfection, cell medium was collected to detect HBsAg, HBeAg
and HBV DNA. By comparing the amount of HBsAg, HBeAg
and HBV DNA secreted to the medium, we selected the
concentration of interferon which could inhibit HBV most.

Transfection of HBY DNA by calcium phosphate precipitation
All plasmid DNAs were prepared and purified by QITAGEN
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EndoFree maxi kit (EndoFree™ Plasmid Mega Kit, Qiagen,
Gemany). The DNA was then quantified spectrophotometrically
(a ratio of the optical density at 260 nm to that at 280 nm of 1.7
to 1.8).

Transfection was performed by the calcium phosphate
precipitation method (Promega ProFection® mammalian
transfection system-calcium phosphate) according to the
supplied protocol. Human hepatoma cell line Huh7 was grown
as a monolayer in Dulbecco’s modified Eagle’s medium
supplemented with 10% fetal calfserum at 37 °C in 5 mL/L CO,.
Huh?7 cells were plated at a density of 3.0x10° cells per Petri
dish (Falcon) 1 d before transfection to reach 80% confluence
at transfection. The medium was changed 4 h before
transfection. Twenty ug corresponding HBV replication-
competent plasmid was mixed with CaCl,solution, then added
dropwise to 2x HEPES-buffered saline (pH 7.05), and
transfected into confluent Huh7 cells. Sixteen hours after
transfection Huh7 cells were shocked with 15% glycerol
solution, and then incubated with a fresh culture medium for 24 h.
Medium with or without 1000 IU/mL IFN-a. (interferon alfa-2b,
intron A, Schering-Plough Research Institute) was then added
and the culture medium was harvested 3 d after transfection.

Transfection efficiency was measured by cotransfection of
1.0 pg of reporter plasmid pSEAP2-Control-SV40 (Clontech)
expressing secretable alkaline phosphatase under the control
of the SV40 early promoter and the SV40 enhancer"*'¥.
The SEAP coding sequence was followed by the SV40 late
polyadenylation signal to ensure proper and efficient processing
of the SEAP transcript in eukaryotic cells. The secreted SEAP
enzyme was assayed directly from the culture medium. The reporter
plasmid served as an internal control to monitor transfection
efficiency and potential IFN-a-mediated cytotoxic effects or
nonspecific inhibitory effects. Transfection efficiency in each cell
culture plate was carefully controlled by determination of the SEAP
enzymatic activity in the cell culture medium before addition of
IFN-a, and was found to vary by less than 10% (data not shown).

The SEAP activity of the culture media was measured 24 h
after transfection by performing a colorimetric assay according
to the recommendation™?!. Briefly, twenty microliters of heat-
treated (at 65 °C for 5 min) medium was adjusted to 1<SEAP
assay buffer (1.0 mol/L diethanolamine pH9.8, 0.5 mmol/L
MgCl,, 10 mmol/L L-homoarginine) in a final volume of 200 uL.
and prewarmed to 37 °C for 10 min in a 96-well flat-bottom
culture dish. Twenty microlitres of prewarmed 120 mmol/L
p-nitrophenylphosphate (pNPP) dissolved in 1XxSEAP assay
buffer was then added and mixed. A405 of the reaction mixture
was read in a microplate reader at 5-min intervals. The change
in absorbance was plotted and the maximum linear reaction rate
was determined. The SEAP activity was expressed in A405
(data not shown). The amount of both HBsAg and HBV DNA
was corrected by the SEAP activities.

A 18961899 B 1896 1899
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Detection for HBsAg secreted to cell culture medium

The amount of HBV surface antigen (HBsAg) secreted into the
cell culture medium was determined by enzyme-linked
immunosorbent assay (ELISA, Hepanostika HBsAg Uni-Form
II, Biomérieux bv, Netherlands) after removal of cell debris and
stored at -20 ‘C until analysis. Total amount of HBsAg was
calculated by comparison with a standard HBsAg-positive
human serum and negative control sera provided by the
manufacturer. If the Aus, for HBsAg was more than 3.0, a 1:
10 dilution of culture medium was made for further assay.

Real-time quantitative PCR to detect HBV DNA secreted to culture
medium

Cell culture medium was collected 3 d after transfection and
centrifuged at 14 000 r/m rpm 10 min at 4 C to remove cell
debris. The supernatant was adjusted to 10 mmol/L MgCl, and
treated with 100 pg/mL DNase I for 60 min at 37 ‘C to remove
the remaining recombinants. The reaction was stopped by
adding EDTA to a final concentration of 25 mmol/L. HBV DNA
in the cell medium was detected by fluorescent real-time
quantitative PCR (commercially available assay kit, Roche
Light cycler).

