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Abstract

In the recent decades, the incidence of hepatocellular
carcinoma (HCC) has been found to be increasing in males
in some countries. In China, HCC ranked second of cancer
mortality since 1990s. Hepatitis B and C viruses (HBV and
HCV) and dietary aflatoxin intake remain the major
causative factors of HCC. Surgery plays a major role in
the treatment of HCC, particularly for small HCC. Down-
staging unresectable huge HCC to smaller HCC and
followed by resection will probably be a new approach for
further study. Liver transplantation is indicated for small
HCC, however, some issues remain to be solved.
Different modes of “regional cancer therapy for HCC” have
been tried. Systemic chemotherapy has been
disappointing in the past but the future can be promising.
Biotherapy, such as cytokines, differentiation inducers,
anti-angiogenic agents, gene therapy and tumor vaccine
will probably play a role, particularly in the prevention of
tumor recurrence. HCC invasiveness is currently the
major target of study. Tremendous works have been done
at the molecular level, which will provide clues for
biomarker of HCC progression as well as targets for
intervention.
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INTRODUCTION

Liver cancer is the 4" most common cause of death from
cancer, the highest age-standardised mortality rate is in China
(34.7/10°% the 2™ cancer killer since 1990s), which alone
accounts for 53% of all liver cancer deaths worldwide.
Recently, the incidence of HCC has been found to be
increasing particularly in males in countries such as Japan,
Italy, France, Switzerland, United Kingdom and the United
States®4. Clinical advances have mainly been made in the
fields of medical imaging, surgery, regional cancer therapy
and biotherapy. Rapidly growing knowledge in basic science
appears at the molecular level, particularly in the study of
HCC invasiveness. Although a lot of news from bench to
bedside on the advances made in HCC has appeared, the
overall dismal outcome of patients with HCC changed very
little. In the United States, the relative 5 -year survival for
liver cancer only increased from 4% (1974-76) to 6% (1986
-93) in white, and from 1% to 4% in black®. In Shanghai,
the relative 5-year survival of liver cancer in 1988-91 was 4.
4%/®. These indicate that there is till a long way to go in
conquering HCC.

CAUSE AND PREVENTION

Viral hepatitis B (HBV) and/or C (HCV), aflatoxin and
alcohol are major risk factors of HCC

However, the importance of these different factors varies in
different geographic areas. HBV is more predominant in
Chinese, Southeast Asian and African patients with HCC,
whereas HCV is common in HCC patients in developed
countries (Japan, France, Italy and others). The prevalence
of hepatitis B surface antigen (HBsAg) and antibody to HCV
(anti-HCV) in HCC patients were reported to be 63.2% and
11.2% respectively in Chind”, which was similar to that
reported in the past.Prospective studies showed that there is
an additive effect of HCV and HBV infection on HCC
development!®. Cirrhotic patients infected with HCV type 1b
carry a significantly higher risk of developing HCC than
patients infected by other HCV types®*. An association
was found between high serum aanine aminotransferase levels
and more rapid development and high incidence rate of HCC
in patients with HCV-associated cirrhosis™@. In a transgenic
mice, it was found that the core protein of HCV induces
HCC™,

Hepatitis G virus (HGV) and transfusion-transmitted virus
(TTV) infection might not play an important role

Based on the data from China, Japan, Africa, United
Kingdom and others, HGV might not play an important role
in the development of HCCl#+%#, A case-control study also
failed to support the hypothesis of an association between
transfusion-transmitted virus (TTV) infection and HCC,
However, some authors claimed that HGV and TTV could
not be completely excluded as causative agentsi®-22,
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In China, HBV and HCV (mainly HBV), aflatoxin and
contamination of drinking water (such as microcystin, a
promoter of hepatocarcinogenesis) remain as major risk
factors of HCC, and alcohol should be added in northern
China

A study showed that exposure to aflatoxin metabolite M1
(AFM1) can account for a substantial part of the risk of
HCC=1,

Other risk factors have also been reported

In Japan, alcohol consumption and cigarette smoking were
aso risk factors of HCC, and synergism between them was
observed®#l. |n Italy, for attributable risk (AR) of HCC,
heavy acohol intake ranked first (45%), HCV second (36%)
and HBV third (22%)!%. The risk of dietary iron overload
was 4.1 for HCC in black Africang®?, which is similar to that
of haemochromatosis in Caucasians. A role of family history
independent from and interacting with known risk factors for
HCC was aso reported, the odds ratio was reported to be
2.4,

HCC risk is high in individuals with both aflatoxin B1
(AFB1)-DNA adducts and HBsAg, suggesting a viral-chemical
interaction

Furthermore, AFB1 exposure correlates with a specific
mutation at codon 249 of the p53 tumor suppressor gene in
HCC, indicating a molecular pathogenesis?!. How the four
major risk factors (HBV, AFB1, p53 mutation and male
gender) for HCC interact to produce malignant liver tumors
were also demonstrated in transgenic mouse model §3%.

X protein of HBV is one of the target of how HBV induces
HCC

The incidence of HCC was as high as 86% in a HBV-X
transgenic micelY. It was also found that the structure of the
X gene is modified in the majority of tumorous livers,
suggesting a potential role of mutated X proteins in HBV-
related liver oncogenesis®?. Moreover, HBV-X might play a
role in hepatic inflammation by up-regulating interleukin-6
production, which can eventually lead to HCCl,
Transactivation of transforming growth factor alpha (TGF-
alpha) gene by HBV preS1 was observed which provides a clue
for understanding viral hepatocarcinogenesis®l. Synergy
between TGF-alpha and HBsAg in hepatocellular proliferation
and carcinogenesis was also reported).

All of these indicate a multifactorial and multistep
development of HCC. Interaction among HBV/HCV,
aflatoxin, alcohol, and genetic susceptibility might be
important.

The dawn of HCC prevention has been shown

Few approaches of HCC prevention have been emerged,
namely: prevention of HBV infection using vaccine, avoid
exposure to carcinogens and promoters by changing drinking
water, and to prevent viral hepatitis B or C progressing to
cirrhosis and HCC by interferon (IFN) therapy. Result from
a universal hepatitis B vaccination program indicated that the
incidence of HCC in children has declined®. A significant
declining trend of HCC mortality rate ratios was observed in
the vaccination group, but not in the reference group®. In
Qidong County of China, after people changed their source of
drinking water from pond-ditch water (microcystin was

found) to deep-well water, the mortality rate of HCC
stabilized and even decreased slowly™. An analysis of
patients with chronic hepatitis, liver cirrhosis, chronic
hepatitis bearing HCC and liver cirrhosis bearing HCC, found
that the incidence of HCC in the control group was 10.4/100
person-year, while that in the IFN treated group was 1.2/100
person-year®. |FN decreased HCC incidence in patients
with HBV related cirrhosis. The cumulative occurrence rates
of HCC in the treated group and the untrested group were
17.0% and 30.8%, respectively, at the end of 10 yeard“”.
IFN therapy also decreased the development of HCV related
HCC. HCC rates in the IFN treated and untreated groups
were 7.6% and 12.4% at the 10th year respectively*l.
Patients with HCV-related cirrhosis also benefit from IFN
treatment“d. IFN therapy significantly reduces the risk for
HCC, especially among virologic or biochemical responders of
patients with chronic hepatitis Ci*J. For those nonresponder,
retreatment with IFN-alpha appeared to have the additional
effect of suppressing the development of HCC in patients who
had incomplete responses to the initial treatment, even when
the HCV was not cleared with retreatment!“d. Currently,
lamivudine or ribavirin, antiviral agent, is added to the
treatment of HBV or HCV, however, long-term follow-up
study is needed to evaluated whether this additional treatment
will increase the efficacy of HCC prevention.

SURGERY OF HCC

Small HCC resection plays an important role to improve
HCC prognosis

Small HCC resection has resulted in marked increase in 5-year
survival rate from 20%-30% to 40%-60%. At the author’s
ingtitution, the 5-year survival rate of 963 patients with small
HCC (=5cm) resection was 65.1%, whereas it was only
36.1% for large HCC resection (n=1308); of the 368 HCC
patients with 5-year survival, 198 (53.8%) patients received
small HCC resection!®4. Early HCC with well
differentiated cancer containing Glisson's triad has been
recognized as an entity with a high rate of surgicd cure, the 5
year survival was as high as 93%“7. A comparison between
subclinical HCC and symptomatic HCC revealed that
operability was higher (26.8% versus 7.9%), and cumulative
survival rate was also highertd,

Makuuchi e a (1998) have performed 367
hepatectomies on 352 patients since 1990, the 5-year survival
rate was 47.4%“. At the author’s institution, HCC
resection has been performed on 2119 patients between 1979-
1998, the 5-year survival rate was 51.5%%. Recently,
perioperative blood transfusion and diabetes mellitus were
found to be prognostic factors after HCC resection®3, An
experimental study indicated that partial hepatectomy was
associated with increased levels of TGF-apha, TGF-beta, and
basic fibroblast growth factor (bFGF) in the liver and
accelerates local tumor growth(s3,

Down-staging of unresectable huge HCC to smaller HCC
followed by resection will probably be a new approach for
further study

At the author’ s institution, the 5-year survival of 108 patients
with this approach (down-staging by hepatic artery ligation,
cannulation, cryosurgery, etc.) was 64.7%!“!. Another 65
patients with unresectable HCC down-staged by transcatheter
arterial chemoembolization (TACE) followed by resection,
the 5-year survival was 56.0%!%. The 5-year survival rates
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were similar to that of small HCC resection, which coincided
with areduction of median tumor size from 10.0cm to 5.0cm
during the resection of this approach®!. However, a well
designed randomized trial is needed for afinal evaluation.

Orthotopic liver transplantation (OLT) is a reasonable
treatment for small HCC if partial hepatectomy (PH) is
impossible

For decades, the role of OLT in the treatment of HCC has
been unclear. In the early 1990s, it was accepted that small
HCC was indicated for OLT. However, only retrospective data
were available for the comparison between OLT and PH in the
treatment of HCC. The 5-year survival rate of 422 HCC patients
with OLT was 44.4%, and tumor histologic grade and tumor
size (>5cm) were linked to recurrence-free patient survival®™l. A
comparison between PH (n = 294) and OLT (n = 270) showed
that survival was comparable, but operative mortality was
lower in PH group, and concluded that HCC developing in a
well compensated cirrhotic liver initially may be treated with
PH, and OLT should be applied selectively to those patients
with tumor recurrence and/or progressive hepatic failurel™l. A
proper selection of candidates for PH gives better results
than OLT, because of the increasing waiting time for OLT!,
OLT is a reasonable treatment for patients with early stage
tumors if PH is impossible. The oncological advantage of
OLT compared with PH, however, is questionablel*d. As
survival after PH and OLT for early stage HCC does not reveal
a significant difference, resection of these tumors is still
justifiablel®. When compared with PH, OLT for resectable
HCC offers substantial survival benefit among well-targeted
subgroups of patients as long as an organ donor is available
within 6 to 10 months time delay. However, the marginal cost-
effectiveness ratios incurred by this strategy are higher than
that of many other current medical interventions®l. This might
be of particular impact for developing countries where HCC is
endemic.

NONSURGICAL THERAPIES FOR HCC

There is still a long way to go of nonsurgical therapies for
HCC

Nonsurgical therapies for HCC generally include regional
cancer therapies, radiotherapy, chemotherapy and
biotherapy. Unfortunately, a systemic review of 37 RCTs to
examine the effect of different treatments for non resectable
patients indicated that only 3 modalities were minimally and
uncertainly effective (embolization, tamoxifen and 1FN)®2,
Another overview of 30 RCTs for unresectable HCC found
that no treatment has clearly proven efficacy in survival. 5-
Fluorouracil, adriamycin and transarterial chemotherapy were
not associated with survival benefit at 1 year. The number of
RCTs was insufficient to enable a conclusion to be reached for
IFN and PEI (percutaneous ethanol injection). Controversy
persists concerning tamoxifen efficacy!®.

Regional cancer therapy for HCC is one of the nonsurgical
therapies that develops recently
Based on the advances of early detection and medical imaging,
more HCCs can be diagnosed with small and localized lesions.
As aresult, regional cancer therapies have developed in the
recent decades. Unfortunately, the number of RCTs was
insufficient to make any conclusion as yet.

Transcatheter chemoembolization (TACE) is one choice

of the treatment for unresectable but not far advanced HCC,
particularly for patients with multifocal HCCs and with
acceptable liver functions. However, some RCTs failed to
demonstrate that TACE improve the survival with
unresectable or advanced HCCI®%1, A RCT found that the
4-year survival of intrahepatic-arterial **!1-labeled lipiodol
(2.2 GBQq) was 10% when compared with 0% in TACE group
(70mg cisplatin)®l. Another RCT indicated that styrene
maleic acid neocarzinostatin in Lipiodol was better than
epirubicin in Lipiodol®?. A comparison of planned periodic
TACE and TACE based on tumor response found that the 3-
year survival rates were 0% and 15% respectively in Okuda 2
stage, the mean time between the first and the third courses of
TACE was 4 months and 14 months respectively, indicating
the efficacy of TACE increased when it was used selectively
and was repeated only when necessary!®. The overall 5-year
survival rate after TACE treatment is around 6%-8%.
TACE resulted in prolongation of survival in patients with
tumor volumes of less than 200mL, tumor-to-liver volume
ratios of less than 5%, and iodized oil retention greater than
or equal to 75%!. Complications of TACE were
encountered in 4.4% of cases, of which, hepatic failure and
down-staging of cirrhosis remain a problem!™.

Percutaneous ethanol injection (PEIl) is a treatment
choice of unresectable small HCC. The 4-year survival rate
was 39% in 47 smal HCC patients with cirrhosis, however,
the 4-year recurrence rate was as high as 79%!"™. Local
recurrence depends predominantly on the biologic
characteristics of the tumor (histologic grade and intrahepatic
recurrence), regardless of the efficacy of PEIUA. For large
(>5cm) HCC, PEIl performed in a single session under
general anesthesia was an aternative. In a series of 108
patients, the 4-year survival rates were 44% for single
encapsulated HCC (5 cm -85 cm), 18% for single
infiltrating HCC (5cm-10cm) or multiple HCC and 0% for
advanced disease, the mortality was 0.7% and major
complications 4.6%!™. A RCT study comparing 50% acetic
acid and PEI indicated that local recurrence rate was lower
and 2-year survival rates higher with acetic acid™.

Percutaneous microwave coagulation therapy (PMCT) is
an extension of PEIl, the 5-year survival for patients with well-
differentiated HCC treated with PMCT and PEI were comparable,
however, among the patients with moderately or poorly
differentiated HCC, 5-year surviva with PMCT (78%) was better
than with PEI (35%)™). PEI is difficult for small HCC on the
surface of liver, however, PMCT can be performed safely in
such patients™. After PMCT, a second biopsy on 19 patients
showed complete destruction of tumor in 18 patients™.

Radiofrequency (RF) hyperthermia is another mode of
regional cancer therapy. Of the 73 HCC patients treated with
RF and evaluated by CT, complete response rate was 10%,
partial response rate 21%, and 5-year survival 17.5%[™. A
comparison was made between RF and PEI in the treatment of
small HCCs. It was found that RF ablation resulted in a
higher rate of complete necrosis (90% versus 80%) and
requires fewer treatment sessions than PEl. However, the
complication rate was higher with RF ablation than with
PEIT,

The inadequacy for complete control of cancer nodule is
one of the major problems of regional cancer therapies.
Therefore, surgery remains the choice of treatment for
curatively resectable HCC with Child A cirrhosis until a RCT
clarifies the situation. In general, TACE is a treatment choice
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for multinodular and large unresectable HCC (a part of TNM
Stage 11, IlIA, I1IB and IVA; with Child A or Child B
cirrhosis). The other regional therapies may be used on
unresectable small HCC which is not multinodular.

Three-dimensional conformal radiotherapy will probably
play arole for HCC treatment in the future

A pilot study indicated that three-dimensional conformal
radiotherapy helped to avoid excessive exposure of the liver
and adjacent organs and made it a safer treatment modality
for unresectable HCC®. Selective interna radiation therapy
using 90Y microspheres (median 3.0 GBq) was effective for
selected cases of nonresectable HCC. There was a 50%
reduction in tumor volume in 26.7% of patients after the
first treatment, the nontumorous liver appeared more tolerant
to internal radiation than external beam radiation. This
treatment may help to convert nonresectable tumors to
resectable ones®. At the author’s institution, long-term
follow-up study indicated that a combination of surgery and
intrahepatic arterial infusion of !-anti-HCC mAb improved
survival of unresectable HCCI®2,

Systemic chemotherapy for HCC has been disappointing in
the past, but in the future can be promising

Neither complete response nor partial response was observed
using paclitaxel (175mg/m? q3w) for unresectable HCCI®,
However, a phase Il study with cisplatin, doxorubicin, 5-
fluorouracil, and IFN-alpha in advanced unresectable HCC
demonstrated that complete pathological remission was
possible, partial response rate was 26%, no viable tumor cells
were found in four out of nine resected specimens®l. Based
on the study of the expression of drug resistance-related genes
in three human hepatoma cell lines, it was demonstrated that
IFN-al pha modulated the mechanism of resistance to cisplatin
in liver cancer!®l. Individual patient with complete remission
of multiple HCC associated with HCV -related decompensated
liver cirrhosis by oral administration of enteric-coated tegafur/
uracil has been reported®®,

Biotherapy will play a role in the treatment of HCC in the
future

However, the results were still controversial. Many RCTs of
tamoxifen for advanced HCC were negativel® . A lack of
efficacy of antiandrogen treatment was found for unresectable
HCC in a RCTFYM. Oral beta al transretinoic acid
(50mg/m? t.i.d.) was also ineffective against HCCI®3,
Interestingly, Octreotide, a somatostatin analogue, improves
survival of inoperable HCC in another RCT!™®¥., Randomized
controlled trial of interferon treatment for advanced HCC
indicated that its administration prompts no benefit in terms
of tumor progression rate and survival®.

Gene therapy-“progress but many stone yet unturned®”

Gene therapy for HCC remains an attractive field.
Experimental studies using cytokine genes (tumor necrosis
factor, interleukin-2, interferon), suicide and p53 genes;
using retrovirus, adenovirus and Epstein-barr virus as vectors,
using AFP enhancer; using intraarterial administration, etc.
have been reported®1®.  Data from both the
literaturel’®-112 and from the author’s institutiontd
demonstrated that human malenoma antigen (MAGE) gene
expression is frequent in HCC, suggesting that HCC patients
may be good candidates for specific immunotherapy (tumor

vaccine) using MAGE encoded antigen. Dendrite cells are
good candidates for this particular purposel*4.

METASTASIS OF HCC

Invasiveness of HCC has become a major target of recent
research

The high recurrent rate in the liver with mainly intrahepatic
metastatic spread remains a major obstacle to further
improvement on the long-term survival after curative HCC
resection. Therefore, research on the invasiveness of HCC
has become a major target. Clinically, targets include
prediction, treatment and prevention; in the laboratory,
investigations include metastatic model, molecular events,
angiogenesis, intervention, etc.

A routine biomarker for prediction of metastasis and
recurrence is not yet available

Although many biomarkers have been tried, such as
AFPMRNA, circulating VEGF and PD-ECGF!511€  human
macrophage metalloelastase genel'”, p2718  p53
mutation**¥l expression of p73(1%9, telomerase activity*?y,
etc.

Both pre- and postoperative chemotherapy or
chemoembolization have not adequately proved to be
effective for prevention of metastatic recurrence

Convincing evidence is lacking to support systemic
preoperative chemoembolization in patients with initially
resectable HCC*22, Although many authors supported the
strategy of postoperative chemoembolization, its effectiveness
might be due to suppression of intrahepatic micrometastases
rather than multicentric carcinogenesisi!®l. Postoperative
intraarterial chemotherapy has also been claimed to improve
survival’?1%1 Recently, a RCT showed that postoperative
adjuvant systemic chemotherapy using epirubicin and
mitomycin C has a tendency to reduce recurrence ratel’?®,
However, two RCTs failed to demonstrate the effectiveness
of postoperative adjuvant therapy. The adjuvant
chemotherapy with epirubicin and carmofur after radical
resection of HCC was not effectivel'?l. Postoperative
chemotherapy using intravenous epirubicin and intraarterial
iodized oil and cisplatin was associated with more frequent
extrahepatic recurrences and a worse outcomel??8l,
Interestingly, a RCT reveadled that oral polyprenoic acid
prevents second primary HCC after surgical resection, and
reconfirmed after longer follow-up study™%, Recently, a
RCT study indicated that a single 1850 MBq dose of intra-
arterial *¥Y-lipiodol increased the 3-year overdl survival from
46.3% in the control to 86.4% in the treatment group!*y.

The molecular basis of “HCC invasiveness” is similar to
that of other solid cancers, its complexity represents as
multi-genes involvement and multi-step process

Numerous papers have been published concerning the
molecular basis of “HCC invasiveness’” in the
literaturel’®150 At the author’s institution, studies
concerning HCC invasiveness could be summarized into the
followings: a Factors that positively related to invasiveness
included: pl16 and p53 mutation, H-ras, c-erbB-2, mdmz2,
TGFa, epidermal growth factor receptor (EGF-R), matrix
metalloproteinase-2 (MMP-2), urokinase-type plasminogen
activator (uPA), its receptor (UPA-R) and inhibitor (PAI-1),
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intercellular adhesion molecule-1 (ICAM-1), vascular
endothelial growth factor (VEGF), platelet-derived
endothelial cell growth factor (PD-ECGF), basic fibroblast
growth factor (bFGF), etc. On the other hand, factors that
negatively related to HCC invasiveness included: nm23-H1,
Kai-1, tissue inhibitor of metalloproteinase-2 (TIMP-2),
integrin a5, E-cadherin, etc. b The biological characteristics
of small HCC was dlightly better than that of large HCC ¢
The following blood test have been tried with potentia clinical
implication: thrombomodulin, ICAM-1, PAI-1, VEGF,
bFGF, etc. Serum ICAM-1 content was higher in patients
with metastasis than those without metastasis. Loss of
heterozygosity (LOH) at D14S62 and D14S51 (on
chromosome 14q) in plasma DNA were also related to
metastatic recurrence. The combination of severa items that
mentioned above increased sensitivity!*>-164,

Comparison between primary HCC tumors and their
metastatic lesions using comparative genomic hybridization
(CGH) indicated that chromosome 8p deletion might
contribute to HCC metastasis'®®. The presence of at least
three novel tumor suppressor loci on 8p in HCC was
reported®®, and DLC-1 might be one of the related tumor
suppressor genels’,

Metastatic human HCC model in nude mice (LCI-D20) and
HCC cell line with metastatic potential (MHCC97) have
been established!*®®

Using corneal micropocket model in nude mice, the difference
of angiogenesis induced by LCI-D20 and LCI-D35 (a low
metastatic model) was also demonstrated*™. Highly
metastatic HCCs induced in male F344 rats and a
transplantable lymph node metastatic mouse model of HCC
were aso reportedit™. These will provide a tool for the
study of the mechanism and the intervention of metastasis.

Angiogenesis is closely related to HCC invasiveness

Vascular endothelial growth factor (VEGF) gene and protein
expression are involved in the progression of HCCH?17
and that VEGF 121 and 165 isoforms play a critical role in
angiogenesis of HCCl'®, However, some author reported
that VEGF might be associated with the angiogenic process of
the cirrhotic liver, but not with the angiogenesis of HCCI™.
VEGF level increased after TACE, indicating that VEGF may
be a marker for tumor ischemid*™®. Angiogenesis in HCC
depends on the net balance between human macrophage
metalloelastase (a potent angiogenesis inhibitor) and VEGF
gene expressiond™. Platelet-derived endothelial cell growth
factor (PD-ECGF), another angiogenic factor, is also
involved in HCC progressioni’®®, The enhanced gene
expression of angiopoietin-2 may also contribute to the
hypervascular phenotypel*®Y. Angiogenesis in HCC can be
evaluated by CD34 immunohistochemistry!8218l At author’'s
institution, using CD34 staining to measure microvessel
density (MVD), we found that MVD was only useful for
small HCC resection, the 5-year survival after resection of
hypovascular type small HCC was double to that of
hypervascular type, being 74.6% versus 34.7%'%4. As small
HCCs increase in size and become increasingly
dedifferentiated, the number of portal tracts apparently
decreases and intratumoral arterioles develop. These findings
may reflect changes in the hemodynamics as the HCC
develops/®l,

Experimental intervention of HCC metastases is
progressing

Many approaches have been tried in preventing metastases,
and anti-angiogenesis is one of the major target. For example,
anti-angiogenic agent TNP-470, a derivative of fumagillin,
was found to inhibited tumor growth and metastasis in nude
mice bearing human HCC and suppressed the progression of
experimentally-induced HCC in ratg®1  High-dose and
long-term therapy with IFN-alpha inhibited tumor growth and
recurrence in nude mice bearing human HCC xenografts with
high metastatic potential in a dose-dependent manner, and the
preventive effect was mediated by anti-angiogenesise.
However, its clinical significance has to be assessed by a RCT.
Other experimental interventions for metastasis were also
reported, such as matrix metalloproteinase inhibitor BB-
94189 4-[3,5- Bis (trimethylsilyl) benzamido] benzoic acid
(TAC-101)1*9, antisense H-ras oligodeoxynucleotides*®,
synthetic B peptidel®, etc.

In short, much has been done and much remains to be
done. Well designed RCTs are needed for a more clear
conclusion in many treatment modalities that are in debate.
Some agents that have not been effective for advanced HCC
may still be tried in the prevention of metastases and
recurrence with a much smaller tumor burden. In the 21¢
century, prevention is doubtlessly of prime importance,
however, detection of small HCC and studies on HCC
invasiveness remain critical issues for further improvement of
prognosis of HCC.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic disorder
affecting young adults in the reproductive years. It is common
for both female and male patients with IBD to ask questions
about IBD’s effect on their relationships, sexual and
reproductive function, in particular fertility, the outcome of
pregnancy and its possible effects on the disease. An open
discussion of the socia situation and education targeted at
these issues therefore forms an essential part of the
management of any young person with IBD. The questions
that are most commonly asked are summarised in Table 1. In
order to answer these questions we need evidence. There are
few large prospective case controlled studies to provide the
information which is required but the available data, some of
it from small observational studies, will be summarised in this
chapter.

Table 1 Questions commonly asked by IBD patients

Sexual health Will | be able to have normal relationships and

a family?

Inheritance Will my children inherit IBD?

Fertility Will my fertility be impaired by IBD or its
treatment?

Outcome of pregnancy Will I have a normal, healthy baby?

Disease activity in
pregnancy

Drug and other treatments | don’t want to take any drugs during pregnancy?
Breast feeding Is breast feeding advisable and safe

Will my IBD flare up in pregnancy?

SEXUAL HEALTH

It is well established that general measures of quality of life
are impaired in patients with IBDW. Sexua health is an
important aspect of quality of life which is often overlooked in
a routine gastroenterological consultation. Sexua problems in
IBD often seem to be focused around three major factors:
body image problems, difficulties with socia relationships and
impaired sexua functionl?. Crohn’s disease (CD), in
particular has been shown to have an impact on self-image,

social relationships and sexual function™. Body image
concerns are frequently found in IBD patients relating either
to the direct physical effects of their disease such as weight
loss, growth retardation as a result of chronically active
disease in childhood, fistulae or perianal disease. The effect
of surgery especially when a stoma is involved is associated
with low sdlf-esteem and poor body image. The side effects of
steroids and other medications may lead to weight gain,
hirsutism, skin changes and other features which promote
feelings of unattractiveness. There is some evidence that
psycho-social effects of stoma surgery performed in
childhood, before puberty may be less severe than if such
surgery is performed during the teenage and early adult
yearsd. Partners of IBD patients with stomas have been
found to be more likely to be able to accept the stoma than the
patient themselves™. Psychological fears of loss of control of
bodily functions and the fear of rejection by new or
established partners in an intimate relationship all contribute
to difficulties in social and sexua relationships. Counselling
and practical advice and support is frequently helpful, but the
need for it is not aways identified in genera
gastroenterological practice.

Some studies have reported an increase in sexual
difficulties including dyspareunia in women who have had
surgery for IBD and there is some evidence that patients with
IBD may delay or even defer pregnancy because of their
disease*. Most of the reports of sexual dysfunction are in
women with Crohn's disease. There are no specific reports of
sexua dysfunction in women with ulcerative colitis (UC) who
have not had previous surgery.

In men with IBD the risk of impotence after
proctocolectomy is the main concernl®. Advances in surgical
technique have decreased although not eliminated post-
operative sexual dysfunction, and this seems to apply to both
conventional proctocolectomy and pouch surgery with a
reported incidence of impotence of around 4%-8%°. It is
important to remember that patients are often quite reluctant
to discuss such delicate matters and tactful prompting and
adequate time during the consultation is the key to their
detection.

CONTRACEPTION

As there is clear evidence that the outcome of pregnancy is
better in women with IBD who have quiescent disease at the
time of conception, advice about contraception is keenly
sought and opinions have differed over the years. In women
who do not smoke and who have quiescent or mildly active
Crohn’'s disease (CD), the use of a low dose combined oral
contraceptive is not associated with increased disease activity
compared with non-users®!®. There are no data about the
thrombo-embolic complications of the oral contraceptive pill
in IBD but this should be consdered especialy in patients with
active UC.
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INHERITANCE OF IBD

Individuals with IBD are often concerned that their children
may inherit the illness. There is a familial increased risk in
IBD which is stronger if the parent has CD. This risk aso
appears to be greater in Jewish families. The life-time risk
factor for a child of a parent with CD is around 7%-9% of
developing CD and about 10% for the development of
IBDMY, If both parents are affected the risk for any children
may be up to 35%.

FERTILITY

Women with UC generally appear to have norma fertility,
athough one retrospective study from Scotland reported that
women who had had surgery for IBD had increased
infertility compared to the general population (25% vs 7%)"2.
Voluntary childlessness in people with IBD is still probably
greater than in the general population however, possibly
relating to fear of pregnancy or even inappropriate
professional advice suggesting that pregnancy might be
dangerous. In CD, fertility is probably normal in individuals
with inactive disease®*l; however, fertility is impaired in
women with active Crohn’'s disease. This relates directly to
disease activity and fertility appears to revert to normal with
the induction of remission. Women whose IBD develops
before their first pregnancy have been shown to have fewer
pregnancies than population controls. In women who had had
a pregnancy prior to the onset of 1BD, however, they seem to
have a similar reproductive history to a control population™.

Increasingly, men are concerned about fertility and other
issues of reproductive health. Sulphasalazine has been known
for many years to cause reversible semen abnormalities with
impairment of fertility in up to 60% of men on the drug. This
effect is reversed two months after withdrawing
sulphasalazine. Men express concerns about the safety of
immunosuppressive agents in terms of fertility and the risk of
congenital abnormality, but there are no reliable data at all
for guidance in this ared™.

PREGNANCY OUTCOME IN IBD

In recent years there has been an increased interest in the
outcome of pregnancy in IBD and a number of epidemiologica
surveys and case controlled studies have been published. In
UC, there is a large body of evidence suggesting that the
frequency of spontaneous abortion, still birth and congenital
abnormality are no different to that in the general
population™*, In quiescent Crohn's disease, pregnancy
outcome, in terms of spontaneous abortion, still birth and
congenital abnormality, is also no different from the general
population®*7,  Active Crohn's disease at the time of
conception or during pregnancy significantly increases foetal
loss and pre-term delivery and it appears that disease activity
rather than medical treatment accounts for the adverse
outcomesi24,

A large prospective population-based study looked at
adverse pregnancy outcomes in 239773 single pregnancies in
Sweden over a two year period. This included 756 pregnancies
in women with IBD. This is the expected number of I1BD
pregnancies for this population??. No significant increase in
the most serious adverse outcomes of ill birth or infant death
in the first year of life was found in the IBD mothers. There
was aso no significant increase in babies which were small for
gestational age. There was however, a significantly increased
risk of pre-term birth (odds ratio 1.81, 95% confidence

intervals 1.06-3.07) at less than 33 weeks and for 33-36
weeks (odds ratio 1.48, confidence intervals 1.0-1.19), and
of low birth weight (less than 1500g, odds ratio 2.15
confidence intervals 1.11-4.15). IBD patients also had an
increased caesarean section rate (15% vs 10%). These
estimates were not affected by adjustments for maternal age,
parity and smoking. There was, however, not any
information about whether the mothers experiencing pre-term
delivery and low-birth weight babies had UC or CD, or
whether these were women with active disease during their
pregnancies. More recent studies from France and Denmark
have confirmed this small increase in pre-term birth and low
birth weight, particularly in CDIz24,

INFLUENCE OF PREGNANCY ON IBD ACTIVITY

In any woman with quiescent IBD at the time of conception,
the likelihood of a flare-up of IBD during pregnancy or the
puerperium is no greater than in any other year of her life.
Active UC at the time of conception is associated with
continuing disease activity in about two thirds of pregnant
women. Chronic activity will continue throughout pregnancy
in about a quarter of these patients and in about 45% the
activity may actually worsenl*d. This therefore constitutes a
strong indication for aggressive medical treatment, since if
remission can be induced by medica therapy, the course of
pregnancy is Smilar to that in patients with quiescent disease
a conception. About two thirds of women with active Crohn's
disease at the time of conception will continue to have disease
activity throughout the pregnancy and in about half of these
there will be a deterioration during the pregnancy (Table 2).
Therefore it is inadvisable to conceive when CD is active, but
if conception occurs, an aggressive therapeutic strategy is
indicated as there is clear evidence in Crohn's disease that
disease activity is associated with pre-term birth and low-birth
weight and some suggestion that early miscarriage may be
increased.

MANAGEMENT OF IBD IN PREGNANCY
All the evidence suggests that maintenance treatment,
certainly with aminosalicylates, should be continued
throughout pregnancy and flare-ups of disease activity should
be investigated and treated appropriately as in a non-pregnant
patient. All pregnant women are very concerned about taking
medication during gestation and it is essentia if at al possble
that these issues are broached and discussed well in advance of
a planned pregnancy enabling informed discussion with the
patient and her partner once she becomes pregnant.
Nutrition is extremely important in pregnancy, the
average weight gain during a normal pregnancy being between
11 and 16kg. Folic acid supplementation is recommended for
all pregnant women but in IBD, patients who may have folic
acid deficiency or be taking drugs which interfere with folic
acid metabolism, a dose of 5mg daily should be recommended
rather than the usually advised dose of 400ug daily. It is
extremely important to remember that early nutritional
intervention is indicated in a woman with active disease who
may not be gaining weight. Women with active CD in
pregnancy have received an elemental diet as primary therapy
with rapid resolution of symptoms® and supplemental
feeding may be reguired in sick IBD patients who are failing to
achieve the expected weight gain during pregnancy.
Proper investigation of gastrointestinal symptoms is not
contraindicated during pregnancy and indeed it is important in
order to ensure that appropriate treatment is advised. Blood



Alstead E. Fertility and pregnancy in inflammatory bowel disease 457

investigations are often difficult to interpret in pregnancy due
to haemodilution, and therefore sigmoidoscopy and indeed
colonoscopy may be indicated in some circumstances. Both
these investigations have been shown to be safe in a small
study!®l. Monitoring foetal heart rate during endoscopy has
not shown any adverse effects and there has been no evidence
of increased premature labour or foetal abnormalities
following endoscopy in pregnancy. Radiographic imaging
should obvioudy be avoided unless obstruction, perforation or
toxic megacolon are suspected and if possible in this situation,
plain abdominal films should be used rather than CT or barium
studies which involve much higher radiation exposure.
Ultrasound may be useful, for example to identify an intra-
abdominal collection in patients with Crohn's disease.

Table 2 Influence of pregnancy on IBD activity
Meta-analysis data from Reference 17
INACTIVE disease at conception. Likelihood of relapse during pregnancy

Ulcerative colitis Crohn’s disease

Number of pregnancies 528 186
Relapse 34% 27%

ACTIVE disease at conception. Pattern of disease activity in pregnancy

Ulcerative colitis Crohn’s disease

Number of pregnancies 227 93

Better 27% 34%
No change 24% 32%
Worse 45% 33%

TREATMENT OF IBD IN PREGNANCY

Drug treatment

The safety (or risk) of drug therapy during pregnancy is of
prime concern to any pregnant woman. In women with IBD,
the most important factors in relation to treatment are to
emphasise the importance of planned pregnancy when the
disease is quiescent and the fact that, if conception occurs
with active IBD, inducing remission with medical therapy
carries less risk than continuing a pregnancy without
treatment!?®l,

First line agents

Aminosalicylatesand sulphasalazine  have been widely used in
pregnancy in IBD. They are safe in conventional doses and
should be used for maintenance or induction of remission in
the same way as in a non-pregnant individual. Both
aminosalicylates and sulphasalazine are poorly systemically
absorbed and there is little placental transfer from mother to
foetus'?-2°!. No evidence of teratogenicity has been
demonstrated and the outcome of pregnancy has been shown
to be similar to that in healthy women. There have however,
been reports of nephrotoxicity in the foetus of a woman taking
a high dose of mesalazine*®. High dose aminosalicylates are
not therefore advisable during pregnancy.

Corticosteroids are well tolerated in human pregnancy. They
cross the placental barrier but there has been no convincing
evidence of teratogenesis despite reports of cleft lip and palate
in the past. Immune deficiency in the new-born infant is
theoretically possible, but is very rarely reported in clinical
practice. In IBD patients taking corticosteroids during
pregnancy, no increase in foetal complications have been
found compared to the general population®d. It is,
therefore, important to use corticosteroids in women with
moderate to severe disease activity in pregnancy in the same
way as in a non-pregnant patient.

Second line agents

Azathioprine and 6-mercaptupurine have never been
demonstrated to be teratogenic in humans and do not have any
effects on human interstitial cell function or gametogenesis in
the doses used in clinical practice®?, There is extensive
experience of the use of these drugs in pregnancy in renal
transplant recipients and in patients with systemic lupus
erythematosus who are unable to discontinue
immunosuppressive treatment, with very little evidence of
adverse effect!®334, However, because of the theoretical
possibility of teratogenesisin animals, gastroenterol ogists have
been very cautious in advising discontinuation of azathioprine
prior to pregnancy or even termination of pregnancy in
women conceiving on azathioprine. In a small retrospective
study on the use of azathioprine in pregnancy and IBD there
were no serious adverse outcomes. All the women conceived
while taking the drug and half of them continued to take it
throughout gestation®®. In a larger study, looking at
pregnant women with IBD on 6-mercaptupurine, there were
also no adverse outcomes of pregnancy®@, although in this
study only a small number of patients actually continued to
take the drug throughout their pregnancy.

In general therefore, if a patient is established and well
on azathioprine or 6-mercaptupruine and it is felt to be
essential to continue this drug to retain remission, after full
discussion with the patient and her partner, it is reasonable to
decide to continue treatment during pregnancy. It is essential
that this decision is made by the patient who has been
presented with the evidence. In view of the complications
which may arise at the start of treatment with these agents, it
is not advisable to commence treatment for the first time
during pregnancy.

Cyclosporine has been used in patients with severe UC which
has not responded to steroids in an attempt to avoid surgery
which is said to carry a high risk of foetal mortality®.
Cyclosporine is not teratogenic and has been extensively used
in transplant recipients and lupus patients without increased
adverse effects®41. Cyclosporine is a highly toxic drug
however, carrying the risk to the mother of hypertension,
nephrotoxicity and hepatotoxicity and it would therefore
appear to be undesirable in amost all circumstances except the
avoidance of urgent colectomy in a patient with fulminant UC.

Methotrexate is mutagenic and teratogenic and is therefore
contraindicated in pregnancy or immediately prior to
conception. There are reports of women with IBD who have
conceived while taking methotrexate, who had a high
incidence of severe congenita amnormdlities in the babies born
from these pregnancies, with neural tube defects and other
severe deformities*24l. In a woman who conceives on
methotrexate and will not agree to a therapeutic abortion,
however, the methotrexate must obviously be stopped
immediately and high dose folic acid replacement is indicated.

Anti-TNF antibodies There are currently no data about
pregnancy in patients receiving therapy. By definition this
therapy is used for people with severe active CD, and for the
present pregnancy should be discouraged during this
treatment.There is no evidence that it is safe to continue with
the pregnancy if conception occurs during treatment with anti-
TNF antibody.

Antibiotics. Metronidazole has not been shown to have
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adverse effects and has been used extensively in pregnancy by
gynaecologists to treat bacterial vagionosis. There is not any
evidence of increased risk of spontaneous abortion or
congenital abnormality in humansi“4#. Ciprofloxacin and
other quinolone antibiotics have been suggested to be
associated with muscul oskeletal problems in foetuses in animal
studies but this has not been substantiated in humans.
Ciprofloxacin has been used during pregnancy with no
increased incidence of spontaneous abortion or congenital
abnormality and follow-up of the children born from these
pregnancies is ongoinge!,

Surgery
Patients who have undergone previous surgical intervention
for UC or CD do not appear to have any increase in problems
during pregnancy compared to the general population.
Patients who have undergone colectomy and ileostomy or ilea
pouch operations can expect a normal outcome of pregnancy.
In women with an ileostomy, stomal prolapse has been
reported following hyperemesis. This can cause discomfort
and require revision of the ileostomy post-partum. Opinions
vary about the need for delivery by caesarean section
following pouch surgery. Some centres have published data
suggesting that vaginal delivery is appropriate. There are no
published long-term studies of the effect of vaginal delivery on
pouch function athough one study demonstrated no short-term
deterioration of pouch function®. Some surgeons advise
elective caesarian section to avoid risk of sphincter damage.
Surgery for acute indications during pregnancy has been
reported to carry a high risk of foetal loss and is generally felt
to be inadvisable. Reports of a 60% risk of foetal loss for
urgent colectomy in UC may be an overestimate in the 21
century. A small case report from Manchester recently
reported six women who had surgery for intraperitoneal sepsis
in Crohn’s disease during pregnancy. Five healthy babies
resulted from these pregnancies although one miscarriage
occurred in a patient with a surgical complicationi7.

Breast-feeding

Breast-feeding is the best option for mother and baby in most
circumstances. Concerns about breast-feeding are related to
worries about the secretion of drugs in breast milk.
Sulphasalazine and the aminosalicylates are poorly absorbed
from the bowel and very small amounts are excreted in breast
milk. It is safe to breast-feed while taking these medications
with the small reservation that it is inadvisable to take high
doses of amino-salicylates as there is one report of renal
impairment in a child of a mother on a high dose of
mesal azine®™.

Prednisolone is also concentrated poorly in breast milk
and the amount received by the infant is minimall®. If
breast-feeding is deferred until 4 hours after taking steroids,
this further decreases the dose to the infant. It is therefore
considered safe to breast-feed while taking these first-line
agents.

There are aimost no data on the safety of breast-feeding
while taking other agents used to treat IBD. Breast-feeding is
not recommended by the manufacturers of azathioprine or 6-
mercaptopurine. Many transplant recipients and patients who
take these drugs for rheumatological disorders and who must
remain on azathioprine have breast-fed without reports of ill
effect to the baby. This is another situation where full
discussion with the mother and her partner may allow them to
make an informed decision on the basis of what little evidence

isavailable.

CONCLUSION

The key to the management of the pregnant IBD patient is to
have discussed the issues relating to reproductive health prior
to conception. Counselling from teenage years in young
patients with IBD will help them to understand the importance
of planned pregnancy. Fertility can be expected to be normal
except in women with active Crohn’s disease. The outcome of
pregnancy is usually normal but the risks are associated with
active disease and more strongly with Crohn’s disease. Disease
activity is definitely associated with premature delivery and
low birth weight. Drug treatment should be discussed in
advance of pregnancy and it would seem logical that women
should be encouraged to continue maintenance treatment with
aminosalicylates or sulphasalazine during pregnancy. If an
attack occurs it should be investigated and treated as in a non-
pregnant patient, except that use of x-rays should be
minimised. Patients maintained on azathioprine may wish to
continue with the drug if it is important to retain remission
after full discussion. A patient with quiescent IBD can expect
normal fertility, normal outcome of pregnancy and there is no
contraindication to breast-feeding. The management of IBD
in pregnancy is a good example of the therapeutic partnership
between patient and doctor. Education and communication
are key, active disease is the greatest risk to the outcome of
pregnancy and drug therapy may be necessary and if so is safe.
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Abstract

The assessment of inflammatory activity in intestinal
disease in man can be done using a variety of different
techniques. These range from the use of non-invasive
acute phase inflammatory markers measured in plasma
such as C reactive protein (CRP) and the erythrocyte
sedimentation rate (ESR) (both of which give an indirect
assessment of disease activity) to the direct assessment
of disease activity by intestinal biopsy performed during
endoscopy in association with endoscopic scoring
systems. Both radiology and endoscopy are conventional
for the diagnosis of inflammatory bowel disease (IBD).
However these techniques have severe limitations when it
comes to assessing functional components of the disease
such as activity and prognosis. Here we briefly review the
value of two emerging intestinal function tests.
Intestinal permeability, although ideally suited for
diagnostic screening for small bowel Crohn’s disease,
appears to give reliable predictive data for imminent
relapse of small bowel Crohn’s disease and it can be
used to assess responses to treatment. More
significantly it is now clear that single stool assay
of neutrophil specific proteins (calprotectin,
lactoferrin) give the same quantitative data on
intestinal inflammation as the 4-day faecal excretion
of 111Indium labelled white cells. Faecal calprotectin is
shown to be increased in over 95% of patients with IBD
and correlates with clinical disease activity. It reliably
differentiates between patients with IBD and irritable
bowel syndrome. More importantly, at a given faecal
calprotectin concentration in patients with quiescent IBD,
the test has a specificity and sensitivity in excess of 85%
in predicting clinical relapse of disease. This suggests
that relapse of IBD is closely related to the degree of
intestinal inflammation and suggests that targeted
treatment at an asymptomatic stage of the disease may be
indicated.