RESULTS

Replication-competent constructs containing HBV genome with
mutations at precore region

By PCR-mediated site-directed mutagenesis method and
molecular cloning, we obtained different HBV fragments
containing varied mutations with different mutagenetic primers.
The agarose gel electrophoresis of different HBV fragments is
shown in Figure 1. Finally we acquired four kinds of replication-
competent constructs containing HBV genome with mutations
at the precore region. All the mutated sites were ascertained by
sequencing. The sequences were analyzed by Chromas and
Bioedit software. Therefore the desired mutations instead of
the unrelated mutations were introduced. Part of the sequencing
results at the mutation site are shown in Figure 2.

M1 A B C
100 bp ladder
bp

D A% A99 AA M2
200 bp ladder

Figure 1 Electrophoresis of mutagenesis PCR product. Lanes
A-D: Different HBV fragments using different mutated primers,
Lanes E-G: The second round PCR products.

C 18961899 D 1896 1899
L] - - L]
(=] o = = =W e = | (= =g g™ —N = .

Figure 2 Local sequences of mutagenesis sites of 4 recombinants. Arrowhead indicates the mutated nucleosides. A: pUC18-
HBV1.2-WT; B: pUC18-HBV1.2-A1896; C: pUC18-HBV1.2-A1899; D: pUC18-HBV1.2-AA.
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Table 3 HBsAg and HBV DNA secreted into cell culture medium with or without IFN (meantSD)

Recombinants HBsAg (Auso) HBV DNA (realtime PCR, log10)
Without IFN With IFN Without IFN With TFN
Puc18-HBV1.2-WT 2.63£0.1¢ 1.96+0.07¢ 5.02+0.06* 4.86x0.07¢
Puc18-HBV1.2-A1896 1.43+0.05 1.46+0.07 4.43+0.09* 5.53+0.07¢
Puc18-HBV1.2-A1899 1.97+0.15 1.96+0.12 4.80+0.05 4.90+0.06
Pucl18-HBV1.2-AA 2.6%0.05 2.5+0.06 4.06+0.07° 4.46x0.05¢

n =3,2P<0.05 (WT in comparison with MT without IFN), °P<0.05 (without IFN in comparison with with IFN). WT: wild type, MT:

mutated type.

HBYV reconstructs were named as pHBV1.2 containing a
1.2-fold-overlength genome of HBV, genetype C, with a 5’
terminal redundancy encompassing enhancers I and II, the
origin of replication (direct repeats DR1 and DR2), the X- and
pregenomic/core promoter regions, the transcription initiation
site of the pregenomic RNA, the unique polyadenylation site,
and the entire X open reading frame as depicted in Figure 3.
Such a recombinant was proven to initiate HBV replication
efficiently and with high liver specificity in transfection
experiments and in transgenic mice!**). In this research, we obtained
4 recombinant constructs by orientation-cloning and PCR-
mediated site-directed mutagenesis. As shown in Figure 3, the
4 constructs contained different combinations of mutations at
HBYV precore region.

Dose-dependent sensitivity to interferon in vitro

As described in Materials and Methods, the plasmid containing
wild type HBV was transfected to Huh 7 in six-well plates. Different
concentrations of interferon-c.(62.5 [U/mL, 125 TU/mL, 250 [U/mL,
5001U/mL, 1000 IU/mL, 2 000IU/mL,4 000 IU/mL, 8 000 IU/mL)
were added and cell medium was collected 3 d after transfection.
As shown in Figure 4, different concentrations of interferon-o
had different effects on HBV antigen expression and viral
replication. Along with increase of interferon-o concentration,
HBsAg and HBeAg secretion decreased almost in the same
extent in general. The results showed that interferon-o with
2 000 IU/mL medium in vitro could inhibit HBV antigen
expression to the highest extent. For the viral DNA secreted to
the medium, the realtime PCR was used to detect HBV DNA.
With different concentrations of interferon-o. in cell medium,
the amounts of secreted viral DNA were also different. HBV DNA
decreased most in the medium with 1 000 IU/mL interferon-o.
According to previous reports and our experimental results,

we selected the concentration 1 000 IU/mL of interferon-o. as
the concentration of experiments in vitro.

Precore