Subject headings inflammatory bowel
permeability; NCAM; membrane glycoproteins

diseases;
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INTRODUCTION

Distinguishingirritable bowel syndrome frominflammatory bowel
disease

Gastroenterologists are often faced with the diagnostic

difficulty of differentiating patients with the irritable bowel
syndrome (IBS) from those with organic intestinal pathology,
in particular inflammatory bowel disease (IBD). Many
symptoms are common to both conditions including abdominal
pain, bloating, excessive flatus and altered bowel habit while
other clinical features such as a predominance of diarrhoea
and rectal bleeding will increase the likelihood of organic
disease. Although symptoms are a surprisingly good guide to a
diagnosis, most clinicians proceed to and rely on laboratory
tests to aid in the differential diagnosis. Certainly, fulfilling
the ROME criteria®? and having a normal full blood count,
routine biochemical screening, ESR and CRP are reassuring
indicators pointing to IBS. As a result a number of
investigators*4 have recommended a straightforward
approach to evaluation and treatment of patients with 1BS
based on the use of the Rome criteria as a means of cost
effective management. Despite this the use of the Rome
criteria has not been universal and is largely confined to use as
entry criteria into research studies of patients with 1BS. The
concern for gastroenterologists is that some patients with
organic intestind disease will be incorrectly diagnosed if excess
reliance is placed upon these criteria. They may therefore feel
compelled to exclude all organic disease using invasive
diagnostic investigations as objective evidence for there being
no other significant pathology. This has significant
implications for hedlth care costs as well as exposing patients
to the inherent risks associated with invasive procedures.

Managing inflammatory bowel disease

Once IBD is diagnosed the treatment involves induction and
subseguently maintenance of remission based largely on
clinical disease activity indices®® and the physicians global
assessment of well-being. The problem with the use of clinical
disease activity scores is that they are a composite of
quantitative subjective symptoms that are affected by non
inflammatory processes such as fibrous strictures, fistulas and
previous surgica intervention. As a guide to clinical decision
making, many clinicians therefore use nonspecific laboratory
tests to document relapse of disease and radiology and radio
isotopic techniques to distinguish between actively inflamed
disease and fibrotic strictures. In addition a number of blood
tests (erythrocyte sedimentation rate (ESR), orosomucoid, C
-reactive protein (CRP), platelet, and white cell counts, IL-
6, TNF-a, IL-1pB)"4 which reflect the systemic
consequences of inflammation, have been proposed as
predictors and/or markers of clinical relapse of IBD with
varying degrees of success. However, the overall predictive
values of these different variables in identifying patients at
risk of relapse have in general been disappointing. This is
possibly due to the fact that these measures are non-specific,
affected by a variety of non-intestinal diseases*? and most
importantly do not measure the intestinal inflammation
directly. Patients with clinicaly active IBD can have normal
serological inflammatory indices while clinically quiescent
disease may be associated with abnormal blood tests. In
particular, there is a maor discrepancy between severity of
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symptoms and macroscopic evaluation of disease activity in
patients with Crohn’s disease limited to the colon.

Intestinal function tests

Although imperfect the above approach to diagnosis and
management of patients with IBD remains the norm and in
general it works well for the vast majority of patients.
However, few would argue with the notion that there is scope
for improvement. Where is such improvement to come from?
Recently, investigators have turned to direct tests of intestinal
function. Such tests provide new, direct and different
information. They have the potential to be used as a
diagnostic screen for intestinal disorders as well as providing
prognostic information for the behaviour of the disease. At
present there are three kinds of intestinal function tests that
could fulfill the above promise, two of which (intestinal
permesbility and white cell scans) have a 20 year history. The
third, namely direct assay of faeces for inflammatory
markers, we suspect has the greatest potential. There follows
a brief outline of how these tests can provide information that
is not obtainable by other methods and their possible use in the
day-to-day management of patients with IBD.

INTESTINAL PERMEABILITY

Permeability refers to that property of a membrane that
enables passage of a solute by unmediated diffusion. The
diffusion of a solute across a simple membrane is determined
by the structure of the membrane (in terms of its
composition, charge, thickness, etc.), the physicochemical
properties of the solute (like molecular size, shape, charge
and solubility) and its interaction with the media or solvent.
Intestinal permeability is assessed non-invasively in vivo by
messuring urinary excretion of orally administered substances.
The ideal permeability probe is water-soluble, non-toxic, non-
degradable and not metabolised before, during or after
permeating the intestind®®. The probes should preferably not
be naturally present in urine, be completely excreted in the
urine following intravenous administration and be easly and
accurately measurable. Fordtran et al™ were instrumental in
the development of ideas for assessing intestinal permesbility
in man but it was Menzies who introduced oligosaccharides as
test substances for the non-invasive assessment of intestinal
permeability™ in 1974, and later formulated the principle of
differential urinary excretion of orally administered test
substances®. The importance of the differential urinary
excretion principle is that it overcomes most if not al the
problems associated with the use of a single test substance,
where urinary excretion is dependent on a number of pre-
and post-mucosal factors as well as intestinal permeability.
The differential principle advocates that a nonhydrolyzed
disaccharide (i.e. lactulose) and a monosaccharide (L-
rhamnose or mannitol) are ingested together. As the pre- and
post-mucosal determinants of their excretion affects the two
test substances equally and the differential 5 hour urinary
excretion ratio (ratio of lactulose/L-rhamnose) is not
affected by these variables the urinary excretion ratio becomes
a specific measure of intestinal permeability.

Tests of intestinal permeability were initially designed to
allow reliable non-invasive detection of patients with
untreated coeliac diseasd®. The tests have since come to be
viewed as synonymous with assessing intestinal barrier
function. In clinicaly active small bowel Crohn’s disease the
vast majority of patients (>95%) have an increase in the
differential urinary excretion of ingested di-/mono-
saccharides (lactulose/L rhamnose or mannitol) and half of
those with Crohn's colitis are abnormal*®. These figures are

marginally improved with the use of 51CrEDTA, which
requires a 24-hour, as opposed to a 5-hour urinary collection.
The vast magjority of patients with ulcerative colitis have
normal small intestinal permesbility when assessed by these
methods. However, tests of intestina permeability have not
found widespread application as screening tests to discriminate
between patients with Crohn’s disease and IBS. The reason for
this is probably that the urinary sugar analysis is time
consuming and demanding, and there may be some concern
that the tests lack specificity being abnormal in a variety of
small intestinal diseases (Table 1). At first sight the test
appears to identify a number of “clinically irrelevant”
diseases, which usually translates into disease for which no
trestment is available, but in practice the tests seem often to
identify small intestinal pathology where none was previously
expected, thus expanding the number of identifiable smal bowel
pathol ogies.

There have been attempts to use intestina permeability as
an index of disease activity in Crohn's disease. In generd these
have been disappointing because the degree of increase in
the differential urinary excretion of lactulose/L-rhamnose or
the excretion of SXCrEDTA is dependent on localisation and
extent of disease within the small bowel as well as activity
of the inflammation™™. Abnormalities in intestinal permeability
may, however, be used as a predictor of imminent relapse
of quiescent Crohn’s disease. Three studies have now
shown that, in patients with Crohn’s disease in clinical
remission, an increased intestinal permeability can predict
those at significant risk of relapse of disease in the next
few monthg™¥, The strength of this association is difficult
to assess from the published studies. Nevertheless, less
than 20% of those with normal intestinal permeability
appear to relapse over the ensuing 6 months. Interestingly,
elevated levels of IL-6 in serum, which can be viewed as
a surrogate marker of intestinal inflammation, also has a
predictive value for relapse of Crohn's disease®, but
receiver operating curve (ROC) analysis shows relatively
low sensitivity and specificity (70 and 50%, respectively).
The permeability ratio differs from such indices in that it is
not based on concentrations of plasma proteins but rather
represents functional changes in the intestinal mucosa, a
direct consequence of intestinal inflammation.

The clinical implications of these findings are discussed
later.

WHITE CELL SCANS AND FAECAL EXCRETION

Intense neutrophil recruitment to the intestinal mucosa is a
feature common to inflammatory bowel diseases®. When a
patient’s own radiolabelled neutrophils are re-injected they
migrate to sites of acute inflammation as well as to the liver,
spleen and bone marrow!?!. Segal, Saverymuttu and
Chadwick were instrumental in the introduction, validation
and application of the 111Indium white cell technique for use
in gastroenterology!®?3. The technique visualises inflamed
segments of bowel and quantitates the degree of inflammatory
activityl2025-26,

A number of studies have established that abdominal
scans are abnormal in virtually all patients with active I1BD;
their accuracy in localisation of disease and distinguishing
between actively inflamed and fibrous stricturing disease has
implications for treatment. It was suggested that the technique
could be used to discriminate, with an accuracy approaching
100%, between patients with IBD and IBS at the first
outpatient visit. In practice this suggestion was not followed
up with relevant research.

When combined with measurement of the 4 day faecal
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excretion of labelled white cells for quantitation of the
inflammatory activity the technique becomes a formidable tool
for research and investigation. The faecal excretion of the
|abelled white cells quantitate inflammation accurately and can
be used to document therapeutic efficacy of various treatments
in IBD527, |t has also been used to define a number of
enteropathies (NSAIDs, alcohol, chronic renal failure,
hypogammaglobulinaemia, HIV-AIDS, etc.) where none
were suspected or impossible to demonstrate by techniques
other than perhaps the intestinal permeability tests (Table
1), The method is not disease specific, resembling that of
the permeability tests, but it is specific for intestinal
inflammation. This is not a drawback as it is a smple matter
to distinguish between the inflammatory activity in patients
with IBD and the above enteropathies, colonic cancer,
diverticulitis, etc., since patients with active IBD have
excretion values often an order of magnitude higher than the
others.

Table1l Some conditions reported to be associated with increased
intestinal permeability

Nonsteroidal anti-inflammatory drugs
Alcohol

Renal failure

Abdominal radiation

Cytotoxic drug treatment

Abdominal surgery

Inflammatory bowel disease
Ankylosing spondylitis
Coeliac disease

Intestinal ischaemia
Hypogammaglobulinaemia
HIV infection

Fasting Endotoxinaemia
Total parenteral nutrition Multiorgan failure
Food allergy Diabetic diarrhoea

Scleroderma
Reactive arthritis
Intestinal infections/
bacterial overgrowth
Whipples disease
Sarcoidosis

Multiple sclerosis
Cystic fibrosis
Recurrent abdominal pain of childhood

Neomycin
Acute and chronic liver disease

Why has the white cell technique not been universally
adapted for use as a diagnostic screen in IBD, and to assess
disease activity? It requires expensive labeling facilities
including labelling cabinets. The labeling procedure is time
consuming, taking over 2 hours. The cost of isotope and
material is in excess of £200 (US $300) and the radiation
dose is not trivial if abdominal scans are carried out, being
equivalent to that of a barium enema®3?. A complete 4-day
faecal collection is also demanding and unpleasant for
patients, occasionally requiring hospital admission.

Other methods have attempted to build on this success.
One such is 99mTc labeling of white cells®t. This is
purported to give superior quality abdominal scintigraphy
(which is not clinically important), but does not alow late
(>4 hours) scanning, because the label comes off and is
excreted into the bowel independent of white cell excretion.
Furthermore a faecal collection provides no quantitative
information on intestinal inflammation (as the Technetium
comes off the white cells and is excreted in faeces) and the
labeling requires the same facilities as the white cells.

Newer techniques include E-selectin scanning®3. This
method is derived from the more conventional |abelled white
cell scintigraphy, but uses a labelled antibody to E-selectin,
which is over-expressed in endothelial cells at sites of
inflammation. It has the advantage of studying a more fixed
entity that (unlike white cells) will not be shed at a variable
rate into the bowel lumen and is applicable to the occasional
patient with intestinal inflammation who is neutropenic.

In our opinion, the greatest impact that the white cell

technique has had is that it ) emphasised that if a sensitive
method is to be established for assessing intestinal function
there are no shortcuts. Neurologists assess spinal fluid,
respiratory physicians assess sputum, urologists urine and the
gastroenterologist needs to come terms with the fact that
faecal andlysis is essentia to obtain maximal information about
the state of the intestine. @ emphasised that there is life
beyond morphological assessment of the gut (x-ray and
colonoscopic studies). @ raised the possibility of dramatically
changing our views on the treatment of IBD. Many patients
with IBD in full clinical remission are shown to have
significant intestinal inflammationi?’3, At present treatment
is non-specifically directed at maintaining remission (5-ASA,
azathioprine, etc.). It seems highly probable that those
patients with substantial inflammatory activity should be
targeted for more aggressive therapy, in particular if they can
be shown to be a significant risk of clinical relapse of disease.
The analogy with the treatment of rheumatoid arthritis springs
to mind. Here, first line treatment is directed to wards
reducing the acute inflammatory component of the disease
followed by a number of second line agents that can alter the
natural history of the disease, reduce the frequency, duration
and severity of relapses as well as reducing the joint damage.

FAECAL MARKERS

Faecal analysis is unplessant but has been with us for a long
time. Measure of electrolytes and osmolality helped in the
differential diagnosis of diarrhoea in children. Faecal fats
were a widespread screening test for steatorrhoea for a while
and faecal occult bloods have become the yardstick for
colorectal screening with which other methods need to be
compared. An improvement on these techniques was the
introduction of radioisotopically labelled compounds (labelled
red blood cells, proteins, white cells) which provided
quantitative and functional data and which was event specific
(blood loss, inflammation, protein losing enteropathy, etc.)
but non-specific for disease.

The inflamed hyperpermeable mucosa of patients with
inflammatory bowel disease is associated with increased protein
loss into the bowel lument®*!, Studies using radiolabelled
proteins have demonstrated that there is faecal protein lossin
patients with active Crohn’s disease and it may therefore be a
useful marker of disease activity. Other studies have shown faecal
al antitrypsin clearance to be a useful indicator of protein losing
enteropathy!®! and that in patients with inflammatory bowel disease,
72 hour faecal clearance of al antitrypsin is a useful method for
quantitating intestinal protein loss*=7, Faecal clearance of al
antitrypsin correlates with that of S:Cr-albumin, and moderate recta
bleeding does not affect the a1 antitrypsin determination(®.
Random faecal al antitrypsin levels have been shown to be as
useful as more prolonged collection in measuring Crohn’s disease
activity!® and correlated with several other laboratory measures
that have been proposed as indicators of Crohn’s disease
activity,

Concerns about costs, radiation, and the need for
prolonged faecal collections all worked against these
techniques for routine use, although many remain very
important for research studies. The idea then emerged that it
might be possible to assay for cell proteins or substances that
are specifically associated with a certain cell type and which
would then provide information on a specific component of
the inflammatory cascade. Ferguson’s Edinburgh group was
instrumental in expanding this ideal*”. Concerned about
bacterial degradation of markers they used a whole gut lavage
method involving ingestion of polyethylene-based purgatives
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(Kleenprep or GolLitely) for obtaining clear liquid faecal
samples for analysis. The analysis took to various markers,
such as immunoglobulins, neutrophils-specific elastase,
andhaemoglobin. Separate studies showed that Crohn’s disease
could be identified with ease, and that the method had a
greater sensitivity for colorectal cancer than the conventional
faecal occult blood technique. Ideally suited for research, the
method has as yet not found wide application for routine
screening purposes, possibly because of the drawback of
patients needing to ingest large volumes of liquid.

Direct analysis of markers in faeces would be a major
advance on this method. Here the problem is initially the
bacterial degradation of the marker necessitating swift sample
handling. One such marker, TNF, has been successfully used
in children and in HIV infection in adultg*:“3. However, it
is now clear that it is not necessary for the marker to be
completely non-degraded, provided that the antibody (most of
these assays are ELISA’s or radio immunoassay) is directed at
an epitope of the molecule which resists degradation. One
such assay is that for lactoferrinid. Lactoferrin is a relatively
specific marker for neutrophils, in which it is present in
cytoplasmic granules.

Faecal calprotectin

The greatest experience with analysis of faecal proteinsiswith
calprotectini*-“8l_ |t accounts for up to 50% of the neutrophilic
cytosolic protein while being resistant to colonic bacterial
degradation. It is easily measured in faeces by a commercially
available ELISA.

Calprotectin was first isolated from granulocytes by
Fagerhol et al*®¥ and named L1 protein, but was later named
calprotectin upon identification of its calcium binding and
antimicrobial propertied®. The protein is a heterocomplex
protein consisting of two heavy (L1H) chains and one light
(L1L) chain®¥ which are non-covalently linked®3.
Calprotectin appears to play a regulatory role in the
inflammatory process®™ and functions in both an
antimicrobial®% and antiproliferative capacity®™>1. It has
both bactericidal and fungicidal properties with minimal
inhibitory concentrations comparable to those of many
antibiotics®®. It is released from the cells during cell
activation or cell death. The C-termina sequence of the L1H
chain has been shown to be identical to the N-terminus of
peptides known as neutrophil immobilising factors (NIF)®e.
It has been suggested that NIF activity of the L1H chain
depends upon its phosphorylation™ and that such an activity
of calprotectin could be important for the accumulation of
granulocytes, while calprotectin released from dead
neutrophils, macrophages and epithelial cells might exert
antimicrobial activity, possibly by depriving microorganisms
of zincl®®&l, Calprotectin may inhibit metalloproteinases®?
which may also involve the deprivation of zinc suggesting that
it may limit their participation as enzymatic cofactors for
invading organisms. Interest in calprotectin as a marker for
inflammation in the gut followed the redlisation that 111
Indium labelled granulocyte scans could be used to both
visualise and quantitate the acute inflammation in the gut of
patients with inflammatory bowel disease®l. These
findings led to the idea that an increased influx of granulocytes
into the intestina mucosa in conditions of inflammation might
give increased levels of proteins from such cells in faeces.

Othersl®® have demonstrated that eosinophilic
granulocytes are the main cellular source of calprotectin in the
normal gut mucosa. However, relatively high levels of
calprotectin are found in the stools of normal individuals-

about six times the plasma levels (which are about O.
5mg/L) . This is compatible with data suggesting that in
normal individuals most circulating neutrophils migrate
through the mucosal membrane of the gut wall and thereby
terminate their circulating life®. Subsequent lysis within the
gut lumen and release of cytosolic calprotectin thereby
accounts for the median faecal levels of 2.0mg/L seen in
healthy controls“¢%l, The diagnostic use of faecal
caprotectin in a broad spectrum of intestina diseases has been
studied by a number of groups with remarkable agreement
between the results to date.

Inflammatory bowel disease

It is almost possible to extrapolate all the findings obtained
with the white cell faecal excretion technique to the calprotectin
method. Both techniques correlate with histopathol ogical
assessment of disease activity in ulcerative colitis and there is
avery good correlation between the 4-day faecal excretion of
white cells and faecal calprotectin concentrations®41, a
correlation which is maintained when single stool calprotectin
concentrations are used as opposed to 1 or 4 day collections.
The faecal cal protectin concentration has a narrow normal range
with an upper limit of 10mg/L. As with the white cells, faecal
calprotectin has potential as a screening procedure to
differentiate between patients with IBD and IBS and it may be
useful for documenting a fall in intestinal inflammation in
response to successful treatment of disease. Calprotectin
concentration is rarely within the normal range in patients with
IBD despite full clinical remission and is therefore a highly
sensitive method for detecting such patients irrespective of
disease activity. In over 100 patients with Crohn’s disease of
varying severity and activity only 4 had normal calprotectin
concentrationg®,

Since the method is so much simpler than the white cell
technique, requiring only a single stool sample, extraction and
an ELISA, it has potential as a screening test to distinguish
between patients with IBD and IBS in an outpatient setting.
One study in over 225 patients showed that a cut off of 30mg/L
had a 100% sensitivity and 94% specificity for this purposel®.
Another showed that this was also the case when over 600
unselected consecutive patients were studied. Indeed a
patient presenting with positive ROME criteria and a normal
faecal calprotectin has virtually no chance of having IBDI®l,
As aresult of these studies it is now our practice not to
investigate such patients by radiology or colonoscopy with
considerable cost saving implications. The white radiolabelled
cell technique demonstrated reduced intestinal inflammation
in response to 5-ASA treatment and elemental diets. We have
shown (unpublished) that improvement in calprotectin
parallels the improvement in the excretion of |abelled white
cells in response to treatment with elemental diets. These
techniques prove to be much more reliable and reproducible
than the changes in clinical disease indices. It seems likely that
the assay of faecal calprotectin will become an integral part of
the assessment of therapeutic efficacy of the acute
inflammation in future treatment trials in patients with I1BD.

Apart from screening and assessing response to
treatment, the faecal calprotectin has a further major
advantage over the white cell labeling technique in predicting
relapse of IBD. It has been shown that, in patients with
clinically quiescent IBD (ulcerative colitis and Crohn’s
disease), faecal calprotectin values above 50mg/L may be
used to predict clinical relapse of disease within afew months
with over 80% sensitivity!®). Symptoms of inflammatory
bowel disease often appear to be the direct consequence of the
inflammatory process itself and often vary dependent upon
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the location of the inflammation. Most patients with quiescent
IBD have low-grade inflammationi?” and it is possible that
symptomatic relapse occurs only when the inflammatory
process reaches a critical intensity. Furthermore, as
inflammation is a continuous process it may be that direct
assessment of the level of inflammatory activity may provide a
quantitative pre-symptomatic measure of imminent clinical
relapse of the disease.

The clinical implications of this, if substantiated, are
considerable as it might offer targeted treatment at an earlier
stage, with less side effects, to avert the relapse, as well as
assessment of new therapeutic strategies to maintain
symptomatic remissioni®, At present this is done with some
degree of success with the rather indiscriminate use of
sulphasalazine, 5-ASA and azathioprine, all of which are
associated with side effects. However the cal protectin method
offers guidance as to whom to treat at this stage and with what
kind of vigour. Theoretically such treatment should lead to a
dramatic reduction in the frequency and severity of clinical
relapses with an improvement in the patient’s quality of life.

In addition, the identification of patients at high risk of
relapse will improve the design of clinical trials to assess the
efficacy of therapeutic regimes designed to maintain patients
in remission. In most such trials, patients studied tend to be a
heterogeneous mix of those with high and low risk of relapse.
This introduces possible bias when assessing the response to a
particular treatment regime due to the imbalance of high risk
patients in each treatment arm. Stratification by risk group
using faecal calprotectin would reduce the possibility of such a
bias. It is also possible that a lack of power in detecting a
response to treatment may be due to the study of a large
number of patients at low/intermediate risk of relapse, in
whom all treatments may show the same efficacy, and
therefore clinical trials studying a homogenous high risk group
may be more powerful in detecting a difference in treatment
efficacy.

Much work remains to be done, some is already on its way,
but what is clear is that gastroenterol ogists need to move with
the times and start thinking along the lines that rheumatol ogists
do, that is, to implement treatments that alter the natural history
of the disease. We are now in possession of tests that have the
potential to revolutionise our approach to treatment of patients
with IBD. There are some hurdles to overcome. The most
frequent criticism of the “faecal” tests is that they are
unacceptable to patients and unpleasant to work with.

The faecal calprotectin and lactoferrin methods are the
first wave of techniques that allow non-invasive assessment of
specific and selective cellular components of the intestinal
inflammatory cascade. At present these are useful for a
variety of purposes, outlined above, but it islikely that it will
be possible to estimate the participation of other cells. Many
other cells of the inflammatory cascade are numerically
increased in biopsy specimens from patients with a variety of
gastroenterological conditions. Some, such as mast cells and
eosinophils, are thought to play a central role in mediating
intestinal allergic reactions'®l. However, both types of cell
are found to be activated in a number of other gastrointestinal
inflammatory diseases such as inflammatory bowel disease,
coeliac disease, eosinophilic gastroenteritis® and collagenous
colitig™, suggesting that both cell types may be involved in
the pathogenesis of chronic intestinal inflammation. It may
therefore be possible, as for neutrophils and cal protectin, to
identify mast cell granule proteins, such as tryptase and
chymase, in faecal samples and use them as markers of a
specific component of the intestinal inflammatory response.

The long-term objective might be to fully automate a faecal
sample assay method that provides specific information on the
activity of acute inflammation (neutrophils), chronic
inflammation (T-cells) and allergy (mast cells).
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TREATMENT STRATEGIES FOR ACUTE VARICEAL

BLEEDING

Background

Acute variceal bleeding has a significant mortality which
ranges from 5% to 50% in patients with cirrhosis!l. Overall
survival is probably improving, because of new therapeutic
approaches, and improved medical care. However, mortality
is still closely related to failure to control haemorrhage or
early rebleeding, which is a distinct characteristic of portal
hypertensive bleeding and occurs in as many as 50% of
patients in the first days to 6 weeks after admission et alf?.
Severity of liver disease is recognised as arisk factor for both
early rebleeding and short-term mortality after an episode of
variceal bleeding®. Active bleeding during emergency
endoscopy (e.g. oozing or spurting from the ruptured varix)
has been found to be a significant indicator of the risk of early
rebleeding!*®. Increased portal pressure (HVPG>16mmHg)
has been proposed as a prognostic factor of early rebleeding in
a study of continuous portal pressure measurement
immediately after the bleeding episodel®, and recently
Moitinho et all” have shown a failure to reduce portal
pressure more than 20% from baseline is associated with a
worse prognosis as well as early rebleeding.

Effective resuscitation, accurate diagnosis and early
treatment are key to reducing mortality in variceal bleeding.
The aims are not only to stop bleeding as soon as possible but
also to prevent early re-bleeding. Early rebleeding, as with
the peptic ulcer disease, is significantly associated with
worsening mortality!s!. Thus treatments regime should be
evaluated not only in terms of immediate cessation of
haemorrhage, but also in terms of providing a bleed free
interval of at least 5 days. This allows some recovery of the
patient, and provides an opportunity for secondary
preventative therapy to be instituted.

Diagnosis

Upper gastrointestinal endoscopy is essential to establish an
accurate diagnosis, as 26%-56% of patients with portal
hypertension and GI bleeding will have a non-variceal

sourcel®, particularly from peptic ulcers and portal
hypertensive gastropathy. Endoscopy should be performed as
soon as resuscitation is adequate, and preferably with 6 hours
of admission. This may need to be done with prior
endotracheal intubation if there is exsanguinating
haemorrhage or if the patient is too encephaopatic because of
the substantial risk of aspiration.

Despite many authors and junior doctors proclaiming
endoscopic prowess, it is the authors opinion that a definitive
endoscopic diagnosis during or shortly after upper Gl bleeding
can be difficult, because the view can be obscured by blood. A
diagnosis of bleeding varices is accepted either when a venous
(non pulsatile) spurt is seen, or when there is fresh bleeding
from the O-G junction in the presence of varices, or fresh
blood in the fundus when gastric varices are present. In the
absence of active bleeding (approximately 50%-70% of
cases) either the presence of varices in the absence of other
lesions, or a “white nipple sign” - a platelet plug on the
surface of a varix!®9, suggests varices as the source of
haemorrhage.

When the diagnosis is in doubt, repeat endoscopy during
re-bleeding is mandatory as it will show a variceal source in
over 75% of patients'®. Gastric varices are particularly difficult
to diagnose, because of pooling of blood in the fundus.
Endoscoping the patient on the right side, with the head up
may help. If the diagnosis is still not made, splanchnic
angiography will establish the presence of varices, and may
display the bleeding site if the patient is actively
haemorrhaging.

In the true emergency situation in which the patient is
exsanguinating and varices are suspected on the basis of
history and examination, a Sengstaken Blakemore tube (SBT)
should be passedi*Y. If control of bleeding is obtained, varices
are likely to be the source of haemorrhage. If blood is still
coming up the gastric aspiration port, then varices are less
likely to be the cause of blood loss (although fundal varices are
not always controlled by tamponade). In practice the position
of the SBT has to be re checked and adequate traction applied.
If thereis still continued bleeding the diagnosis of variceal bleeding
should be questioned or fundal bleeding suspected, and
emergency angiography performed.

Therapeutic aims in acute variceal bleeding

The important point is to treat the patient and not just the
source of bleeding (Figure 1). The specific aims are: ©
Correct hypovolaemia; @ Stop bleeding as soon as possible;
@ Prevent early rebleeding; @ Prevent complications
associated with bleeding; & Prevent deterioration in liver
function.

It is important to identify those at high risk of dying
during the initial assessment. Individuals in this category
should have early definitive therapy, the precise treatment
regimen depending on availability Predictive factors for early
deaths are: Severity of bleeding*?, Severity of liver
diseasel*®, Presence of infection*, Presence of renal
dysfunction(*), Active bleeding!4¥, Early
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reb|eding[5,6,10,16,17],
and Portal pressure”.

Early rebleeding is also associated with many of the same
factors associated with mortality including infections*® and is
a strong indication of increased mortality.

Presence of cardiorespiratory disease,

Transfusion
Airway
Kidneys
Electrolytes
Coagulation
Alcohol withdrawal
Resuscitation
Encephalopathy
Infection
Nutrition
Oxygen
Gastric
Varices

Figure 1 Take care in OGV.

Transfusion

Optimal volume replacement remains controversial. Following
variceal bleeding in portal hypertensive animal models, return
of arterial pressure to normal with immediate transfusion
results in overshoot in portal venous pressure, with an
associated risk of further bleeding™®. This effect may not be
relevant in clinical practice as volume replacement is always
delayed with respect to the start of bleeding. Over-transfusion
should certainly be avoided, and it is usual to aim for an Hb
between 9-10g/dL, and right atrial pressure a 4 to
8mmHg, but fluid replacement may need to be greater in the
presence of oliguriato be sure that the circulation is filled.

Large volume transfusion may worsen the haemorrhagic
state, as well as lead to thrombocytopenia so that fresh frozen
plasma and platel ets need to be replaced. Optimal regimens for
this are not known. It is reasonable to give 2 units of FFP after
every 4 units of blood, and when the PT is >20 seconds.
Cryoprecipitate is indicated when the fibrinogen level is less
than 0.2g/L.

Platelet transfusions are necessary to improve primary
haemostasis and should be used if the baseline count is 50x
10%L or less. Platelet count may show little change following
platelet transfusion in patients with splenomegaly. It is also
routine to give intravenous vitamin K to cirrhotics, but no
more than three doses of 10mg are required. Many cirrhotics
have a background tendency of fibrinolysis. Transfusion of
more than 15 units of blood results in prolongation of the
prothrombin and partial thromboplastin time?! in normal
individuals, and occurs with smaller volumes of blood
transfusion in cirrhosis.

Massive transfusion may cause pulmonary
microembolism, and the use of filters is recommended for
transfusions of 5L or more in normal humans'?!. Therefore,
the routine use of filters in variceal haemorrhage could be
considered, but rapid transfusions cannot be administered with
these, limiting their application.

Further measures in patients who continue to bleed
despite balloon tamponade include the use of desmopressin
(DDAVP)? and antifibrinolytic factors. In stable cirrhotics
the former produces a 2-4 fold increase in factors VIII and
VWEF, presumably by release from storage sites and may
shorten or normalize the bleeding timel®!. However, in one

study of variceal bleeding DDAVP in association with
terlipressin was shown to be detrimental compared to
terlipressin alonel.

The use of antifibrinolytics has not been studied in
variceal bleeding, although their role has been established in
liver transplantation in our unit as well as others'®!. Their
clinical utility should be established in clinical trials, and
preferably when increased fibrinolysis has been documented.
Recombinant factor VI may be useful in variceal bleeding asit
has been shown to normalize prothrombin time and bleeding
times in cirrhoticg?.

PREVENTION OF COMPLICATIONS AND DETERIORATION IN

LIVER FUNCTION

Infection control and treatment

Bacterial infections have been documented in 35%-66% of
patients with cirrhosis who have variceal bleeding, with a
incidence of SBP ranging from 7%-15%. However if only
patients with ascites and gastrointestinal bleeding are
considered, the incidence of SBP is very high. A recent meta-
analysis has demonstrated that antibiotic prophylaxis
significantly increased the mean survival rate (9.1% mean
improvement rate, 95% CI: 2.9-15.3, P = 0.004) and also
increased the mean percentage of patients free of infection
(32% mean improvement rate, 95% confidence interval: 22
-42, P<0.001)2(Figures 2,3). Finally our group has
recently shown that bacterial infection, diagnosed on
admission, is an independent prognostic factor of failure to
control bleeding or early rebleeding®. These data may
support arole of bacterial infection in the initiation of variceal
bleeding. All cirrhotics with upper gastrointestinal bleeding
should receive prophylactic antibiotics whether sepsis is
suspected or not. The optimal regimen is yet to be decided but
oral or intravenous quinolones have been used.

Soriano Blaise

Pauwels Hseih
1985 1902 190 1906 1998

Himsls

Figure 2 Antibiotics in Gl bleeding in cirrhotics (Bernard 1999).
Free of infection-mean improvement 32% (P<0.001).
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Figure 3 Antibiotics in Gl bleeding in cirrhotics (Bernard 1999).
Survival-mean improvement 9% (P = 0.0042).
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Ascites and renal function

Renal failure may be precipitated by a variceal bleed, usually
due to a combination of acute tubular necrosis, and
hepatorenal syndrome (HRS) associated with deterioration in
liver function and sepsis. HRS is associated with an over 95%
mortality. Thus any iatrogenic precipitants must be avoided.
The intravascular volume should be maintained preferably
with Human Albumin Solution or blood initially. Normal
saline should be avoided as it may cause further ascites
formation. Catheterisation of the bladder and hourly urine
output measurement is mandatory and nephrotoxic drugs
should be avoided, especially aminoglycosides and non-
steroidal drugs.

Dopamine was the first drug used due its vasodilator
effect when given in subpressor doses. Dopamine is frequently
prescribed to patients with renal impairment, and yet no
studies have ever shown any convincing benefit?, It is our
impression that occasionally a patient responds with an
increase in urine output. It is therefore our practice to give a
12-hour trial of dopamine, and stop treatment if there has
been no improvement of urine output.

Increasing ascites may occur shortly after bleeding, but
should not be the main focus of fluid and electrolyte management
until bleeding has stopped and the intravascular volume is
stable. If thereisarising ureaand creatinine, all diuretics should
be stopped, and paracentesis performed if the abdomen
becomes uncomfortable, re-infusing 8 gr. of albumin for every
litre removed.

When the patient has stopped bleeding for 24 hours,
nasogastric feeding can be commenced with low sodium feed.
This avoids the need for maintenance fluid, and removes the
risk of line sepsis. An unexplained rise in creatinine and urea
may indicate sepsis. Evidence of sepsis should be sought by
blood, ascitic, cannulae, and urine culture, and non-
nephrotoxic broad-spectrum antibiotics commenced,
regardless of evidence of sepsis. An undiagnosed delay in
effective treatment of infection may increase mortality. In
advanced cirrhosis, endotoxins and cytokines play an
increasingly important role in advancing the hyperdynamic
circulation and worsening rena function®Y,

There is now increasing evidence for the use of vasopressin
analogues in patients who develop renal impairment during the
variceal bleeding episode, probably through maintenance of
renal perfusion. Indeed, the beneficial effect of terlipressin with
respect to bleeding and survival in trials to date may be through
the prevention of this catastrophic complicationf®34,

Porto systemic encephalopathy

The precipitant factors include: haemorrhage, sepsis, sedative
drugs, constipation, dehydration, and electrolyte imbalance.
These should be evaluated and corrected. Hypokal aemia,
hypomagnesaemia and hypoglycaemia may precipitate
encephalopathy and should be aggressively corrected (e.g. a
patient with ascites and a serum potassium of 3.0mmol/L is
likely to require in excess of 100mmol over 24 hours).

As soon as the patient is taking oral fluid, lactulose 5mL
-10mL QDS can be started. Phosphate enemas are also useful.

Alcohol withdrawal

It isimportant to be alert to the possibility of withdrawal from
the patient’ s history. Encephalopathy and withdrawal may co-
exist, and careful use of benzodiazepines may be required.
Short acting benzodiazepines or oral chlormethiazole can be

used. Intravenous preparations should be avoided, particularly
of chlormethiazole, because of the risk of oversedation and
aspiration.

Nutrition

Only afew cirrhotics are not malnourished™!, particularly
with severe liver disease. This may be exacerbated in hospital,
as often they do not want to eat, are “nil by mouth” because
of investigations, and the food itself may be “unappealing”.

A fine bore nasogastric tube should be passed 24 hours
after cessation of bleeding to commence feeding. There is no
evidence that this may precipitate avariceal bleed, and it allows
treatment of encephalopathy in comatose patients and makes
fluid management easier. It is extremely rare that parental
nutrition is required.

Vitamin replacement: All patients with asignificant alcoholic
history should be assumed to be folate and thiamine deficient,
and be given at |least three doses of the latter intravenously. It
is easier and more practical to assume all such patients are
vitamin deficient rather than delay treatment whilst awaiting
red cell transketolase activity levels.

Transfer of the patient with bleeding varices and use of balloon
tamponade

Inter-hospital transfer should not be attempted unless the
bleeding has been controlled, either with vasopressor agents/
endoscopic therapy or tamponade. If there is any suggestion
of continued blood loss, and the source is known to be variceal,
then a modified Sengstaken tube must be inserted prior to
transfer.(i.e. with an oesophageal aspiration channel such as
the Minnesota Tube).

DRUG THERAPY IN ACUTE VARICEAL BLEEDING

Pharmacological agents

The number of placebo controlled trialsisrelatively small, whilst
in the case of octreotide there have been a large number of
trials comparing with another form of therapy another drug, or
sclerotherapy.

Vasopressin

Only 4 trias compared the efficacy of vasopressin with a
placebol®-*, and two of these studies used an intrarterial
route of administration®8%, Using meta-analysis, there was
a significant reduction in failure to control bleeding (Pooled
Odds Ratio 0.22, 95%CIl 0.12-0.43), but no benefit in
terms of mortality.

Glypressin

The 3 trials are shown in Table 1. There has been criticism of
these studies. The trial by Walker et al included other
therapies, the timing of which is unclear, and the other two
trids are hampered by insufficient patient numbers to avoid a
type 2 error. These issues will be addressed in forthcoming
trials.

A recent study in which terlipressin together with a
nitrate patch or placebo was administered before arriving at
hospital, based on reasonable evidence of bleeding varices,
also showed a reduced mortality of glypressin in grade C
patients. How this may have occurred deserves further
examination, as there was no difference in blood pressure or
early blood product requirements between the drug and
placebo arms of the trial, and only three doses of the drug
were given. Nonetheless, Terlipressin is a powerful splanchnic
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vasoconstrictor, and may be preserving renal blood flow and
hence preventing the development of hepatorenal syndrome,
in a situation similar to the use of vasopressin anolgues in
established hepatorenal failure.

It remains to be seen whether these data can be
reproduced. Terlipressinis not licensed in the USA.

Table 1 Randomized studies of terlipressin

Study (ref) Number of ChildC Failure to Death
patients control bleeding

Cc/T % C/T C/T
Terlipressin vs placebo
Walker, 1986 25/25 50 12/5 8/3
Freeman, 198914 16/15 29 10/6 4/3
Soderlund, 199012 29/31 33 13/5 11/3
Levacher, 199541 43/41 81 23/12 20/12
POR (95% CI) 0.33 0.38

(0.19-0.57)  (0.22-0.69)

P value 0.0001 0.001

Somatostatin/Octreotide

The first 2 placebo controlled trials came to opposite
conclusions. The trial by Valenzuela et al suggested that
somatostatin is no more effective than placebo, when the end
point was a bleed-free period of 4 hours*!. Furthermore, the
83% placebo rate is the highest reported in the literature. In
contrast, the trial by Burroughs et al reported a statistically
significant benefit for somatostatin in controlling variceal
bleeding over a5 day treatment period, with failure to control
bleeding seen in 36% of patients receiving somatostatin,
compared with 59% of patients receiving placebo!*). This
emphasizes the problem of differences in end point selection,
making meaningful comparisons difficult. The third study®
also showed no effect of somatostatin, but it took 5 years to
recruit 86 patients.

There has been only one randomised placebo controlled
trial examining the efficacy of octreotide, and this has only
been published in abstract. 383 patient admissions were
randomised to 5 days octreotide or placebo. 58% of bleeding
episodes in the drug arm were controlled compared with 60%
in the placebo arm“,

Trials comparing drug with drug have shown little
statistical difference, though the side effect profile has
generally favoured somatostatin/octreotidel*”. Trials in
which drugs are examined in association with sclerotherapy are
reviewed below.

Randomised controlled trials of emergency sclerotherapy in

the management of acute variceal bleeding

Injection sclerotherapy, first introduced in 1939 and
“rediscovered” in the late 1970's, rapidly became the
endoscopic treatment of choice for the control of acute
variceal bleeding. Paradoxically the best evidence for the
value of sclerotherapy in the management of acute varicea
bleeding has come from a comparatively recent published
study by the Veterans Affairs Cooperative Variceal
Sclerotherapy Group®. In this study sclerotherapy,
compared to sham sclerotherapy, stopped haemorrhage from
actively bleeding esophageal varices (91% in sclerotherapy
arm compared to 60% in sham sclerotherappy, P<0.001)
and significantly increased hospital surviva (75% vs 51%, P

=0.04).

Today it is generally accepted that sclerotherapy should
be performed at the diagnostic endoscopy, which should take
place as soon as possible, because there is evidence that thisis
beneficial compared with delayed injection. Volumes of
sclerosant should be small, 1-2 mlsin each varix and should
be applied in the distal 5cm of the oesophagus. More than
two injection sessions are unlikely to arrest variceal bleeding
within a 5-day period and are associated with significant
complications rate including ulceration and aspirationf.
Several sclerosing agents have been used for injection ie.
polidocanol 1%-3%, ethanolamine oleate 5%, sodium
tetradecyl sulfate 1%-2% and sodium morrhuate 5%. There
is no evidence that any one sclerosant can be considered the
optimal sclerosant for acute injection. As it has been shown
that a substantial proportion of intravariceal sclerosant ends
up in the paravariceal tissue and vice-versa there is no
evidence that one technique is better than the other. One of
the main shortcomings of sclerotherapy is the risk of local and
systemic complications-although this varies greatly between
trials and may be related to the experience of the operator.

Sclerotherapy vs drugs
There are 10 studies, including 921 patients: vasopressin was
used in 19 terlipressin in 159, somatostatin in 3053 and
octreotide in 554581 involving 921 patients. The evaluation
of the treatment effect was performed at the end of the
infusion of the drug (from 48hrs to 120hrs). The overall
efficacy of sclerotherapy was 85% (range 73%-94%) in
studies of 12 to 48h drug infusioni®52%58 and 74% (68%
-84%) in studies of 120hrs drug infusioni*®557. There was
significant heterogeneity (P<0.05) in the evaluation of
failure to control bleeding in these studies was, which was
mainly due to the diffrent extent of benefit from
sclerotherapy  rather than different outcomes in individual
studies: only two of the ten studies®, reported that drugs
were better than sclerotherapy but in neither did this reach
statistical significance. Failure to control bleeding was
statistically significantly less frequent in patients randomized
to sclerotherapy (Der Simonian and Laird method: POR,
168 [95%CI, 1.07-2.63]). The NNT to avoid one
rebleeding episode is 11 (95%Cl, 6-113). Publication bias
assessment showed that 9 null or negative studies would be
needed to render the results of this meta analysis non-
significant.

There was no significant heterogeneity in the evaluation
of mortality in these studies: only two studies®*%® reported a
lower mortality in the drug arm but in neither was this
statistically significant. Overall there were statistically
significantly fewer deaths in patients randomized to
sclerotherapy (POR, 1.43 [95% CI, 1.05-1.95]). The
NNT to avoid onedeathis15 (NNT, 15[95% ClI, 8-69]).

Finally the type of complications recorded in 8
studiest®*" differed considerably, resulting in a significant
heterogeneity (P=0.04). Four studies reported more
complications in the sclerotherapy armi>+%4 while 3 reported
more complications®%57in the drug arm and one found
equal numbers in both arms®®. The meta analysis showed a
trend in favour of drug treatment but the result was not
statistically significant (Der Simonian and Laird method:
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POR, 0.71[95% Cl, 0.41-1.2]).

Sclerotherapy plus drugs vs sclerotherapy alone

This group comprised 5 studies®®-%4 including 610 patients
which compared sclerotherapy plus somatostatin, octreotide,
or terlipress in with scleotherapy alone. Only three studies
were placebo controlled®*¢°62, Combination therapy was
more effective (POR 0.42; 95%CI 0.29-0.6; failure to
control bleeding sclerotherapy + drugs 22%, sclerotherapy
alone 38% ARR 16, NNT=6, 95%CI 4-10). No effect on
mortality was demonstrated. Only two studies provided data
on complication®®l, There were no significant differences
between arms.

Sclerotherapy vs variceal ligation

There are only two studies specifically designed to compare
sclerotherapy with variceal ligation for the management of the
acute bleeding episode®l. Other data come from 10 studies
of long term sclerotherapy versus variceal ligationts”76l,
There was no statistical heterogeneity (P=0.21) in the
analysis of failure to control bleeding from the twelve
studied®® ™, including a total of 419 patients. There was no
difference between the two treatment modalities, although
there was a trend in favour of variceal ligation (POR, 0.66
[95% CI, 0.36-1.18]). Short-term mortality was reported
only in two studieg®™ in both there was a trend in favour of
variced ligation but the result was not statistically significant.
Finally only the two studies specificaly designed to compare
emergency sclerotherapy with variceal ligation'®" reported
incidence of complications. Complications were less frequent
in the varicea ligation arm in both studies and the result
reached statistical significance in onel®l,

Randomised controlled trials of emergency surgery in the
management of acute variceal bleeding

Four randomised trials, performed during the previous
decade, compared sclerotherapy to emergency staple
transection’®84_ Failure to control bleeding was reported
only in two of these studies, with divergent results. Teres et
al® reported that efficacy of transection in their study was
only 71%, the lowest in the literature, compared to 83% in
the sclerotherapy arm. In contrast in the largest study
performed by Burroughs et all®, a 5 day bleeding free
interval was achieved in 90% of the transected patients (none
rebled from varices) compared to 80% in those who had 2
emergency injection sessions. There was no difference in
mortality between the two treatment modalities. Cello et al
showed that emergency porta-caval shunt was more effective
than emergency sclerotherapy (followed by elective
sclerotherapy) in preventing early rebleeding (19% vs
50%)[". Hospital and 30 day mortality was not significantly
different. Finally Orloff et al reported, in a small study®?,
that portacaval shunt, performed in less than 8 hours from
admission, was significantly better than medical treatment
(vasopressin/balloon tamponade) in the control of acute
variceal bleeding. Survival was also better in the shunted
patients but the difference was not statistically significant.

Randomized controlled trials of tissue adhesives in the

management of acute variceal bleeding

Two types of tissue adhesives (n-butyl-2-cyanoacrylate
[Histoacryl] and isobutyl-2-cyanoacrylate [Bucrylate]) have
been used for the control of variceal bleeding!®l. The
adhesives could offer better immediate control of bleeding
because they harden within seconds upon contact with
blood®4. However extra care must be taken to ensure that
the adhesive does not come into contact with the endoscope
and blocks the channels of the instrument. This can be
prevented if the adhesive is mixed with lipiodol to delay
hardening. ldeally, the sclerotherapy needle should be
carefully placed within the varix prior to injection, to avoid
leak of the adhesivel®. Two randomised controlled trials
compared sclerotherapy alone with the combination of
sclerotherapy and Histoacryl for the control of active variceal
bleeding!®®, The combined treatment was more effective
than sclerotherapy alone in both studies. Two further studies
compared Histoacryl to variceal ligation for the control of
bleeding from oesophageal® or oesophagogastric variced®!.
The overall success rate for initial haemostasis of both
treatment modalities was similar in these studies. However
Histoacryl was superior to variceal ligation for the control of
fundic variceal bleeding, but it was less effective for the
prevention of rebleeding (67% vs 28%). Finally, in a recent
small study®, a biological fibrin glue (Tissucol) was more
effective than sclerotherapy with polidocanol in the
prevention of early rebleeding and had significantly lower
incidence of complications. More studies are necessary to
confirm these data and examine the potential risks of
activation of coagulation, systemic embolism and transmission
of infections with the human plasma derived fibrin glue.

Emergency transhepatic porto-systemic stent shunt

The first reports of TIPS used clinically were in patients with
uncontrolled variceal bleeding. In this very ill group of
patients TIPS was found to have a life saving role, stopping
bleeding in over 90% of patients; over half of these were
leaving hospital alive, figures that were unachievable before.
Prolonged expensive postoperative ventilation on intensive
care was avoided, a situation with a well-defined high
mortality®. Perhaps as a consequence of this apparent
efficacy, there have been no controlled trials of emergency
TIPS against other forms of salvage therapy.

One of the biggest problems in discussing uncontrolled
variceal bleeding is that there is no accepted definition for this
clinical situation. At Baveno 2°, the panel was unable to
reach a consensus as to what this term meant and what its
defining parameters were. A re-evaluation of this was
recommended at Baveno 3(°2 and justified by a prospective
evaluation in Francel®¥. However the reduced efficacy of
repeated sclerotherapy is well established, with bleeding
control achieved in 70% after the first session and 90% after
two sessions. Risk of aspiration, complications of
sclerotherapy itself and the general deterioration of the
patient render further endoscopy potentially hazardous, as
established by Bornman et al® and at our unit®! with no
improvement in the control of bleeding. Thus with respect to
esophageal varices, many use the definition of continued
bleeding despite two sessions of therapeutic endoscopy within
5-day period of the index bleed. To this group of patients one
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can add those who continue to bleed despite a correctly
positioned Sengstaken Blakemore tube (approximately 10% of
patients with Sengstaken tubel®, and those patients who
continue to bleed from gastric or ectopic varices despite
vasoconstrictor therapy.

The results of emergency TIPS are shown in Table 2.
There is a predictable proportion of patients with Pugh's C
cirrhosis and patients with bleeding gastric varices. In the
largest series of salvage TIPS, gastric varices were shown to be
no different in terms of bleeding characteristics and portal
haemodynamics when compared with oesophageal varices®”.

Patients with bleeding varices that are inaccessible to an
endoscope or respond poorly to sclerotherapy are well suited
to TIPS. Typical cases include fundal varices, small bowel
varices (classically around anastomotic or surgical resection
sites®% intraabdominal varices (punctured during large
volume paracentesisi’®, stomal varices!’t%4 (usually in
patients with inflammatory bowel disease and sclerosing
cholangitis), and bleeding rectal variced'®. These sites are
also amenable to embolization via shunt. TIPS have been
successfully placed in infantg'%1% and childrenft%-1%8l with
similar efficacy.

The results of emergency TIPS are good, especially when
compared historically with surgery!®, but the mortality in
these series of patients with uncontrolled bleeding is high.
There is aneed to try to improve patient selection. A number
of markers of outcome have been identified. Including the
APACHE scorel*?, presence of hyponatremia and child C
liver diseasel!'l, hepatic encephalopathy before TIPS,
presence of ascites and serum albumin(®2. Artificial neural
network have been developed and validated**¥, though many
of these series have mixed patients having elective TIPS and
those having the procedure as an emergency. The authors feel
that this latter group of patientsis likely to be different from
patients having an elective procedure, with characteristics of
haemodynamic instability, worse liver function, lower

Table 2 Reports of TIPS for acute variceal bleeding

platelets counts, and higher serum urea concentrations.

At Royal Free Hospital a score system was developed on
54 patients undergoing emergency TIPS as salvage
therapy™®!. A prognostic index was developed, based on six
factors independently predicted death on multivariate
analysis. presence of moderate/severe ascites, requirement
for ventilation, white blood cell count, platelet count, serum
creatinine and partial tromboplastine time. The score was
validated in a further 31 patients and shown to be accurate in
predicting mortality. The use of TIPS as a salvage therapy in
patients who have uncontrolled variceal bleeding is likely to
remain the most established indication for TIPS, and clinical
experience to date suggest that this procedure will be required
in 10%-20% of patients presenting portal hypertension
related bleeding.

CONCLUSION
Today the therapeutic approach in cirrhotic patients with
bleeding varices must include the prophylactic use of
antibiotics, early endoscopic diagnosis and endoscopic
therapy, probably combined use of vasoactive agents. The
best evidence for an improvement in mortality is for
terlipressin, but only data for 48-hour treatment exists; for
somatostatin, which is an alternative, there is data for 5-days
use. However mortality is unchanged in trials of endoscopic
therapy versus endoscopic therapy combined with vasoactive
agents. Further trials are indicated in this area. Although no
randomized trials on emergency TIPS exist, this procedure is
very effective in stopping bleeding and has virtually eliminated
the need for emergency surgery, and reduced ITU stays. If
new trials are to be done, comparison with glues or thrombin
may be justified.

All studies should now adhere to consensus definition(®
so that the field can accumulate evidence for optimal
treatment strategies.

Authors Patients Child score  Source of bleeding, Immediate control of Early rebleeding

A/B Gastric/Oesophageal/ bleeding (in completed  (within 1mo) Mortality

42 days (%) TIPS)
Other
McCormick (1994)ie 20 1/7/12 3/17/- 20/20 6 11(55)
Jalan (1995)09] 19 3/3/13 -/19 17/17 3 8(42)
Sanyal (1996)147 30 1/7/22 4/26/- 29/29 2 12(40)
Chau (1998)7 112 5/27/80 28/84/- 110 15 41(37)
Gerbes (1998)0114 11 1/3/7 8/11 10 3 3(27)
Banares (1998)112 56 11/22/23 19/37/- 53/55 8 15(28)
Key Concepts:

« Aim s not only stop bleeding but prevent early rebleeding as this significantly

impairs survival
« Prophylactic use of antibiotics is manadatory

« Vasoactive drugs administered before diagnostic endoscopy for at least 48 hours,

and perhaps 5 days

« No more than 2 sessions of endoscopic therapy during the first 5 days of admission

« TIPS as salvage therapy for continued bleeding
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Admission with haematemesis or melaena
suspicion or proof of portal hypertension

IVasmictive drug + prophylactic antibiotic l

I Diagnostic endoscopy l

Actively bleeding oesophageal varices
(spurting or oozing)

!Sclerothempy/ band ligation !

I Technical failure ]

l success !

Balloon tamponade (drug continued)
gastric and/ or oesophageal
balloon without traction
(12 hours maximum)

. [ fail l

At

Drug therapy continued
(for 5 days)

2nd therapeutic endoscopy
{(with or without prior balloon tamponade)

Problem bleeders

TIPS(grade B and C, if TIPS unavailable, transection)
shunt surgery or TIPS {grade A)
transplanation decision

R ey
o]

2°prophylaxis

REFERENCES

1

2

D’Amico G, Pagliaro L, Bosch J. The treatment of portal hy-
pertension: a metanalytic review. Hepatology, 1995;22:332-354
Burroughs AK, Mezzanotte G, Phillips A, McCormick PA, Mcln-
tyre N. Cirrhotics with variceal hemorrhage: the importance of the
time interval between admission and the start of analysis for sur-
vival and rebleeding rates. Hepatology, 1989;9:801-807
Grace ND, Groszmann RJ, Garcia-Tsao G, Burroughs AK,
Pagliaro L, Makuch RW, Bosch J, Stiegmann GV, Henderson JM,
De Franchis R, Wagner, JL, Conn HO, Rodes J. Portal hyperten-
sion and variceal bleeding: an AASLD single topic symposium.
Hepatology, 1998;28:868-880

Goulis J, Armonis A, Patch D, Sabin C, Greenslade L, Burroughs

AK. Bacterial infection is independently associated with failure to
control bleeding in cirrhotic patients with gastrointestinal hemor-
rhage. Hepatology, 1998;27:1207-1212

Ben-Ari Z, Cardin F, McCormick PA, Wannamethee G,
Burroughs AK. A predictive model for failure to control bleed-
ing during acute variceal haemorrhage. J Hepatol, 1999;31:443-450
Ready JB, Robertson AD, Goff JS, Rector WG. Assesment of the
risk of bleeding from esophageal varices by continuous monitoring
of portal pressure. Gastroenterology, 1991;1991:1403-1410
Moitinho E, Escorsell A, Bandi JC, Salmeron JM, Garcia-Pagan
JC, Rodes J, Bosch J. Prognostic value of early measurements of
portal pressure in acute variceal bleeding. Hepatology, 1999;117:
626-631

Mitchell K, Theodossi A, Williams R. Endoscopy in patients with



Patch D, et a/, Acute variceal bleeding

473

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

portal hypertension and upper gastrointestinal bleeding. Variceal
Bleeding. London: Pitman, 1982:62-67

Hou MC, Lin HC, Kuo BI, Lee FY, Schmidt CM, Lee SD. Clini-
cal implications of the white nipple sign and its role in the diagnosis
of esophageal variceal hemorrhage. Am J Gastroenterol, 1996;91:
2103-2109

Siringo S, McCormick PA, Mistry P, Kaye G, Mclntyre N,
Burroughs AK. Prognostic significance of the white nipple sign
in variceal bleeding. Gastrointest Endosc, 1991;37:51-55
Vlavianos P, Gimson AE, Westaby D, Williams R. Ballon tam-
ponade in variceal bleeding: use and misuse. BMJ, 1989;298:
1158

Garden OJ, Motyl H, Gilmur WH. Prediction of outcome fol-
lowing acute variceal haemorrhage. Br J Surg, 1985;72:91-95
Dedombal FT, Clarke JR, Clamp SE, Mallzia G, Kohval MR,
Morgan AG. Prognostic factors in upper gastrointestinal
bleeding. Endoscopy, 1986;18(Suppl):6-10

Bleichnerv G, Boulanger R, Squara P. Frequency of infection in
cirrhotic patients presentin with gastrointestinal haemorr.
Surgery, 1986;73:724-726

del Olmo JA, Pena A, Serra MA, Wassel AH, Benages A, Rodrigo
JM. Predictors of mortality after the first episode of upper
gastrointestinal bleeding in liver cirrhosis. J Hepatol, 2000;32:
19-24

Sarin SK. Long-term follow up of gastric variceal sclerotherapy:
an eleven year experience. Gastrointest Endosc, 1997;46:8-14
Cardin F, Gori G, McCormick P, Burroughs AK. A predictive
model for very early rebleeding from varices. Gut, 1990:31
Goulis J, Armonis A, Patch D, Sabin C, Greenslade L, Burroughs
AK. Bacterial infection is independently associated with fail-
ure to control bleeding in cirrhotic patients with gastrointesti-
nal hemorrhage. Hepatology, 1998;27:1207-1212

Kravetz D, Bosch J, Arderiu M. Abnormalities in organ blood
flow and its distribution during expiratory pressure ventilation.
Hepatology, 1989;9:808-814

Bove J. What is the factual basis, in theory and practice, for the
use of fresh frozen plasma. Vox Sang, 1978;35:428

Collins J. Abnormal haemoglobin-oxygen affinity and surgical
haemotherapy. In: Collins J, ed. Surgical haemotherapy.
Lumsgaard Hansen, 1980

Cattaneo N, Teconi P, Albera |, Garcia V. Subcutaneous
desmopressin shortened the prolonged bleeding time in pa-
tients with cirrhosis. Br J Hepatol, 1981;47:283-293
Burroughs AK, Matthews K, Quadira M. Desmopressin and
bleeding time in patients with cirrhosis. BMJ, 1985;291:1377-
1381

De Franchis R, Arcidiacono PG, Andreoni B. Terlipressin plus
desmopressin versus terlipressin alone in acute variceal
haemorrhage in cirrhotics:interim analysis of double blind
multicentre placebo controlled trial. Gastroenterology, 1992:102
Smith O, Hazlehust G, Brozovic C. Impact of Aprotonin on
blood transfusion requirements in liver transplantation. Trans-
fusion Med, 1993;81:97-102

Papatheodoridis G, Chung S, Keshav S, Pasi J, Burroughs AK.
Correction of both prothrombin time and primary haemostasis
by recombinant factor VIII during therapeutic alcohol injection.
J Hepatol, 1999;31:747-750

Bernard B, Nguyen KE, Nguyen KE, Opolon P, Poynard T.
Antibiotic prophylaxis (AbP) for the prevention of bacterial
infections in cirrhotic patients with gastrointestinal bleeding
(GB): A meta-analysis. Hepatology, 1999;29:1655-1661
Goulis J, Patch D, Burroughs AK. Bacterial infection in the
pathogenesis of variceal bleeding. Lancet, 1999;353:139-142
Bennett WM, Keefe E, Melnyk K, Mahler D, Rosch J, Porter GA.
Response to dopamine hydrochloride in the hepatorenal
syndrome. Arch Intern Med, 1975;135:964-971

Salo J, Gines A, Quer JC, Fernandez-Esparrach G, Guevara M,
Gines P, Bataller R, Planas R, Jimenez W, Arroyo V, Rodes J.
Renal and neurohormonal changes following simultaneous ad-
ministration of systemic vasoconstrictors and dopamine or
prostacyclin in cirrhotic patients with hepatorenal syndrome. J
Hepatol, 1996;25:916-923

Navasa M, Follo A, Jimenez W, Francitorra A, Planas R, Rimola
A, Arroyo V, Rodes J. Tumor necrosis factor and interleukin-6 in
spontaneous bacterial peritonitis in cirrhosis: relationship with the
development of renal imapirment and mortality. Hepatology,
1998;27:1227-1232

Cervoni JP, Lecomte T, Cellier C, Auroux J, Simon C, Landi B,
Gadano-A, Barbier JP. Terlipressin may influence the outcome of
hepatorenal syndrome complicating alcoholic hepatitis. Am J

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Gastroenterol, 1997;92:2113-2114

Ganne-Carri N, Hadengue A, Mathurin P, Durand F, Erlinger S,
Benhamou, JP. Hepatorenal syndrome: Long-term treatment with
terlipressin as a bridge to liver transplantation. Dig Dis Sci, 1996;
41:1054-1056

Hadengue A, Gadano A, Moreau R, Giostra E, Durand F, Valla
D, Erlinger S, Lebrec D. Beneficial effects of the 2-day adminis-
tration of terlipressin in patients with cirrhosis and hepatorenal
syndrome. J Hepatol, 1998;29:565-570

Loguercio C, Sava E, Memo R. Malnutrition in cirrhotic patients:
antropometric measurements as method of assesing nutritional
status. Br J Clin Pharmacol, 1990;44:98-101

Merigan TC, Poltkin JR, Davidson CS. Effect of intravenously
administered posterior pituitary extract on haemorrhage from
bleeding oesophageal varices. New Engl J Med, 1962;266:134-
135

Fogel RM, Knauer CM, Andress LL. Continuous intravenous
vasopressin in active upper gastrointestinal bleeding: a pla-
cebo controlled trial. Ann Inter Med, 1982;96:565-569

Conn HO, Ramsby GR, Storer EH, Mutchnick MG, Joshi PH,
Phillips MM, Cohen GA, Fields GN, Petroski D. Intraarterial
vasopressin in the treatment of upper gastrointestinal
hemorrhage: a prospective, controlled clinical trial.
Gastroenterology, 1975;68:211-221

Mallory A, Schaefer JW, Cohen JR, Holt AS, Norton LW. Se-
lective intraarterial vasopressin infusion for upper gastrointes-
tinal tract hemorrhage: a controlled trial. Ar Surg, 1980;115:
30-32

Walker S, Stiehl A, Raedsch R, Kommerell B. Terlipressin in
bleeding esophageal varices: a placebo-controlled, double-blind
study. Hepatology, 1986;6:112-115

Freeman JG, Cobden MD, Record CO. Placebo controlled trial
of terlipressin (glypressin) in the management of acute variceal
bleeding. J Clin Gastroenterol, 1989;11:58-60

Soderlund C, Magnusson |, Torngren S, Lundell L. Terlipressin
(triglycyl-lysine vasopressin) controls acute bleeding oesoph-
ageal varices. A double-blind, randomized, placebo-controlled
trial. Scand J Gastroenterol, 1990;25:622-630

Levacher S, Letoumelin O, Pateron D, Blaise M, Lapandry C,
Pourriat JL. Early administration of terlipressin plus glyceryl
trinitrate to control active upper gastrointestinal bleeding in
cirrhotic patients. Lancet, 1995;346:865-868

Valenzuela JE, Schubert T, Fogel RM, Strong RM, Levine J,
Mills PR. A multicenter, randomized, double-blind trial of so-
matostatin in the management of acute hemorrhage from esoph-
ageal varices. Hepatology, 1989;10:958-961

Burroughs AK, McCormick PA, Hughes MD, Sprengers S,
D’Heygere F, McIntyre N. Randomised, double-blind, placebo-
controlled trial of somatostatin for variceal bleeding.
Gastroenterology, 1990;99:1388-1395

Gotzsche PC, Gjroup |, Bonnen H, Brahe Ne, Becker U, Burchart
F. Somatostatin vs placebo in bleeding esophageal-varices-ran-
domized trial and metaanalysis. Br Med J, 1995;310:1495-1498
Feu F, DelArbol LR, Banares R, Plsanas R, Bosch J, Mas A,
Escorsell A, Garcia-Pagan JC, Bordas JM, Salmeron JM, Rodes
J, Monescillo A, Vicente M, Garcia Plaza A, Casado M, Clemente
G. Double-blind randomized controlled trial comparing
terlipressin and somatostatin for acute variceal hemorrhage.
Gastroenterology, 1996;111:1291-1299

Hartigan PM, Gebhard RL, Gregory PB. For the veterans coop-
erative variceal sclerotherapy group. Sclerotherapy for actively
bleeding esophageal varices in male alcoholics with cirrhosis.
Gastrointest Endosc, 1999;46:1-7

Westaby D, Hayes PC, Gimson AE. Controlled trial of injection
sclerotherapy for active variceal bleeding. Hepatology, 1989;9:
274-277

Cooperative Spanish-French group for the treatment of bleed-
ing esophageal varices. Randomised controlled trial compar-
ing terlipressin vs endoscopic injection sclerotherapy in the treat-
ment of acute variceal bleeding and prevention of early
rebleeding (abstract). Hepatology, 1997;26:249A

Shields R, Jenkins SA, Baxter JN. A prospective randomized
controlled trial comparing the efficacy of somatostatin with
injection sclerotherapy in the control of bleeding esophageal-
varices. J Hepatol, 1992;16:128-137

Planas R, Quer JC, Boix J, Canet J, Armengol M, Cabre E,
Pintanel T, Humbert P, Oller B, Broggi MA, Gassul MA. A
prospective randomised trial comparing somatostatin and
sclerotherapy in the treatment of acute variceal bleeding.



474 ISSN 1007 - 9327 CN 14 - 1219/ R

World J Gastroentero

August 2001 Volume 7 Number 4

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Hepatology, 1994;20:370-375

Di Febo G, Siringo S, Vacirca M. Somatostatin (SMS) and urgent
sclerotherapy (US) in active oesophageal variceal bleeding
[Abstract]. Gastroenterology, 1990;98:583A.

Sung JY, Chung Sc S, Lai CW, Chan Fk L, Leung JC, Yung MY,
Kassianides C, Li AKC. Octreotide infusion or emergency scle-
rotherapy for variceal hemorrhage. Lancet, 1993;342:637-641
Jenkins SA, Shields R, Davies M. A multicentre randomised
trial comparing octreotide and injection sclerotherapy in the
management and outcome of acute variceal haemorrhage. Gut,
1997;41:526-533

Poo JL, Bosques F, Garduno R, Marin E, Moran MA, Bobadilla
J, Maldonado EP, Morales D, Garcia-Cantu D, Uribe M.
Octreotide versus emergency sclerotherapy in acute variceal
haemorrhage in liver cirrhosis. Gastroenterology, 1996:110
Kravetz D, Group for the study of Portal Hypertension.
Octreotide vs sclerotherapy in the treatment of acute variceal
bleeding. Hepatology, 1996:24

El-Jackie A, Rowaisha I, Waked I, Saleh S, Abdel Ghaffar Y.
Octreotide vs sclerotherapy in the control of acute variceal bleed-
ing in schistosomal portal hypertension: a randomized trial.
Hepatology, 1999:28

Besson I, Ingrand I, Person B. Sclerotherapy with or without
octreotide for acute variceal bleeding. New Engl J Med, 1995;
333:555-560

Avgerinos A, Rekoumis G, Klonis C. Propranolol in the preven-
tion of recurrent upper gastrointestinal-bleeding in patients
with cirrhosis undergoing endoscopic sclerotherapy-a random-
ized controlled trial. J Hepatol, 1993;19:301-311

Averignos A, Nevens F, Raptis S, Fevery J, the ABOVE study
group. Early administration of somatostatin and efficacy of
sclerotherapy in acute oesophageal variceal bleeds: the Euro-
pean Acute Bleeding Oesophageal Variceal Episodes (ABOVE)
randomised trial. Lancet, 1997;350:1495-1499

Signorelli S, Negrini F, Paris B, Bonelli M, Girola M. Sclero-
therapy with or without somatostatin or octreotide in the treat-
ment of acute variceal haemorrhage: our experience.
Gastroenterology, 1996;110:1326A

Brunati S, Ceriani R, Curioni R, Brunelli L, Repaci G, Morini L.
Sclerotherapy alone vs sclerotherapy plus terlipressin vs sclero-
therapy plus octreotide in the treatment of acute variceal
haemorrhage (abstract). Hepatology, 1996;24:207A

Signorelli S, Paris B, Negrini F, Bonelli M, Auriemma L. Esoph-
ageal varices bleeding: comparison between treatment with
sclerotherapy alone vs sclerotherapy plus octreotide. Hepatology,
1997:26

Jensen LS, Kraup N. Propranolol in prevention of rebleeding
from esophageal varices during the course of endoscopic
sclerotherapy. Scand J Gastroenterol, 1989;24:339-345

Lo GH, Lai KH, Cheng JS. Emergency banding ligation versus
esclerotherapy for the control of active bleeding from esoph-
ageal varices. Hepatology, 1997;25:1101-1104

Stiegmann GV, Goff JS, Michaletz-Onody PA. Endoscopic scle-
rotherapy as compared with endoscopic ligation for bleeding
esophageal varices. New Engl J Med, 1992;326:1527-1532
Laine L, EI-Newihi HM, Migikovsky B. Endoscopic ligation
compared with sclerotherapy for the treatment of bleeding
esophageal varices. Ann Inter Med, 1993;119:1-7

Lo GH, Lai KH, Cheng JS. A prospective randomized trial of
sclerotherapy versus ligation in the management of bleeding
esophageal varices. Hepatology, 1995;22:466-471

Hou MC, Lin HC, Kuo BIT. Comparison of variceal injection
sclerotherapy and ligation for the treatment of esophageal va-
riceal hemorrhage: a prospective randomized trial. Hepatology,
1995;21:1517-1522

Jain AK, Ray PP, Gupta JP. Management of acute variceal
bleed: randomised trial of variceal ligation and sclerotherapy.
Hepatology, 1996:23

Mostafa I, Omar MM, Fakry S. Prospective randomised
comapartive randomised comapartive study of injection scle-
rotherapy and band ligation for bleeding esophageal varices.
Hepatology, 1996:23

Sarin SK, Govil A, Jain AK. Prospective randomised trial of
endoscopic sclerotherapy versus variceal band ligation for
esophageal varices: influence on gastropathy, gastric varices
and variceal recurrence. J Hepatol, 1997;26:826-832

Shiha GE, Farag FM. Endoscoscopic variceal ligation versus
endoscopic sclerotherapy for the management of bleeding varices:
a prospective randomisedtrial. Hepatology, 1997:26

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

Fakhry S, Omar MM, Mustafa I. Endoscopic sclerotherapy versus
endoscopic variceal ligation for the management of bleeding
varices: a final report of prospective randomised study in
schistosomal hepatic fibrosis. Hepatology, 1997:26

Gimson AE, Ramage JK, Panos MZ. Randomised trial of variceal
banding ligation versus injection sclerotherapy for bleeding
esophageal varices. Lancet, 1993;342:391-394

Jensen DM, Kovacs TOG, Randall GM. Initial results of
randomised prospective study of emergency banding versus
esclerotherapy for bleeding gastric or esophageal varices.
Gastrointest Endosc, 1993:39

Cello JP, Crass RA, Trunkey DD. Endoscopic sclerotherotherapy
versus esophageal transecvtion in Child class C patients with
variceal hemorrhage.Comparison with results of porto-caval
shunt. Preliminary Report. Surgery, 1982;91:333-338
Huitzinga WKJ, Angorn PA, Baker WW. Oesophageal transec-
tion versus injection sclerotherapy in the management of bleed-
ing oesophagela varices in patients at high risk. Surg Gynecol
Obstet, 1985;160:539-546

Teres J, Baroni R, Bordas JM. Randomised trial od portocaval
shunt, stapling transection and endoscopic sclerotherapy in
uncontrolled variceal bleeding. J Hepatol, 1987;4:159-167
Burroughs AK, Hamilton G, Phillips A, Mezzanotte G, Mcintyre
N, Hobbs KE. A comparison of sclerotherapy with staple transec-
tion of the esophagus for the emergency control of bleeding from
esophageal varices. New Engl J Med, 1989;321:857-862

Orloff MJ, Bell RH, Orloff MS. Prospective randomised trial of
emergency portacaval shunt and emergency medical therapy
in unselected cirrhotics patients with bleeding varices.
Hepatology, 1994;20:863-872

Soehendra N, Grimm H, Nam VC, Berger B. N-butyl-2-
cyanoacrylate: a supplement to endoscopic sclerotherapy.
Endoscopy, 1987;19:221-224

De Franchis R, Banares R, Silvaine C. Emergency endoscopic
strategies for improved improved outcomes. Scand J
Gastroenterol, 1998;33:25-36

Feretis C, Dimopoulus C, Benakis P. N-Butyl-cyanoacrilate
(Histoacryl) plus sclerotherapy alone in the treatment of bleed-
ing esophageal varices:a Randomised prospective study.
Endoscopy, 1995;27:355-357

Thakeb F, Salama Z, Salama H. The vaule of combined use of
N-Butyl-2 cyanoacrylate and ethanolamine oleate in the man-
agement of bleeding oesophagogastric varices. Endoscopy, 1995;
27:358-364

Sung JY, Lee YT, Suen R. Banding is superior to cyanoacrylate
for the treatment of esophageal variceal bleeding. A prospec-
tive randomised study. Gastrointest Endosc, 1998;47:210
Duvall GA, Haber G, Kortan P. A prospective randomised trial
of cyanoacrylate (CYA) versus endoscopic variceal ligation
(EVL) for acute esophagpgastric variceal hemorrhage.
Gastrointest Endosc, 1997;45:172

Zimmer T, Rucktaschel F, Stolzel U. Endoscopic sclerotherapy
with fibrin glueas compared with polidocanol to prevent early
esophageal variceal rebleeding. J Hepatol, 1998;28:292-297
Shellman R, Fulkerson W, De Long F, Piantadosi C. Prognosis of
patients with cirrhosis and chronic liver disease admitted to a
medical intensive care unit. Critical Care Med, 2000;16:671-678
De Franchis R. Portal Hypertension Il. Proceedings of the Sec-
ond Baveno International Consensus Workshop on Definitions,
Methodology and Therapeutic Strategies. Oxford, 2000

De Franchis R. Updating Consensus in portal hypertesnion:
report of thr Baveno Ill consensus workshop on definitions,
methodology and therapeutic strategies in portal hypertension.
J Hepatol, 2000;33:846-852

Cales P, Lacave N, Silvain C, Vinel JP, Besseghir K, Lebrec D.
Prospective study on the application of the Beveno Il consen-
sus conference criteria in patients with cirrhosis and gastrointes-
tinal bleeding. J Hepatol, 2000;33:738-741

Bornman P, Terblanche J, Kahn D, Jonker MA, Kirsh RE. Limi-
tations of multiple injection sclerotherapy sessions for acute
variceal bleeding. South African Med J, 1986;70:34-36
Burroughs AK, Hamilton G, Phillips A. A comparison of scle-
rotherapy with staple transection of the oesophagus for the
emergency control of bleeding from oesophageal varices. New
Engl J Med, 1989;321:857-862

Panes J, Teres J, Bosch J, Rhodes JM. Efficacy of balloon
tamponade in treatment of bleeding gastric and oesophageal
varices. Results in 151 consecutive episodes. Dig Dis Sci, 1988;33:
454-459

Chau TN, Patch D, Chan YW, Nagral A, Dick R, Burroughs



Patch D, et a/, Acute variceal bleeding

475

98

99

100

101

102

103

104

105

106

107

108

AK. “Salvage” transjugular intrahepatic portosystemic shunts:
gastric fundal compared with esophageal variceal bleeding [see
comments]. Gastroenterology, 1998;114:981-987
Jonnalagadda SS, Quiason S, Smith OJ. Succesful therapy of
bleeding duodenal vatces by TIPS after failure of sclerotherapy.
Am J Gastroenterol, 1998;93:272-274

Medina CA, Caridi JG, Wajsman Z. Massive bleeding from
ileal conduit peristomal varices:succesful treatment with the
transjugular intrahepatic portosystemic shunt. J Urol, 1998;159:
200-201

Arnold C, Haag K, Blum HE, Rossle M. Acute hemperitoneum
after large volume paracentesis. Gastroenterology, 1997;113:978
-982

Bernstein D, Yrizarry J, Reddy KR. Transjugular intrahepatic
portosystemic shunt in the treatment of intermittently bleeding
stomal varices. Am J Gastroenterol, 1996;91:2237-2238
Johnson PA, Laurin J. Transjugular portosystemic shunt for treat-
ment of bleedind stomal varices. Dig Dis Sci, 1997;42:440-442
Godil A, McCraken JD. Rectal varices bleeding treated by
transjugular intrahepatic portosystemic shunt. Potentials and
pitfalls. J Clin Gastroenterol, 1997;25:460-462

Sergent G, Gottrand F, Delemazure O. Transjugular intrahe-
patic portosystemic shunt in an infant. Pediatric Radiol, 1997;
27:588-590

Cao S, Monge H, Semba C. Emergency transjugular intrahe-
patic portosystemic shunt (TIPS) in an infant: a case report. J
Pediatric Surg, 1997;32:125-127

Steventon DM, Kelly DA, McKiernan PQOS, John PR. Emer-
gency transjugular intrahepatic portosystemic shunt prior to
liver transplantation. Pediatric Radiol, 1997;27:84-86

Johnson SP, Leyendecker JR, Joseph FB. Transjugular
portosystemic shunts in peditraic patients awaiting liver
transplantation. Transplantation, 1996;62:1178-1181
Hackworth CA, Leef JARJ. Transjugular intrahepatic
portosystemic shunt creation in children: initial clinical
experience. Radiology, 1998;206:109-114

109

110

111

112

113

114

115

116

117

Jalan R, John TG, Redhead DN, Garden OJ. A comparative
study of emergency transjugular intrahepatic portosystemic stent-
shunt and esophageal transection in the management of
uncontrolled variceal hemorrhage. Am J Gastroenterol, 1995;90:
1932-1937

Rubin RA, Haskal ZJ, O’Brien CB, Cope C, Brass CA.
Transjugular intrahepatic portosystemic shunt: decreased survival
for patients with high APACHE Il scores. Am J Gastroenterol,
1995;90:556-563

Jalan R, Elton R, Redhead DN, Finlayson ND, Hayes PC. Analy-
sis of prognostic variables in the prediction of mortality, shunt
failure, variceal rebleeding and encephalopathy following
transjugular intrahepatc porto-systemic stent shunt for va-
riceal haemorrhage. J Hepatol, 1995;93:75-99

Banares R, Casado M, Rodriguez-Laiz JM. Urgent transjugular
intrahepatic portosystemic shunt for control of acute variceal
bleeding. Am J Gastroenterol, 1998;93:75-79

Jalan R, Hiltunen Y, Haag K. Training and validation of an
artificial neural network to predict early mortality in patients
undergoing the transjugular intrahepatic portosystemic stent
shunt (TIPSS) for variceal haemorrhage: analysis of data on
398 patients from two centres. Hepatology, 1999:26

Gerbes A, Gulberg V, Waggershauser T, Holl J, Reiser M.
Transjugular intrahepatic portosystemic shunt (TIPS) for va-
riceal bleeding in portal hypertension. Comparison of emer-
gency and elective intervention. Dig Dis Sci,1998;43:2463-2469
Patch D, Nikolopoulou VN, McCormick PA. Factors related to
early mortality afetr trasnjugular intrahepatic portosystemic
shunts (TIPS) for uncontrolled variceal haemorrhage. J Hepatol,
1998;28:454-460

McCormick PA, Dick R, Panagou E. Emergency TIPS as
salavage treatment for uncontrolled variceal bleeding. Br J Surg,
1994;81:1324-1327

Sanyal AJ, Freeman AM, Luketic VA. Transjugular intrahepatic
portosystemic shunts for patients with active variceal hemorrhage
unresponsive to sclerotherapy. Gastroenterology, 1996;111:138-146

Edited by Rampton DS and Ma JY



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

World J Gastroenterol 2001;7(4):476-481
World Journal of Gastroenterology
Copyright © 2001 by The WJG Press ISSN 1007-9327

e REVIEW e

Management of necrotizing pancreatitis

John Slavin?, Paula Ghaneh!, Robert Sutton!, Mark Hartley!, Peter Rowlands?, Conall Garvey?, Mark Hughes?

and John Neoptolemos!

Departments of Surgery! and Radiology?, Royal Liverpool University
Hospital

Correspondence to Mr. J. Slavin, Senior Lecturer, Department of
Surgery, Royal Liverpool University Hospital 5th floor UCD
Building, Daulby Street, Liverpool, L69 3GA, United Kingdom,
UK. jpss@liverpool.ac.uk

Tel: 0044-151-706-4177, Fax: 0044-151-706-5826

Received 2001-05-15 Accepted 2001-06-15

Abstract

Infection complicating pancreatic necrosis leads to
persisting sepsis, multiple organ dysfunction syndrome
and accounts for about half the deaths that occur following
acute pancreatitis. Severe cases due to gallstones require
urgent endoscopic sphincterotomy. Patients with
pancreatic necrosis should be followed with serial
contrast enhanced computed tomography (CE-CT) and if
infection is suspected fine needle aspiration of the
necrotic area for bacteriology (FNAB) should be
undertaken. Treatment of sterile necrosis should initially
be non-operative. In the presence of infection
necrosectomy is indicated. Although traditionally this has
been by open surgery, minimally invasive procedures are
a promising new alternative. There are many unresolved
issues in the management of pancreatic necrosis. These
include, the use of antibiotic prophylaxis, the precise
indications for and frequency of repeat CE-CT and FNAB,
and the role of enteral feeding.

Subject headings pancreatitis, acute necrotizing/drug
therapy; pancreatitis, acute necrotizing/surgery; biopsy,
needle; tomography, Xx-ray computered; enteral nutrition;
human
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INTRODUCTION

Acute pancreatitis is common, the incidence in recent
European studies varying between 20 and 70 cases per 100 000
population with an overall mortality of between 3% and
8%!%. Most cases are secondary to gallstones or excess
alcohol consumption. Activation of trypsinogen within
pancreatic acinar cells is the critical initiating event!. This
leads to autodigestion of the pancreas, with a localised and
then systemic inflammatory response, which if marked leads
to the development of multiple organ dysfunction syndrome
(MODS) and death®9. Approximately half of deaths from
acute pancreatitis occur in the first week following an attack.
In patients who survive the initia attack a proportion develop
areas of pancreatic and peripancreatic necrosis. Secondary
infection then leads to persisting sepsis, MODS, and accounts

for the majority of the remaining late deaths*.

IDENTIFYING PATIENTS WITH NECROSIS

Nearly all patients who suffer a mild attack of acute
pancregtitis make a complete recovery™. About one third of
patients with a severe attack, who develop organ failure
during the first week, will however, subsequently develop
pancreatic necrosis involving more than 30% of the gland.
There are severa methods that are routinely used to identify
early those patients who are likely to develop organ failure
and those who will be at risk of pancreatic necrosis. Specific
clinico pathological scoring systems include those described by
Imrie? and Ranson*¥. These, however, are only accurate
48 hours after hospital admission, when they correctly
categorise around 80% of patients into mild and severe. An
APACHE Il score =9 on hospital admission correctly
identifies around 85% patients who will suffer a severe
attack*l. Unfortunately the relative complexity of the
APACHE Il system limits its clinical use.

Plasma C reactive protein levels (CRP), greater than
150mg/L 48 hours after admission, are widely used to predict
a severe attack of pancreatitis®>*®. CRP levels do not
however pesk until seventy-two hours after onset of symptoms
thus CRP levels, like the Imrie and Ranson scores are limited
in predicting a severe attack during the first few hours
following admission (Table 1). Plasma levels of other direct
inflanmatory mediators, such as interleukin-8 and interleukin-
6 are elevated earlier in the course of an attack of acute
pancreatitis and relate to the severity of the systemic
inflammatory response®™. Although the levels of these
mediators are as accurate at the time of admission as the
APACHE Il score, the assay systems are not suitable for
widespread clinical use. Urinary levels of trypsin activation
peptide (TAP), the cleavage peptide released following the
activation of trypsinogen, become significantly elevated with
the onset of an attack and measuring TAP has been shown to
be a valuable predictor of severe disease®® and urinary TAP
levels may ultimately form the basis of a smple bedside urine
test (Table 1).

Intravenous contrast-enhanced computerised tomography
(CE-CT) has also been used to predict the severity of an
attack of acute pancreatitis’®. Balthazar described a CT
severity index, based on a combination of peripancreatic
inflammation and degree of pancreatic necrosis as seen at
initiadl CT study. Patients with a high CT severity index had
92% morbidity and 17% mortality; patients with a low CT
severity index had 2% morbidity, and none died®. This type
of scoring system using CT offers no advantages as compared
to clinico-biochemical scoring systems for the prediction of
severe disease®. Rather the value of CE-CT is in the
detection of pancreatic necrosis and definition of its extent
and distribution (Figure 1A)?*# as well as in helping to
delineate any associated collections®!. Serial CT scans also
alow the progression of the disease to be followed and are an
essential adjunct when surgical intervention is required.
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Table 1 Prognostic accuracy of the APACHE II, the Imrie and
Ranson scores, plasma CRP and urinary TAP levelsi®!

Scoring System Sensitivity ~ Specificity PPV~ NPV Accuracy
% %

% % %

Post-symptom 24 hrs

Urinary TAP >35nmol/L 58 73 39 86 70
Plasma CRP >150mg/L 0 90 0 75 69
Plasma CRP >150mg/L

or urinary TAP >35nmol/L 58 72 37 86 69
Plasma CRP >150mg/L and

urinary TAP >35nmol/L 0 92 0 74 70
Post-symptom 48 hrs

Urinary TAP >35nmol/L 81 71 42 94 73
Plasma CRP >150mg/L 65 73 37 90 72
Plasma CRP >150mg/L

or urinary TAP >35nmol/L 86 60 35 94 65
Plasma CRP >150mg/L and

urinary TAP >35nmol/L 60 85 50 90 80
Post-hospitalisation 24 hrs

Urinary TAP >35nmol/L 68 74 44 89 73
Plasma CRP >150mg/L 47 82 42 84 74
Plasma CRP >150mg/L or

urinary TAP >35nmol/L 74 66 38 90 68
Plasma CRP >150mg/L and

urinary TAP >35nmol/L 40 91 57 83 79
APACHE Il =8 63 73 38 88 71
Post-hospitalisation 48 hrs

Urinary TAP >35nmol/L 83 72 44 94 74
Plasma CRP >150mg/L 86 61 37 94 66
Plasma CRP >150mg/L or

urinary TAP >35nmol/L 94 49 32 97 58
Plasma CRP >150mg/L and

urinary TAP >35nmol/L 74 85 58 92 83
APACHE Il =8 56 64 30 85 63
Imrie Score =3 7 75 44 93 76
Ranson Score =3 89 64 38 96 69

PPV=positive predictive value; NPV=negative predictive value.

Figure 1A Extensive retroperitoneal pancreatic necrosis.

DETECTION OF INFECTION

In addition to the amount of pancreatic necrosis the outcome
in severe pancredtitis is aso determined by the presence or
absence of infection within the necrotic tissuel?”. Clinical
indicators that suggest the presence of infection include
pyrexia, hypotension, continuing tachycardia, and a
leukocytosis, but these features of sepsis syndrome are
identical to those in patients with severe pancreatitis
irrespective of the presence of pancreatic infection®. Beger
et al studied 144 patients who underwent open necrosectomy.
The proportion of patients who had demonstrable bacterial
contamination at the time of necrosectomy increased from
24% during the first week to 36% in the second and pesked at
72% during the third week suggesting that infection is not

immediate but that its frequency increases with timel®l. Table
2 shows organisms found within infected necrotic pancreas in
their study, which was conducted prior to the routine use of
prophylactic antibiotics. The profile of infecting organisms
suggests origin from the gastrointestinal tract.

Table 2 Bacteria isolated from operative specimens taken at
necrosectomy prior to the introduction of routine antibiotic
prophylaxis, Beger et al, 1986

Bacteria isolated No. of patients

Gram - ve aerobic

Escherichia coli 24
Enterobacter aerogenes 16
Pseudomonas aeruginosa 5
Proteus species 5
Klebsiella pneumonia 3
Citrobacter freundi 1
Gram - ve anaerobic

Bacteroides species 5
Gram + ve aerobic

Streptococcus faecalis 6
Staphlococcus aureus 4
Streptococcus viridans 1
Staplococcis epidermidis 1
Others

Mycobacterium tuberculosis 1
Candida species 3

Several studies have shown that persistently elevated CRP
is associated with infected pancreatic necrosist®?. The
presence of gas within an area of necross shown by CE-CT is
highly suggestive of infection (Figure 1B), although it is
desirable to detect the presence of infection before this
becomes apparent. CE-CT guided fine needle aspiration,
however, allows direct sampling of the necrotic tissue and
subsequent microscopy and bacteriology (FNAB) will confirm
the presence of infecting organisms (Figure 1C)!3,

V.

Figure 1B
organisms.

Infection of pancreatic necrosis with gas forming

Figure 1C  CE-CT guided fine needle aspiration for bacteriology.
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The nature of the inflammatory response may also be
modified by the presence of infection and recent studies have
attempted to identify circulating factors that might confirm
this. Serum procalcitonin is a potential marker for non-
invasive prediction of infected necrosig®. Rau et al studied
50 patients with acute pancreatitis, 18 patients with
oedematous pancredtitis, 14 patients with sterile necrosis, and
18 patients with infected necrosis. Levels of procalcitonin
were measured in plasma during the first two weeks of
admission. If levels reached 1.8ng/mL on at least two days
during this time, sensitivity, specificity, and accuracy for the
prediction of infected necrosis were 94%, 91%, and 92%
respectively. This was not confirmed however in a more
recent study!®4,

PREVENTION OF PANCREATIC NECROSIS

Reducing the severity of the initial attack of acute pancreatitis
might reduce the incidence and magnitude of pancreatic
necrosis. Unfortunately at the present time, in the absence of
effective intervention, management of the acute attack is
predominantly supportive. One exception is the use of
endoscopic retrograde cholangio-pancreatography and
sphincterotomy in patients with predicted severe gallstone
pancreatitis, which reduces the severity of an attack. Patients
with severe acute pancreatitis due to gallstones need to
undergo endoscopic sphincterotomy during ERCP, irrespective
of the presence of acute cholangitis and ERCP should be
undertaken within forty-eight hours of diagnosis®37,

ANTIBIOTIC PROPHYLAXIS

Prophylactic antibiotic use may reduce the incidence of septic
complications particularly infection involving areas of
pancreatic necrosis. In the 1970s three randomised placebo
controlled studies assessed the role of prophylactic antibiotics
in acute pancreatitis and found no effect on mortality or
morbidity®-4%, These studies, which were small, consisted
almost entirely of patients with mild disease and without
necrosis and thus no conclusions can be drawn.

In 1993 Pederzoli et al reported a multi-centre
randomised study in which 74 patients with pancrestitis from
all causes and with confirmed necrosis on CT at the time of
admission were randomly assigned to imipenem or to no
antibioticY. The incidence of pancreatic sepsis, which was
determined by fine needle aspiration or culture of intra-
operative specimens, decreased from 30% in those untreated
with antibiotics to 12% in the antibiotic treated group. There
was, however, no significant difference in the rate of surgica
intervention or mortality.

In a subsequent study from Finland, 60 patients with
severe acohol-induced necrotising pancredtitis as determined
by CT and CRP estimation were randomly assigned to
treatment with cefuroxime or to no antibiotic. One (3%)
patient in the antibiotic treated group died compared to seven
(23%) patients in the untreated group, (P<0.05)H42,
Surprisingly given the large difference in mortality there was
no significant difference in the overall incidence of sepsis or
the number of patients requiring surgery. Further, given the
relatively small size of the study it is probable that there was
heterogeneity in the randomisation as shown by the greater
number of patients with fulminant pancrestitis on admission in
the control group.

More recently, 60 patients with severe acute pancreatitis
and necrosis affecting at least 50% of the pancreas, were
randomly allocated to receive intravenous treatment for 2

weeks with pefloxacin, (30 patients), or imipenem, (30
patients), within 120 hours of onset of symptoms. The
incidence of infected necrosis and extra-pancreatic infections
was 34% and 44% respectively in the pefloxacin group and
10% and 20% in the imipenem group. Although imipenem
proved significantly more effective in preventing pancreatic
infections (P<0.05), there was no significant difference in
mortality nor in the number of patients requiring surgery
between the two treatmentd®. A feature of this last study
and of other recent seriesl*#“! in which prophylactic
antibiotics have been used is the increasing incidence of drug
resistant or unusual organisms, including fungi, cultured from
pancreatic tissue removed at necrosectomy. When such
organisms are present the mortality following necrosectomy
may be increased*s4, Thus the data imply that the use of
prophylactic antibiotics promotes drug-resistant organisms and
the growth of fungi. In the absence of further studies routine
antibiotic prophylaxis in patients with acute pancreatitis
cannot be recommended at present.

TRANSLOCATION OF GUT ORGANISMS

The gastrointestina tract is thought to be the major source of
organisms infecting necrotic pancreatic tissue. Increased
trandocation of bacteria and toxins is known to occur in acute
pancreatitisi*4?, Anaerobic bacteria are less likely to
translocate from the gut lumen. Thus selective digestive
decontamination (SDD) with appropriate antibiotics may
change the intestinal flora to one that is less invasive.
Between 1990 and 1993, 102 patients with severe pancrestitis
from 16 centres in the Netherlands were randomized to
selective digestive decontamination plus standard treatment or
standard treatment alonel®®. There was a significant
reduction in the incidence of gram-negative pancreatic
infection in treated patients. Although deaths were reduced
from 35% in the control group to 22% in the treatment group
this difference was not significant. A short course of systemic
antibiotics (cefotaxime) was used in the SDD group so that
interpretation of the data with regard to the specific effects of
gut decontamination as opposed to antibiotic prophylaxis is
difficult™,

Early re-introduction of nutrition via the gastrointestinal
tract may also help to restore mucosal integrity and reduce
translocation. A number of studies in patients with major
trauma, surgery and burns showed that enteral nutrition
significantly decreased the acute phase response and
incidence of septic complications when compared with total
parenteral nutrition®%3. In acute pancreatitis therefore early
reintroduction of feeding via the gastro intestinal tract might
also reduce the incidence of pancreatic infection.

Two randomized studies have compared enteral and
parenteral nutrition in patients with severe acute pancredtitis.
In the first study, 38 patients received enteral nutrition
through a nasoenteric tube with a semi-elemental diet or
parenteral nutrition through a central venous catheter.
Patients who received enteral feeding experienced fewer tota
complications (P<0.05) and were at lower risk of developing
septic complications (P<0.01) than those receiving
parenteral nutrition. The cost of nutritional support was three
times higher in patients who received parenteral nutrition>l.

In a second study from Leeds, 34 patients with acute
pancredtitis received either parenteral or enteral nutrition for
seven days and were then re-evaluated. The frequency of
SIRS, sepsis, organ failure and the need for ITU admission
was reduced in the enterally fed patients™.
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In a third study from Edinburgh, 27 patients with
predicted severe acute pancregtitis were randomised to early
introduction of enteral nutrition via a nasojejuna tube or
conventional therapy, i.e. nil by mouth with re-introduction
of oral intake with return of gut function. There were no
significant complications as a consequence of enteral
nutrition. The introduction of enteral nutrition did not affect
the serum concentrations of IL-6 (P=0.28), soluble tumour
necrosis factor-a receptor (P=0.53) or CRP (P=0.62) over
the first 4 days of the study. Although there were no
significant differences in intestinal permeability between the
two patient groups at admission, by day four abnormal
intestinal permeability occurred more frequently in patients
receiving enteral nutrition (P=0.03).

Thus it can be concluded that enteral nutrition is safe in
patients with severe acute pancreatitis and there is some
evidence that it may be preferable to parenteral nutrition.
The power of these three studies was too low to show any
differences with respect to surgical intervention, incidence of
pancreatic infection or mortality and the effect of nutrition
route and timing on these outcomes requires further study.

NON-OPERATIVE TREATMENT OF PANCREATIC NECROSIS

Although there are isolated case reports of patients with
pancreatic infection surviving with medical treatment alone™
and limited success using percutaneous drainagel®®®”, the
presence of infection in necrotic pancreatic tissue is accepted
to be an absolute indication for surgical intervention (Table
3). The situation in patients with extensive areas of sterile
necrosis is less clear. Bradley et al reported on 38 patients
with necrosis on CT who were initialy treated medically and
underwent FNAB if they remained persistently febrile.
Infected pancrestic necrosis was demonstrated in 27 (71%) of
the 38 patients with pancreatic necrosis who were treated by
open drainage, with a mortality rate of 15%. All 11 patients
with sterile pancreatic necrosis, including six with pulmonary
and renal insufficiency, were successfully treated without
surgery®™. On the basis of this and subsequent studies sterile
necrosis, should initially be managed non-operatively®.

Table 3 Indications for surgical intervention

Absolute * Presence of infected pancreatic necrosis shown by
CE-CT or FNAB.
Relative * In a patient with >50% pancreatic necrosis, failure

to improve appreciably after 2 - 3 weeks,
unexplained deterioration, or a suspicion of infected
pancreatic necrosis even in the absence of firm
evidence on CE-CT and FNAB.
In a patient with >50% pancreatic necrosis,

* prolonged illness with an unacceptably slow recovery

The optimal frequency of CE-CT imaging and FNAB has
not been clearly established. In the recent study from Bern,
al patients underwent contrast-enhanced CT within 24 to 48
hours of admission and this was repeated weekly in those
patients whose clinical condition did not improve®l. Fine
needle aspiration under CT guidance with subsequent
microscopy and bacteriological culture was undertaken to rule
out infection in patients who developed signs of metabolic
disorders, those with deteriorating function of lung, kidney or
the cardio circulatory systems and those with persistent
leukocytosis or fever (>38.57C).

A second issue is the treatment of patients with sterile
necrosis who remain unwell. In this group surgical
intervention has been suggested for patients with persisting or
advancing organ complications despite intensive care
therapy®™. In contrast in a recently published single-centre
study, pancreatic infection, if confirmed by fine-needle
aspiration, was considered an indication for surgery, whereas
patients without signs of pancreatic infection were treated
medically*®, Eighty-six (42%) of the patients in this study
had necrotizing disease, of which two thirds had sterile
necrosis. The death rate was 1.8% (1/56) in patients with
sterile necrosis managed without surgery versus 24% (7/29)
in patients with infected necrosis (P<0.01). Two patients
whose infected necrosis was not diagnosed in time died whilst
receiving medical treatment. Thus, an intent to treat analysis
(non-surgical vs. surgical treatment) produced a degth rate of
5% (3/58) with conservative management versus 21% (6/
28) with surgery. The authors concluded that non-surgical
management, including early antibiotic treatment, should be
used in al patients with sterile pancreatic necrosis®!. In
contrast other authors have observed a similar mortality in
patients undergoing necrosectomy between those with sterile
and those with infected necrosis®.

TIMING OF SURGERY

Timing of surgery is critical. Necrosectomy is technically
difficult during the first week but becomes progressively easier
with time. One controlled trial has addressed the role of early
surgery. Forty-one patients with pancreatic necrosis on CT
were randomized to early necrosectomy (within 48 to 72 hours
of onset) or late necrosectomy (at least 12 days after onset).
Both groups continued with open packing and staged
necrosectomies. Although the mortality rate (58% versus
27%) did not reach statistical significance, the odds ratio for
mortality was 3.4 times higher in the early group and for this
reason the study was terminated early®Y. Thus the
contemporary management of patients with extensive necrosis
involves repeated imaging using contrast-enhanced CT in
association with fine needle aspiration for microscopy and
bacteriology with immediate surgery if infection is detected.

OPEN NECROSECTOMY

Necrosectomy has traditionally been undertaken by an open
route. Following laparotomy the lesser sac is opened if
possible, the colon is mobilised downwards and the pancreas
identified. Necrotic pancreas is debrided by blunt finger
dissection and wide bore suction drainage. If opening of the
lesser sac is not possible, direct access from the infracolic
compartment via the left transverse mesocolon (space of
Riolan) is an aternative. Adequate debridement is usually
achieved with a single visit to theatre. Any associated fluid
collections are drained by the most direct route. Large drains
and irrigating catheters are left within the retroperitonea area
and continuous irrigation is continued post surgery!®3. The use
of open packing with multiple visits to theatre prior to
secondary closure over drains has been described but
hospitalisation can be significantly reduced by using prolonged
lavage rather than pre-planned multiple laparotomies.
Mortality rates in recent series are generaly between 20%-
40%(455860-671 - hut may be higher even in specialised
centrest®,

Several developments have led to a reassessment of the
role and the extent of surgery in acute pancreatitis.
Percutaneous drainage has been advocated as a means of
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treating pancreatic necrosis®®5"%l  Unfortunately it is
impossible to achieve adequate debridement of solid pancrestic
debris by this route except in a minority of cases and it may
lead to secondary infection in pancreatic necrosis that is
initially sterile. Aggressive percutaneous drainage has been
proposed as a means of treating infected pancreatic necrosis.
A magor reason for falure however is the varisble amounts of
infected solid material that cannot be removed. Indeed Paye
et al % found percutaneous drainage to be largely inadequate
requiring surgical intervention in the majority of cases.

In an attempt to reduce the high mortality from surgical
necrosectomy less traumatic approaches than open laparotomy
have been advocated. Fagniez et all’™® described a
retroperitoneal approach for pancreatic necrosectomy through
the left flank just anterior to the 12th rib. There was an
overdl mortality of 33% in 40 patients with severe pancrestic
necrosis and 18% in the 22 patients in whom this was the
only abdomina procedure performed. Similarly good results
have been reported in three other small seried™ ™. Morbidity
rates, including colonic fistulae and haemorrhage were,
however, high.

Another factor that has led to the re-evaluation of the
extent of surgery has been the concept of the two-hit
response. This hypothesis states that many patients with a
severe attack of acute pancredtitis are primed to mount an
inappropriate and exaggerated inflammatory response to a
second traumatic challengel®d. Thus a subsequent hit, for
example from an open procedure to debride the infected
necrotic pancreas, may lead to an overwhelming systemic
inflammatory response and death. This would account in part
for the continuing high mortality that follows open surgica
necrosectomy. Unfortunately patients liable to have such an
abnormal response cannot be identified at present athough
markers of genetic susceptibility are being sought.

A new technique of minimally invasive pancreatic
necrosectomy via a left loin approach, analogous to the open
technique of Fagniez et all™ was recently pioneered in
Glasgow!™. The advantages of this technique are two-fold.
First the peritoneal cavity is not transgressed, and second,
tissue damage is limited-thus reducing the magnitude of the
systemic inflammatory response of the second hit. Mortality
in the 10 patients trested by this technique was only 20%. We
have used this technique in a further 14 patients with 3 (21%)
deathd™. We believe that these results are encouraging and
that in the future a significant proportion of patients with
infected pancreatic necrosis may be managed by this
technique.
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Abstract

The outlook for patients with pancreatic cancer has been
grim. There have been major advances in the surgical
treatment of pancreatic cancer, leading to a dramatic
reduction in post-operative mortality from the
development of high volume specialized centres. This
stimulated the study of adjuvant and neoadjuvant
treatments in pancreatic cancer including
chemoradiotherapy and chemotherapy. Initial protocols
have been based on the original but rather small GITSG
study first reported in 1985. There have been two large
European trials totalling over 600 patients (EORTC and
ESPAC-1) that do not support the use of chemoradiation
as adjuvant therapy. A second major finding from the
ESPAC-1 trial (541 patients randomized) was some but not
conclusive evidence for a survival benefit associated with
chemotherapy. A third major finding from the ESPAC-1
trial was that the quality of life was not affected by the
use of adjuvant treatments compared to surgery alone.
The ESPAC-3 trial aims to assess the definitive use of
adjuvant chemotherapy in a randomized controlled trial of
990 patients.

Subject headings pancreatic neoplasms/drug therapy;
pancreatic neoplasms/radiotherapy; human; review
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INTRODUCTION

Pancreatic cancer is the 5" most common site of deaths due to
cancer among all cancer sites in the Western world. Low cure
rates ensure that the mortality is nearly as high as the
incidence. It is responsible for 7 000 deaths per year in the
UK, 40 000 per year in Europe and 28 000 in the USA2., The
peak mortality ages are estimated to be between 65 and 72
years in Europe and 55 and 75 years in the USAI2. The
incidence of this deadly disease has been risng during the last
century. In the past 20 years however, there have been vast
improvements in the surgical management of patients with
pancreatic cancer. The surgical procedures have been
improved and become more standardized between centres and
countries. The level of pre- and post-operative support for
these patients has been optimized, particularly in established
centres with a high throughput®. These measures have
ensured that the outlook for patients with resectable disease

has certainly improved, particularly in the short term.
Extending patient survival still remains a problem. The overall
five-year survival for all patents with pancreatic cancer is only
0.4%4. Patients who are suitable for resection have five-
year survival rates of between 10% and 24%5% and are
virtually never cured. Therefore, even for the 10% to 15% of
patients who undergo surgery, there appears to be no
guarantee of cure or indeed long-term survival. These
outcomes would suggest a role for the use of additional or
adjuvant therapy to attempt to improve patient survival and
quality of life.

RADICAL SURGERY

Japanese groups amongst others have been enthusiastic in
pursuing radical resection as means of increasing disease free
margins and thus hopefully improving patient survival. Radical
surgery includes extensive lymph node dissection and
retroperitoneal connective tissue clearance as well as pancreatic
resection. The Japanese groups have suggested that these
approaches are superior to conventional Kausch-Whipple
resection but several studies have not shown significant survival
advantages when compared with conventional resection(®3,
Kayahara et al found that radical resection in patients with Stage
I and |1 disease (Japanese classification) and clear margins (RO)
resulted in areduction of local recurrence but did not trandate into
improved survival because of hepatic metastases™. Interestingly
highly detailed serial section analysis of presumed RO specimens
has revealed microscopic margin disease (R1) in up to 38% of
specimensi4l,

Difficulties are encountered when comparing survival
figures of Western and Japanese studies because of the
different staging systems used (UICC vs JPS respectively).
This is because of the phenomenon of ‘staging system
migration’ that may give apparently better survival for each
stage in one system compared to the other even though there
isno overall difference in survival. Satake et al * compared the
Japanese and UICC staging systems in a large cohort of
patients. Stage for stage the Japanese system revealed a better
survival from Stage | to IV compared with UICC system.
The overal five-year survival however, was the same (11%)
because the systems had been analysed in identical patients.

The majority of radical resection studies have been non-
randomized and performed in single institutions. The radical
lymph node dissection allows more accurate staging of disease
and these tumours will tend to be upstaged because of this.
Thus it is necessary to examine overall group survival within
the context of randomized studies by an intention to treat
analysis. There has been one multicentre prospective
randomized trial comparing traditional partial
pancreatoduodenectomy with and without a more extensive
lymph node dissection*®. Eighty-one patients were
randomized to receive a standard (n=40) or extended (n=
41) lymphadenectomy and retroperitoneal soft tissue
clearance. The standard lymphadenectomy included removal
of lymph nodes situated at the anterior and posterior



Ghaneh P, et a/, Adjuvant therapy in pancreatic cancer

483

pancreatoduodenal, pyloric, main bile duct, superior and
inferior pancreatic head and pancreatic body stations. The
extended lymphadenectomy also included the removal of
lymph nodes from the hepatic hilum, aong the aorta from the
diaphragmatic hiatus to the inferior mesenteric artery,
laterally to both renal hila and clearance of the coeliac trunk
and superior mesenteric artery. There was no significant
difference of overall survival between the two groups.
Patients who had lymph node positive disease demonstrated
better survival following an extended resection compared to
those who did not have an extended lymphadenectomy but
must be regarded as a datistically invalid manoeuvre as this
was a post-hoc subgroup analysis. In light of thesefindingsthe
ultimate benefit of extended lymphadenectomy surgery still
needs to be proven with further critical evaluation.

There appears to be no additional survival benefit
associated with total pancreatectomy compared to Kausch-
Whipple pancreatoduodenectomy and at the present time the
pylorus preserving pancreatoduodenectomy has been shown to
produce similar results to the more traditional Kausch Whipple
procedurel”18, The latter approach is now the procedure of
choice in most centres.

The lack of survival benefit associated with radical resection
may be due in part to the pattern of disease recurrence in
resected pancreatic cancer. Most tumour recurrences are local,
peritoneal and hepaticl*®24. The early appearance of hepatic
metastases following resection almost certainly indicates the
presence of hepatic micrometastases at the time of surgery.
Microscopic peritoneal disease also tends to occur early in
contrast to the relatively later presentation of local recurrence.
Pancreatic cancer cells tend to spread within a range of
peripancreatic tissues. Lymphatic infiltration and perineural
invasion may be found in 90%-100% of resected specimeng?.
Reasons for recurrence following an apparently curative
resection include residual retroperitoneal disease, perineural
invasion, hepatic micrometastases and lymph node
involvement. The pattern of relapse after surgery reflects the
natural course of the disease without resection. The most
commonly affected organs include abdominal lymph nodes
(72%-83%), liver (64%-80%), peritoneum (40%-53%) and lung
(27%-50%)1*4. An RO resection in patients with no lymph node
metastases cannot be achieved in more than about half of the
patients undergoing resection. Kayahara et all*“ at post mortem
examined 15 patients who had undergone radical resection.
The local recurrence rate in this group of patients was 80%.
The local recurrences were associated with perineural invasion,
lymphatic invasion and soft tissue infiltration. High rates of
local recurrence have been confirmed in numerous studies of
patients who have undergone pancreatoduodenectomy and
the majority occur within 1 to 2 years of surgery!24,

Identification of extrapancreatic disease at the pre-
operative stage has improved due to accurate imaging
techniques® and laparoscopy?l. Peritoneal cytology has
been shown to be positive in 58% of patients who may have
unresectable tumours or have a limited postoperative
survivall?1, The best predictors of outcome following surgery
also reflect the causes of disease relapse. These include tumour
stage (which also includes the lymph node status), grade of
primary tumour and resection margin status'?®32. Not
surprisingly patients with stage | or 11 disease and negative
resection margins tend to demonstrate the best survival.

The poor overall survival of patients with pancreatic
cancer, even following optimal surgical intervention, and the

pattern of disease progression and recurrence are clear
indications for the use of additional treatment modalities.

CHEMOTHERAPY

Advanced pancreatic cancer

There have been many studies of chemotherapy in patients
with advanced pancreatic cancer. Single agents and
combination regimens have been used. At the present time
there is no accepted standard chemotherapeutic agent for the
treatment of pancreatic cancer. 5-fluorouracil (5-FU) remains
the most effective and most frequently used single
chemotherapy agent. 5-FU works partly by interference with
enzymes such as thymidylate synthase and partly by
incorporation of 5-FU metabolites into DNA and RNA. The
response rates of -15% with a median survival of 3-5
months™l. The addition of the modulator folinic acid has
produced margina survival benefit over 5-FU alone but this
has not been a significant increase!®l. The addition of other
modulators such as phosphonacetyl-L -aspartate (PALA), and
interferon has also not produced significant improvements in
survival®+3%, Comparisons of 5-FU alone and 5-FU with a
combination of other agents have not shown any advantage for
the combination groups in randomized trial 3.

A new agent, gemcitabine has been compared to 5-FU in a
randomized multi-centre phase 11 clinical tria®. Gemcitabine
is a deoxycytidine analogue that is phosphorylated to an
active form and competes with dCTP for incorporation into
DNA. The study, in which over 70% of patients had stage
IV disease, randomized 63 patients to receive gemcitabine
and 63 patients to receive 5-FU. Median survival in the
gemcitabine group was 5.7 months compared to 4.4 months
in the 5-FU group but no patient survived beyond 19
months. The clinical benefit response was also significantly
higher in the gemcitabine group®l. Despite the fact that
this is the only trial with a straight comparison between the
two agents gemcitabine has been recommended as the drug of
choice in the USA. Gemcitabine has also been combined with
5-FU in several phase Il studies. It is generally well tolerated
but can have unpredictable side effects such as neutropaenia,
abnormal liver function tests and nausea and vomiting. In
patients who have had previous radiotherapy to the
mediastinum there have been unpredictable reactiong®”.

There is good evidence from several randomized
controlled trials comparing chemotherapy with a no treatment
group that chemotherapy is of benefit in patients with
advanced pancreatic cancer. Mallinson et al®® demonstrated
a median survival of 11 months for patients treated with 5-
FU, cyclophosphamide, methotrexate, vincristine and
mitomycin C compared to 2.2 months for the untreated
control group. This regimen did not produce a significantly
greater survival when compared to 5-FU alone in a much
larger randomized control triall®!. Another rather poorly
controlled study compared 5-FU and carmustine to untreated
controlsi*®, There was no significant survival benefit
associated with this regimen but the majority of patientsin this
study received only a single treatment and did not finish the
course. A further trial of the combination of 5-FU,
doxorubicin and mitomycin C (FAM) resulted in median
survival of 33 weeks compared with median survival of 15
weeks in untreated control patientd“d. A recent study
compared the use of 5-FU + folinic acid (+/- etoposide)
with best supportive care and showed that the median survival
in the treated group was 6 months compared to 2.5 months in
the control groupt“d. Moreover there was better overall
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quality of life score for the treated patients.

Adjuvant chemotherapy

There have been only a few studies of adjuvant chemotherapy
in pancreatic cancer and (up until the ESPAC-1 trial) there
was only one randomized controlled trial comparing surgery
and chemotherapy with surgery aone (Table 1)14348l,
Splinter et al 3 reported no evidence of improvement or
survival using a FAM regimen in 16 patients who had
undergone pancreatoduodenectomy with a three year survival
of 24% compared to a three year survival of 28% in 36
patients who had undergone surgery only. Patients from
different time periods were included in the two groups and
there were only nine patients with pancreatic ductal
adenocarcinoma in the adjuvant group and 18 in the surgery
only group. Baumel et al“® reported adjuvant chemotherapy
in 43 selected patients with a median survival of 12 months but
there was no difference in median survival from those patients
who underwent surgery only (12 months). Bakkevold et al“3
randomized 61 patients who had undergone
pancreatoduodenectomy for pancreatic cancer or ampullary
cancer to receive either six courses of FAM or no chemotherapy.
There was a significant difference in the median survival rates
between the two groups: 23 months. Unfortunately this did not
translate into a significantly improved long-term survival
however: the 5-year survival rates were 4% for the treatment
arm versus 8% for the surgery only arm. There was also
considerable toxicity encountered with the FAM regimen. Only
24 out of 30 patients randomized to treatment actually started
therapy. Sixteen patients needed hospitalization after the first
chemotherapy course and a total of 13 patients managed to
complete all six cycles of FAM.

The European Study Group for Pancreatic Cancer
(ESPAC) has commenced the ESPAC-3 trial with the
objective of definitively defining the role of adjuvant
chemotherapy following curative resection for pancreatic
ductal adenocarcinoma. Two adjuvant regimens are being
studied against a no chemotherapy control: (U 5-FU + folinic
acid for 24 weeks versus (2) gemcitabine for 24 weeks versus @
observation. All patients will have undergone potentially
curative resection for pancreatic ductal adenocarcinoma. A
total of 990 patients (330 in each arm) will be recruited over
the next few years and survival analysis will be completed
after two years of follow-up. At the present time recruitment
is underway from centres across Europe with further centresin
Canada, Australia and New Zealand due to join.

RADIOTHERAPY (CHEMORADIOTHERAPY)

Advanced pancreatic cancer

External beam radiotherapy (EBRT) although used in the
treatment of advanced pancreatic cancer, has never been
compared with an untreated control arm in any randomized
controlled trial. The most commonly used and probably the
best radiosensitizer used with EBRT for advanced pancreatic
cancer is 5-FU. Many retrospective studies of EBRT, usually
in relatively small groups of selected patients report median
survival times of 10 - 15 months with good palliation of
symptoms7:48l,

The improved local control of disease achieved with
EBRT has not translated into significantly longer survival
times, so there have been various refinements in an attempt to
enhance the effectiveness of radiotherapy. Wide field

irradiation has been used to address the problem of hepatic
micrometastases. A Radiation Therapy Oncology Group
(RTOG) study of 79 patients who received pancreatic and
hepatic irradiation resulted in a median survival of 8.4 months
but at the expense of considerable toxicity!*?. Intraoperative
radiation therapy (IORT) aims to deliver higher doses of
radiation with greater precison and thus reducing the exposure
of neighbouring organs. Experimentally, its effectiveness may
be as high as five times the equivaent dose given by EBRT. In
advanced pancreatic cancer the survival times achieved using
IORT have not been encouraging (median survival -6
months) and it has been mainly used to boost EBRT®, A
study comparing EBRT + IORT + 5-FU with EBRT +5-FU
demonstrated no significant survival difference (12 and 13
months respectively)°sl,  Complications encountered during
IORT include, duodenal and gastric ulceration, vascular
sclerosis and pancreatic abscesst®?. IORT offers good local
control and pain relief but cannot be recommended as a
standard treatment as it has not been possible to demonstrate
any advantages over conventional therapy.

Adjuvant radiotherapy (chemoradiotherapy)
Adjuvant EBRT and IORT have been used alone and in
combination in the adjuvant setting (Table 2)i?1:325360] The
majority of studies indicate that EBRT alone or in combination
with IORT has a significant survival advantage over the use of
IORT aone. In arandomized trial IORT was observed to reduce
thelocal recurrence rate by 50% following surgery, but this did
not translate into a significant survival advantage (3-year
surviva with IORT=7% vs no IORT 3%)!?. In selected patients
IORT and resection produced 3 and 5-year survival rates of
53% and 29%!°253, The use of IORT however requires specialised
facilities and can be associated with severe complications.
EBRT (with concomitant chemotherapy) following
resection is generally well tolerated but the degree of survival
advantage, if any, is uncertain. To address this issue a
multicentre Phase IIl trial organized by the European
Organisation for Research and Treatment of Cancer
(EORTC) compared chemoradiotherapy in patients following
potentially curative surgery for pancrestic cancer with surgery
alone®®. Between 1987 and 1995, 218 patients were
randomized to receive either chemoradiotherapy or no
chemoradiotherapy following curative surgery for pancreatic
or ampullary cancer. Ninety-three out of 110 patients
randomized to treatment received a total of 40 Gy with
concomitant continuous infusion of 5-FU. There were a total
of 54 patients in the observation group and 60 patientsin
the treatment group with pancreatic ductal adenocarcinoma.
There was no significant difference in median survival (with
treatment 17.1 months vs 12.6 months with observation) and
in five year survival [with treatment 20 (95% CI, 5-35)%
vs 10 (0-20)% with observation]. Similarly there was no
significant difference in survival between the treatment and
observation groups in patients with ampullary cancer. This
study showed that there was no survival advantage for
adjuvant chemoradiotherapy for pancreatic and ampullary
cancer but has been criticized because it was almost certainly
underpowered.

REGIONAL THERAPY

Advanced pancreatic cancer
Regional therapy has been developed with the objective of
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delivering high doses of cytotoxic drug to the tumour. The
systemic side effects should be reduced with this approach.
The coeliac and hepatic arteries and portal vein have all been
used to deliver chemotherapeutic drugs to the tumour bed.
Good control of hepatic metastases has been reported, with
disease progression mainly due to local progression or
peritoneal deposits. The combination of 5-FU, folinic acid
and cisplatin produced median survival times of 9-14 months
in selected patientd®4. It has also been reported that some
apparently irresectable tumours have become resectable
following regional therapy!®4.

Adjuvant regional therapy

There have been several studies which have demonstrated
improved survival in patients receiving regional chemotherapy
following pancreatic resection largely in comparison with
historical controls (Table 3)>%, Link et all®® found a
median survival of 21 months in 18 patients who had
undergone pancreatoduodenectomy for pancreatic ductal
adenocarcinoma and then coeliac artery infusion of 5-FU,
folinic acid, mitoxantrone and cisplatin compared to 9.3

months for historical controls. Disease progression occurred
principally locally or in the peritoneum and was rarely
detected in the liver. The rate of hepatic recurrence was
greatly reduced using a combination of hepatic artery and
portal vein infusion in patients with resected pancreatic,
which in one study cancer produced a 54% three-year surviva
compared to 34% in historical controlg®l. Ozaki et all®®
found a 5-year survival rate of 32% patients treated with
extended resection, IORT and hepatic artery and portal vein.
The encouraging results of these small studies have prompted
the ESPAC-2 trial, which is a multicentre, prospective
randomized controlled Phase 111 trial. This study will compare
adjuvant intra-arterial chemotherapy (cisplatin, 5-FU,
folinic acid and mitoxantrone) and radiotherapy (Arm A)
with surgery alone (Arm B) in patients who have undergone
potentially curative resection for pancreatic ductal
adenocarcinoma or ampullary carcinoma. The trial will recruit
110 patients into each arm and will be completed by 2007
aiming to provide a definitive answer to the role of adjuvant
regional therapy for pancreatic cancer.

Table 1 Survival following surgery and adjuvant chemotherapy for pancreatic cancer

Number Median survival Actuarial survival (%)
Series Period Regimen (months)
Total PDAC 1 year 3 year 5 year

Splinter et al*®! 1977-1984 36 18 28

1980-1984 16 9 5-FU/DOX/MMC 24
Livingstone et al*! N/A 285 285 N/A 9
Bakkevold et al*/*! 1984-1987 30 23 5-FU/DOX/MMC 23 70 70 4

31 24 11 45 30 8

Baumel et alt 1982-1988 43 43 Not specified 12

1982-1988 527 527 12

5-FU = 5-fluorouracil; DOX = doxorubicin; MMC = mitomycin C; * randomised cont rolled trial, PDAC = pancreatic ductal adenocarcinoma.

Table 2 Survival following surgery and radiotherapy for pancreatic cancer

Series Year Number Median survival Actuarial survival (%)
EBRT(Gy) IORT(Gy) (months)
1 year 3 year 5 year
Willett et al®2 1993 16 (nm) 40-50 21 29
23 (pm) 40-50 11 0
Johnstone et al® 1993 26 45-55 20 18
Zerbi et al?4 1994 43 12.5-20 19 71 7
47 12 49 10
Di Carlo et al>¥ 1997 27 14
27 12.5-2017
Dobelbower et al®% 1997 14 6.5 15 0 0
6 10-20 9 50 35 33
14 50-67 14.5 64 28 0
10 27-54 10-25 18 70 10 0
Farrell et al®®® 1997 14 60 12-25 16 62 22 15
Hishinuma et al®®" 1998 34 24 EBRT 13 EBRT + IOR 13 59 19
Klinkenbijl et al*8 1999 54pdc 12.6 10
60pdc 40 17.1 20
Mehta et al>®! 2000 52 45-54 8 IORT 32 75 38
Lee et alls 2000 22 47
13 49 81

EBRT = external beam radiotherapy; IORT = intraoperative radiotherapy; nm = nega tive resection margin; pm = positive resection margin;

pdc = pancreatic ductal adenocarcinoma.

Table 3 Adjuvant regional therapy for pancreatic cancer

Actuarial survival (%)

Series Year Number Regimen Median survival
(months) 1 year 3 year 5 year

Ishikawa et all®! 1994 20 HAI + PVI 54
Ozaki et al®® 1994 24 IORT + HAI +/- PVI 32
Link et alt®” 1997 20 CAlI 21

29 9.3
Beger et al®® 1999 24 CAl 23 54 (4 year)

nd 10.5 9.5 (4 year)

HAI = hepatic arterial infusion; PVI = portal vein infusion; CAl = coeliac artery infusion
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NEOADJUVANT THERAPY

The rationale for pre-operative therapy includes (a) the
avoidance of long delays following surgery before starting
adjuvant therapy and (b) an attempt to downstage the tumour
and thereby increase the prospect of resection (Table
4)"°71 - Pre-operative radiotherapy produced only modest
increases in resectability and so chemotherapy was added in an
attempt to improve the efficacy of this approach. Recent
studies have reported resection rates as high as 60%!°" but
not surprisingly those tumours >4cm-cm, encase the
superior mesenteric artery or obstruct the superior mesenteric/
hepatic portal vein are less likely to be resected!" . Pre-
operative chemoradiotherapy may also increase the incidence
of clear resection margins to as high as 90%, compared to the
accepted norm of 60%-80%.

The effect of any long-term survival benefit from
neoadjuvant treatment, if any, is not known due to the lack of
randomized controlled studies. Twenty- four out of 53 patients
with pancreatic ductal adenocarcinomainitially treated with 5-
FU, mitomycin C and 50.4 Gy were able to undergo resection
with a medi an survival of 15.7 monthsd™. There was a
significant level of toxicity associated with this regimen with
two treatment related deaths. Another recent non-randomized
study found a median survival of 19.2 months for patients with
pancreatic cancer treated by pre-operative chemoradiation
compared to 22 months for those treated by post-operative
chemoradiation. Neither survival nor the pattern disease of
recurrence was significantly different between the two
groups™,

COMBINATION THERAPY

Advanced pancreatic cancer

The combination of chemoradiation and follow-on
chemotherapy may enable good local control with systemic
destruction of the disease. The Gastrointestinal-Tumour Study
Group (GITSG) randomized patients with advanced pancreatic
cancer to receive either 60Gy EBRT (with radiosensitizing 5-
FU) with or without follow-on 5-FU versus 40Gy EBRT with
radiosensitizing 5-FU and follow-on 5-FU. The median survival
times were 40, 23 and 42 weeks respectively, indicating & likely
valuable role for radiosensitizing (+ follow-on)chemotherapy
but not for increased radiotherapy!™. Other combinations have
been evaluated in the palliative settingi™. A randomized trial of
IORT versus IORT and methotrexate/5-FU produced a median
survival of 4.8 and 8.5 months respectively.

Adjuvant combination therapy

The regimen originally adopted by the GITSG for patients
with advanced pancreatic cancer was used in the adjuvant
setting for a randomized trial in the 1970's . Forty-three
patients were randomized to receive either 40Gy (with
radiosensitizing 5-FU) then weekly 5-FU or surgery alone.
The median survival in the treated group was 20 months
compared to 11 months in the surgery only group and the two
year survival rates were 42% and 15% respectively®l. To
increase numbers in the treatment group a further 30 patients
received adjuvant therapy. The median survival was 18 months
with a two year survival of 46%%. The number of patients
that received treatment as part of the randomized study
however was far too small for convincing conclusions to be
drawn. The results were encouraging enough for other studies
to adopt this protocol and investigate its role in the trestment

of pancreatic cancer (Table 5)®%. Yeo et all®compared
three different regimens in selected patients who had
undergone pancrea toduodenectomy: (1 40-45Gy EBRT plus
follow-on 5-FU for 4 months (standard); @ 50-57Gy EBRT
plus hepatic radiation plus 5-FU + folinic acid for 4 months
(intensive); @ no adjuvant treatment. The median survival
was 21 months and the two-year survival was 44% for the
group given standard adjuvant treatment, significantly better
compared to 13.5 months and 30%, respectively in the no
treatment group. There was no significant survival difference
however between patients that had received the intensive
treatment and those that had received no treatment. The main
drawbacks to this study are the retrospective data that suffer
from patient selection bias and no specification of patient
performance status, which is an extremely important
independent prognostic factor.

A phase 111 randomized controlled study organised by the
Radiation Therapy Oncology Group (RTOG) in the USA is
currently recruiting patients who have undergone resection
for pancreatic adenocarcinoma. This study aims to compare 5-
FU versus gemcitabine pre- and post- chemoradiotherapy all
following surgery. The trial has already accrued the original
330 patient target but is still recruiting, presumably because of
alack of asignificant therapeutic effect so far.

The UK Pancreatic Cancer Trials Group (UKPACA)(®!
utilized the GITSG protocol for an open phase Il study of 40
patients (34 with pancreatic ductal adenocarcinoma and 6 with
ampullary tumour) who had undergone-
pancreatoduodenectomy between 1987 and 1993 were recruited.
Patients received 40Gy (with 5-FU as a radiosensitizer) plus 5-
FU weekly for amaximum of 24 weeks. After amedian of eight
treatments there were no treatment related deaths and no
hospitalizations even with a prolonged course of post-operative
chemotherapy. The median survival for patients with pancreatic
ductal adenocarcinoma was 13.2 months and the five-year
survival rate was 15%.

The findings of these studies were instrumental in the
design of the ESPAC-1 trial, which commenced in 1994. This
trial was established to compare the effects of three adjuvant
treatments with a control group. The four groups were: O
chemoradiotherapy (40Gy with radiosensitizing 5-FU); @
chemotherapy (5-FU plus folinic acid for six months); &
combination chemoradiotherapy followed by chemotherapy;
and @ best supportive care. Patients were eligible following
potentially curative resection for pancreatic ductal
adenocarcinoma. Between February 1994 and April 2000 a
total of 591 patients were randomized of which 541 had
pancreatic ductal adenocarcinoma. A total of 61 centres
recruited patients from UK, Ireland, France, Sweden, Spain,
Italy, Germany, Switzerland, Greece, Hungary, Belgium and
Austria. Randomization was stratified by resection margin
status. Clinicians could randomize patients into a 2x2
factorial design (obse rvation, chemoradiation, chemotherapy
or combination) or into one of the main treatment
comparisons (i.e. chemoradiation vs control or chemotherapy
vs control). Two-hundred and eighty five patients were
randomized to the 2x2 factorial design, a further 68 patients
were randomized to chemoradiation vs no chemoradiation and
188 patients were randomized to chemotherapy vs no
chemotherapy. Tumour grade, size, nodal status and resection
margin status were all significantly associated with survival.
The overall results showed no benefit for chemoradiation vs no
chemoradiation (median survival 15.5 months vs 16.2 months
respectively). There was evidence of a survival benef it for



Ghaneh P, et a/, Adjuvant therapy in pancreatic cancer

487

chemotherapy (median survival 19.7 months) compared to
those patientswho did not receive chemotherapy (median
survival 14 months). The effect was reduced when taking into
account whether patients had also received chemoradiation
suggesting that chemoradiation may decrease the benefit of
chemotherapy®. Moreover quality of life analysis showed no
significant difference between any of the groups indicating
that adjuvant therapy in pancreatic cancer is worthwhile,
provided there is a significant prolongation of lifel®,

The results of ESPAC-1 have provided for the first time a
clear indication of a potential benefit for the use of

Table 4 Neoadjuvant therapy for pancreatic cancer

chemotherapy in the treatment of pancreatic cancer. Even
more importantly both ESPAC-1 and the EORTC trials have
rejected the use of chemoradiation as adjuvant therapy in
pancreatic cancer. Thus the focus of future studies such as
ESPAC-3 will be on new and efficacious chemothe rapy
regimens. This study is randomizing patients to three arms: 5-
FU+folinic acid, gemcitabine and observation. The power of
the study is such to detect a 10% difference in 2-year survival
between any of the groups. Thus ESPAC-3 will establish (a)
the benefit of adjuvant chemotherapy for pancreatic cancer
and (b) if such, then the best form of chemotherapy.

Resection rate  Positive Median  Actuarial survival (%)
Series Year Number Regimen resection survival
n % margin (n) (months) 3 year 5 year

Ishikawa et all’™ 1994 23 EBRT 17/23 74 22
Coia et all™ 1994 27 EBRT + 5-FU + MMC 13/27 48 0/13 16 43
Staleyet al 1996 39 EBRT + 5-FU + IORT 39/39 100 7/39 19 19 (4 year)
Spitz et all™! 1997 41 EBRT + 5-FU 41/91 51 5/41 19.2
Hoffman et all™ 1998 53 EBRT + 5-FU + MMC 24/53 45 15.7
White et all™ 1999 25 5-FU + EBRT + MMC +CPP 5/25 20
Wanebo et all™® 2000 14 5-FU + EBRT +CPP 9/14 64
Snady et all 2000 68 EBRT+5-FU+STREP+CPP 20/68 29 32 32

48 NR 71 21 13

EBRT = external beam radiotherapy; 5-FU = 5-fluorouracil;, MMC= mitomycin C; IORT = intraoperative radiotherapy; STP =
streptozocin; CDDP = cisplatinum; FA = folinic acid; DPD = dipyridamole; n = number; CPP=cisplatin; NR = not resectable.

Table 5 Results of combination therapy in patients who have undergone resection for pancreatic cancer

Actuarial survival (%)

Series Year Number Radiotherapy Chemotherapy Median survival
(Gy) (months) 1 year 2 year 3 year 5 year

Kalser et al*®4 1985 21 EBRT 40 5-FU 20 67 42 24 18

22 11 50 15 7 8
GITSG 1987 30 EBRT 40 5-FU 18 46
Conlon et al®® 1996 56 EBRT 45 5-FU 20 35
Yeo et alt®4 1997 53 13.5 30

99 EBRT 40-45 5-FU 21 44

21 EBRT 50-57 5-FU + FA 17.5 22
UKPACAI8S] 1998 35 EBRT 40 5-FU 13 56 38 29 15
Abrams et alt®®! 1999 23 EBRT 5-FU + FA 15.9
Paulino et al®®” 1999 30 EBRT 5-FU 26

8 EBRT 5.5
André et alt®® 2000 10 EBRT 5-FU + FA + CPP 17

EBRT = external bean radiotherapy; 5-FU = 5-fluorouracil; FA = folinic acid; CPP = cisplatin

CONCLUSION

Thisis avery encouraging time for the treatment of pancreatic
cancer. The results of these large European trials have at |ast
given clear indications for future therapies of pancreatic
cancer. By using this information, reasoned approaches are
being developed to improve the treatment of patients with
pancreatic cancer without sacrificing quality of life.
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Abstract

AIM  To observe the growth suppression effect of
exogenous introduction of early growth response gene-1
(Egr-1 gene) on esophageal carcinoma tissue as well as
on esophageal carcinoma cell line Ecal09 and to explore
the potential application of Egr-1 gene in gene therapy of
tumor.

METHODS Eukaryotic expression vector of PCMV-Egr-1
plasmid was introduced into Ecal109 cell line which
expressed no Egr-1 protein originally with lipofectamine
transfection method. The introduction and expression of
PCMV-Egr-1 plasmid into Ecal09 cell line was confirmed
by G418 selection culture, PCR amplification of neogene
contained in the vector, Western blot analysis and
immunocytochemical analysis. The cell growth curve,
soft agar colony formation rate and tumorigenicity in SCID
mice were examined to demonstrate the growth
suppression effect of exogenous Egr-1 gene on Eca109 cell
line. The Egr-1 mRNA and Egr-1 protein were also
detected in 50 surgical specimens of esophageal
carcinoma by Jjn situ hybridization and
immunohistochemistry.

RESULTS Exogenous Egr-1 gene was introduced
successfully into Ecal09 cell line and expressed Egr-1
protein stably. The transfected Eca109 cell line grew more
slowly than control Ecal09 as shown by cell growth
curves, the soft agar colony formation rate (4.0% vs
6.9%, P<0.01) and the average growth rate of tumor in
SCID mice (35.5+7.6 vs 65.8+7.6, P<0.05). The
expression level of Egr-1 mRNA and protein significantly
increased in dysplastic epithelia adjacent to cancer rather
than in cancer tissues (65.8% vs 20.0% by ISH and
57.9% vs 14.0% by IHC, P<0.01).

CONCLUSION Exogenous Egr-1 gene shows the strong
effect of growth inhibition in Ecal09 cell line. Egr-1 in the
cancer tissue shows down-regulated expression that

supports the inhibited function of Egr-1 in cancer growth
and suggests Egr-1 may have an important role in gene
therapy of esophageal carcinoma.

Subject headings
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expression; transfection

esophageal neoplasms/pathology;
genes, immediate early; gene
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INTRODUCTION

Esophageal carcinoma is one of the most common malignant
tumors in China*®. Its pathogenesis and development are
closely related with some of proto-oncogenes and their
products®*. Early growth response gene-1 (Egr-1 gene) is
known as a member of immediate early gene (IEG) family
characterized by rapid and transient expression in response
to stimulation, modulating gene transcription positively or
negatively depending on the cell types and playing an
important role in the early cell growth. But its relationship
with esophageal carcinoma is not well understood so far. In
order to evaluate the growth inhibition in the cell line of
esophageal carcinoma (Ecal09) and analyze the expression of
Egr-1 in the cancer tissue of esophageal carcinoma, the
relationship between Egr-1 and esophageal carcinoma is
explored by the methods of gene transfection, tumorigenicity
in severe combined immunodeficient (SCID) mice and in situ
hybridization.

MATERIALS AND METHODS

Human esophageal carcinoma cell line Eca109

Ecal09 cell line from Chinese Academy of Medical Sciences
was cultured in Dulbecco’'s modified Eagle medium (DMEM)
supplemented with 100mL-L* fetal bovine at 37°C and
50mL-Lt CO, incubator. The cancer tissue with adjacent
mucosa and the esophageal mucosa in the upper surgical
margin was from the same surgical specimen of 50 patients
with esophageal carcinomas who had received neither
chemotherapy nor radiotherapy before surgery. These were
fixed in 40mL-L? neutral formalin with 1/1000 diethyl
pyrocarbonate (DEPC, Sigma Chemical Co, USA) and
embedded in paraffin, the sections were cut in 5pm.
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Eukaryotic expression vector of PCMV-Egr-1 plasmid

The plasmid was donated by Dr RP Huang (Molecular
Medicine, Northwest Hospital, WA, USA). The final
construct contains the neogene (5.5kb fragment) driven by
the respiratory syncytia virus (RSV) promoter and the Egr-1
gene (2.1kb fragment) driven by the human cytomegalovirus
(CMV) promoter. The plasmid was confirmed by
amplification, purification and tested by cutting
endonuclease.

Gene transfection

The eukaryotic expression vector of PCMV-Egr-1 plasmid was
transfected to human esophageal carcinoma cell line Ecal09 by
the lipofectamine (Gibcobrl Company, USA) according to the
manufacturer’s instructions. After transfection, the cells were
trypsinized and reseeded at 1:2 ratio for selection culture with
G418 at 600mg-Lt. Four weeks later, the resistant colonies
were formed.

Detection of transfected cell neogene with polymerase
chain reaction

Extracting the cell DNA followed by performing polymerase
chain reaction (PCR) to amplify 327bp of neogene with
primer 1 (5’ACAAGATGGATTGCACGC AGG3') and
primer 2 (5 TTCTCGGCAGGAGCAAGGTGAGZ'). The
cycling procedure was. denatured at 95°C for 1 min, anneded
a 55°C for 1.5 min, extended at 72°C for 1 min, and after 30
cycles, lengthened at 72°C for 5 min. The untransfected Eca
109 cell line was used as a negative control.

Western blot and immunocytocheimstry

Cells (3x10°) were harvested and dissolved by the addition of
sodium dodecyl sulfate (SDS)-containing lysis buffer. The lysate
was used for SDS-polyacrylamide gel electrophoresis on a
75g:-L* gel. The proteins were electrophoretically transferred
from the gel to NC membrane. The transferred membrane
was treated with polycolonal antiserum against Egr-1 protein
(1:200, Santa Cruz Biot Co, USA) followed by detection
with peroxidase-labeled goat anti-rabbit (1:1000, Dako, USA).
The resulting complexes were detected with the ECL
reagent (Amersham Company, UK) according to the
manufacturer’s instructions. The Egr-1 protein was detected
by immunocytochemistry.The untransfected Eca 109 cell line
was used as a negative control.

Detection of biological feactures in transfected cells

Growth curveassays Cells (1x10%) were seeded in each well
of a 24-well plate and were alowed to grow for varying
periods. The trypsinized cells were counted by cell counter
plate. The growth assays were made by counting in triplicate
on every other day of culture for up to 7d followed by
constructing the cell growth curves.

Soft agar culture The anchorage independent growth was
examined by seeding 1000 cells in 3g-L* agar medium into
60mm plates previously lined with 5g-L* agar medium. The
plates (in triplicate and repeated twice) were cultured at
37°C, 50mL-L? CO, incubator for 14d. The average
number of colony formation (any colony containing >50 cells

was counted as a colony) and the colony formation rate (the
number of colonies/the number of seeded cells) were
calculated.

Tumorigenicity in SCID mice Two groups were divided
randomly. The experimental group that consisted of 6 mice
was used for Eca 109 cells with transfected Egr-1 injection.
The control group of 4 mice was used for Eca 109 cells without
transfected Egr-1 injection. Trypsinized cells (5x10%) were
injected into the subcutaneous sites on the shoulders of SCID
mice. Animals were inspected at regular intervals for the
appearance of visible tumors to measure the time of first
appearance. Thirty days later, the mice were sacrificed and
the tumors were carefully removed by blunt dissection. The
tumors were weighed and their average growth rates were
measured as mg-d*.

Egr-1in situ hybridization

The expression of Egr-1 was detected by digoxigenin-labeled
gene probe from a commercial kit (Boster Company, China)
according to the manufacturer’ s instructions. The human breast
tissue and the mouse brain tissue were used as the positive
control. Either the sections detected with incubation solution
instead of the probe or the sections digested with ribonucleases
(RNase) (10mg-L™) before Egr-1 detection was designed for the
negative control. The positive expression showed the brown
staining signal in the cytoplasm.

Immunohistochemistry

Egr-1 was analyzed by using Egr-1 rabbit polyclonal antiserum
with the SABC method according to the manufacturer’s
instructions (Boster Company, China) following treatment
with 3.3 -diaminobenzidine (DAB) staining. The human
breast tissue and the mouse brain tissue were used as the
positive control. Negative control was designed using
phosphate-buffered saline (PBS) instead of Egr-1 rabbit
polyclonal antiserum in detection. The positive expression
showed the brown staining signal in nuclei.

Statistical analysis
The data were statistically analyzed using Student’s t test and
the difference of results was analyzed by U test and X2 test.

RESULTS

Identification of plasmid

The eukaryotic expression vector of PCMV-Egr-1 plasmid was
tested by PCR amplification, purification and restriction
endonuclease and confirmed to be consistent with the plasmid
map. With single digestion of Sac Il, a 7.6kb band was
obtained which represents the whole lengh of the plasmid
DNA. With double digestion of Sac Il combining with Sma
I, both 5.5kb and 2.1kb bands were obtained which
represented the fragment of the vector and Egr-1 gene
fragment respectively (Figure 1).

Gene transfection

Ecal09 was transfected with PCMV-Egr-1 plasmid by
lipofectamine transfection method. Four weeks after G418
selection culture, the resistant colonies were formed. PCR
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indicated that 327bp of neogene was shown in transfected
Ecal09 compared to the negative band in control Ecal09
(Figure 2), demonstrating that PCMV-Egr-1 plasmid had
been introduced into Ecal09 cell and integrated into the
genomic DNA.

{bpl

21130
Q416
G557
4361

2322
T

Figure 1 ldentification of PCMV-Egr-1 plasmid.

1. Marker; 2. Uncut plasmid; 3. Cut with Sac |1, showing 7.6kp
fragment of whole plasmid; 4. Cut with Sac Il and Sma |, showing
5.5kp fragment of vector and 2.1kp fragment of Egr-1 gene.
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Figure 2 PCR amplification of neogene.
1. Marker; 2-5. For transfected Ecal09, showing 327bp of neo-
gene; 6. Negative control Ecal09, no band was shown.

Detection of Egr-1 protein in transfected Ecal09

Western blot  The 80kd of Egr-1 protein was shown for
transfected Ecal09 compared to the negative band of the
control Ecal09.

Immunocytochemistry The transfected Ecal09 was positively
brown stained in the nucleus compared to the negative staining
for control Ecal09 (Figure 3). The results demonstrated that
exogenous Egr-1 gene introduced into Ecal09 expressed high
level of Egr-1 protein.

Growth feature of transfected Ecal09

Growth curves  The transfected Ecal09 grew much more
slowly in DMEM medium than the control Ecal09 cell
(Figure 4).

Figure 3 Positive Egr-1 protein in nuclei of transfected Ecal09 cells.

ICC x400

30

—o— Ecal(9
—%— Transfected Ecal(®

20

i0

Cell number x 104
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Figure4 Cell growth curves showing lower growth rate in transfected
Ecal09 cell than in the control Eca109 cell.

Soft agar growth assay Small and few colonies were formed
slowly in transfected Ecal09 compared to large and numerous
colonies formed quickly in control Ecal09. The colony
formation rates were 4.0% and 6.9% in transfected Ecal09
and in control Ecal09 respectively (Table 1) which
demonstrated that the anchorage independent growth ability
of Egr-1 expressing Ecal09 was reduced.

Table 1 Soft agar assays in Ecal09 cell line

No. of colonies

Cell line No. of CFR
seeded cell 1 2 3 Mean

Ecal09 1000 65 71 73 69+2.4 6.9%

Egr-1-Ecal09 1000 40 43 39 40+£1.2 4.0%"

bP<0.01, vs Ecal09, U test.

Tumorigenicity in SCID mice The tumorigenicity test showed
that the tumors started to appear on the 21st day after
injection in the six SCID mice injected with transfected
Ecal09, and on the 14th day in four SCID mice injected with
control Ecal09. The tumors of Egr-1 expressing Ecal09 grew
slowly with an average growth rate of 35.5mg-d?, and the
tumors of control Ecal09 grew fast with an average growth
rate of 65.8mg-d! (Figure 5, Table 2). The results
demonstrated that the tumorigenicity in SCID mice of Egr-1
transfected Ecal09 was inhibited.



Wu MY, et al, Egr-1 gene in esophageal carcinoma

493

Table 2 Tumorigenicity assays in Ecal09 cell line

Growth rate of tumors(mg-d*)

Cell line  Tumorigenicity
rate 1 2 3 4 5 6 Mean

Ecal09 4/4 83.3 70.0 46.6 63.3 65.8+7.6
Egr-1-Ecal09  6/6 20.0 133 333 66.6 43.0 36.7 35.5+7.6°

3P<0.05, vs Ecal09, Student’s t test.

Egr-1 expression on esophageal tissues

In simple hyperplastic epithelia of esophageal mucosa, the
expression of Egr-1 was found in the basal layer of the mucosa
(Figure 6). In dysplastic epithelia, the expression of Egr-1
increased but significantly decreased in cancer tissues in which
only a few cases of well-differentiated squamous cell
carcinoma had the Egr-1 expression (Figure 7). The
expression of Egr-ImRNA and proteins in the various
pathological changes of esophagus are shown in Table 3.

Figure5 The tumors of transfected Ecal09 are smaller than that of
control Ecal09, in vitro, 30 d after injection in tumorigenicity test in
SCID mice.

Figure 6 Egr-1 protein expression in basal mucosal layer in simple
hyperplastic epithelia of esophagus. IHC x200

Figure 7 Positive Egr-1 mRNA in cytoplasm of esophageal squamous
cell carcinoma. ISH %400

Table 3 Expression of Egr-ImRNA and proteins in various
pathological changes of esophagus, n(%)

Group n ISH IHC

Simple hyperplasia 30 12 (40.0) 9 (30.0)
Dysplasia 38 25 (65.8) 22 (57.9)2
Esophageal cancer 50 10 (20.0) 7 (14.0)°

3P<0.05, vs simple hyperplasia, x? test; °P<0.01, vs dysplasia,x?
test.

DISCUSSION

As we know, the oncogenes and tumor suppressor genes are
involved in the pathogenesis and development of esophageal
carcinomal’®*4. Recent studies in dicate that Egr-1 gene as a
tumor related-gene is correlated with the tumor development.
It was reported that Egr-1 proteins were decreased and even
disappeared in several kinds of cancer tissues. Furthermore,
the Egr-1 mRNA expression was consistent with the expression
level of Egr-1 protein which had been verified in the down-
regulation of Egr-1 occurred at the transcription level in
cancer cells®™, Southern blot analysis indicated no deletion,
no rearrangement or mutation of Egr-1 on DNA level. The
exogenous introduction of Egr-1 could inhibit the growth of
tumor cells accompanied in a dose-dependent manner, for
example, the ability of anchorage independent growth and
tumorigenicity in SCID mice of human HT1080 fibrosarcoma
without original Egr-1 was significantly inhibited after the
exogenous introduction of Egr-1. If the antisense Egr-1 was
introduced to the cells, it would inhibit the endogenous Egr-1
expression and promote the malignant transformation of the
cells. In the present study, eukaryotic expression vector of
PCMV-Egr-1 plasmid was introduced into Ecal09 cell line
that expressed no Egr-1 protein originaly with Lipofectamine
transfection method. The introduction and expression of
PCMV-Egr-1 plasmid into Ecal09 cell line was confirmed by
(G418 sdection culture by which colony formation persisted in
next generations and by PCR amplification of neogene
contained in the vector. Furthermore, the strong expression
of Egr-1 protein in transfected Ecal09 was detected by
Western blot and immunocytochemistry, which verified the
success of gene transfection. Growth inhibition of the
transfected cells shown by the growth curves, the colony
formation rates in the soft agar and tumorigenicity in SCID
mice demonstrated that exogenous Egr-1 gene inhibited the
growth of Ecal09.

Recent studies suggest that the mechanism of suppression
of tumor growth by Egr-1 is the Egr-1 protein with a zinc-
finger domain which regulates the transcription of many
downstream genes by binding to the GC rich element in the
promoter region and modulates genes transcription and various
biological effects®. Egr-1 can compete with transcription
activator SP1 in binding to an overlapping consensus binding
motif in the promoter region of GCE which commonly exists
in oncogene and tumor suppressor gene and abolishes the
function of SP1, leading to the transcription inhibition of
downstream genes and growth inhibition of tumor cellg*47,
In addition, the exogenous Egr-1 may inhibit the growth by
binding to the GEE of TGF-P1 and activating the transcription
of TGF-B1 and subsequently activating p21 gene or by down-
regulating Bcl-2 gene to influence the tumor cellg*41. Some
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studies indicated that the activation of some oncogenes e.g.
wild type p53 gene, cell apoptosis, the TNF-a and the
concentration of calcium may be involved in the mechanism of
growth inhibition property of Egr-1%°%4. On the whole,
various and complicated mechanisms may be involved in the
suppressive property of Egr-1 for tumor growth.

Egr-1 is one of the immediate early gene family which
regul ates the cellular growth and differentiation by activating
Cyclin D1 to promote the cells from the Gy/G, phase into the
G2/M phasel®?. The mechanism of down-expression of Egr-1
in cancer tissues is not clear up to now. It was hypothesized
that the high concentration of Egr-1 proteins produced by
overstimulation of Egr-1 interacted with the promoter region
of EBS and subseguently the gene transcription was inhibited,
which was concordant with the present results that showed
strong expression of Egr-1 in dysplastic cells adjacent to
esophageal carcinoma and weekly expression in cancer cells.

Since only downregulation expression without gene
mutation occurred in Egr-1 DNA level, it was different from
some tumor suppressor genes such as p3, p16 and Rb with
mutation gene on DNA level. It is more convenient to
introduce normal exogenous gene into the tumor cells than to
repair mutation gene in gene therapy. The present study
substantiates that exogenous Egr-1 as a target gene has a
potential application in gene therapy of esophageal
carcinoma.
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Abstract

AIM To investigate if sleep deprivation is able to
increase the expression of inducible heat shock protein 70
in gastric mucosa and its possible role in mucosal
defense.

METHODS Rats for sleep disruption were placed inside a
computerized rotating drum, gastric mucosa was taken
from rats with 1, 3 and 7d sleep deprivation. RT-PCR,
immunohistochemistry and Western blotting were used to
determine the expression of heat shock protein 70.
Ethanol (500mL:L?, i.g.) was used to induce gastric
mucosa damage.

RESULTS RT-PCR, Western blotting and immunostaining
confirmed that the sleep deprivation as a stress resulted
in significantly greater expression of inducible heat shock
protein 70 in gastric mucosa of rats. After the 500mL-L*
ethanol challenge, the ulcer area found in the rats with 7d
sleep deprivation (19.15+4.2)mm? was significantly
lower (P<0.01) than the corresponding control (53.7+
8.1) mm..

CONCLUSION Sleep deprivation as a stress, in addition
to lowering the gastric mucosal barrier, is able to
stimulate the expression of inducible heat shock protein
70 in gastric mucosa of rats, the heat shock protein 70
may play an important role in gastric mucosal protection.

Subject headings sleep deprivation; heat shock

proteins 70/biosynthesis; gastric mucosa; rats

Shen XZ, Koo MWL, Cho CH. Sleep deprivation increase the
expression of inducible heat shock protein 70 in rat gastric
mucosa. World J Gastroenterol, 2001;7(4):496-499

INTRODUCTION

Stress has been shown to induce gastric mucosal lesions and
lower the effectiveness of the mucosa as a barrier!*®. In
rats, gastric ulcers can be produced by cold-restraint
stress™ and it is frequently employed as a model for the
study of the mechanisms of stress on ulcer formation. Cold-
restraint stress, however, is not normally encountered in

human subjects while sleep deprivation is a common
experience among city dwellers. swift workers and medical
professionals. It imposes stress on the body, and produces a
variety of health problems'®4, Sleep deprivation is
associated with poor congitive ability, and shortening of
longevity!™®. Studies have found that the cognitive function
of doctors after a night shift was considerably decreased.
Sleep deprivation is aso a mgor problem in the intensive care
units and it has been suggested to affect the healing process of
patients thus contributing to an increase in morbidity and
mortality!®. Sleep deprivation has been shown to induce
typical dermatitis in experimental animals. Severe ulcerative
and hyperkeratotic skin lesions localized to the paws and tails
developed in rats deprived of sleep!*”. This effect of sleep
deprivation may affect the epithelial linings of the
gastrointestinal tract, because stress has been demonsirated to
produce gastric mucosal lesions in rats'®9. Qur previous
works showed that the food and water consumption in seep
disturbed rats were not affected but they had a smaller
percentage gain in body weight. The locomotion activities of
sleep disturbed rats were similar to the controls, however,
their adrenal weights were increased®. The mucosal
epithelial cell proliferation rate was aso suppressed by deep
disturbance. Although various factors have been proposed to
account for this process, the precise mechanism of how deep
deprivation affects the gastric mucosa barrier, especialy at
the molecular level, still remains unclear. Previoudy, we used
cDNA expression arrays to identify genes that abnormal
expressed in gastric mucosa of sleep deprivation ratd®. In
this project, inducible heat shock protein 70, one candidate
gene emerging from cDNA array for its potential significance
was further analyzed.

MATERIALS AND METHODS

Rats and reagents

Male Sprague Dawley rats weighing 180g-200g were used in
the experiments. They were housed in a temperature 22°C +
1°C and humidity 65% - 70% controlled room with a day
night cycle of 12h. The rats were given standard |aboratory
diet (Ralston Purina Co., Chicago, IL) and tap water ad
libitum. Rats were starved for 24h and water withdrawn 1
hour prior to any oral or intragastric administration of agents
in order to obtain a uniform distribution of those agents onto
the gastric mucosa. All chemicals used in this study were
purchased from Sigma Chemical Co. (St. Louis, USA) unless
specified otherwise. The present study has been examined and
approved by the Committee on the Use of Live Rats for
Teaching and Research of the University of Hong Kong.

Sleep disturbance

Rats for sleep disruption were placed inside a computerized
rotating drum while the control animals were left undisturbed
in a stationary drum. The drum was rotated 180° in 30s at 5
minutes intervals and was programed to switch off for 1h
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every day at 13:00 to alow for an hour of undisturbed sleep.
Sleep disturbance was continued for 1wk before the animals
werekilled.

Collection of gastric mucosa

Rats were killed by ether anesthesia followed by cutting off
the abdominal aortic artery. The stomachs were removed
rapidly, opened along the greater curvature, and rinsed with
cooled normal saline thoroughly. A longitudinal section of
gastric tissue was taken from the anterior part of the stomach
and then fixed in 100mL-L? buffered formain for 24h. It
was cut into sections of 5um and then wused in
immunostaining. Gastric mucosa was taken from the
remaining part of the stomach by scraping with a glass slide on
a glass dish on ice. They were wrapped by a piece of
aluminum foil, immediately froze in liquid nitrogen and stored
at -70°C until assayed.

Detection of inducible heat shock protein 70 mRNA
expression by RT-PCR&-2

Totad RNA was extracted from gastric mucosa of rats by using
Trizol reagent (Gibco BRL, Gaitherburg, MD). First-strand
complementary DNAs were synthesized from 5ug RNA by
using oligo dt primer and Thermoscript RT-PCR system
(Gibco BRL, Gaithersburg, MD). The PCR cycle was
performed for in ducible heat shock protein 70 and [-actin
from the same complementary DNA sample using a PCR
Thermal Cycler (Gene Amp PCR System 9700, The Perkin-
Elmer Corporation, Norwalk, CT). The sequence of the
oligonuclectide primers are as follows: sense inducible heat
shock protein 70, 5 -TGCTGACCAAGATGAAG-3';
antisense inducible heat shock protein 70, 5'-
AGAGTCGATCTCCAGGC-3'?4 and sense [-actin, 5’-
GTGGGGCGCCCCAGGCACCA-3'; antisense B-actin, 5'-
CTCCTTAATGTCACGCACGATTTC-3'®1,  After-denatur-
ation for 10 min at 95°C, 30 cycles of amplification were
carried out followed by final extension of 10 min at 72C,
each step for 1 min. After amplification, 10uL of PCR
products were electrophoresed in a 1% agarose gels containing
0.5ug/mL ethidium bromide.

Immunohistochemical detection of inducible heat shock
protein 70 in gastric mucosal?*%

Fixed tissue sections (5um) were mounted on Vectabond
Reagent-coated dlides, deparaffinized and rehydrated through
xyline, graded ethanol to distilled water. After blocking
endogenous peroxidase with 3mL:L* hydrogen peroxide in
methanol for 30 min, sections were treated with
0.05mol -L? phosphate-buffered saline containing
30mL-L* norma  horse serum and 3g-L* Triton X-100 for
30min, then the sections were rinsed with PBS, incubated
with mouse anti-rat monoclonal antibody (StressGen
Biotechnologies Corp. Victoria, Canada, Cat# SPA-810) at
dilution of 1:200 overnight a 4°C in a humidity chamber. The
secondary, biotinylated antibody (LSAB kit, Dako,
Denmark) was then applied for 30 min followed by rinsing
with PBS. Staining was performed by the addition of
streptavidin (LSAB kit, Dako, Denmark) for 30 min, rinsed
in PBS and developed in 3, 3'-diaminobendine
tetrahydrochloride for about 3 min. Sections were
counterstained with Mayer’s hematoxylin, dehydrated,
cleared and mounted.

Detection of inducible heat shock protein 70 proteins
expression by Western blotting
The gastric mucosa were homogenized at 4°C in RIPA buffer

(50 mmol-L*  TrisHCI, pH 150 mmol-L*  NaCl,
1g-.L' sodium dodecyl sulfate, 5g-L* a-cholate,
2mmol-L* EDTA, 10gL?' Triton X-100, 100mL-L?
glycerol) containing 1mmol-L? PMSF and 10 mg-L™*
aprotinin. After centrifuged at 10000xg at 4°C for 20 min,
the supernatant (50ug of total protein) were denatured and
separated on 75g-L ! sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, and then transferred to nitrocellulose
membrane (Bio-Rad, Hercules, CA)BY%2. The membranes
were blocked with blocking buffer ( 50mL-L) nonfat milk
in wash buffer (20mmol-L* PBS, pH 7.5 containing
100mmol-L* NaCl and 1g-L* Tween 20) for 1h at room
temperature, and subsequently incubated at 4°C with mouse
monoclona antibody against rat inducible heat shock protein
70 (StressGen Biotechnologies Gorp. Victoria, Canada, Cat
# SPA-810) diluted in blocking buffer (1:1000). Membranes
were washed 6 times and incubated with a rabbit-anti-mouse
immunoglobulin G conjugated with the horseradish peroxidase
(1:4000) (Bio-Rad Laboratories) for 1h . After six times
additional washes, membranes were developed by a
commercial chemiluminescence system (Amersham, Arlington
Heights, IL) and exposed to X-ray film. Protein
determinations were made with Bio-Rad protein assay kit with
bovine serum abumin as a standard. Prestained molecular-
weight standards (Bio-Rad) were used as markers.

7.5,

Ethanol-induced gastric mucosal damage

Rats were starved for 24h before 1ImL of 500mL L ethanol was
administered orally to induce acute gastric mucosal damage®l.
Rats were killed 2h later by a sharp blow on the heads followed
by cervical dislocation. The stomach was removed and opened
along the greater curvature. The gastric lesion area (mm?) was
traced onto a glass plate and subsequently measured on a
graph paper with Imm? division®¥. The lesion index was
calculated by dividing the total lesion area with the number of
rats in each group.

Statistics
The data were statistically analyzed with the unpaired two-
tailed Student’s t test.

RESULTS

Sleep deprivation increase the expression of inducible heat
shock protein 70

Total RNA and protein were isolated from rats’ gastric
mucosa at various times of sleep deprivation. As shown in
Figure 1, RT-PCR results indicated that the expression of
inducible heat shock protein 70 mRNA was low in normal
gastric mucosa. Following the sleep deprivation, inducible
heat shock protein 70 mRNA expression was elevated. The
pattern of inducible heat shock protein 70 protein
accumulation showed a similar trend to mRNA expression
(Figure 2).

Inducible heat shock protein 70 immunohistochemistry in gastric
mucosa

To further prove that inducible heat shock protein 70 is
increased in gastric mucosa of sleep deprived rats, confirm
their expression at protein level, and determine their cellular
sources, immunostaining for iHsp 70 was performed on gastric
mucosa of sleep deprived rats and normal rats. The results
showed that inducible heat shock protein 70 staining was
nearly absent in normal mucosa but in mucosa of sleep
deprived rats was detected in epithelium (Figure 3).
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Figure 1 Effect of sleep deprivation in inducible heat shock protein 70
MRNA expression in gastric mucosa of rats. Inducible heat shock
protein 70 MRNA was determined by RT-PCR.

(A). Gel photograph of PCR-amplified inducible heat shock protein
70 and B-actin cDNA derived from inducible heat shock protein 70 and
B-actin mRNA. Lane 1: normal control; Lane 2: 1 day sleep
deprivation; Lane 3: 3 days sleep deprivation; Lane 4: 7 days sleep
deprivation.

(B). Bar graph showing the relative amount of inducible heat shock
protein 70 mMRNA quantified by densitometry and expressed as mean
of inducible heat shock protein 70 mRNA: B-actin mRNA ratios.
Error bars represent SE, n=8 for each group. °P<0.01 vs control
group.
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Figure 2 Western blotting analysis of inducible heat shock protein 70
from gastric mucosa of sleep deprivation rats. Lane 1 and 2: control,
Lane 3 and 4: 1 day sleep deprivation; Lane 5 and 6: 3 days sleep
deprivation; Lane 7 and 8: 7 days sleep deprivation.

Figure 3 Inducible heat shock protein 70 immunohistochemistry in
gastric mucosa of rats with 7 days sleep deprivation.

Sleep deprivation decrease ethanol induced gastric
ulceration

After the 500mL-L-* ethanol challenge, the ulcer area found
in the rats with 7d sleep deprivation (19.2+4.2) mm? was
significantly lower (P<0.01) then the corresponding control
(53.7+8.1) mm?, as shown in Figure 4.

W lisr s | meam

Canira ST days

Figure 4 Effect of sleep deprivation in ethanol induced (50% ethanol
1mL p.o. for 2h) gastric ulceration in rats. Error bars represent SE,
n=10 for each group. °P<0.01 vs control group.

DISCUSSION

In our previously experiment, cDNA arrays were used to
search for genes that were differentially expressed in gastric
mucosa of sleep deprivation rats compared to gastric mucosa
of control rats. More than 10 differentially expressed genes
were found in total 588 genes, most of these were digestive
enzyme related genes, one of the overexpression gene was
inducible heat shock protein 70 gene®. A variety of
chemicals, viruses, and noxious stimuli such as trauma,
hypoxia, or ischemia trigger the heat shock response and the
subsequent synthesis of heat shock proteinsi®>4l. The
results of our experiment indicated that Sleep deprivation as a
dress resulted in sgnificantly greater expression of inducible hest
shock protein 70 in gastric mucosa of rats, which was
confirmed by RT-PCR, Western blotting and
immunostaining. Substantial evidence showed that heat
shock is capable of protecting cells, tissues and organs,
and animals from a subsequent, normally lethal heating, as
well as from other types of noxious condition*!. The
protective effect of heat shock is likely mediated by
overexpressed heat shock protein 70, because there is a lag
between heat shock and the development of protection
correlated with the production of heat shock protein 70,
and protection is affected when heat shock protein 70
production is inhibited by treatment with inhibitors!“-7,
Microinjection of anti-heat shock protein 70 antibody into
fibroblasts to neutralize heat shock protein 70 increases the
vulnerability of the cells to sublethal temperaturesi“e,
Furthermore, heat shock protein 70 also provides protection
when induced by methods other than heat shock, such as
rats that overexpress heat shock protein 70 induced by
methods other than heat shock display protection of the
lungs from sepsis-induced injury® and a reduction in
hepatocyte apoptosis induced by tumor necrosis factor-at“l.
Transgenic mice that overexpress heat shock protein 70
demonstrate resistance to adverse effects of lethal heat or
ischemid*l. Similar evidence has been derived from the study
of cultured cdls after heat shock or heat shock protein 70 gene
transfection to promote overexpression of heat shock protein
705051 QOur results showed that deep deprivation was able to
decrease the gastric mucosa damage caused by 50% ethanol.
Although we cannot completely preclude the possibility that
the vascular, neural, and hormona factors may be involved in
this mucosa protective effect, our previous work showed that
sleep deprivation decreased the gastric mucosal blood flow,
hampered the ability of the gastric mucosa to repair itself by
slowing down its cellular replication rate, and depressed
gastric potential difference. In conclusion, our results lead us
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to speculate that the heat shock protein 70 may play an
important role in gastric mucosal protection.
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Abstract

AIM To establish the role of vascular endothelial growth
factor (VEGF) in the oncogenesis of human gastric
carcinoma more directly.

METHODS The expression of VEGF and its receptor
kinase-domain insert containing receptor (KDR) in human
gastric cancer tissue were observed by
immunohistochemical staining. VEGF levels were
manipulated in human gastric cancer cell using eukaryotic
expression constructs designed to express the complete
VEGF,;s complimentary DNA in either the sense or
antisense orientation. The biological changes of the cells
were observed in which VEGF was up-regulated or down-
regulated.

RESULTS VEGF-positive rate was 50%, and VEGF was
mainly localized in the cytoplasm and membrane of the
tumor cells, while KDR was mainly located in the
membrane of vascular endothelial cells in gastric cancer
tissues and peri-cancerous tissue. In 2 cases of 50
specimens, the gastric cancer cells expressed KDR,
localized in both the cytoplasm and membrane.
Introduction of VEGF; antisense into human gastric
cancer cells (SGC-7901, immunofluorescence intensity,
31.6%)) resulted in a significant reduction in VEGF-
specific messenger RNA and total and cell surface VEGF
protein ( immunofluorescence intensity, 8.9%)
(P<0.05). Conversely, stable integration of VEGF,s in
the sense orientation resulted in an increase in cellular
and cell surface VEGF (immunofluorescence intensity,
75.4%) (P<0.05). Lowered VEGF levels were associated
with a marked decrease in the growth of nude mouse
xenografted tumor (at 33 days postimplantation, tomor
volume: 345.40+136.31 mm?3) (P<0.05 vs control SGC-
7901 group: 1534.40+362.88 mm?), whereas up regulation
of VEGF resulted in increased xenografted tumor size (at
33 days postimplantation, tomor volume: 2350.50+637.70
mm?3) (P<0.05 vs control SGC-7901 group).

CONCLUSION This study provides direct evidence that
VEGF plays an important role in the oncogenesis of human
gastric cancer.

Subject headings endothelia growth factor/analysis;
angiogenesis; solid tumor; stomach neoplasms/pathology;
endothelium; vascular
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INTRODUCTION

It is known that malignant tumors depend on
neovascularization for their growth and metastasisi®?.
Recently, many studies have shown that the secretion and
activation of various endothelial growth factors, called
angiogenic factors, by tumor cells plays a crucia role in the
formation of neovasculature®*®. VEGF is a powerful
mitogen for vascular endothelial cells, both in vitro and in
vivo. In addition, VEGF has the property of inducing vascular
permeability in vivo. Three evidences for the central role
played by VEGF in tumor angiogenesis were: (1) the detection
of high levels of VEGF expression in palisading cells around
regions of necrosis in a number of solid tumor systems,
coupled with the rapid induction of VEGF when tumor cells
are grown under hypoxic conditions®; @) injection of
antibodies against VEGF markedly reduced the in vivo growth
of s.c. injected tumor cells, which are known to produce
robust tumor angiogenesis; and & introduction into tumor
endothelial cells of a dominant-negative version of VEGF-R;
by means of retroviral transfer markedly reduced tumor
sizel*?. The current study was designed to establish the role of
VEGF in the oncogenesis of human gastric cancer more
directly.

SUBJECTS AND METHODS

Immunohistochemistry

Resected specimens from 50 patients with gastric carcinoma
who underwent gastrectomy at our institute were studied. The
patients ranged in age from 27 to 76 years (average 56.3
years); 40 were men, and 10 were women. No patient had
received chemotherapy or radiation therapy before surgery.
Specimens were fixed in a 40g-L-* formaldehyde solution and
embedded in paraffin. Five pm thick sections were cut and
mounted on glass slides. Immunohistochemistry was
performed using the avidin-biotin complex method. Sections
were dewaxed in xylene, taken through ethanol, and then
incubated with 30mL-L-* hydrogen peroxide in methanol for
30 minutes to block endogenous peroxidase activity. Sections
were then washed in phosphate-buffered saline and incubated
in 20mL-L-* normal goat serum for 30 minutes to reduce
nonspecific antibody binding. The antibody for VEGF and
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KDR (Santa Cruz Biotechnology, Inc, Santa Cruz, CA) were
used respectively. Specimens were then incubated with a 1:
500 dilution of anti-VEGF antibody overnight at 4°C,
followed by three washes with PBS. Sections were then
incubated with biotinylated goat antirabbit immunoglobulin G
(Sino-American Biotechnology Co.) at adilution of 1:100 for
2 hours followed by 3 washes. Slides were then treated with
the complex of Reagent A and Reagent B (ABC kit, Sino-
American Biotechnology Co.) for 2 hours at a dilution of 1:
100 and were washed with phosphate-buffered saline 3 times.
Finally, slides were incubated in phosphate-buffered saline
containing diaminobenzidine and 300 mL-L* hydrogen
peroxide for 10 minutes. Normal rabbit immunoglobulin-G
was substituted for primary antibody as the negative control.

Plasmid constructs

pGEM-hVEGF is pGEM-3Zf(+) derivative Promega cloning
vector plasmid containing the complete complementary DNA
(cDNA) sequence of human VEGFs (this plasmid was
generous gifts from Judith Abraham, Scios Nova, Inc.)i*3.
The VEGF,;s cDNA was subcloned into the pCDNA;
eukaryotic expression vector using the Eco-RI and Xba | or
EcoR | and Hind Il restriction enzyme sites in sense or
antisense orientation respectively. Restriction enzyme anaysis
(EcoR 1, Xba | and Hind Ill) and dideoxy sequencing
method were used to confirm the orientation and quality of
the VEGF cDNA in the pCDNA; vector, respectively.

Gastric cancer cell line culture conditions

Cell line SGC-7901 was derived from a moderately-
differentiated gastric adenocarcinoma and has been
characterized extensively®. The cells were routinely cultured
in RPMI 1640 / 100 mL-L* NCS (heat-inactivated) and
2 mmol-L* L-glutamine in a humidified amosphere of
50mL-L* CO, a 37C, supplemented with penicillin (100
KU-LY) and streptomycin (100mg-LY).

Liposome-mediated transfection

Human SGC-7901 cells were grown in RPMI 1640/
100mL-L-* NCS in 6-well tissue culture dishes to 50%
confluence. The lipofect Amine-mediated transfection
(Gibco/BRL) was performed as described previously using
2ug of recombinant constructs DNA (or pCDNA; vector
alone)l™®, After 48h, they were trypsinized from the plates
and dilute cells into selective medium containing Geneticin
G (350mg-L?). Cell death was observed after 3 days in
culture, and discrete colonies were apparent by 10 days post-
selection. Individua colonies were then isolated and grown in
24-well culture plates. Genomic DNA and total RNA were
then isolated from these colonies, and PCR anadysis and RNA
dot blotting were performed. Clones demonstrated to express
the sense and antisense-VEGF constructs were then recloned
by growing single cell in 96-well plates.

Detection of expression constructs in genomic DNA by PCR

PCR was used to determine which human gastric cancer cell
clones were successfully transfected with the sense or
antisense-VEGF construct. PCR was performed on genomic
DNA isolated from human SGC-7901 gastric cancer cells and
individual clones of transfected cells using a sense primer(a)
that corresponds to the 5 initial sequence of VEGF cDNA
insert (5 GCACCCATGGCAGAAGGAGGAG 3') or an
antisense primer (b) that corresponds to the 3’ terminal
sequence (5 TCACCGCCTCGGCTTGTCACATC 3') and a
primer that corresponds to the SPs transcription start of the

PCDNA; expression vector (5 GATTTAGGTGACACTATAG
3’). The PCR reaction was performed using standard
protocols with 30 cycles of 50s at 94°C, 50s at 55°C and 60s at
72°C. Appropriately sized amplification products were verified
by agarose gel electrophoresis. Negative controls lacking
target DNA or containing a nonhomologous plasmid routinely
did not show amplification.

RNA dot blotting

Total RNA was isolated from parental and derivative cell lines
using the Trizol reagent (GIBCO/BRL ). The samples were
serially diluted in diethyl pyrocarbonate-treated water
containing placental RNase inhibitor (Boehringer Mannheim)
to produce working stocks with a final concentration of
10mg-L* as spectrophotometrically. Denatured RNA was
immobilized on nitrocellulose membranes (Boehringer
Mannheim). “Run-off” digoxigenin (DIG) labeled riboprobes
specific for the sense or antisense strands of VEGF was
synthesized from appropriately linearized plasmid stocks using
the DIG-RNA labeling kit (Boehinger Mannheim) and
appropriate RNA polymerase (Promega) plus 10U placental
RNase inhibitor. The specificity of each probe stock was
verified by hybridization to originating plasmids and negative
controls. The blots were prehybridized in DIG easy Hyb
buffer (Boehringer Mannheim), then hybridized for 18 hours
at 60°C in buffer containing 100ug-L* of sense or antisense-
specific DIG-labeled probe. After hybridization, the blots
were washed extensively and the extent of hybridization was
visualized colorimetrically using reagents from the DIG nucleic
acid detection kit, Boehringer Mannheim).

Immunofluorescence staining

Confluent monolayers of parental and derivative cell lines
were harvested in calcium and magnesium free Dulbeco’s
phosphate-buffered saline (CMF) supplemented with
2mmol-L-! EDTA. These stocks were pelleted by
centrifugation, resuspended in ice cold CMF with 10g-L+*
bovine serum abumin and 0.2g-L! sodium azide,
quantitated for viability by trypan blue dye exclusion, and
then diluted to a final total viable cells concentration of 1x
10°L*1. Each stock was then exposed to anti-VEGF for 1
hour at 4°C. The cells were washed three times with ice-cold
CMF with 10g-L* bovine serum albumin, then exposed to a
1:20 dilution of fluorescein isothiocyanate- conjugated goat
anti-rabbit 1gG (Boehringer Mannheim) for 30 minutes at
4°C. The cells were washed twice in CMF, and extent of
surface fluorescence for equal number subpopulations of cells
was analyzed by fluorescence-activated cell-sorting
(FACSTAR; Becton Dickinson) analysis.

In vitro growth rate

Human gastric cancer cells SGC-7901 and its transfected ones
with sense or antisense VEGF were cultured at 4x10* cells
and grown under standard culture conditions. Cell counts were
performed on a hemocytometer, initially at 12h time points,
and then every 24h for a total of at least 140h. The total
number of cells from duplicate experiments was determined as
afunction of time (h), and the rate of division was calculated
from the exponential phase of growth.

In vivo tumor analysis

Adult male or female (nu/nu) mice (5-8 weeks of age)
received s.c. injections of SGC-7901 gastric cancer cells or
SGC-7901 gastric cancer cells transfected with the sense-
VEGF or antisense-VEGF constructs. Approximately 10° cells
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resuspended in a volume of 100pL of serum free cell culture
medium were s.c. injected into the dorsa of mice. The mice
were monitored daily, and tumor sizes were determined by
tridimensional calliper measurements. Tumor volume was
caculated as 1/2xlengthxwidth 2 (mm3). Mean tumor
volumes were calculated from measurements performed on
five mice in each of two individual experiments. The animals
were killed 33 days later. s.c. tumors were removed from
mice, formaldehyde fixed, and paraffin-embedded. Five pm
thick sections were cut and mounted on glass slides. The
sections were stained with hematoxylin and eosin6-18l,

RESULTS

VEGF and KDR expressions in human gastric cancer tissues
Among 50 formalin-fixed, paraffin-embedded surgically
resected tissue specimens of gastric carcinoma, 10 specimens
were composed of two different histological type cancer cells,
most of which were poorly differentiated adenocarcinoma and
mucinous cell carcinoma. Normal gastric mucosa was not
immunoreactive with an anti-VEGF antibody. VEGF was
mainly localized to the cytoplasm or the membrane of the
carcinoma (Figure1). Tumor cells that stained strongly for
VEGF were observed more often in the invasive front than in
the tumor center. Weakly positive VEGF staining was seen on
some endothelial cells. VEGF expression was detected in 25
(50%) tumors. KDR was mainly localized in the cytoplasm or
the membrane of vascular endothelial cells in gastric cancer
tissue and peri-cancerous tissue (Figure 2). In 2 cases of 50
specimens, the gastric cancer cells expressed KDR, localized
in the cytoplasm and membrane (Figure 3).

Figure 1 Immunohistochemical staining for VEGF in adenocarcinoma
tissues of the stomach. The positive signal was found mainly on the

surface and in the cytoplasm of gastric cancer cells. x400

Figure 2 Immunohistochemical staining for flk-1/ KDR in
undifferentiated cancer tissues of the stomach. The positive signal was
found on the surface of endothelial cells. x100

Figure 3 Immunohistochemical staining for flk-1/ KDR in
adenocarcinoma tissues of the stomach. It was found mainly on the
surface and in the cytoplasm of gastric cancer cells. X200

Cloning of the sense and antisense VEGF Cdna

The VEGF;6s insert was cleaved from pGEM-3Zf(+) by
restriction enzymes digestion and cloned into the same
restriction sites of the eukaryotic expression vector, pPCDNAs.
Restriction enzyme mapping and dideoxy sequencing assay
performed on DNA from transformed clones demonstrated the
presence of the VEGF5; cDNA insert cloned in the sense and
antisense orientation in the pCDNA; vector (Figure 4).

a I £ d B

Figure 4 PCR analysis of SGC-s-hVEGF and SGC-as-hVEGF.
a. SGC-s-hVEGF/SPg+b; b. PCR marker; c. SGC-s-hVEGF/SPs+
a; d. SGC-as-hVEGF/SPgb; e. SGC-as-hVEGF/SP¢+a

SGC-7901 gastric cancer cells expressing sense or antisense
VEGF

Following transfection of human SGC-7901 gastric cancer cells
with the sense or antisense VEGF construct (or vector alone
control) and subseguent antibiotic selection, individual clones
were isolated and grown in 24-well culture plates. Polymerase
chain reaction (PCR) analysis of DNA isolated from these
clones revealed that the positive clones had the sense or
antisense VEGF construct. A selection of these clones were
then re-cloned at the level of one cell/well, and the PCR
analysis was repeated to confirm expression of the cDNA.

VEGF levels in SGC-7901 cells by stable transfection with sense
and antisense VEGF constructs

To better determine whether VEGF plays a functional role in
the oncogenesis of gastric cancer, gastric cancer cells were
transfected with sense or antisense VEGF expression vector,
and the effect on the growth of tumor was evaluated. Stable
integration of expression constructs into Gag-resistant
subclones was shown by PCR-based approach that utilized SP6
and VEGF-specific primer pairs and genomic DNA (see
Methods). Introduction of the VEGF antisense construct into
SGC-7901 cells resulted in a markedly reduction in the
expression of VEGF-specific mRNA by dot blot analysis in
SGC-7901/as hVEGF compared with the parental cell line.
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Conversely, the expression of VEGF in mRNA level was
enhanced in SGC-7901 cells transfected with the sense-VEGF
construct. Alterations in total cellular VEGF after
transfection with sense or antisense constructs were
accompanied by similar changesin cell surface VEGF protein
as determined by flow cytometer analysis (Figure 5).
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Figure 5 Changes in cell surface VEGF protein as deter mined by
flow cytometer immunofluorescence staining analysis.

(A) Flow cytometric detection of VEGF changes of control. (B) Flow
cytometric detection of VEGF changes of SGC-7901. (C) Flow
cytometric detection of VEGF changes of SGC/s-hVEGF. (D) Flow
cytometric detection of VEGF changes of SGC/as-hVEGF.

In vitro growth properties of parental and derivative cell
lines

The sense-VEGF cell lines and antisense-VEGF cell lines
appeared phenotypically indistinguishable from normal SGC-
7901 gastric cancer cells and SGC-7901 transfected vector
alone cells, and the growth rates of the derivative cell lines
were identical to that of normal SGC-7901 cells (Figure 6).
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Figure 6 The growth curve of different transfectant.

In vivo growth of parental and derivative cell lines

Control human SGC-7901 gastric cancer cell, sense and
antisense-VEGF cell lines were s.c. injected into nude mice, and
tumor volumes were measured daily for the duration of
the experiments. Tumor growth was detectable and
measurable by 8 days postimplantation. At this time point,
the parental cells, sense-VEGF cells, and antisense-VEGF
cells had produced tumors of 13.25+ 3.58 mm?, 13.46+6.04
mm® and 12.46 + 3.01 mm3. There were no significant
differences between their volumes(P>0.05). After 18 days
postimplantation, however, the tumors from the sense-VEGF
cell lines begun to grow more quickly than that from the
parental cells, but the growth rate of tumors from the
antisense-VEGF cell lines become slow. At 33 days
postimplantation, sense-VEGF, SGC-7901, and antisense-
VEGF cell lines produced tumors of 2350.50 + 637.70 mm3,
1534.40 + 362.88 mm?, and 34540 + 136.31 mm?,
respectively (Figure 7). At this time point, the tumor
inhibiting rate was 77% through antisense inhibition. Sections
of tumors were observed for their degree of tissue necrosis and
vascularization. The results demonstrated that there was
higher degree of necrosis in the tumors of the antisense-VEGF
cell lines in comparison to tumors produced by control SGC-
7901 cells, and the number of blood vessels observed in the
tumors derived from the sense VEGF cell lines was higher.
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Figure 7 The volume of tumors in nude mice (n=5/ group) s.c.
developing from s.c. injection totaling 1.4x10° cells/ animal of the
different transfectants.

DISCUSSION

Chemotherapy is the main treatment for patients with
malignant tumor not to be resected, however, acquired
resistance to chemotherapy is a major problem during cancer
treatment. One mechanism for drug resistance is
overexpression of the MDR (multidrug resistance)l gene
encoding the transmembrane efflux pump, P-glycoprotein (P-
gp). In recent years, it has attracted much attention and has
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been studied as a mechanism of multidrug resistance of tumors
to anticancer drugs, however, the application of most agents
with the capacity to reverse multidrug resistance (MDR) via
modulation of the multidrug transporter P-glycoprotein (Pgp)
was shown to be associated with toxic side-effectd®-24. In
addition to it, the heterogenerous of tumor may caused some
trouble for choosing sensitive agents. Take altogether, many
attempt were made to search for notoxic agents aiming at a
common target. Neovascularization is critical for supporting
the rapid growth of solid tumors. Tumor angiogenesis appears
to be achieved by the expression of angiogenic agents within
solid tumors that stimulate host vascular endothelial cell
mitogenesis and possibly chemotaxig?>%1. One such protein,
vascular endothelial growth factor, or vascular permeability
factor, is a selective endothelial cell mitogen and angiogenic
agent induced by several growth factors and cytokines, and
elevated expression of either the Ras??1, Rafl®, Src,
or mutant P533% oncogenes and hypoxia®-3 characteristic
of rapidly growing solid tumors. VEGF was over expressed in
many solid tumors, including breast®!, ovarian(®!, lung?®,
esophageal*”, and colonf®! cancer. These data suggest a
potential role for VEGF in the oncogenesis of solid tumor.

VEGF-positiverate was 50% in human gastric cancer
tissues, and it was mainly localized to the cytoplasm and
membrane of the tumor cells, while KDR was mainly localized
in the endothelial cells. This finding indicated that VEGF
might have paracrine effect upon the endothelial cells to
promote angiogenesis. In 50 specimens, of 2 cases in which
the gastric cancer cells expressed VEGF and its receptor
KDR, suggesting that VEGF might have an autocrine effect
upon the gastric cancer cells themselves. Analysis of human
gastric cancer tissue sections has shown that they are highly
heterogeneous®-*1. The cellular profile of each individual is
also heterogeneous in that they contain cells at varying stages
of malignancy and have growth factor/receptor expression
profile that differ markedly! 243,

The current study provides a more direct evidence that
VEGF plays a role in the growth of gastric cancer. Reduction
of VEGF mRNA and protein levels through antisense
inhibition significantly lowered the growth rate of the tumors
from antisense-VEGF cell lines. Conversely, elevation of
VEGEF levels after sense transfection resulted in a significant
increase of the growth rate of the tumors from sense VEGF
cell lines. These results provide strong evidence that VEGF
plays an important role in the oncogenesis of the gastric
cancer.

A potential therapy based on the interruption of
paracrine and/or autocrine growth factor pathways that
impinge upon the tumor cells themselves might well prove to
be a successful antitumor approach!**-3. Exploiting the
ubiquity of tumor angiogenesis as a suitable target for therapy
has been proposed previously to be an important concept for
antitumor therapy®. This concept has recently been the
subject of renewed interest in the development of new
therapeutic strategies. Significant evidences are accumulating
in favor of the notion that VEGF and its receptor play
important roles in the development of solid tumors, such as
those derived from gastric cancer origin.

Much indirect evidences indicate that VEGF is an
important participant in tumor biology!1255%¢  \We now
provide direct evidence that VEGF plays an important role in
the growth of gastric cancer. VEGF might have mainly
paracrine effect upon the endothelial cells to promote
angiogenesis®®  and it might have an autocrine effect
upon the gastric cancer cells themselves. The inhibition of
VEGEF is sufficient to control tumor growth in vivo by the

suppression of tumor neovascularization!®®l. The antisense
VEGF strategy offers a new avenue of gene therapy
development as an adjuvant treatment for human gastric
cancer("*79,
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Abstract

AIM Glutathione S-transferases (GSTs) are involved in
the detoxification of many potential carcinogens and
appear to play a critical role in the protection from the
effects of carcinogens. The contribution of glutathione S-
transferases M1 and T1 genotypes to susceptibility to the
risk of gastric cancer and their interaction with cigarette
smoking are still unclear. The aim of this study was to
determine whether there was any relationship between
genetic polymorphisms of GSTM1 and GSTT1 and gastric
cancer.

METHODS A population based case-control study was
carried out in a high-risk area, Changle County, Fujian
Province, China. The epidemiological data were collected
by a standard questionnaire and blood samples were
obtained from 95 incidence gastric cancer cases and 94
healthy controls. A polymerase chain reaction method
was used to detect the presence or absence of the GSTML
and GSTT1 genes in genomic DNA. Logistic regression
model was employed in the data analysis.

RESULTS An increase in risk for gastric cancer was
found among carriers of GSTM1 null genotype. The
adjusted odds ratio (OR) was 2.63 [95% Confidence
Interval (95% CI) 1.17-5.88], after controlling for age,
gender, cigarette smoking, alcohol drinking, and fish
sauce intake. The frequency of GST71 null genotype in
cancer cases (43.16%) was not significantly different
from that in controls (50.00%). However, the risk for
gastric cancer in those with GSTM1 null and GS771 non-
null genotype was significantly higher than in those with
both GSTM1 and GSTT1 non-null genotype (OR = 2.77,
95% CI 1.15-6.77). Compared with those subjects who
never smoked and had normal GSTM1 genotype, ORs
were 1.60 (95% CI: 0.62-4.19) for never smokers with
GSTM]1 null type, 2.33 (95% CI 0.88-6.28) for smokers
with normal GSTM1, and 8.06 (95% CI 2.83-23.67) for
smokers with GSTM1 null type.

CONCLUSIONS GSTM1 gene polymorphisms may be
associated with genetic susceptibility of stomach cancer

and may modulate tobacco-related carcinogenesis of
gastric cancer.

Subject headings glutathione transferase/genetics;
genotype; polymorphism (genetics); stomach neoplasm/genetics; case
control studies

Cai L, Yu SZ, Zhang ZF. Glutathione S-transferases M1, T1
genotypes and the risk of gastric cancer: A case-control
study. World J Gastroenterol, 2001;7(4):506-509

INTRODUCTION

Glutathione S-transferases ( GSTs ), a supergene family of
detoxification enzymes, appear to form a protection
mechanism against chemical carcinogenesis. In human tissues
this family consists of four multigene classes, referred to as
apha, mu, pi, and theta. The GSTM1 gene is classified into
the mu class and the GSTT1 gene belongs to the theta class.
They detoxify reactive chemical species, such as polycyclic
aromatic hydrocarbon epoxides by catalyzing their conjugation
to glutathione. Genes coding for GSTM1 and GSTT1 proteins
are polymorphic in humans and these genes are absent in 10%
-60% of different ethnic populationsi*?. Accumulating
evidence indicates that susceptibility to cancer is mediated by
genetically determined differences in the effectiveness of
detoxification of potential carcinogens. Genetic differences
are likely to be a major source of interindividual variation in
susceptibility to cancert.

Gastric cancer is the most common cancer in whole
China“®, especially in Changle County, Fujian Province,
Chinal®9, Previous studies have shown that a number of
environmental risk factors may play arolein a multistep and
multifactorial process!**¥, Tobacco smoking has been
considered a potential risk factor for gastric cancerl*. Few
data have so far been reported on the risk of gastric cancer
associated with genetic and environmental exposures. To
evaluate the relationships between GSTM1/GSTT1 and
gastric cancer, a molecular epidemiological study was
conducted in Changle County.

MATERIALS AND METHODS

Study subjects

Cases and controls were all residents in Changle County,
China, which is one of areas with the highest rates of gastric
cancer in the world. All primary gastric cancers (n=95) were
histologically confirmed or diagnosed by operation between
January 1996 to March 1998. Population controls (n= 94)
were randomly selected from the same geographical region,
and matched to cases by their gender and age. The field staff
conducted face-to-face interviews. Cases and controls were
interviewed in the same manner using a standard
epidemiological questionnaire. Blood samples (5mL) were
collected.
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GSTM1 and GSTT1 Assay

DNA was isolated from peripheral white blood cells by
proteinase K (Huamei Biotechnology, Inc.) digestion and
phenol / chloroform extractions. The PCR reactions were
performed in 50pL of asolution containing PCR buffer (1.5
mmol-L? MgCl,, 50 mmol-L* KCI, 10 mmol-L? Tris
HCI, pH 8.3), 200 umol-L* of each dNTP, 1pmol-L? of
each primer, 200ng of template DNA, and 2.5 unit of TAQ
DNA polymerase (Promega). Primer sequences for GSTM1
were 5'-GCTTCACGTGTTATGGAGGTTC-3' and 5'-
GAGATGAAGTCCTCCAGATTT-3", which produced a 157
base pair band. The GSTT1 primers were 5'-
TTCCTTACTGGTCCTCACATCTC-3' and 5'-
TCACCGGATCATGGCCAGCA-3'-3, which produced a 480-
base pair band. 3-globin was used as an internal positive
control, which was amplified with the following primers: 5'-
CAACTTCATCCACGTTCACC-3" and 5'-
GAAGAGCCAAGGACAGGTAC-3 and produced a 268-base
pair band. The primers were synthesized by Sangon and PCR
amplifications were carried out in a Therma Cycler (Perkin
Elmer 4800). Main cycling parameters were 94°Cfor 8 min,
followed by 35 cycles of 94°C for 30s, 60°C for 40s and 72°C
for 1 min with a final extension at 72°C for 10 min. PCR
products were detected by electrophoresis in agarose gels
(2g:-L* for GSTM1 and 12g-L* for GSTT1).

Statistical analysis

The Chi-square method was used to test the frequencies of
GSTM1 and GSTT1 genotypes. ORs and 95% Cls were
calculated by logistic regression analysis controlling for
possible confounding factors.

RESULTS

GSTM1 and GSTT1 null genotypes are indicated by the
absence of a 157bp band and 480 bp band, respectively. -
globin (268bp) indicating the presence of DNA is co-
amplified in all the samples (Figures 1, 2).

Main characteristics of subjects

The main characteristics of cases and controls are presented in
Table 1, the distribution of sex and age among cases and
controls were not statistically significant (P>0.05).

Table 1 Main characteristics of cases and controls

Cases (n=95) Controls (n=94)
n (%) n (%)

Age groups/ yr

<50 21 (22.1) 22 (23.4)

50 - 59 23 (24.2) 22 (23.4)

60 - 69 33 (34.7) 34 (36.2)

=70 18 (19.0) 16 (17.0)

Mean age 59 +11 58 +11

Age range 32-78 34-79
Gender

Male 81 (85.3) 82 (87.2)

Female 14 (14.7) 12 (12.8)
Education

College 1 (1.1) 1 (1.1)

High school 15 (15.8) 63 (67.0)

Elementary 61 (64.2) 22 (23.4)

school

Illiterate 18 (19.0) 8 (8.5)

268bp
157hyp

480bp
268bp

Figure 1 Agarose gel electrophoresis of PCR products. 157bp
fragment: GSTM1; 268bp fragment: B-globin. Lane M: marker;
Lanes 4 and 5:GSTM1 null; Lanes 1, 2, 3, 6 and 7: GSTM1 non
null.

Figure 2 Agarose gel electrophoresis of PCR products. 480bp
fragment: GSTT1; 268bp fragment: (-globin. Lane M: marker;
Lanes 1, 4, and 6: nun-null; Lanes 2, 3,5 and 7: GSTT1 null.

GSTM1and GSTT1 genotype frequencies in cases and controls
The results showed that GSTM1 null genotype distributed
unevenly between gastric cancer cases and controls. The
frequency of GSTM1 null was significantly increased in gastric
cancer cases compared with the general controls (x2=5.75,
P=0.0165, Table 2).

Fifty percent (47/94) of individual in the controls
exhibited the GSTT1 null genotype, and 43.2% (41/95) in
gastric cancer cases. The frequencies of GSTT1 genotypes in
cases and population controls were not significantly different
(OR=0.76, 95% CI 0.1~ 1.4). The odds ratio of gastric
cancer associated with the combined genotypes of the
polymorphisms of GSTM1 and GSTT1 are shown in Table 3.
Persons who carried the GSTM1 null genotype and GSTT1
non-null had a higher risk of gastric cancer. The odds ratio
was 2.77.

Table 2 Association between GSTML1 and gastric cancer risk

GSTML1 genotype

Nonnull n (%) null n (%)
Contr 51 54.3 43 45.7
Case 35 36.8 60 63.2

Crude OR (95% Cl)
Adjusted OR? (95% CI)
Adijusted OR® (95% CI)
Adjusted OR* (95% CI)

2.03 (1.13-3.65)
2.03 (1.13-3.68)
2.47 (1.21-5.03)
2.63 (1.17-5.88)

a: Logistic regression adjusted for age and sex; b: Adjusted for age,
sex, cigarette smoking and alcohol drinking (yes /no); c: Adjusted
for age, sex, cigarette smoking, alcohol drinking (yes /no), and fish
sauce intake (continuous).
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Table 3 Association between gastric cancer and combinations of
GSTM1 and GSTT1 genotypes

Case Contr
GSTM1 GSTT1 OR(95% CI)

n % n %
Non-null Non-null 21 22.1 30 31.9 1.00
Non-null Null 14 147 21 22.3  0.95(0.36~2.50)
Null Null 27 28.4 26 27.7  1.48 (0.64~3.47)
Null Non-null 33 34.7 17 18.1 2.77(1.15~6.77)

GSTM1 null genotype and smoking

Because GSTM1 may play an important role in the metabolism
of tobacco smoke-derived carcinogens, the risk of gastric
cancer associated with the polymophisms of metabolic
enzymes may depend on the individuals' smoking status. We
compared smokers with and without gastric cancer and found
that the increased susceptibility to gastric cancer in smokers
with GSTM1 null phenotype. The subjects which have been
exposed to cigarette smoking and GSTM1 null genotypes had
8.06 fold risk to develop gastric cancer (Table 4).

Table 4 Risk of gastric cancer in relation to GSTM1 genotypes by e
smoking

Contr Case

Genotype Smoke OR (95% ClI)

n % n %
Nonnull No 28 29.8 12 126 1.00
Null No 32 34.0 22 23.2 1.60 (0.62-4.19)
Nonnull Yes 23 245 23 242 2.33(0.88-6.28)
Null Yes 11 11.7 38 40.0 8.06 (2.83-23.9)
DISCUSSION

Changle County is a hyperendemic area of gastric cancer.
Familial aggregation of gastric cancer in this area has been
reported in previous studies'®®. This familial tendency
toward gastric cancer may result from a common
environment shared by familial members of inherited genetic
susceptibility*. Gastric cancer is a multistage process’®.
each caused by numbers of factorg!®3. Environmental and
host factors may al contribute to the etiology of gastric
cancer®. The relationship between polymorphisms of genes
involved in carcinogen metabolism and individual susceptibility
to the mutagenic and carcinogenic actions of specific chemical
exposure is anew field of research®3,

Recent studies reported genes that on code enzymes
involved in the metabolism of carcioogens or environmental
toxins may be related to an increased risk of cancer in some
individuals®¢3. GSTs are multifunctional proteins that
catalyze many reactions between glutathione (GSH) and
lipophilic compounds with electrophilic centers, including
cytotoxic and genotoxic reactions®®. Polycyclic aromatic
hydrocarbons, N-nitrosomines, found in cigarette smoke and
food, are potential human carcinogens®1, Deficiency of
detoxifying enzymes may affect the metabolic fates of these
chemicals and raise cancer risks in exposed individualg*. The
GSTM1 enzyme is involved in detoxifying a number of
carcinogenic electrophiles, such as the epoxides of polycyclic
aromatic hydrocarbons. Individuals with the homozygous
GSTM1 null genotypes express no protein and are expected to
have reduced abilities of detoxification of hazardous
compounds, particularly epoxides.

In this study, GSTT1 gene deletion was not associated
with gastric cancer. We observed evidence of a relationship
between null genotype of GSTM1 and risk of gastric cancer.
The GSTM1 genotype exhibited a higher frequency of gene
deletions in cases than in controls. The finding suggests that
GSTM1 may play a role in gastric cancer susceptibility.
Gastric cancer, which is associated with exposure to smoking,
may be more striking in individuals who carrying the null
genotype GSTM1. This result suggests that intervention
against smoking may be important for the prevention of
gastric cancer in high incidence area because the GSTM1 is
present in a majority of persons and the potential population
impact may be important. However, these results should be
considered preliminary. Larger studies will be needed to
confirm potential gene-environment interactions.
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Abstract

AIM To develop the single chain variable fragment of
MG; murine anti-human gastric cancer monoclonal
antibody using the phage display technology for obtaining
a tumor-targeting mediator.

METHODS mRNA was isolated from MG, producing
murine hybridoma cell line and converted into cDNA. The
variable fragments of heavy and light chain were amplified
separately and assembled into ScFv with a specially
constructed DNA linker by PCR. The ScFvs DNA was
ligated into the phagmid vector pCANTABSE and the
ligated sample was transformed into competent £. Co/i
TG1. The transformed cells were infected with M13K07
helper phage to form MG; recombinant phage antibody
library. The volume and recombinant rate of the library
were evaluated by means of bacterial colony count and
restriction analysis. After two rounds of panning with
gastric cancer cell line KATOIII of highly expressing MG;-
binding antigen, the phage clones displaying ScFv of the
antibody were selected by ELISA from the enriched phage
clones. The antigen binding affinity of the positive clone
was detected by competition ELISA. HB2151 F.coliwas
transfected with the positive phage clone demonstrated by
competition ELISA for production of a soluble form of the
MG; ScFv. ELISA assay was used to detect the antigen-
binding affinity of the soluble MG; ScFv. Finally, the
relative molecular mass of soluble MG; ScFv was
measured by SDS-PAGE.

RESULTS The V-H, V-L and ScFv DNAs were about 340bp,
320bp and 750bp, respectively. The volume of the
library was up to 2x10° and 8 of 11 random clones were
recombinants. Two phage clones could strongly compete
with the original MG; antibody for binding to the antigen
expressed on KATOIII cells. Within 2 strong positive
phage clones, the soluble MG; ScFv from one clone was
found to have the binding activity with KATOIII cells.
SDS-PAGE showed that the relative molecular weight of
soluble MG; ScFv was 32.

CONCLUSION The MG, ScFv was successfully produced
by phage antibody technology, which may be useful for
broadening the scope of application of the antibody.
Subject headings
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INTRODUCTION

In our previous studies, MG hybridoma cell line had been
successfully prepared by immunization of mouse with KATOIII
gastric cancer cells and hybridization of the B cells from the
spleen of the immunized mouse with the murine myeloma cell
line SP 2/0. This hybridoma cell line generates a kind of
monoclonal antibody against gastric cancer which can
specifically recognize an ascertained gastric cancer associated
antigent, MG, antibody was confirmed to be of great value
and good potency in the targeting gene therapy of gastric
cancer due to the overexpression of its corresponding antigen
in a large proportion of patients with gastric cancer. But
owing to its murine origin, like many other similar antibodies,
MG; antibody can elicit human anti-mouse immunoreaction
and thusits use in clinical practice is restricted>?. One of the
efficient solutions to this problem is to remove the constant
region of antibody which makes main contribution to the
immunogenicity of the murine antibody to human being. It
has been proved that antibody devoid of constant region still
maintains its capacity of specific antigen-binding
affinity*19.  Additionally, antibody without constant
region, termed ScFv, is a small molecule and comprises 1/6
of its original antibody in molecular mass. Therefore, ScFv
can more readily penetrate into the solid tumor in vivo and be
easily cleared up from the normal tissue. In the early 90's, the
emergence of recombinant phage library represented a great
breakthrough in the antibody technology which provides an
economical means to prepare the ScFv/Fab of any desired
antibody**%9. In the present study, the MG, recombinant
phage antibody derived from MG; hybridoma was constructed
and screened to prepare the MG, ScFv which might help
establish an efficient strategy of targeting gene therapy in
gastric cancer.

MATERIALS AND METHODS

Detection of antigen-binding affinity of MG; antibody

MG; hybridoma cells and KATOIII cells were cultured with
RPMI 1640 (purchased from Gibco) supplemented with heat-
inactivated 100mL-L* fetal bovine serum at 37°C under
50mL-L? CO,. MG; hybridoma cells were harvested at log
phase and stored at -70°C with aliquot of 10° for RNA
isolation. Supernatant was collected for detection of antigen-
binding affinity of MG; antibody by ELISA. KATOIII cellsin
log phase were transferred into a 96 wellplate and immobilized
on the wall by centrifiguation at 1 000xg for 10 min, finally
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fixed by 0.25mL-L*? glutaraldehyde. Supernatant of 0.2mL
was applied to each well and incubated at 4°C overnight, and
0.1mL HRP-labeled goat anti-mouse (HRP-GAM) Ig was
added into each well. The absorbance value (A) at 492nm of
resctant in each well was measured after incubation for 1 hour
at 37°C and staining with OPD.

Construction of MG, recombinant phage antibody library
According to the protocol of svtotal RNA isolation system
and polyAT tract mRNA isolation system (purchased from
Promega), mMRNA was isolated from MG; hybridoma cells
and quantified by gel electrophoresis for following reverse
transcription reaction. Subsequently, reverse transcription
reaction was performed with 0.3ug mRNA, 2U reverse
transcripase (purchased from Promega) mixed together for
incubation of 1 hour under 37°C. PCR was conducted with
a mixture of 10ug product of reverse transcription, 2U Taq
DNA polymerase and 2uL V H/V_ primers mix (purchased
from Promega) in a total volume of 50uL. The procedure of
PCR was arranged in the following order: 95°Cx5min; 94°C
x1min, 55°Cx2min, 72°Cx2min and 30 cycles; 72°Cx10min.
After precise quantification of PCR product by gel
electrophoresis, 50ng of V4 and V. product was respectively
mixed with 50ng linker primer and 1uL Tag DNA polymerase
to perform PCR (94TCx1min, 63°Cx4min, 7 cycles).
Subsequently,50ng RS primers (purchased from Promega)
underwent another PCR (94°Cx1min, 55°Cx2min, 72°Cx2min
and 30 cycles; 72°Cx10min). Two pL i | and 0.5ug ScFv
product were added into a sterile 0.5mL microtube and
incubated at 50°C for 4 hours. After being purified by PCR
purification kit, 0.5ug Sfi | digested ScFv product mixed
with 2uL Not | was incubated at 37°C for 4 hours and
purified again for later use. ScFv (150ng) and pCANTABSE
(250ng) mixed with 2uL T, DNA ligase was incubated at
16°C for 16 hours. Ligated product was transformed into TG1
cell. Transformed product with aliquot of 100uL was placed
onto SOBAG plates and incubated overnight a 37°C to form
bacterial clones.

Evaluation of volume and recombinant rate of phage
antibody library

Colony count was adopted to exhibit the total number of
clones formed on the SOBAG plates. Eleven clones were
randomly singled out from the SOBAG plates and passaged
into 5mL 2xYT-AG medium for an incubation of 12 hours at
37°C. Plasmid from each clone was respectively isolated and
digested by Eco RI and Hin dlll. Gel electrophoresis was
conducted with restriction digested product to examine the
recombinant phagmid.

Panning and enrichment of MG; recombinant phage
antibody

The initial recombinant phage antibody library was incubated
for 1 hour at 37°C with shaking at 250r-min?, and helper
phage M13KO7 was added and incubated for another hour at
37°C with shaking at 250 r-min'i2, The culturing product
was spinned at 1000xg for 10 min to precipiate the cells. Then
the entire sample was gently resuspended in 10 mL 2x
YT-AK medium. After an overnight incubation at 37°C with
shaking at 250r-min?, the culturing product was spinned at
1 000xg for 20 min and the supernatant which contained the
recombinant phages was collected. Then, 2mL PEG/NaCl
was added and placed on ice for 45 min for precipitation of

recombinant phage clones. It was spinned at 10000xg for 20
min a 4°C and the pellet was resuspended in 16mL 2xYT
medium diluted with 14 mL blocking buffer containing
0.1g:-L* sodium azide and incubated at room temperature
for 15 min. Twenty mL of the diluted recombinant phage was
then added to the flask which was coated with KATOIII cells
and well blocked. The flask was incubated for 2 hours at
37°C, washed 10 times with PBS plus another 10 times with
PBS containing 1ImL-L* Tween20. Ten mL log-phase TG1
cells were added to the flask and incubated with shaking at
37°C for 1 hour for reinfection. After two rounds of panning,
reinfected TG1 cells with bound phages directly in the panning
flask were plated for colony isolation.

Screening for MG, recombinant phages

Recombinant phages were rescued from individual clones and
screened for MG; binding by ELISA. Microtiter wells were
coated with KATOIII cells. Bound phages were detected by
incubation with a 1:5000 dilution of conjugate (Pharmacia
Biotech). And the detection was achieved by addition of TMB
substrate. Clones reacted to KATOIII cellswere referred to as
positives.

Competitive test of positive selected MG, recombinant
phages

Microtiter wells were coated with KATOIII cells as mentioned
above. The supernatant of the selected positive MG,
recombinant phages was applied into each well (100mL -wellt)
and then incubated for 1 hour at 37°C. After disposing of the
supernatant, MG- antibody (100mg-L, 50pL -well-?) was added
and incubated for 1 hour at 37°C. PBST was used to wash 5
times, and HRP-GAM Ig (1:1000 diluted, 50uL -wellt) was added
and developed by TMB to measure the absorbance value at
450nm. The inhibiting ratio of selected positive MG, recombinant
phages with MG; antibody for binding of KATOIII cells was
calculated by the following formula: Inhibiting ratio = 1- (value
of sample/value of control)x100%

Detection of antigen-binding affinity of the soluble MG,
ScFv

The positive phages were transfected into E.coli HB2151 cells
for the production of a soluble form of the MG; ScFv. Five mL
culturing product of transfected E.coli HB2151 cells with
overnight induction of 1mmol-L-! isopropyl B-D-
thiogalactopyanoside (IPTG) was centrifugated at 1000xg to
collect the sediment and the supernatant (containing
extracellular soluble ScFvs). The sediment was given osmotic
shock to prepare periplasmic extracts. Microtiter wells were
coated with KATOIII cells, and ELISA test was made twice to
detect the antigen-binding affinity of soluble MG, ScFv.

Measurement of the relative molecular weight of soluble MG,
ScFv

Periplasmic extracts from transfected E.coli HB2151 cells
induced by IPTG was adopted to measure the relative
molecular weight of soluble MG; ScFv by SDS-PAGE.

RESULTS

Antigen-binding affinity of MG; antibody

The ELISA showed that the A, absorbance of reactant with
presence of MG- antibody was up to 0.65 (0.208 in contral).
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Amplification of Vy, V| and ScFv gene

On electrophoresis, Vy product formed a band at 350bp and V.
at 320bp, and ScFv was successfully spliced together to form a
fragment of 750bp, as shown in Figure 1.

BO0bp
f TO0p
— fﬂ]’”lql
— 500hbp

Figurel RT-PCR of V4, V,_and ScFv fragment of MG; antibody.
1: Vy; 2: Vi, 3: ScFv; M: 100bp ladder

Volume of MG; phage antibody library
Colony counts showed that MG, phage antibody library
consisted of 2x10° clones.

Recombinant rate of MG; recombinant phage antibody library
Eight of 11 random clones were found to release a 2.1 kb DNA
fragment and confirmed to be recombinant phagmid by
restriction analysis and gel electophoresis (Figure 2). The
recombinant rate was 72.7%.

~3530bp
— 2027 bp
1904 bp

Figure 2 Enzymatic analysis of MG, recombinant phage antibody
library with Eco Rl and Hin dlIll. 1-8: Recombinant clones from
library; M: A/ Eco Rl and Hin d 11

Screening of MG; positive recombinant phages
Using ELISA assay, we yielded six strains of positive clones
which had a good reaction with KATOIII cells (Table 1).

Table1l ELISA results of screening from enriched phage displayed
antibody library

Number of positive clones (A- value)

Screening Neg. ctrl
1 2 3 4 5

First round 0.495 0.508 0.488 0.805 0.845 0.580 0.157

Second round 0.543 0.606 0.560 0.840 0.796 0.758 0.185

Results of competitive ELISA

Two strong positive clones were found to inhibit the binding
of MG; antibody and KATOIII cells with the inhibiting ratio
of 26.1% and 30%, respectively.

Antigen-binding affinity of soluble MG; ScFv
By means of ELISA assay, one of the strong positive clones
exhibited the capacity of binding with KATOIII cells (Table 2).

Table 2 ELISA results of the soluble MG, ScFv for binding with
KATOIII cells

Number of strong positive clones (A value)

ELISA Neg. ctrl
1 2

First round 0.776 0.287 0.201

Second round 0.802 0.346 0.223

The relative molecular weight of soluble MG; ScFv

From Figure 3, an extra band on the lane of sample was
visualized at M, 32, as compared with the negative control.
The relative molecular weight of soluble MG; ScFv was 31.

M 1 2 3 4

Medd -

Mr 3] —

Figure 3 Measurement of the relative molecular weight of soluble
MG; ScFv. 1-3: Periplasmic extracts; 4: Neg. ctrl; M: Low molecular
mass protein marker

DISCUSSION

The phage antibody technique is one of the most remarkable
achievements in antibody technology. With this technique,
the repertoire of Vy and V. genes are amplified and joined
together by PCR and finally inserted into phagmid?. After
transformation into E.coli, phage with the fusion of
exogenous ScFv and plll protein exposed on the surface
was released from E.coli with the aid of the helper phage
M13KO7. This technique uniforms the phenotype of ScFv to
its genotype. By immunosorbance of the immobilized antigen,
phage with functional ScFv can be bound and enriched.
Subsequently, the desired phage harboring functional ScFv
gene can be selected from the enriched phage antibody library
by ELISA. The resultant ScFv can be solubly expressed in E.
coli HB2151. The primary structural information of ScFv of
antibody is accessible by DNA sequence of phagmid from the
bound phage. Therefore, phage antibody has become an
optimal measure to develop the ScFv of desired
antibody!?1-26],

It is well known that the immune system will be triggered
and activated in response to the presence of certain antigens
in patients with some kinds of diseases, such as tumor, infective
diseases and autoimmune diseases!?-*2. The immune system
will produce abundant B lymphocyte clones which can yield
and secrete antibody directed against the disease associated
antigens in these patients. Therefore, the B lymphocyte
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population isolated from PBMC of these patients can be used
as an ideal material source for construction of the recombinant
phage antibody library!-31. Additionally, the B lymphocyte
isolated from PBMC of immunized animals with given antigen
is an alternative material sourcel®. Besides the B lymphocyte
population from patients or immunized animals, many kinds
of antibody-producing hybridomas are also suitable as a kind
of material source for construction of the recombinant phage
antibody library!®¥. Owing to the unraveling of biological
functions over many antigen recognized by antibody from
hybridomas, hybridomas are more favorable as material
source for construction of recombinant phage antibody
library.

In order to understand the quality of MG hybridoma as a
material source for construction of MG, recombinant phage
antibody library, we detected the antigen-binding activity of
MG- antibody in present study. ELISA assay showed that the
A 492nm value of reactant with presence of MG; antibody was
0.65 which was over twice higher than that with absence of
MG; antibody (0.208 only). It demonstrated that M G, hybridoma
could secrete functional antibody and could be used as the
source of mMRNA to amplify the V, and V. genes of MG,
antibody. Colony count and restriction analysis were
conducted for evaluating the volume and quality of MG-
recombinant antibody library. The large volume of MG,
recombinant antibody library (2x10°) and high recombinant
rate (72.7%) confirmed that MG, phage antibody library
comprised sufficient repertoire of recombinant clones for
further research. ELISA assay and SDS-PAGE showed that
the soluble MG; ScFv had antigen-binding activity and was M,
31. Taken together, we have successfully constructed the MG;
recombinant phage antibody library and prepared the phage-
displayed/soluble MG; ScFv.

Gastric cancer is a highly prevalent neoplasm and is the
first killer among various malignancies. In advanced cases,
many current therapeutic approaches, including surgery
combined with chemotherapy, appear to be palliative. These
therapeutic approaches can not be targeted to and completely
annihilate individual tumor cells, which leads to the failure of
preventing metastasis and recurrence of many tumors.
Besides, some kinds of therapeutic approaches, such as
chemotherapy, can cause damage to both the tumor cells and
normal tissue cells. Thus, introduction of anew way of targeting
therapy for tumor is desperately needed to overcome
these obstacles with the conventional approaches, such as
surgery and chemotherapy®*44. Targeting therapy for
tumors in the last decade has become a highlight in the field of
tumor therapy. This therapy mediated by antibody still
remains as a promising curative modality among the ways of
tumor therapy and attracts worldwide attention“>5%,

Developing ScFv of the MGy is of great significance in
both early diagnosis and treatment of gastric cancer. For
indance, MG; ScFv fused with avidin can be used as a reagent
in immuno-PCR for early diagnosis of gastric cancer.
Additionally, a new immunotoxin with curative effect on
gastric cancer can be developed by fusing the MG; ScFv and A
subunit of ricin. MG, ScFv can direct the A subunit of ricin to
MG; positive gastric cancer cells. Thus, the construction of
MG; phage antibody library and subsequent preparation of
MG; ScFv may be a step forward in seeking an efficient way
for targeting therapy for gastric cancer.
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Abstract

AIM To investigate the relationship between the
expression of pl6 gene and the gastric carcinogenesis,
depth of invasion and lymph node metastases, and to
evaluate the deletion and mutation of exon 2 in p16 gene
in gastric carcinoma.

METHODS The expression of P16 protein was examined
by streptavidin-peroxidase conjugated method (S-P); the
deletion and mutation of p16 gene were respectively
examined by polymerase chain reaction (PCR) and
polymerase chain reaction single strand conformation
polymorphism analysis (PCR-SSCP) in gastric carcinoma.

RESULTS Expression of P16 protein was detected in
96.25% (77/80) of the normal gastric mucosa, in 92.00%
(45/50) of the dysplastic gastric mucosa and in 47.54%
(58/122) of the gastric carcinoma. The positive rate of
P16 protein expression in gastric carcinoma was
significantly lower than that in normal gastric mucosa and
dysplastic gastric mucosa (P<0.05). The positive rate of
P16 protein expression in mucoid carcinoma 10.00% (1/
10) was significantly lower than that in poorly
differentiated carcinoma 51.22% (21/41),
undifferentiated carcinoma 57.69% (15/26) and signet
ring cell carcinoma 62.50% (10/16) (P<0.05). The
positive rate of p16 protein in 30 cases paired primary and
lymph node metastatic gastric carcinoma: There was
46.67% (14/30) in primary gastric carcinoma, 16.67%
(5/30) in lymph node metastatic gastric carcinoma. The
positive rate of lymph node metastatic carcinoma was
significantly lower than that of primary carcinoma
(P<0.05). There was of pl6 gene mutation in exon 2, but
5 cases displayed deletion of p16 gene in exon 2 in the 25
primary gastric carcinomas.

CONCLUSIONS The expression loss of P16 protein related
to the gastric carcinogenesis, gastric carcinoma
histopathological subtypes and lymph merastasis. The
mutation of p16 gene in exon 2 may not be involved in
gastric carcinogenesis. But the deletion of p16 gene in

exon 2 may be involved in gastric carcinogenesis.

Subject headings gastric carcinoma; dysplasis pl6/
MTS1/CDK4I/CDKN2 gene; mutation deletion; expression;
stomach neoplasms; genetics genes

He XS, Su Q, Chen ZC, He XT, Long ZF, Ling H, Zhang LR.
Expression, deleton and mutation of p16 gene in human gastric
cancer. World J Gastroenterol, 2001;7(4):515-521

INTRODUCTION

Carcinogenesis and progression of human gastric cancer are
related to the activation of proto-oncogenes and/or the
inactivation of anti-oncogenes and they are the results of
genetic alteration accumulated. A recently cloned new tumor
suppressor pl6 gene is located in 9p21, with the full-length of
85 kb. It condsts of 2 introns and 3 exons, encoding P16
protein-whose molecular mass is 15840 M,, a single strain
peptide comprising 148 amino acid, participating in regulating
the proliferation of normal cell growth negatively>3. There
was a high frequent loss of homozygosis of pl6 gene in a
variety of cancer cell lines such as gliocytoma, melanoma,
breast cancer cell lines? and in certain primary cancer, for
example, leukemia®, gliomas¥, astrocytomas?®, bladder
cancer!®, melanoma?, oral squamous cell carcinomas®,
squamous cell carcinoma of head and neck neoplasmi®9. The
frequency of pl6 gene deletion and mutation is up to 75% in
al kinds of human neoplasm, higher than that of the well-
known p53 gene. Gastric cancer is common in Chinal-%,
In this paper, S-P immunohistochemical staining was used to
detect the expression of P16 protein in gastric cancer and
precancerous lesons. PCR and PCR-SSCP methods were used
to analyse the deletion and mutation of pl6 geneexon 2. This
study aims to evaluate the relationship between P16 protein
and the carcinogenesis, progression, histological types as well
as biologic behaviors in human gastric cancer, to find a new
marker in early diagnosis and to discover the role of deletion
and mutation of p16 genein exon 2 in the carcinogenesis and
progression of human gastric cancer.

MATERIAL AND METHODS

Specimens and treatment

All specimens were confirmed by pathology. Paraffin-
embedded tissue were collected from the department of
pathology and fresh resected specimens were from the First
Affiliated Hospital of the Nanhua University, among which
there were 50 cases of dysplasia of gastric mucosa and 122
cases of gastric cancer (25 cases were resected freshly from
September 1995 to December 1996). In the 122 cases of
gastric cancer, 29 were well-differentiated adenocarcinoma,
41 were poorly-differentiated adenocarcinoma, 26 were
undifferentiated carcinoma, 16 were signet ring cell carcinoma
and the other 10 were mucoid carcinoma. There were 81 men
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and 41 women, 22 aged below 40 years, 69 aged from 41 to 59
years, and 31 were older than 60 years. The youngest was 15
years and the oldest 79 years ( mean 56 years). Superficial
muscles, were invated in 50 cases and deep muscles and the
full layer in 72. Sixty-nine cases had lymph node metastasis,
53 had no lymph node metastasis. Thirty cases primary and
lymph node metastasis cancer selected randomly were paired
and compared. According to Borrmann’s classification, 15
were type |, 43 were type 11, 47 were type Il and 17 were
type 1V. The 25 cases of fresh resected specimens included
cancer, cancer-surroundings and normal mucosa selected far
from cancer, were cut into 2-4 blocks under sterile
conditions. Each block was 2-3 mm?® and stored in -70°C
refrigerator for PCR and PCR-SSCP analysis. The rest tissues
were fixed in 100 mL-L* neutral formalin, resected,
dehydrated, cleaned and paraffin-embedded. All paraffin-
embedded tissues were cut into sequential slices for 5um and
adhered to the glass which was processed by poly-lys
previously.

Reagents and instruments

Rabbit-anti-human P16 protein multiple clonal antibody,
streptavidin-peroxidase immunozator kit (S-P kit), and DAB
were al bought from Maxim Company, USA. Protase K
(Merk, USA), Sma I, agar gel, propylene acrylamide, N-N-
sulmethy! bipropylene acrylamide, ammonium persulfate, xylene
nitrile, bromophenol blue were bought from Shanghai Sangon
Company. PCR primer synthesized by Shanghai Sangon, primer
sequences of p16 gene exon 24,

Sense: 5'-TCT GAC CAT TCT GTT CTC TC-3

Antisense: 5-CTCAGC TTT GGA AGC TCT CA-3

The fragment length of amplification was 384 bp. Primer
sequences of B-active served as an internal control.

Sense 5'-GCG GGG CGC CCCAGG CACCA-3

antisense: 5'-CTC CTT AAT GTC ACG CACGAT TTC-3
The fragment length of amplification was 548bp.

Instrument  Ultralow refrigerator (Japan) of -70°C, rotary
sector (Germany), microscope (Japan), type 480 DNA
amplificatory (PE,USA), type 901 ultraviolet
spectrophometer (PE,USA), type DY-IIIB vertical
eletrophores and al kinds of centrifuges(Beijing Liuyi).

METHODS

S-P immunohistochemical staining

Operated as the specification of sp kit, that was: paraffin-
embedded tissue slices deparaffined hydrated—endogenous
peroxidase blocked—added first antibody—then bridge
antibody—added enzyme labeled S-P reagents—DAB colorized
—hematoxylin stained—dehydrated—cleaned and paraffin-
embedded—observed by microscope.

Genomic DNA extraction®

Frozen tissue of 0.5 was put into liquid nitrogen and
powdered immediately, 10x buffer (10mmol-L-* Tris-HCI
pH 80, 01mol-.L* EDTA pH 8.0, 5gL?! SDS) was
added and span in 37°C water for 1h at the sametime, added
protase K to the mixture at a final concentration of
100mg-L* in 50°C water for 3h and readjusted the protase
K as possible reaction. After the mixture lysed completely,
20mg-L* Rnase reacted in 37°C water for 1h, saturated

phony was put together and bugged slightly for 10 min,
centrifuged and extracted up clean liquid transfer to a cleaned
plastic tube, saturated phony processed repeatedly 3 times,
added 1/10 volume 3mol-L* NaAc and 2-2.5 times cold
ethyl, DNA precipitated by centrifugation, removed ethyl,
DNA washed by 700mL-L*? ethyl land centrifuged 3 times,
dried, resolved with TE, A260/A280:1.8-1.9, stored at
0C for use.

PCR amplification

PCR was performed according to the referencel® in 50uL
reactive volume containing 0.1ug gDNA template,
200umol-L* each of dCTP, DATP, dGTP, dTTPR
0.25umol-L* primer, PCR buffer (TrissHCI 10mmol-L?, pH 8.
3, MgCl; 1.5umol L%, KCI 50mmoal-L?, gelatin 100mg-L™) pre-
denatured at 95°C for 5 min and added 1.5uL of Tag DNA
polymerase, 75uL of mineral oil. These samples were
subjected to 30 cycles, including: 95°C 1 min, 60C 1 min,
72°C 1 min, and extended a 72°C 5 min. Five pL of PCR
product and appropriate bromophenol blue was added to
the sample point container and electrophoresed at 20g-L*
agarose gel containing 0.5mg-L?* ethidium bromide at tank
with 0.5xTBE liquid of electrophoresis, then observed and
photographed with ultraviolet radiography.

PCR-SSCP analysis B

Five pL digested PCR product mixed with 5uL denatured
dissolution (950mL-L? forman mide, 20mmol-L* EDTA,
0.05% bromophenol blue, 0.5g-L-* xylene nitrile)
denatured a 95°C 5 min and colded on ice. Solution processed
as above was added to the gel containing 80g-L*
polypropylene acrylamide, vertical electrophoresed at 100 V
for 4h and gel stained with silver: fixed in 100mL-L*
alcohol for 10 min—oxidized in 100g:L* nitric acid for 3
min—drip washed for 1 min with double distilled water—
stained in 12mmol-L? silver nitric acid for 20 min—drip
washed for 1 min with double distilled water—showed
appropriate color in 0.028 mol anhydrous sodium carbonate
and 0.19mL-L* formalin—ended reducing response by
100mL-L* glacial acetic acid—drip washed with double
distilled water—analysis results and photographed. P16
protein expression of confirmed positively cervix carcinoma
served as positive control. PBS substituted with first antibody
served as negative control.

Immunohistochemical determination

According to Gevadts' standard modefied slightly3233,
nuclear or plasma stained brown-yellow as positive, (-)
indicated no cell stained positive or only plasma stained or
the number of nuclear stained positive less than 1 cell, (+)
indicated the cells stained weakly or the number of stained
cells less than 25%, (++) indicated the cells stained
moderately or the stained cells covering about 26%-50%,
(+++) indicated cells stained strongly or the number of stained
cell more than 50%. The number of nuclear stained positively
more than 2 cells per high time sight was considered to be
positive. No folding, and no edging-effect fields were chosen
to calculate 100 cells per 5 sights and evaluate the average
number of positive cells. Positive cells discerned by two
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researchers alone and decided on the disagreements together.
No products of PCR amplification were loss of homozygosis of
pl6 gene, and abnormal traces found in PCR-SSCP were
considered gene mutation.

Statistical analysis
Chig-square test was used P value less than 0.05 was
considered to be statistically significant.

RESULTS

P16 protein expression in gastric cancer

The positive rate of P16 protein expression in 80 cases of
normal gastric mucosa was 96% (Figure 1), and in 50 cases
of dysplasia mucosa was 90% (Figure 2). In these mucosa
P16 protein expression could only be seen in partical
adenoepithelial cells. We did not find staining in mucosal
epithelial cells, matrix fibrocytes, lymphocytes and smooth
myocytes. But in gastric cancer, the ratio was 48% (Figure
3). The positive rate of P16 protein expression in gastric
cancer was lower than that in normal and dysplasia mucosa
(P<0.05). There was no significant difference between the
normal gastric mucosa and dysplasia mucosa (P>0.05, Table
1).

In the 122 gastric cancer, the positive rate of P16 protein
expression was 38%, 51%, 58%, 62% and 10% in well-
differentiated adenocarcinoma, poorly-differentiated
adenocarcinoma, undifferentiated carcinoma, signet ring cell
carcinoma and mucoid carcinoma, respectively. The P16
protein expression in mucoid carcinoma was lower than that in
signet ring cell carcinoma, undifferentiated carcinoma and
poorly-differentiated adenocarcinoma (P<0.05). The
positive rate of P16 protein expression was 48% (24/50) in
gastric cancer invaded superficiad muscle layer and 47% (34/
72) in gastric cancer invaded deep muscle and full layer.
There was no apparent relevance between P16 protein
expression and the depth of invasion (P>0.05). In 30 cases
of paired primary cancer and lymph node metastasis cancer,
the rate of P16 protein expression of the lymph node
metastasis cancer was 17%(5/30), significantly lower than
that of primary cancer, 47% (14/30), (P<0.05).

Deletion and mutation of p16 gene exon 2 in gastric cancer

In 25 fresh resected gastric cancer, there were 7 well-
differentiated adenocarcinoma, 13 poorly-differentiated
adenocarcinoma, 3 undif ferentiated carcinoma, 1 signet ring
cell carcinoma and 1 mucoid carcinoma, cancer-arrounding
and norma mucosa were taken at the same time. The PCR
amplification showed no product in 1 case of well-
differentiated adenocarcinoma, 1 case of poorly-differentiated
adenocarcinoma and 1 case of mucoid carcinoma; little
product found in 1 case of well-differentiated adenocarcinoma
and 1 case of poorly-differentiated adenocarcinoma. There

were products of PCR amplification in the rest 20 cases of
gastric cancer, tumor adjacent tissue and norma mucosa. All
experiments were repeated three times. The result was
identical. No product of PCR amplification might indicate the
loss of homozygosis of pl6 gene, little product of PCR
amplification was possibly loss of heterozygosis of pl6 gene or
loss of homozygosis of pl6 gene, but contaminated with
normal mucosa (Figure 4). Four of these 5 cases were P16
protein negative expression and 1 case expressed weekly by
immunohistochemical staining. No gene mutation was
observed in PCR-SSCP analysis after the PCR amplification
products cut with Sam | (Figure 5, Table 1) (the location of
restriction site, and the length of fragment are shown in
Figure 6).

Figure 1 pl6 protein expression in normal gastric mucosa. x400
Figure 2 pl6 protein expression in dysplastic gastric mucosa. x400

Figure 3  pl6 protein expression in gastric carcinoma.
Immunohistochemic stain. Arrow shows the undifferentiated
carcinoma positive cell. x400

Table 1 P16 protein expression, p16 gene mutation and deletion gastric cancer

P16 protein p16 gene
Hisological types n -

+ ++ +++ Positive rate (%) Mutation Deletion
A. Normal gastric mucosa 80 3 41 20 96 0/25 0/25
B. Dysplasia gastric mucosa 50 5 12 19 92 0/25 0/25
C. Gastric cancer 122 64 13 20 48 0/25 5/25

A,B vs C, P<0.05. Mutation and deletion of p16 gene: B is tumor adjacent tissue.
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Figure 4 PCR amplification product in exon 2 of p16 gene.

Lines 1-4,5-6,8-10 (T: gastric cancer); Line 7 (P: tumor adjacent tissue); Line 4 (N: normal gastric mucosa); Line 11 (M: marker)

Little PCR product in line 3 and no PCR product in line 5.

Figure 5 The exon 2 of p16 gene analyzed by SSCP. segment a 135bp, segment b 249bp.
Lines 2,3,5,6,7 (T: gastric cancer); Line 4 (P: tumor adjacent tissue); Line 1 (N: normal gastric mucosa).
No electrophoresis band on line 3, weak electrophoresis band on line 5, and no abnormal electrophoresis band in all lines.

up-stream:  primet
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Figure 6 The length of PCR amplification of p16 gene exon 2 and the Sam | (CCCGGG) restriction site.

DISCUSSION

The p16 gene is a tumor suppressor gene that participates in
the negative regulation of the cell growth and proliferation,
and a hot spot in the molecular biological research of neoplasm
since its discovery in 1993. The product of pl6 gene-P16
protein is the inhibitor of CDK4. Its function is to default the
activity of CDK4 by binding with CDK4 against Cyclin D,
competitively, then inhibits the phosphation of Rb protein,
transcription factor such as E2F when combined with the
dephosphated Rb protein can not be released and activated,
thus cells arrest in Gy/G; phase, resulting in cell dividing
and proliferation suppressed. If pl6 gene was abnormal, its
function of negative regulation of cell growth would be
lost. CDK4 combines to cyclin D; and PRb phosphates, lots
of transcription factors would be released. The cell from G,
phase enters into S phase rapidly, cell proliferates excessively
and results in carcinogenesis and progression234+3l A |ot
of invedtigations show that there were P16 protein deletion and
p16 gene abnormality in various primary cancers and cancer
cell lines. The ateration forms of pl6 gene were deletion,
mutationt9:37-431 rearrangement, insertiont44-48l,
translocation“**%and hyper methylation of CpG islands
presented in promotor sequencel®2%8. Such alterations
consequently change the gene activity, cause abnormality,
structure change of the product of pl6 gene expression and
the loss of its physiological functions. Recently, it has been
reported that the exoteric pl6 gene was transfected into the
cancer cell which pl16 gene deletes. The cancer cell restored
pl6 gene expression and cell growth was remarkably
inhibited®-%1. It has also been documented that the CpG
idand methylated of p16 gene cancer cell line was treated with
5-aza-2’'-deoxycytidin. Cancer cell restored pl6 gene

expression and showed growth inhibition(®®"1. All these
indicated that p16 gene and its product played important roles
in the carcinogenesis.

This investigation showed that the positive rate of P16
protein expression in gastric cancer was remarkably lower than
that in dysplasa and that in normal gastric mucosa
(P<0.05). The result indicated that gastric carcinogenesis
was probably related to the loss of P16 protein expression.
But there was no significant difference between the normal
mucosa and the dysplasia mucosa of the stomach (P>0.05).
The positive rate of P16 protein expression in gastric cancer
was not identical with other reportd’7. The cause was
not clear. It was possibly related to the different standards
of determination, reagents and some uncertain factors.
However, the quantity of P16 protein expression increased
from norma mucosa to precancerous lesions and gastric cancer
(P<0.05). Following pathological lesions, P16 protein
expression increased. This change may inhibit cell
proliferation. The positive rate of P16 protein expression in
mucoid carcinoma was significantly lower than in poorly-
differentiated adenocarcinoma, undifferentiated carcinoma
and signet cell carcinoma (P<0.05). The result suggested
that the alteration of pl6 gene was different in various
histological types gastric cancer. The discrepancy of P16
protein expression exists in various histological types of lung
and esophageal cancert®™. There was difference of P16
protein expression and deletion of pl6 gene in various
differentiation types of gliomas. But the deletion of pl6 gene
concurred with the expresson of P16 protein®. In 30 cases of
primary gastric cancer paired with lymph node metastasis
cancer, the positive expression rate of P16 protein in
metastasis cancer was lower than in primary gastric cancer
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(P<0.05), which was in agreement with the reported
results™. The result convincingly suggested that the P16
protein deletion might be related to gastric cancer metastasis
and indicate P16 protein expression heterogentity in gastric
cancer™®, What was more intriguing that 2 neighboring
lymph nodes metastasis cancer migrated from primary cancer
had postive expresson P16 protein. Expression of P16 protein
is not only related to neoplasms metastasis but aso related to
prognosis and progression. Expression of P16 protein is low,
clinical prognosis is bad84, We also investigated the
relevance between various factors such as age, sex, the depth
of invasion and Borrman classification and P16 protein
expression in gastric cancer. There was no significant
difference (P>0.05). The positive expression of P16 protein
could merely be observed in partial adeno-epithelial cells of
norma and dysplasia gastric mucosa, and weakly positive
expression or undetectable in gastric mucosa epithelium cells,
interstitial lymphocytes, fibroblasts and smooth muscle cells,
which is contrary to some published fileg®d. Nevertheless,
others confer that the undetectability of P16 protein expression
in neoplasm interstice®, normal lung tissuel®™ and normal
urinoepithelial cellg® might attribute to a paucity of P16
molecule in Gy/G,% phase cells or short halftime of P16
proteini®,

Among some human neoplasms, pl6 gene alterations
always resided in exon 2. There was no product of PCR
amplification in 3 of 25 cases possibly due to the loss of
homozygosis. Little product of PCR in 2 of 25 cases
amplification might be the loss of heterozygosis or loss of
homozygosis but norma mucosa contaminated. In the 5 cases,
the expression of P16 protein was negative in 4 cases and
weekly positive in one. The results manifested that 4 cases
might be the loss of homozygosis and 1 case might be the loss
of heterozygosis among the 5 cases of gastric cancer and the
deletion of pl6 gene is possibly related to the carcinogenesis
and progression of gastric carcinoma. The rate of deletion in
this study was dightly lower than that reported by otherg™.
It was likely that only exon 2 was examined or inadequate
for specimens or other unknown factors. Nevertheless, PCR
amplification products were found in the rest 20 cases of
gastric cancer, normal gastric mucosa and cancer-surrounding
mucosa. No abnormal PAGE band and mutation of pl6 gene
was found by SSCP analysis digestion product of PCR
amplification. We suggested that p16 gene was not involved in
the carcinogenesis of gastric cancer, which coincided with
other authorg®®). We aso found that the frequency of pl6
gene deletion was lower than that of deletion P16 protein
expression. P16 protein was undetectable in normal and
dysplasia gastric mucosa epithelial cells but in partial
adenoepithelium. Some other uncertain mechanisms might
exist in the regulation of pl6 gene and the expression level of
P16 proteini®®l which require further studies.

REFERENCES

1 Serrano M, Hannon GJ, Beach D. A new regulatory motif in cell
cycle control causing specific inhibition of cyclin D/DCKA4.
Nature, 1993;366:704-707

2 Kamb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman K,
Tavtigian SV, Stockert E, Day RS 3rd, Johnson BE, Skolnick
MH. A cell regulator potentially involved in genesis of many tumor
types. Science, 1994;264:436-440

3 Faderl S, Kantarjian HM, Manshouri T, Chan CY, Pierce S, Hays
KJ, Cortes J, Thomas D, Estrov Z, Albitar M. The prognostic
significance of p16INK4a/pl4ARF and p15INK4b deletions in
adult acute lymphoblastic leukemia. Clin Cancer Res, 1999;5:1855
-1861

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Nishikawa R, Furnari FB, Lin H, Arap W, Berger MS, Cavenee
WK, Su Huang HJ. Loss of P16INK4 expression is frequent in high
grade gliomas. Cancer Res, 1995;55:1941-1945

Newcomb EW, Alonso M, Sung T, Miller DC. Incidence of
pl4ARF gene deletion in high-grade adult and pediatric
astrocytomas. Hum Pathol, 2000;31:115-119

Eissa S, Ali-Labib R, Khalifa A. Deletion of p16 and p15 genes
In schistosomiasis-associated bladder cancer (SABC). Clin Chim
Acta, 2000;300:159-169

Piepkorn M. Melanoma genetics: an update with focus on the
CDKN2A(p16)/ARF tumor suppressors. J Am Acad Dermatol,
2000;42:705-722

Lin SC, Chang KW, Chang CS, Liu TY, Tzeng YS, Yang FS,
Wong YK. Alterations of p16/MTS1 gene in oral squamous
cell carcinomas from Taiwanese. J Oral Pathol Med, 2000;29:
159-166

Lang JC, Tobin EJ, Knobloch TJ, Schuller DE, Bartynski KJ,
Mountain RE, Nicholson R, DeYoung BR, Weghorst CM. Fre-
quent mutation of p16 in squamous cell carcinoma of the head
and neck. Laryngoscope, 1998;108:923-928

Reed AL, Califano J, Cairns P, Westra WH, Jones RM, Koch W,
Ahrendt S, Eby Y, Sewell D, Nawroz H, Bartek J, Sidransky D.
High frequency of p16 (CDKN2/MTS-1/INK4A) inactivation
in head and neck squamous cell carcinoma. Cancer Res, 1996;
56:3630-3633

Tu SP, Jiang SH, Tan JH, Jiang XH, Qiao MM, Zhang YP, Wu
YL, Wu YX. Proliferation inhibition and apoptosis induction by
arsenic trioxide on gastric cancer cell SGC-7901. Shijie Huaren
Xiaohua Zazhi, 1999;7:18-21

Gao P, Jiang XW, Yuan W). Effects of gastrin and gastrin re-
ceptor antagonist proglumide on gastric cancer line. Shijie Huaren
Xiaohua Zazhi, 1999;7:22-24

Li JQ, Wan YL, Cai WY. Biological significance of cyclin E
expression in early gastric cancer. Shijie Huaren Xiachua Zazhi,
1999;7:31-33

Dong WG, Yu JP, Luo HS, Yu BP, Xu Y. Relationship between
human papillomavirus infection and the development of gas-
tric carcinoma. Shijie Huaren Xiaohua Zazhi, 1999;7:46-48

Liu ZM, Shou NH. Expression significance of mdrl gene in
gastric carcinoma tissue. Shijie Huaren Xiachua Zazhi, 1999;7:
145-146

Shi YQ, Xiao B, Miao JY, Zhao YQ, You H, Fan DM. Construc-
tion of eukaryotic expression vector pBK-fas and MDR rever-
sal test of drug-resistant gastric cancer cells. Shijie Huaren
Xiaohua Zazhi, 1999;7:309-312

Fang DC, Zhou XD, Luo YH, Wang DX, Lu R, Yang SM, Liu
WW. Microsatellite instability and loss of heterozygosity of
suppressor gene in gastric cancer. Shijie Huaren Xiaohua Zazhi,
1999;7:479-481

Yuan FP, Huang PS, Wang Y, Gong HS. Relationship between
EBV infection in Fujian HCC and HBV and P53 protein
expression. Shijie Huaren Xiachua Zazhi, 1999;7:491-493

Qin LJ. In situ hybridization of P53 tumor suppressor gene in
human gastric precancerous lesions and gastric cancer. Shijie
Huaren Xiaohua Zazhi, 1999;7:494-497

Liu HF, Liu WW, Fang DC. Study of the relationship between
apoptosis and proliferation in gastric carcinoma and its pre-
cancerous lesion. Shijie Huaren Xiaohua Zazhi, 1999;7:649-651
Mi JQ, Zhang ZH, Shen MC. Significance of CD44v6 protein
expression in gastric carcinoma and precancerous lesions. Shijie
Huaren Xiaohua Zazhi, 2000;8:156-158

Gao GL, Yang Y, Yang S, Ren CW. Relationship between prolif-
eration of vascular andothelial cells and gastric cancer. Shijie
Huaren Xiaohua Zazhi, 2000;8:282-284

Wang RQ, Fang DC, Liu WW. MUC2 gene expression in gas-
tric cancer and preneoplastic lesion tissues. Shijie Huaren Xiachua
Zazhi, 2000;8:285-288

Liu HF, Liu WW, Fang DC, Yang SM, Wang RQ. Bax gene
expression and its relationship with apoptosis in human gas-
tric carcinoma and precancerous lesions. Shijie Huaren Xiachua
Zazhi, 2000;8:665-668

Gu HP, Ni CR, Zhan RZ. Relationship between CD15 mRNA
and its protein expression and gastric carcinoma invasion. Shijie
Huaren Xiaohua Zazhi, 2000;8:851-854

Wang DX, Fang DC, Liu WW. Study on alteration of multiple
genes in intestinal metaplasia, atypical hyperplasia and gas-
tric cancer. Shijie Huaren Xiaohua Zazhi, 2000;8:855-859

Guo SY, Gu QL, Liu BY, Zhu ZG, Yin HR, Lin YZ
Experimental study on the treatment of gastric cancer by TK gene



520 ISSN 1007 - 9327 CN 14 - 1219/ R

World J Gastroentero

August 2001 Volume 7 Number 4

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

combined with mIL-2 gene. Shijie Huaren Xiaohua Zazhi, 2000;
8:974-978

Guo YQ, Zhu ZH, Li JF. Flow cytometric analysis of apoptosis
and proliferation in gastric cancer and precancerous lesion. Shijie
Huaren Xiaohua Zazhi, 2000;8:983-987

Xia JZ, Zhu ZG, Liu BY, Yan M, Yin HR. Significance of
immunohistochemically demonstrated micrometastases to
lymph nodes in gastric carcinomas. Shijie Huaren Xiaohua Zazhi,
2000;8:1113-1116

Gao HJ, Yu LZ, Bai JF, Peng YS, Sun G, Zhao HL, Miu K, LU XZ,
Zhang XY, Zhao ZQ. Multiple genetic alterations and behavior
of cellular biology in gastric cancer and other gastric mucosal
lesions: H. pylori infection, histological types and staging. World
J Gastroenterol, 2000;6:848-854

Lu SD. Chief editor.Current protocols for molecular biology, M
No.1, Senior education press,1993

Geradts J, Hruban RH, Schutte M, Kern SE, Maynard R. Immu-
nohistochemical p16INK4a analysis of archival tumors with
deletion, hypermethylation, or mutation of the CDKN2/MTS1
gene. A comparison of four commercial antibodies. Appl
Immunohistochem Molecul Morphol, 2000;8:71-79

Kratzke RA, Greatens TM, Rubins JB, Maddaus MA,
Niewoehner DE, Niehans GA, Geradts J. Rb and p16INK4a
expression in resected non-small cell lung tumors. Cancer Res,
1996;56:3415-3420

Shapiro Gl, Edwards CD, Rollins BJ. The physiology of p16
(INK4A)mediated G1 proliferative arrest. Cell Biochem Biophys,
2000;33:189-197

Shapiro GI, Edwards CD, Ewen ME, Rollins BJ. p16INK4A
participates in a G1 arrest checkpoint in response to DNA
damage. Mol Cell Biol, 1998;18:378-387

Ito Y, Takeda T, Sakon M, Monden M, Tsujimoto M, Matsuura
N. Expression and clinical significance of the G1 S modulators
in carcinoma of the extrahepatic bile duct. Anti Cancer Res,
2000;20:337-344

Hashemi J, Platz A, Ueno T, Stierner U, Ringborg U, Hansson
J. CDKN2A germ-line mutations in individuals with multiple
cutaneous melanomas. Cancer Res, 2000;60:6864-6867

Faderl S, Kantarjian HM, Estey E, Manshouri T, Chan CY,
Rahman Elsaied A, Kornblau SM, Cortes J, Thomas DA, Pierce
S, Keating MJ, Estrov Z, Albitar M. The prognostic significance
of p16(INK4a)/pl4(ARF) locus deletion and MDM-2 protein
expression in adult acute myelogenous leukemia. Cancer, 2000;
89:1976-1982

Cachia AR, Indsto JO, McLaren KM, Mann GJ, Arends MJ.
CDKNZ2A mutation and deletion status in thin and thick pri-
mary melanoma. Clin Cancer Res, 2000;6:3511-3515
Mochizuki S, Iwadate Y, Namba H, Yoshida Y, Yamaura A,
Sakiyama S, Tagawa M. Homozygous deletion of the p16/
MTS-1/CDKN2 gene in malignant gliomas is infrequent among
Japanese patients. Int J Oncol, 1999;15:983-989

Wang JC, Chen C. P16 gene deletions and point mutations in
patients with agnogenic myeloid metaplasia (AMM). Leuk Res,
1999;23:631-635

Orlow I, LaRue H, Osman |, Lacombe L, Moore L, Rabbani F,
Meyer F, Fradet Y, CordonCardo C. Deletions of the INK4A
gene in superficial bladder tumors. Association with recurrence.
Am ] Pathol, 1999;155:105-113

Kumar R, Smeds J, Lundh Rozell B, Hemminki K. Loss of het-
erozygosity at chromosome 9p21 (INK4-p14ARF locus): homozy-
gous deletions and mutations in the p16 and p14ARF genes in
sporadic primary melanomas. Melanoma Res, 1999;9:138-147
Srivenugopal KS, Ali OF. Deletions and rearragements inacti-
vate the P16INK4 gene in human glioma cells. Oncogene, 1996;
12:2029-2034

Nakamura M, Sugita K, Inukai T, Goi K, lijima K, Tezuka T,
Kojika S, Shiraishi K, Miyamoto N, Karakida N, Kagami K, O-
Koyama T, Mori T, Nakazawa S. p16/MTS1/INK4A gene is
frequently inactivated by hypermethylation in childhood acute
lymphoblastic leukemia with 11923 translocation. Leukemia,
1999;13:884-890

Orlow |, Drobnjak M, Zhang ZF, Lewis J, Woodruff JM,
Brennan MF, Cordon-Cardo C. Alterations of INK4A and INK4B
genes in adult soft tissue sarcomas: effect on survival. J Natl
Cancer Inst, 1999;91:73-79

Garcia-Sanz R, Gonzalez M, Vargas M, Chillon MC,
Balanzategui A, Barbon M, Flores MT, San Miguel JF. Deletions
and rearrangements of cyclin-dependent kinase 4 inhibitor gene
p16 are associated with poor prognosis in B cell non-Hodgkin’s
lymphomas. Leukemia, 1997;11:1915 -1920

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Srivenugopal KS, Ali-Osman F. Deletions and rearrangements
inactivate the p16INK4 gene in human glioma cells. Oncogene,
1996;12:2029-2034

Duro D, Bernard O, Della Valle V, Leblanc T, Berger R, Larsen
ClJ. Inactivation of the P16INK4/MTS1 gene by a chromosome
translocation t (9;14) (p21-22;q11) in an acute lymphoblastic
leukemia of B-cell type. Cancer Res, 1996;56:848-854

Borg A, Sandberg T, Nilsson K, Johannsson O, Klinker M,
Masback A, Westerdahl J, Olsson H, Ingvar C. High frequency
of multiple melanomas and breast and pancreas carcinomas in
CDKN2A mutation-positive melanoma families. J Natl Cancer
Inst, 2000;92:1260-1266

Monzon J, Liu L, Brill H, Goldstein AM, Tucker MA, From L,
McLaughlin J, Hogg D, Lassam NJ. CDKN2A mutations in
multiple primary melanomas. N Engl J Med, 1998;338:879-887
Goussia AC, Agnantis NJ, Rao JS, Kyritsis AP. Cytogenetic
and molecular abnormalities in astrocytic gliomas. Oncol Rep,
2000;7:401-412

Foster SA, Wong DJ, Barrett MT, Galloway DA. Inactivation of
p16 in human mammary epithelial cells by CpG island
methylation. Mol Cell Biol, 1998;18:1793-1801

Kempster S, Phillips WA, Baindur-Hudson S, Thomas RJ, Dow
C, Rockman SP. Methylation of exon 2 of p16 is associated
with late stage oesophageal cancer. Cancer Lett, 2000;150:57-62
Zhang J, Lai MD, Chen J. Methylation status of p16 gene in
colorectal carcinoma and normal colonic mucosa. World J
Gastroenterol, 1999;5:451-454

Wong DJ, Barrett MT, Stoger R, Emond MJ, Reid BJ. p16INK4a
promoter is hypermethylated at a high frequency in esoph-
ageal adenocarcinomas. Cancer Res, 1997;57:2619-2622

Park SH, Jung KC, Ro JY, Kang GH, Khang SK. 5’ CpG island
methylation of p16 is associated with absence of p16 expres-
sion in glioblastomas. J Korean Med Sci, 2000;15:555-559
Salem C, Liang G, Tsai YC, Coulter J, Knowles MA, Feng AC,
Groshen S, Nichols PW, Jones PA. Progressive increases in de
novo methylation of CpG islands in bladder cancer. Cancer Res,
2000;60:2473-2476

Mobley SR, Liu TJ, Hudson JM, Clayman GL. In vitro growth
suppression by adenoviral transduction of p21 and p16 in
squamous cell carcinoma of the head and neck: a research
model for combination gene therapy. Arch Otolaryngol Head
Neck Surg, 1998;124:88-92

Allay JA, Steiner MS, Zhang Y, Reed CP, Cockroft J, Lu Y.
Adenovirus pl6 gene therapy for prostate cancer. World J Urol,
2000;18:111-120

Steiner MS, Zhang Y, Farooq F, Lerner J, Wang Y, Lu Y. Aden-
oviral vector containing wild-type pl16 suppresses prostate
cancer growth and prolongs survival by inducing cell senescence.
Cancer Gene Ther, 2000;7:360-372

Wolf JK, Kim TE, Fightmaster D, Gershenson DM, Mills G,
Wharton JT. Growth suppression of human ovarian cancer cell
lines by the introduction of a p16 gene via a recombinant
adenovirus. Gynecol Oncol, 1999;73:27-34

Wang GL, Lo KW, Tsang KS, Chung NY, Tsang YS, Cheung
ST, Lee JC, Huang DP. Inhibiting tumorigenic potential by
restoration of p16 in nasopharyngeal carcinoma. Br J Cancer,
1999;81:1122-1126

Sumitomo K, Shimizu E, Shinohara A, Yokota J, Sone S. Acti-
vation of RB tumor suppressor protein and growth suppres-
sion of small cell lung carcinoma cells by reintroduction of
p16INK4A gene. Int J Oncol, 1999;14:1075-1080

Lee KY, Yoo CG, Han SK, Shim YS, Kim YW. The effects of
transferring tumor suppressor gene p16INK4A to p16INK4A-
deleted cancer cells. Korean J Intern Med, 1999;14:53-58
Miyakoshi J, Kitagawa K, Yamagishi N, Ohtsu S, Day RS 3rd,
Takebe H. Increased radiosensitivity of p16 gene-deleted hu-
man glioma cells after transfection with wild-type p16 gene.
Jpn J Cancer Res, 1997,88:34-38

Allay JA, Steiner MS, Zhang Y, Reed CP, Cockroft J, Lu Y.
Adenovirus pl16 gene therapy for prostate cancer. World J Urol,
2000;18:111-120

Loughran O, Malliri A, Owens D, Gallimore PH, Stanley MA,
Ozanne B, Frame MC, Parkinson EK. Association of CDKN2A/
p16INK4A with human head and neck keratinocyte replicative
senescence: relationship of dysfunction to immortality and
neoplasia. Oncogene, 1996;13:561-568

Suh SI, Pyun HY, Cho JW, Baek WK, Park JB, Kwon T, Park
JW, Suh MH, Carson DA. 5-Aza-2’-deoxycytidine leads to down-
regulation of aberrant p16INK4A RNA transcripts and restores the
functional retinoblastoma protein pathway in hepatocellular



He XS, et aj Change of pl6 gene in gastric cancer

521

70

71

72

73

74

75

76

77

78

79

carcinoma cell lines. Cancer Lett, 2000;160:81-88
Timmermann S, Hinds PW, Munger K. Re-expression of en-
dogenous pl6ink4a in oral squamous cell carcinoma lines by 5-
aza-2’-deoxycytidine treatment induces a senescence-like state.
Oncogene, 1998;17:3445-3453

Bender CM, Pao MM, Jones PA. Inhibition of DNA methyla-
tion by 5-aza-2’deoxycytidine suppresses the growth of hu-
man tumor cell lines. Cancer Res, 1998;58:95-101

Zhao Y, Zhang XY, Shi XJ, Hu PZ, Zhang CS, Ma FC. Clinical
significance of expressions of P16, P53 proteins and PCNA in
gastric cancer. Shijie Huaren Xiaohua Zazhi, 1999;7:246-248
Zhou Q, Zou JX, Chen YL, Yu HZ, Wang LD, Li YX, Guo HQ,
Gao SS, Qiu SL. Alteration of tumor suppressor gene p16 and
Rb in gastric cancinogesis. China Natl J New Gastroenterol, 1997;
3:262

Hayashi K, Metzger R, Salonga D, Danenberg K, Leichman LP,
Fink U, Sendler A, Kelsen D, Schwartz GK, Groshen S, Lenz HJ,
Danenberg PV. High frequency of simultaneous loss of P16
and P16 beta gene expression in squamous cell carcinoma of
the esophagus but not in adenocarcinoma of the esophagus or
stomach. Oncogene, 1997;15:1481-1488

Reed JA, Loganzo F Jr, Shea CR, Walker GJ, Flores JF,
Glendening JM, Bogdany JK, Shiel MJ, Haluska FG, Fountain
JW. Loss of expression of the p16/cyclin-dependent kinase
inhibitor 2 tumor suppressor gene in melanocytic lesions cor-
relates with invasive stage of tumor progression. Cancer Res,
1995;55:2713-2718

He XS, Su Q, Qiang ZF, Lo ZY. Relation between expression of
p16 protein and invasion and metastasis of gastric carcinoma.
Aizheng, 2000;3:274,276

Hui AM, Shi YZ, Li X, Takayama T, Makuuchi M. Loss of p16
(INK4) protein, alone and together with loss of retinoblastoma
protein, correlate with hepatocellular carcinoma progression.
Cancer Lett, 2000;154:93-99

Salvesen HB, Das S, Akslen LA. Loss of nuclear p16 protein
expression is not associated with promoter methylation but
defines a subgroup of aggressive endometrial carcinomas with
poor prognosis. Clin Cancer Res, 2000;6:153-159

Shiozaki H, Doki Y, Kawanishi K, Shamma A, Yano M, Inoue
M, Monden M. Clinical application of malignancy potential
grading as a prognostic factor of human esophageal cancers.
Surgery, 2000;127:552-561

80

81

82

83

84

85

86

87

88

89

90

Straume O, Sviland L, Akslen LA. Loss of nuclear p16 protein
expression correlates with increased tumor cell proliferation (Ki-
67) and poor prognosis in patients with vertical growth phase
melanoma. Clin Cancer Res, 2000;6:1845-1853

Myung N, Kim MR, Chung IP, Kim H, Jang JJ. Loss of p16 and
p27 is associated with progression of human gastric cancer. Cancer
Lett, 2000;153:129-136

Reznikoff CA, Yeager TR, Belair CD. Elevated P16 at senes-
cence and loss of P16 at immortalization in human
papillomavirus 16E6, but not E7, transformed human
uroepithelial cell. Cancer Res, 1996;56:2886-2890

Shapiro GI, Edwards CD, Kobzik L, Godleski J, Richards W,
Sugarbaker DJ, Rollins BJ. Reciprocal Rb inactivation and
p16INK4 expression in primary lung cancers and cell lines.
Cancer Res, 1995;55:505-509

Tam SW, Shay JW, Pagano M. Differential expression and cell
cycle regulation of the cyclin-dependent kinase 4 inhibitor P16
INK4. Cancer Res, 1994;54:5816-5820

Shapiro GlI, Park JE, Edwards CD, Mao L, Merlo A, Sidransky
D, Ewen ME, Rollins BJ. Multiple mechanisms of p16INK4A
inactivation in non-small cell lung cancer cell lines. Cancer Res,
1995;55:6200-6209

Suh SI, Cho JW, Baek WK, Suh MH, Carson DA. Lack of
mutation at pl6INK4A gene but expression of aberrant
p16INK4A RNA transcripts in human ovarian carcinoma. Can-
cer Lett, 2000;153:175-182

Qin Y, Li B, Tan YS, Sun ZL, Zuo FQ, Sun ZF. Polymorphism of
p16INK4a gene and rare mutation of p15INK4b gene exon2 in
primary hepatocarcinoma. World J Gastroenterol, 2000;6:411-
414

Song SH, Jong HS, Choi HH, Kang SH, Ryu MH, Kim NK, Kim
WH, Bang YJ. Methylation of specific CpG sites in the pro-
moter region could significantly down-regulate p16(INK4a)
expression in gastric adenocarcinoma. Int J Cancer, 2000;87:
236-240

Schneider BG, Gulley ML, Eagan P, Bravo JC, Mera R, Geradts
J. Loss of p16/CDKN2A tumor suppressor protein in gastric
adenocarcinoma is associated with Epstein-Barr virus and anatomic
location in the body of the stomach. Hum Pathol, 2000;31:45-
50

Shim YH, Kang GH, Ro JY. Correlation of p16 hypermethylation
with p16 protein loss in sporadic gastric carcinomas. Lab Invest,
2000;80:689-695

Edited by Ma JY



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

World J Gastroenterol 2001;7(4):522-526
World Journal of Gastroenterology
Copyright © 2001 by The WJG Press ISSN 1007-9327

Telomere erosion is

e ORIGINAL RESEARCH e

independent of microsatellite instability but
related to loss of heterozygosity in gastric cancer

Dian-Chun Fang, Shi-Ming Yang, Xiao-Dong Zhou, Dong-Xu Wang and Yuan-Hui Luo

Department of Gastroenterology, Southwest Hospital, Third Military
Medical University, Chongging 400038, China

Thiswork was supported by National Natural Science Foundation of
China, No. 30070043, and “10-5" Scientific Resear ch Foundation of
PLA, No. 012075

Correspondence to Dian-Chun Fang, M. D., ph. D., Southwest
Hospital Third Military Medical University, Chongging 400038, China.
Tel: 0086-23-68754624 or 68754124, Fax: 0086-23-65306499
Received 2001-03-19  Accepted 2001-04-28

Abstract

AIM To correlate the length of the telomere to
microsatellite instability (MSI) and loss of heterozygosity
(LOH) of APC, MCC and DCC genes in gastric carcinomas.

METHODS Telomeric restriction fragment (TRF) length
of gastric cancer was measured with Southern blot. LOH
of APC, MCC and DCC genes, microsatellite instability
(MSI) and frameshift mutation of hMSH6, TGF-BRII and
BAX genes were analyzed by PCR-based methods.

RESULTS Sixty-eight cases of sporadic gastric
carcinoma were studied for MSI using five microsatellite
markers. MSI in at least one locus was detected in 17
(25%) of 68 tumors analyzed. Frameshift mutations of
hMSH6, TGF-BRII and BAX were detected in 2,6 and 3 of
gastric carcinomas respectively showing high MSI (=2
loci, n = 8), but none was found in those showing low MSI
(only one locus, n=9) or MSS (tumor lacking MSI or
stable, n=51). Thirty-five cases, including all high MSI
and low MSI, were studied for TRF. The mean TRF length
was not correlated with clinicopathological parameters.
No association was observed between TRF length and MSI
or frameshift mutation. On the contrary, LOH at the DCC
locus was related to telomere shortening (P<0.01). This
tendency was also observed in APC and MCC genes,
although there was no statistical significance.

CONCLUSION The development of gastric cancer can
arise through two different genetic pathways. In high MSI
gastric cancers, defective mismatch repair allows
mutations to accumulate and generate the high MSI
phenotype. In gastric cancers showing either low MSI or
MSS, multiple deletions may represent the LOH pathway.
Telomere erosion is independent of high MSI phenotype
but related to the LOH pathway in gastric cancer.

Subject headings gastric cancer; telomere restriction
fragment; microsatellite instability; loss, heterozygosity
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INTRODUCTION

Eukaryotic linear chromosomes are capped by a special
structure known as the telomere. In vertebrates, telomeres
consist of several kilobases of tandem TTAGGG repeats bound
by the related telomere-specific proteins, TRF1 and
TRF2*2. TRF1 regulates telomere length® and TRF2
maintains telomere integrity. In most human cells,
telomeres shorten with each cell divison due to the incomplete
replication of linear DNA molecules and the absence of
telomere-elongating mechanisms®. It has been reported that
telomeric repeats are often reduced in various human tumors
as a consequence of many cell divisions of tumor cells, and the
loss of telomeric repeats would cause additional senetic
changes as a consequence of chromosomal instability.

The presence of telomeric DNA at the chromosomal
termini is essential for genetic stability. Genetic instability
may be classified into two different forms in which
hypermutability occurs either by means of chromosomal
instability or microsatellite instability (MSI)[®9, There is now
increasing evidence that telomere shortening is involved in
chromosomal instability. Indeed telomeres are thought to
maintain the chromosome integrity during the cell cycle by
allowing a proper segregation during cell division. Broken
chromosomes that are uncapped become hotspots for different
types of recombination. They may therefore undergo aberrant
recombination, end-to-end fusions and bridge-fusion-breakage
mechanisms. Being unprotected, the chromosomes are also
susceptible to exonucleolytic degradation!*y. Telomeres would
also prevent the activation of DNA-damage check-points?*?,
Thus, without these essential structures, the chromosome is
unstable.

MSI represents an important new form of genetic
alteration characterized by widespread instability in repetitive
nucleotide sequences. MSI has been found in the majority of
tumors associated with hereditary non-polyposis colorectal
cancer (HNPCC)M"** in which germ-line mutation occurs
within the mismatch repair genes hMSH2, hMLH1, hPMS2 or
hMSH61511, Mutations of the transforming growth factor
type Il receptor gene (TGF-BR1I), and BAX gene are
strongly correlated with MSI*#20. MS] is also a distinctive
feature in about 10%-15% of sporadic colorectal tumors and
to avarying degree in tumors of other organs, including the
stomachl”224, Although alterations of telomerase activity
have been reported in MSI and microsatellite stable (MSS)
tumorg®28,  |ess clear, however, the relevance of
progressive telomere shortening as a potential factor in MSl is
less clear. The aim of the present study is to correlate
telomere status with M S| and loss of heterozygosity (LOH) of
APC, MCC and DCC genes in gastric carcinomas.

MATERIAL AND METHOD

Sixty-eight cancer and corresponding normal tissues were
obtained from surgically resected gastric carcinoma patientsin
our hospital. Each specimen was frozen immediately and
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stored at -80°C until analyzed. A 5um section was cut from
each tissue and stained with hematoxylin /eosin in order to
ascertain whether the cancer cells in tissues were predominant
or not. Genomic DNA was isolated by standard proteinase-K
digestion and phenol-chloroform extraction protocols. Of the
68 patients with gastric cancer, 45 were men and 23 were
women with an age range of 30-76 years (mean age of 56.2
years at diagnosis). None of the patients included in the
present series had a family history suggestive of HNPCC and
had received chemotherapy or radiation therapy.

MSI analyses included five microsatellite markers:
BAT25, BAT26, BAT40, D2S123, and D5S346. PCR was
performed in 15uL of reaction mixture containing
10mmoal-L* TrisHCl (pH 8.3), 50mmoal-L-* KCI, 1.5mmol-L*
MgCl,, 200umol-L* each deoxynucleotide triphoshate, O.
5umol-Lt of each primer, 0.75unit Ampli Tagq polymerase
(Perkin-Elmer, Norwalk, CT, USA), and 100ng genomic
DNA. The resction was carried out in a thermal cycler a 94
‘C for Imin, 55°C-62°C for 1min, and 72°C for 1min, for 35
cycles with an initial denaturation step of 94°C for 5min and
a final extenson step of 72°C for 10min. The PCR products
were then separated on 5% polyacrylamide, 7M urea denaturing
gel, and visuaized by autoradiography. MSI was defined as
the presence of band shift in the tumor DNA that was not
present in the corresponding normal DNA. Based on the
number of mutated MSl markers in each tumor, carcinomas were
characterized as high MSl if they manifested instability at two
or more markers, low MSl if ungtable a only one marker, and
MSS if they showed no ingtability a any markers (microsatdlite
stable)-29,

To detect frameshift mutations in coding regions,
repetitive  mononucleotide sequences, the (A)10 tract of TGF-
BRII, the (G)8 tract of BAX and the (C)8 tract of mismatch
repair gene MSH6 were amplified using published primers,
respectivelyt®-2, The reaction condition consisted of 35
cycles at 94°C for 1min, 55°C or 56°C for 1min and 72°C for
1min using 0.5pCil* dATP into 15puL reaction mixture.
DNA denaturation, electrophoresis and autoradiographic
procedure were done likewise with MSI analysis, except for
TGF-BRII where 8% denaturing gel was used.

Southern blot analysis to estimate telomeric restriction
fragment (TRF) length was based on previously reported
methods®¥. High molecular weight DNA was prepared from
each sample, followed by extraction with phenol chloroform
isoamy!| alcohol and precipitation with 3M sodium acetate and
ethanol. Genomic DNA was digested with Hin fl (Promega,
USA)at 37°C for 6 hours and then 10ug of digested DNA was
subject to electrophoresis on 1% agarose gels. After
electrophoresis, the gel was denatured in 0.5M NaOH and
1.5M NaCl for 30 minutes and neutralized in 0.5M Tris (pH
8.0) and 1.5M NaCl for 30 minutes. The DNA was then
transferred onto a nitrocellulose membrane (Promega, USA)
overnight. The membrane was dried a 80C for 1 hour and
subsequently hybridized to o-** P-ATP end- labeled
(TTAGGG), probe. The membranes were autoradiographed
on X-ray films for 24 hours. Each lane was scanned with a
densitometer and the data was used to determine the mean
TRF length as previously described®4.

The APC, MCC and DCC genes were investigated for
LOH and PCR was carried out as described!®¢. The priming
regions were located within specific tumor suppressor genes at
seguence, either a restriction fragment length polymorphism
(RFLP) or a variable mumber of tandem repeats-type
polymorphism  (VNTR)®1.  Annealing temperature,
extension time and the number of amplification cycles were

optimized for each primer set. After amplification, PCR
products were digested with appropriate restriction enzymes
(for RFLPs) or not digested (for VNTRs) and
electrophoresed on 1.5% agarose gels or 8% polyacrylamide
gels, which were stained with ethidium bromide and
photographed under UV light. When the intensity of one
alele in cancerous tissue was less than 50% of the other alele
in comparison with the ratio of intensity of the allele in the
corresponding normal tissue, it was judged as LOH.

One factor analysis of variance, and Chi-square test with
Yates' correction were used. A P value <0.05 was considered
significant.

RESUTS

Alterations of electrophoretic patterns of PCR products of
five microsatellite markers, TGF-BRII, BAX, and MSH3
genes were compared between tumor and norma DNA in each
patient (Figures 1,2). MSI affecting at least one locus was
observed in 17 (25%) of 68 tumors, among which eight
(11.8%) had high MSI and nine (13.2%) had low MIS. A
comparison of MS status with frameshift mutation is shown in
Table 1. The (A)10 frameshift mutation in TGF-BRII gene
was detected in 6 of 8 gastric cancers with high MSl, whereas
none of the low MSl or MSS tumors showed such a mutation.
The mutation in the BAX (G)8 repeat ste and hMSH6 (C)8
tracts was detected in 3 of 8 and 2 of 8 gastric cancers with
high MSl, respectively, and no mutation was found in tumors
with low MSI and MSS.

TS

BAT40 D25123  DS5346

Figure 1 MSI in gastric cancer using 5 microsatellite loci (BAT-25,
BAT-26, BAT40, D2S123, and D5S346). Arrows indicate variant
conformers. (N: normal DNA pattern; T:tumor specimens
containing variant conformers representing MIS)

N T N T N T

-‘-

BAX TGFE-R I
(G)8 (A)1D (C)8

Figure 2 Frameshift mutations of h(MSH6 TGF-beta RIl, and BAX
genes in gastric cancers. Arrows indicate conformational variants
associated with frameshift mutations. (N: normal DNA,; T: tumor
DNA)

Table 1 Relationship between MSI status and frameshift mutation

Frameshift mutations

MSI status No. of cases

MSH®6 TGF B RII BAX
MSI-H 8 2 6 3
MSI-L 9 0 0 0
MSS 51 0 0 0
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Thirty-five gastric cancers, including all 8 with high M Sl
and 9 with low MSI, were examined for alteration in TRF
length using the Southern blot technique. Since the signa of
telomeric repeats is detected as a smear (Figure 3), we
visually determined the peak of signal, which was confirmed
using a densitometer. When the TRF length in the tumor was
more than 20% shorter or longer than that in corresponding
normal tissues, we classified the TRFs as shortened or
elongated, as previously described®!. Compared with the
corresponding normal mucosa, 20 (57.1%) had considerable
shortening (<80% of corresponding normal tissues), 12
(34.3%) had approximately the same length (between 80%-
120%), and 3(8.6%) showed elongation (>120%). No
correlation was found between mean TRF length and
clinicopathological parameters in gastric carcinomas.
However, a decrease of the mean TRF length with the age
was observed except for the group aged from 50 to 59 years.
The mean TRF length in the age group of 30 to 39 years was
significantly longer than that in the group aged from 60 to 69
yearsor 70 to 79 years (P <0.05) (Table 2).

We compared the TRF length with MSI and frameshift
mutation status. Table 3 shows the association of MSI and
frameshift status to the TRF length of 35 gastric cancers. No
relationship was observed between TRF length and MSI or
frameshift mutation in gastric cancer.

Tissues from 35 patients were also studied for LOH of
APC, MCC and DCC. In order to increase the assay
sensitivity, three different sites, i.e., M2, M3 and VNTR
were used for andysis of LOH at DCC genetic locus. LOH of
APC, MCC and DCC were observed in 6 (27.3%) of 22, 7
(36.8%) of 19 and 18(56.3%) of 32 of informative cases,
respectively (Figure 4). The relationship between LOH at
various loci and the alteration in TRF length in primary
tumors is shown in Table 4. LOH at the DCC locus were
associated with telomere shortening (P<0.01). This
tendency was also observed in APC and MCC genes, athough
there was no statistical significance.

(k)
23 1>
9, 4>
6, B>
4. 3>

2. 3>
2. 0>

1 2 3 4 5 6 7 B

Figure 3 Southern blot analysis of telomere repeat arrays in DNA
samples of patients with gastric cancer. DNA was digested with-
Hin fl and hybridized with a-® P APT end-labeled (TTAGGG),
probe. T =Tumour; N =Corresponding normal tissues.
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Table 2 The relationship between the mean TRF length and clinico-
pathological pararmeters

Parameters No. of cases Mean TRF length (X+s)
Gender
Male 23 3.99+0.63
Female 12 4.32+1.00
Age(yrs)
30-39 5 4.54+0.54
40-49 7 4.07+0.60
50-59 11 4.39+0.96
60-69 10 3.69+0.662
70-79 2 3.40+0.072
Size
<5cm 12 3.80+1.20
>5cm 23 4.06+0.86
Differentiation
Well and moderate 7 3.91+0.49
Poor 19 4.24+0.64
Mucinous 9 4.02+1.10
Clinical stage
I and Il 21 4.26+0.82
Il and IV 14 3.84+0.68

aP<0.05 vs the age group of 30 to 39 years.

Table 3 Relationship between alterations of TRF length and MSI
status or frameshift mutation

No. of Alterations in TRF length
cases
Shortened Normal Elongated
(n=20) (n=12) (n=3)

MSI status
MSI-H 8 4 4
MSI-L 9 4 4 1
MSS 18 9 7
Frameshift mutation
MSH3 35 1 1 0
TGF B RII 35 3 2 1
BAX 35 2 1

Table 4 Relationship between alterations of TRF length and loss of
heterozygosity of APC, MCC and DCC genes

Alterations in TRF ength (LOH/Informative)

LOH
Shortened Normal Elongated
(n=20) (n=12) (n=3)
APC 5/13 1/7 0/2
MCC 6/11 1/6 0/2
DCC 147182 3/11 1/3
aP<0.01.

bp

200
160

D
| VINTH |

(1 A
(M2 M3

Figure 4 Representative LOH analysis of APC, MCC and DCC genes. (APC: Rsal RFLP in APC exon 11, loss of 133bp allele is seen in tumor
DNA, MCC: A 14bp insertion/deletion polymorphism in MCC exon 10 gives rise to a 93 or 79 allele. Loss of the 93bp allele is seen in the tumor.
DCC: Losses of 396bp, 240bp and 200bp alleles are seen at M2, M3 and VNTR polymorphic sequences in the tumor DNA)
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DISCUSSION

In this study, 17(25%) of 68 sporadic gastric cancers had M S|
in a least one locus. This finding is similar to previous
studied®*, There is now evidence that MSI cancer comprises
digtinctive high MSI and low MSI categoried*4l. High MSI
cancers are distinguished clinicopathologically and in their
spectrum of genetic aterations from cancers showing low MS
and MSS cancerd“4l, Our previous studies indicated that
high MSI gastric cancers often show lower frequency of LOH
of APC, MCC and DCC genes than low MSI and MSS
cancerd*l. In our series of 68 gastric cancers, 8 were
classified as high MSI, 9 as low MSI and 51 as MSS.
Frameshift mutations of hMSH6, TGF- RIl and BAX were
detected in gagtric carcinomas with high MSI, but no mutation
of these genes was found in those showing low MSI or MSS.
These results indicate that these genes are mutational targetsin
high MSI tumor cells and support the notion that high MIS
tumors identify an alterative pathway of tumorigenesis that has
been proposed by Vogelstein and co-workerg“3.

In the present study, 35 gastric carcinomas were examined
for TRF length using the Southern blot. Telomere shortening
was detected in 57.1% of the gastric carcinomas, indicating
that telomere erosion may play arole in the gastric carcinoma
development. It has been reported that telomere shortening
was associated with a short survival and disease recurrent in
prostate cancer®d. In the current study, subdivision of the
tumors according to telomere length did not reveal an obvious
relationship between the shortening of telomere and tumor
size, depth of invasion, node metastasis or clinical stages,
indicating a limited role of the telomere shortening in
predicting prognosis of gastric carcinomas. This finding is in
agreement with the recently published data on renal cell
carcinoma and colorectal carcinomas44%,

TRF reduction was demonstrated in various human
malignant tumorg®447_ In contrast to these results, it was
also found that telomeres in some tumors are similar to,
even elongated, as compared with normal tissuesi®“l. In
this study, the mean TRF length was reduced in 20 of 35
tumors, similar in 12 cases and elongated in 3 cases, as
compared with the corresponding normal mucosa. The
discrepancy in TRF length may be related for several
reasons. For tumor samples with TRF of normal length,
there are at least three possibilitiess (O The majority of
cells in such tumors have not experienced many cell
divisions nor experienced critical shortening of telomeric
repeats; @ In most tumor cells, telomerase aready activated,
elongated the once shortened telomeric repeats back to
normal length, as observed in HPV-immortalized epithelial
cells in vitro“?; and & The amount of tumor cells also
affects TRF analysis. Therefore, with the predominance of
normal cells in tumor specimens, telomere loss may be
underestimated“?l. We found that the TRF length in tumors
was progressively reduced with age, suggesting that
patients' age should be considered in evaluating the TRF
lengths of tumor. Finally, end-to-end chromosome fusion
observed in some tumors could lead to telomere elongation™,

It has been reported that telomerase activity and
microsatellite instability are independent events in colorectal
carcinogenesig?. To our knowledge, this is the first report
on the relationship between MSI and telomere length. We did
not find any correlation between telomere erosion and M S,
suggesting that the MSI pathway is independent of telomere
erosion.

It has been found that chromosomal instability is
correlated with telomere erosion and inactivation of G2

checkpoint function in human fibroblasts'?. Alterations in
the TRF length were often associated with LOH of the p53
gene and Rb gene, but less often with mutation of k-ras and
p53 genes in lung cancer™. We found that LOH at the DCC
locus was associated with telomere shortening. Although not
datistically significant, LOH at the APC and MCC genetic loci
tends to occur in telomere shortened gastric cancers,
indicating that telomere erosion may be involved in the LOH
pathway.

In summary, our data indicate that telomere shortening
may play a role in gastric carcinogenesis. There are at least
two distinct genetic instabilities in gastric tumorigenesis: one is
the chromosomal instability (or suppressor pathway) and the
other is microsatellite instability (or MSI pathway). The
former, may include tumors with low MIS as well as MSS and
accumulation of loss of tumor suppressor genes such as p53,
Rb, APC, MCC and DCC plays an important role in their
carcinogenesis, wheress the latter consists of a smal subset of
gastric cancer with high MSI, defective repair of mismatched
bases results in an increased mutation rate at the nucleotide
level, and consequent widespread MSI. Telomere shortening
may be involved in the LOH pathway but independent of the
MSI pathway. Our analysis of TRFs should further provide
some clues to the molecular mechanisms underlying the
profound genomic instability in the MSI and LOH pathway for
gastric carcinoma
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Abstract

AIM To extract and purify the transforming growth factor
B (TGF B), and to demonstrate its biological activity in
vivo and induction of apoptosis of hepatocytes in vitro.

METHODS TGF 3 was isolated from fresh bovine platelets
by acid/ethanol extraction method and purified with ion
exchange and gel chromatography. The extracted TGF 3
as injected subcutaneously to mice, and its biological
activity in vivowas observed 72 hrs post-injection by HE
staining. The morphological changes were observed by HE
staining and the occurrence of apoptosis was detected by
TUNEL method after the human normal hepatic cell line
QZG was treated with 8ug-L*TGFp for 12 hrs in vitro.

RESULTS The molecular mass 25 ku TGF 3 protein was
successfully extracted. It was able to induce localized
granulation tissue formation /in vivo. TGF B-treated
hepatocytes showed obvious apoptotic morphological
changes, including the pyknosis and dense-stained nuclei
and cytoplasm, the fragmentary, annular or crescent
nuclei, and the “bubbling” cytoplasm. Moreover, its
apoptotic rate was significantly higher than that of the
control group (P<0.05).

CONCLUSION Biological active TGF 3 protein is extracted
and purified successfully from bovine platelets, and it is
able to induce the apoptosis of hepatocytes.

Subject headings transforming growth factor beta/
isolation & purification; transforming growth factor beta/
pharmacology; liver/cytology; apoptosis
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INTRODUCTION

Liver diseases are very common in China®%, and apoptosis
is the research focus in recent yeard21. Transforming
growth factor B (TGFp) is a kind of polypeptide growth
factors that is extensvely present in most tissues and cells. A
variety of cell types, both nonneoplastic and neoplastic,
synthesize TGF 3 and most of these cells have specific high-
affinity receptors for TGF B+, |t is a multifunctional

molecule which is known to play an important regulatory
role in cell growth, migration and differentiation!,
embryogenesis?¢27, tumorigenesis?®, wound healing!?%-31,
bone formation**! and immunomodulation’®®, acting by
both autocrine and paracrine mechanisms. It is aso suggested
that TGF [3 may be responsible for some pathological process,
such as scarring and fibrosis, renal diseases and
immunosuppressant®-*. Furthermore, TGF (3 is able to
induce many kinds of cells, including hepatic and hepatoma
cells to undergo apoptosig“®#. The molecular mechanisms
underlying TGF 3 induction of the apoptosis of hepatocytesis
still unclear. In this study, TGF B was extracted from the
fresh bovine platelets by acid/ethanol procedure and purified
by ion exchange and gel chromatography, then its biological
activity was detected in vivo and its induction of apoptosis of
cultured hepatocytes was observed in vitro, and to provide the
basis for the study of the relationship between TGF(3 and the
signal transduction of hepatocellular-apoptosis.

MATERIALS AND METHODS

Isolation of platelets

The fresh anticoagulant bovine blood was collected in bags
containing 0.1 volume of 8.78g:-L'* NaCl and 22.50g-L*
EDTA (pH 7.4). The blood was centrifuged at 2000r-min
for 15 min and the supernatant was recentrifuged at 4000r-
mint for 15 min. Then the supernatant was discarded and the
precipitated platelets was washed twice with PBS (pH 7.4) by
centrifugation at 5000r-min? for 30 mint*243, All the
centrifugations were carried out at 0C.

Extraction procedure

TGF B was extracted by a modified acid/ethanol procedure of
Roberts and otherg*#l. The platelets were suspended in
acid/ethanol extraction solution containing 375mL of
950mL-L* ethanol and 7.5mL of concentrated HCI, plus
33mg phenylmethylsulfonyl fluoride(PMSF) and 1.9mg
pepstatin A as protease inhibitors. The mixture was sonicated
in ice-bath, extracted overnight at 4°C, and centrifuged at
15000r-mint for 40 min at 0°C. The supernatant was
adjusted to pH 3.0 with concentrated ammonium hydroxide.
Then 2 volumes of cold anhydrous ethanol (-20C) and 4
volumes of cold anhydrous ether (-20°C) were immediately
added. After the mixture stood at -20°C for 48 hrs, the
resulting precipitate was collected by centrifugation at
20000r-mint for 30 min at 0°C and redissolved in 1mol-L*
acetic acid. After extensive diaysis a 4°C aganst
0.17mol-L* acetic acid in a dialyzing tube (molecular mass
cutoff, 10000ku), the sample was then subjected to the next
purification.

lon-exchange chromatography

The above crude sample was centrifuged a 20000r-min? for
40 min a 0C to remove the small precipitate and the
supernatant was then applied to a CM-Sepharose column
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(1.6cmx1lcm, Phamacia Biotech, Uppsala, Sweden)
equilibrated with 0.17mol-L* acetic acid. The column was

eluted successively with 0.17 mol-L! acetic acid,
41.02g.L* NaOAc, 82.04gL! NaOAc and 4glL?

NaOH at a flow rate of 90mL-h? a room temperature. The
fraction that eluted by 4g-L' NaOH was immediately
neutralized by adding 100mL-L! acetic acid. The eluted
fractions were collected respectively and subjected to sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS
PAGE).

Gel chromatography

The above fractions containing 25ku component were
collected, concentrated with glycol polyethylene and extensive
dialyzed at 4C against tridistilled water and then 1 mol-L*!
acetic acid. After being centrifuged at 20000r-min? for 10
min, the supernatant was applied to a Superdex 75 column
(1.6cmx70cm, Phamacia Biotech, Uppsala, Sweden)
equilibrated with 1mol-L** acetic acid. The elution was
carried out at a flow rate of 36mL-h? with 1mol-L* acetic
acid containing 11.69g-L* NaCl at room temperature. The
eluted fractions were collected and analyzed by SDS-PAGE.
The fraction containing the 25ku component was
concentrated using glycol polyethylene. After extensive
dialysis at 4°C against tridistilled water and 0.17mol-L!
acetic acid, the samples were stored at -20°C for the
following assays. The protein content was determined by
Coomassie brilliant blue G-250 method and bovine serum
abumin (BSA) was used as control.

Detection of TGF B activity in vivol®

Nine male Balb/c mice (10 days old) were injected
subcutaneously each day in the back with the purified TGF 3
(0.5g-L"1). After 72 hrs, the tissues at the injection sites were
removed and fixed in 100mL-L* formalin and paraffin sections
were then subjected to the routine HE staining. The other 3
mice were injected with equivalent BSA as controls.

TGF Binduction of hepatocellular apoptosis

Human normal hepatic cell line QZG (purchased from the
Institute of Cell Biology, Chinese Academy of Sciences,
Shanghai, China) were cultured routinely on cover slides.
After having grown to logarithmic phase, 8ug-L? of TGF 3
was added and then for a further 12 hrs culture. BSA
(8ug-L1) was added as control. The cells were subjected to
HE staining. In addition, the cells were stained by terminal
deoxynucleotidyl transferase (TdT) mediated dUTP nick end
labeling (TUNEL) method to detect apoptosis*?. A random
field of cells was chosen with a magnification of %400, and
adjacent non overlapping fields were counted until the
minimum 500 limits for each slide was obtained. TUNEL
index was expressed as the number of positive cells/the total
number of cells.

RESULTS

Purification of TGF 8

The crude TGF3 was purified by ion exchange
chromatography on a CM-Sepharose column, as shown in
Figure 1. SDS-PAGE analysis showed that peaks 2 and 3
contained the 25ku component. The peaks 2 and 3 fractions
were collected and then purified by gel chromatography on a
Superdex-75 column (Figure 2). SDS PAGE analysis showed
that peak 2 predominantly contained 25ku component
(Figure 3) . The protein content was 1.1g-L 2.

0.20 } Z %
g
2 1
% 0.10 |
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Figure 1 lon-exchange chromatography of acid/ethanol extract on a
CM Sepharose column.
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Figure 2 Gel chromatography of the CM-Sepharose peak 2 and
peak 3 fractions on a Superdex-75 column.
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Figure 3 Molecular mass analysis of the extracted TGF 3 (SDS
PAGE). Right Lane: marker proteins.

TGFBactivity in vivo

Seventy-two hrs after subcutaneous injection of TGF 3, there
was evident proliferation of fibroblasts and a few infiltration
of inflammatory cells at the injection sites. The newly formed
blood capillaries were also seen at the injection sites (Figure
4). The granulation tissue was confined at the injection sites.
No obvious tissue change was observed in the control group.

Detection of apoptosis of hepatocytes

HE staining revealed that apoptotic hepatocytes exhibited the
pyknosis and dense-stained nuclei and cytoplasm. Moreover,
the nuclei demonstrated fragment, annular or crescent body,
and the cytoplasm showed “bubbling” (Figure 5). TUNEL
positive signals were olivine or yellow florescence in the
nuclei. The TUNEL index of the TGF (3 treated group was
0.31 and distinctly higher than that of control group (0.09),
(P<0.05)
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Figure 4 The granulation tissue formation after 72 hrs subcutaneous
injection of TGF (3. HEx400

Figure 5 Hepatocytes QZG displayed apoptosis after being treated
with 8ug/L TGF B for 12 hrs. HEx400

DISCUSSION

TGF B is a disulfide-linked homodimeric 25ku protein that
consists of two identical 112 amino acid subunits, and only the
dimer is biologically active. It is acid and heat stable and the
presence of 18 half cystine residues in each dimeric molecular
contributes to this stability“®%%, There are at least five
described subtypes of TGF 3, encoded by distinct but closely
related genes. TGF B 1, 2 and 3 have been found in many
species, including humans; TGF 3 4 has been found in
chickens and TGF 3 5 in amphibiang® . Bone is the richest
source of TGF (3 in the body, as it contains more than 200ug
per kg of wet weight, whereas blood platelets represent the
most concentrated source of TGF 3 (up to 20mg per kg of wet
weight) and is released from [ granules of platelets when
blood clots®?%. Therefore, TGF P is generally extracted
from the fresh platelets. It is suggested that TGF 3 is highly
stable under acidic condition and can be activated by heating
in boiling water for 5 min, or trestment with 1IN acetic acid
or 6M urea The acid/ ethanol procedure is a practical way
and previoudy used to extract biologicaly active polypeptides
such asinsulin, insulin like growth factor and platel et-derived
growth factor®*%l, Some other studies verify the
effectiveness of this extraction procedure for isolation of TGF
B from many tissues, including platelets, placenta and
kidney!53%657, |solation of TGF 3 from platelets includes five
steps: collection and washing of platelets, acid/ethanol
extraction, ethanol/ether precipitation, ion exchange
chromatography and gel chromatography. In the present
study, crude TGF B was isolated from the fresh bovine
platelets and then purified by ion exchange and gel
chromatography. The SDS-PAGE analysis showed that the
molecular weight of its main component was 25ku,which

corresponded to that of standard TGF 3 protein.

Wound healing and tissue repair involve a complex series
of biological events which include inflammation, cellular
migration, fibroblasts proliferation, production of collagen
and tissue remodeling. Growth factors have been reported to
enhance the repair process in animal models by increasing the
degree of celularity, the rate of angiogenesis, and the amount
of collagen accumulated®®. TGF B has been studied in
association with wound healing and the ability of TGF 3 to
initiate a cascade of events leading to enhanced wound healing
has been clearly demonstrated by many reports. Pierce and co-
workerd®®l have reported that TGF [ significantly
accderate <oft tissue repar by atracting fibroblests into  the
wound and stimulating rapid synthesis, deposition and
maturation of collagen in vitro and in vivo. Other major
activities of TGF B are its abilities to promote the synthesis
and deposition of various extracellular matrix (ECM) proteins
and increase the expression of integrins and fibronectin,
receptors that mediate cellular interactions with ECM
proteingd®%1, Different assay systems have been developed to
measure the TGF B activities, including cell proliferation and
inhibition assays, radio receptor assays, immunoassays and
matrix formation or cell surface antigens expression
assays'®%, |n the present study, the analysis of activity in
vivo demonstrated that there were fibroblast proliferation and
blood capillaries formation after subcutaneous injection of the
extracted TGF . Moreover, the granulation tissue was only
located in the injection sites and had no tendency to diffuse.
That the action of the extracted TGF (3 in vivo led to
granulation tissue formation suggested the successful extraction
of TGF B and its participation in repair of tissue injury.

TGF 3 has been shown to either stimulate or inhibit
proliferation in different cell types, and within same cell
types, depending upon the stage of cell differentiation, in
vitro condition and the presence of other growth factors. TGF
B has a stimulatory effect on the proliferation of cells of
mesenchymal origin, such as fibroblasts, osteoblasts and
Schwann cells, yet is a growth inhibitor for cells of epithelial
or neuroectodermal origin, including epithelial cells,
osteoclasts, keratinocytes, T and B lymphocytes, endothelial
cells and hepatocytes ™72,

Apoptosis is a genetically and highly conserved process.
Regulation of the balance between cell proliferation and
apoptosis is essential for development and maintenance of
multicellular organisms™7. Previous studies suggest that
TGF (3 is able to induce evidently apoptosis of hepatocytes and
hepatoma cells in vitro. The animal experiments in vivo also
manifest that the hepatocytes undergoing apoptosis have
obviously elevated level of TGF P expression’®7l,
Furthermore, hepatoma cells which have a high apoptotic
incidence rate, simultaneously demonstrate a high level of
TGF B expression®. These studies suggest an involvement of
TGF B in the initiation of gpoptosis of hepatocytes. In our HE
staining, normal hepatic cell line QZG showed remarkable
morphological changes of apoptosis, including the pyknotic
and hyperchromic cytoplasm and nuclei, and the fragmentary,
crescent form or annular nuclei, and the “bubbling”
cytoplasm, after being treated with exogenous TGF f3.
TUNEL staining also showed that the incidence rate of
apoptosis was distincly higher in the TGF [ treated group than
that of the control group. The present study further supported
the apoptotic induction of hepatocytes by TGF 3, and verified
the good biological activity of the extracted TGF 3 as well.
Better understanding of the relationship between TGF 3 and
the signal transduction of hepatocellular apoptosis requires
further investigations.
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Abstract

AIM To investigate the correlation between
lymphogenous metastasis and matrix metalloproteinases
(MMPs) activity and the expression of Fas ligand of tumor
cells in lymph nodes.

METHODES Fifty-six inbred 615-mice were equally
divided into 2 groups and inoculated with Hca-F and Hca-P
cells. Their lymph node metastatic rates were examined.
Growth fraction of lymphocytes in host lymph nodes was
detected by flow cytometry. The Hca-F and Hca-P cells
were cultured with extract of lymph node, liver or spleen.
The quantity of MMPs in these supernatants was examined
by zymographic analysis. The expression of Fas ligand,
PCNA, Bcl-2 protein of Hca-F and Hca-P cells in the mice
were examined by immunohistochemistry. The apoptosis
signals of macrophages in lymph nodes were observed
with /in situ DNA fragmentation.

RESULTS On the 28 day post-inoculation, the lymph
node metastatic rate of Hca-F was 80%/(16/20), whereas
that of Hca-P was 25%/(5/20). The growth fraction of
lymphocytes was as follows: in the Hca-F cells, the
proliferating peak of lymphocytes appeared on the 14t day
post-inoculation and then decreased rapidly, while in Hca-
P cells, the peak appeared on the 7t day post inoculation
and then kept at a high level. With the extract of lymph
node, the quantity of the MMP-9 activity increased
(P<0.01) and active MMP-9 and MMP-2 were produced by
both Hca-F and Hca-P tumor cells, which did not produce
MMPs without the extract of lymph node or with the
extracts of the liver and spleen. The expression of Fas
Ligand of Hca-F cells was stronger than that of Hca-P cells
(P<0.01). The expressions of PCNA and Bcl-2 protein of
Hca-F cells in the tumors of inoculated area were the same
as that of Hca-P cells. In situ DNA fragmentation showed
that the positive signals of macrophages were around Hca-
F cells.

CONCLUSION Secretion of MMPs which was associated
with metastatic ability of Hca-F and Hca-P tumor cells
depends on the environment of lymph nodes. The
increased expression of Fas ligand protein of Hca-F tumor
cells with high lymphogenous metastatic potential in

lymph nodes may help tumor cells escape from being
killed by host lymphocytes.

Subject headings liver
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metalloprotei nases/secretion

neoplasms/pathology;
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INTRODUCTION

Metastasis is the most lethal attribute of a cancer*?.
Metastasis is a complex process which is made up of severa
steps®. Lymph nodes are often the first organ to develop
metastasisi*®. Whether lymph nodes or other sites first
develop metastases remain poorly understood. Lymph node
metastases form a bridgehead for further metastatic spread.
But its molecular mechanism is still unclear because of its
complicated course. Anchorage on lymph node and escape
from being killed by host immune cells in lymph node were
two important steps. A mouse hepatocarcinoma cell line
(Hca-F) with high lymphogenous metastatic potential and its
syngeneic cell line (Hca-P) with low one were separated from
hepatocarcinoma  (HCC)!® in mice. Matrix
metalloproteinases (MMPs)I are a class of proteinases with
variable substrate such as collagen, fibronectin and are related
to the invasion-metastasis of hepatocellular cancer (HCC)®.
Therefore, MMPs can be used as a marker of tumor cell
infiltration in lymph node. The potential of tumor cells to
induce apoptosis of host immune cells is to escape from being
killed by immune cells. In this study, we detected the
differences in the MMPs productions of Hca-F from Hca-P
cells under various conditions, and different potentials of the
carcinoma cells with different lymphogenous potentials to
inhibit host immune reaction.

MATERIALS AND METHODS

Animals, cell lines and flow cytometry

Fifty-six inbred 615-mice maintained in our |aboratory were
equally divided into two groups. The Hca-F and Hca-P tumor
cell lines preserved in our laboratory were inoculated at 2x10°
in 28 mice subcutaneously in each group. On the 7, 14,
21%, and 28" day post-inoculation, two mice from each group
were killed, and their lymphocytes were collected and
detected for growth fraction with flow cytometry. The
process of flow cytometry is as follows®: the lymph nodes
were minced and centrifuged at 3000xg, and the supernatant
was discarded. After repeated washing, cells were suspended
in PBS. The lymphocytes at 10%/100uL suspension were
stained for 30 minutes by Propidum lodide. Flow cytometry
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was performed on a FACScan cytometer with LYSYII
software. The fluorescence of 10* cells was analyzed for each
sample. The other 40 mice were terminated on the 28" day
post-inoculation, and their lymph nodes were H.E. stained
and examined under microscope by paraffin sections.
Therefore, the lymph node metastatic rates of Hca-F and
Hca-P tumor cells were calculated.

Cell culture and zymographic analysis

The Hca-F and Hca-P cells cultured were put into different
wells at 5x10°, and then added 50mg extract of lymph node,
liver or spleen respectively. The RPMI 1640 medium without
fetal calf serum was placed into each well up to ImL. The
wells containing only Hca-F or HcaP cells, and RPMI 1640
medium added only extracts of lymph node, liver or spleen up
to ImL served as controls. These cells were cultured at 37°C
for 24h. The supernatant of cultured cells was collected by
centrifugation at 3000xg. MMP-2 and MMP-9 and their
active type, and MMP-8 contained in supernatants of Hca-F
and Hca-P with or without extracts of lymph node, liver or
spleen  were detected by zymographic anaysis, according to
the method described by Fridman et al’®. The density and
area of each band were measured using QuantiScan Software
(Biosoft, USA).

Immunohistochemistry

The expressions of Fas-L (Santa Cruz, USA), proliferating
cell nuclear antigen (Santa Cruz, USA, PCNA) and Bcl-2
(Santa Cruz, USA) protein in the tumor cells of inoculated
area of Hca-F and Hca-P tumor cells, and metastatic tumor
cells of lymph nodes of Hca-F were detected by standard
immunohistochemistry*l. The semiquantitative estimation of
cancer cells stained was classified into 4 categories by
asessing the percentage of stained tumor cdls 0, <2%; 1, 2%-
25%; 2, 26%-50%; 3, 51%-75%; and 4, >75% cdlls.

In situ DNA fragmentation

We examined DNA fragmentation of the tumor cells of
inoculated area of Hca-F and Hca-P cells, and metastatic
tumor cells of HeaF cells in lymph node, by the method of
Zhu et al*d, After desparaffin, these dides were pre-trested
with 20mg-L-* proteinase K for 30 minutes, and then
incubated with terminal deoxynucleotidy transferase and
fluorescein labeled dUTP containing nucleotide mixture
(TUNEL reaction mixture, in situ Cell Death Detection Kit/
POD, Boehringer Mannheim, Germany) in a humid
amosphere at 37°C for 30 minutes. Each experiment set up by

TUNEL reaction mixture without terminal transferase served
as negative control.

RESULTS

Lymph node metastatic rate and flow cytometry

On the 28" day post-inoculation, the lymph node metastatic
rate of Hca-F was 80%(16/20), whereas that of Hca-P was
25%(5/20). The growth fraction of lymphocytes from lymph
nodes of mice transplanted with Hca-F and Hca-P tumor cells
was examined using flow cytometry (Figure 1). For the Hca-F
cells, the proliferating peak of lymphocytes appeared on the
14" day post-inoculation and then decreased rapidly, and for
the Hca-P cells, the peak appeared on the 7" day post-
inoculation and then kept at the high level.
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Figure 1 Changes of growth fraction of Imphocytes (G,+S/G;+G;
+S+M) in draining lymph nodes of Hca-F/Hca-P burden mice.

Zymographic analysis

Both Hca-F and Hca-P cells produced a small account of
MMP-9, but did not produce MMP-2 and MMP-8 (Table 1,
Figure 2). Both Hca-F and Hca-P cells with extract of lymph
node produced higher amounts of MMP-9 than Hca-F and
Hca-P cells without extract of lymph node (P<0.01), and
produced active MMP-9 and MMP-2. However, the Hca-F
cells produce much greater quantities of activity of MMP-9,
active MMP-9 and MMP-2 than Hca-P cells (P<0.05). The
extract of lymph node did not contain any MMPs (Table 1,
Figure 2). There was activity of MMP-8 in both Hca-F and
Hca-P cells with extract of liver (HcaF. 1767, HcaP:
1564). The extract of liver contained activity of MMP-8
(1837). There was activity of MMP-8 in both Hca-F and Hca-
P cells with extract of spleen (Hca-F: 2036, Hca-P: 1993).
The extract of spleen contained the same quantity of activity
of MMP-8 (1784). Therefore, we think that both Hca-F and
Hca-P cells in the environment of liver and spleen did not
produce activity of MMP-8 (Figures 3, 4).

Table 1 Activities of MMPs secreted from Hca-F and Hca-P cells under different conditions (X+s)

Condition MMP-2 Active MMP-2 MMP-9 Active MMP-9
Hca-F
RPMI11640 medium 0 0 1256+157 0
Medium with lymph node extract  7364+2001 20094901 12403+894 7297+1657
Hca-P
RPMI11640 medium 0 0 2642+385 0
Medium with lymph node extract  2997+1990 12374905 9086+686 3914+1253
Lmyph node extract 0 0 0 0
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Figure 2 MMPs activity of Hca-F and Hca-P cells in RPMI 1640 with
or without lymph node extract using zymographic analysis.
1. lymph node extract; 2. Type-four collagenase; 3. Hca-F cells; 4.
Hca-P cells; 5. Hca-F cells in lymph node extract; 6. Hca-P cells in
lymph node extract.

| a E | 4

Figure 3 MMPs activity of Hca-F and Hca-P cells in liver extract by
using zymographic analysis.

1. Type-four collagenase; 2. Hca-F cells in liver extract;

3. Hca-P cells in liver extract; 4. Liver extract.

1" 1
L i

Figure 4 MMPs activity of Hca-F and Hca-P cells in spleen extract by
using zymographic analysis.

1. Type-four collagenase; 2. Hca-F cells in spleen extract;

3. Hca-P cells in spleen extract; 4. Spleen extract.

Table 2 Analysis of Fas-L expression in Hca-F and Hca-P cells

Grade
Tumor
0 1 2 3 4
Primary tumor of Hca-F 0 0 0 8 12
Primary tumor of Hca-P 2 10 8 0 0
Metastatic tumor of Hca-F 0 5 9 6 0

Immunohistochemistry

The expression of Fas ligand protein of Hca-F cells was
significantly higher than that of Hca-P cells (P<0.01, Table
2, Figure 5). The expressions of PCNA and Bcl-2 protein of
Hca-F cells were as strong as those of Hca-P cells.

In situ DNA fragmentation

Few positive Hca-F and Hca-P cells were observed. Positive
signals appeared in the macrophages around Hca-F cells
(Figure 6).

Figure 5 Fas-L expressed in Hca-F and Hca-P cells.
A: Fas-L expressed in Hca-F cells; B: in Hca-P cells;
C: in metastatic Hca-F cells.

Figure 6 TUNEL of metastatic lymph node of Hca-F cells.

DISCUSSION

As early as a hundred years ago, the fact that tumor cells had
organ-specific metastasis had attracted scientists’ attention.
Recent major discoveries concerning invasion and metastasis
are identification of certain molecular mechanisms leading to
organ-sel ective metastatization'*®!. Cancer cell gene expression
is regulated by interactions of tumor cells with host
microenvironment, both in primary and secondary
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lesiong'*®, Whether the anchorage of carcinoma cells in
lymph nodes is influenced by the specific environment of the
lymph nodes remains unclear. Hca-F and Hca-P tumor cells
have the potentials of specific lymphogenous metastasis. The
matrix metalloproteinases’® (MMPs) are a family of
proteolytic enzymes, and the importance of MMPs in the
processes of tumor invasion is now widely acknowledged in
gastrointestinal  cancer(*”, breast cancer*®¥, colorectal
cancert®, and melanoma?®!. Inhibit the activity of MMPs
can reduce the metastatic potential of cancer cellg?). MMps
digest collagen-containing structural barriers that cancer cells
must pass in the step of cancer cell’s anchoring to lymph
nodel?d. In this paper when the extract of lymph node was
added, the quantity of the MMP-9 activity increased and
active MMP-9 and MMP-2 were produced by both Hca-F and
Hca-P tumor cells, which did not produce MM Ps without the
extract of lymph node or with extracts of liver and spleen.
These results indicated that the secretion of MMPs of these
tumor cells depend on the lymph node environment. In the
environment with extract of lymph node, HcaF cells with
high lymphogenous metastatic potential produced much more
MM Ps than Hca-P cells with low one. So we can conjecture
that Hca-F cells with high lymphogenous metastatic potential
can easily receive the signal from lymph node and then start to
infiltrate in lymph node to form metastatic focus.

The macrometastases were more proliferative than
dormant micrometastased®. PCNA®® functions as a cofactor
of DNA-polymerase and is an important mark for evauating
the proliferation of colon cancer?>%,  gastric
adenocarcinoma®?, lung cancer(?, ovarian cancer(®l,
thyroid carcinoma®!, and large intestine polyps®l. We can
use PCNA as an index of cdlular proliferative stetus®3. Bcl-2
proteins can extend cell survival by suppressing apoptosis®
and are up-regulated in squamous cell carcinoma®!, breast
cancer®!, lung cancer®*®, Bcl-2 proteins may promote
metastasis in breast cancer® and melanoma®®. The
expressions of PCNA and Bcl-2 proteins could reflect
accurately the status of cancer cells's growth. The expressions
of PCNA and Bcl-2 protein of HcaF cells in the tumors of
inoculated area are the same as those of Hca-P cells.
Therefore, the proliferating ability of Hca-F was egua to
Hca-P, athough their lymph node metastatic potentials
were different.

A metastatic tumor in lymph node may form as long as the
tumor cells escape the killing of lymphocytes. Fas/Apo-1,
together with its protein-binding partner (Fas ligand), is a key
regulator of programmed cell death and induces apoptosis
when it binds FasL[®-2. |n this study, we found that growth
fraction of lymphocytes in host lymph nodes was lower with
Hca-F cells stimulation than with Hca-P cells. The result
suggests that Hca-F cells may inhibit the growth and function
of lymphocytes in lymph nodes. Tumor cell survives only by
evasion of the immune system*3. The Fas/FasL system is
involved in the induction of apoptosis and mediates T-cell
cytotoxicyty*l. The expression of Fas ligand in many cancers
plays an important role in establishing immunologically
privileged environments that allow tumors to escape the host’s
immune surveillance, such as in esophageal carcinomas“4e,
lung cancer*, melanomal*®l, gastric carcinomal*?,
intrahepatic cholangiocellular carcinomal® and promotes
these cancers metastasis. The expression of Fas ligand protein
of Hca-F cells was stronger than that of Hca-P cells. Hca-F
cells a'so produced Fos ligand in lymph node. Macrophages in
lymph node are one of important antigen-presenting cells, and

Fas ligand in tumor cells can combine with Fas in the
membrane of macrophages to induce apoptosis and decrease
their function. Because lymphocytes can not receive the signals
from the macrophages, tumor cells in lymph nodes can escape
the suppression of |lymphocytes, then accomplish the
metastatic process in the lymph node.

In aword, secretion of MMPs, which was associated with
metastatic ability, of Hca-F and Hca-P tumor cells depend on
the environment of lymph nodes. The increased expression of
Fas ligand protein of Hca-F tumor cells with a high
lymphogenous metastatic potential in lymph nodes may help
tumor cells escape from the killing of host lymphocytes and
shape up metastatic focus in lymph nodes.
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Abstract

AIM To identify the property of dendritic cells (DCs) of
peripheral blood monocytes (PBMC) in patients with
chronic HBV infection.

METHODS Twenty patients with persistent HBV infection
were included in this study, 10 healthy subjects being
used as a control group. The peripheral blood
mononuclear cells (PBMC) of T cell-depleted populations
were incubated and induced into mature dendritic cells in
the RPMI-1640 medium in the presence of cytokines GM-
CSF, IL-4, FLt-3, TNF-a and 100mL-L of fetal calf serum
for a total of 10-12 days. The expressions of surface
markers on DCs were evaluated using flow cytometric
analysis. ELISA method was used to determine the
cytokine levels of interleukin-12 (IL-12) and IL-10 in the
supernatant produced by DCs. For detection of the
stimulatory capacity of DCs to T cell proliferation,
mytomycin C-treated DC were incubated with allogenic T
cells.

RESULTS A typical morphology of mature DCs from
healthy subjects and HBV-infected patients was induced
in /n vitro incubation, but the proliferation ability and
cellular number of DCs from HBV-infected patients
significantly decreased compared with healthy
individuals. In particular, the expression levels of HLA-
DR, CD80 (B7-1) and CD86 (B7-2) on DC surface from
patients were also lower than that from healthy individuals
(0.46 vs0.92 for HLA-DR, 0.44 vs0.88 for CD80 and 0.44
vs 0.84 for CD86, P<0.05). The stimulatory capacity and
production of IL-12 of DCs from patients in allogenic mixed
lymphocyte reaction (AMLR) significantly decreased, but
the production level of nitric oxide (NO) by DCs
simultaneously increased compared with healthy subjects
(86+15 vs 170+£22 pmol-L*, P<0.05).

CONCLUSION The patients with chronic HBV infection
have the defective function and immature phenotype of
dendritic cells, which may be associated with the inability
of efficient presentation of HBV antigens to host immune
system for the clearance of HBV.

Subject headings dendritic cells/pathology; hepatitis
B, chronic/pathology; nitric oxide/analysis; interleukin-10/ analysis,
interleuki-12/analysis

Wang FS, Xing LH, LiuMX, Zhu CL, LiuHG, Wang HF, Lei ZY.
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INTRODUCTION

The infection of hepatitis B virus (HBV) causes 130 million
HBV carriers, of them 23 million were patients with chronic
hepatitis B in mainland China. As a result, a considerable
number of the patients are developing progressive liver
diseases such as liver cirrhosis and hepatocellular carcinoma
(HCC) each yearlyl. The pathogenesis of developing chronic
HBV infection is complex and unclear?. The dominant
reason responsible for viral persistence within host is mainly
lack of efficient antiviral immune response to the viral
antigens, in particular, inability to produce specific CTL
response, which is critical for complete elimination of virus
within hepatocytes®4. The mechanism for weak antiviral
immune reaction in patients is not well understood. Dendritic
cells (DCs) are one of the most potent antigen-presenting cells
(APC) and play crucia roles in the enhancement or regulation
of antiviral immune reactions. The previous reports showed
the defects of DCs function in HBV-transgenic mice and in
patients with HCC and chronic HCV infectionsl>*, but
there is little evidence of defect DCs function in chronic HBV-
infected patients. In order to have more insights in this
regard, we induced peripheral blood monocytes (PBMC) from
HBV-infected patients and uninfected healthy donors into
maturation of DCs, compared their morphologic
characterization, expression of surface antigens, and their
proliferation capability to stimulate AMLR for evaluation of
the functions of DCs.

MATERIALS AND METHODS

Patients

Blood was obtained from each of the twenty patients who
were positive for HBV antigens and serum HBV-DNA in this
study after written consent had been obtained from them. All
patients were negative for HCV infection and had no histories
of other types of liver diseases. The diagnosis of chronic HBV
infection is made in accordance with the standards for chronic
viral hepatitis issued in the Fifth National Conference on
Infectious Diseases and Parasitosis in China (Beijing, China,
1995)1*, Ten age-matched healthy donors from the Blood
Center of Chinese PLA 307 Hospital were assigned as
controls. The clinical background of patients and donors are
shown in Table 1.
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Table 1 Clinical background of HBV-infected patients and healthy donors

Gender Age ALT AST HBVY DNA HBsAg Anti-HBs HBeAg Anti-HBe Anti-HBc
Group n M/F (years) (nkat-L?)  (nkat-L?)
Patients 20 17/3 29.5(12-47)  215+218 186+172 19 18 — 16 4 20
Donors 10 8/2  27.5(20-35) 20-40 20-40 — — 6 — — —

—: Nagative results

Reagents

RPM11640 medium, recombinant human IL-4, GM-CSF, fetal
calf serum and TNF-a were al purchased from Gibco Co.
(Jingmei Biologica Co, Beijing). The Flt-3 ligand, mouse
anti-human FITC-conjugated HLA-DR-FITC, CD-86-FITC,
PE-conjugated CD80-PE, CD1a-PE monoclonal antibodies
were obtained from BD-Pharmingen (Jingmei Biological Co,
Beijing).

Culture of DCs

Fifteen milliliters of peripheral blood was drawn from each
study subject in heparin-coated tube, PBMC were obtained by
Ficoll Hypaque separation, washed twice, resuspended in
RPM11640 medium and incubated in 6-well culture plates at
the concentration of 3x10° cellsL* in medium at 37C in
50mL-L* CO, atmosphere for 2h. Non-adherent lymphocytes
were collected by careful rinsing in 37°C warm and
cryopreserved for their future use in antigen presentation
assays. The adherent aggregates were kept for incubation in
complete medium with 100mL L fetal calf serum (FCS) in the
presence of 1x10° |U-L-* GM-CSF, 1x10° |U-L IL-4, and 50ug-L-
1 FIt3-L respectively, and expanded over the next 7. At d7, 1x10°
IU-L'* TNF-a cytokine was added into the medium for 10-12
days incubation. The wells were fed every other day by
aspirating 0.3mL medium and adding back 0.5mL fresh medium
with cytokines. The protocol has been proven reproducible in
20 HBV-infected patients and 10 healthy donors™.

AMLR stimulated by DCs

To evaluate the allo-stimulatory activity of DC, AMLR
(allogeneic-mixed lymphocyte reaction) was performed!®l,
After DCs had been treated with 50pg mytomycin C for 45
min a 37°C and washed three times with 37°C warm PBS (pH
7.0). The DCs were placed at 0.5x10% 1.0x10% 1.5x10*
and 5.0x10* per well on 96-well flat-bottom culture plates,
incubated in complete medium. T-cells were from the PBMC
of a healthy donor by removing the CD8-positive cells,
monocytes, B cells and NK cells with magnetic bead-tagged
mouse monoclonal anti-human CD8, CD14, CD19, and CD56
Abs (BD-PharMingen). After the separation, the degrees of
positivity of these cells in the samples were al less than 5%
and those of CD4-positive cells were more than 95%,
respectively. CD4 T cells at 2x10%well were mixed with DC
and cultured for 4d at 37°C, 50mL-L* CO, atmosphere.
The MTT method was used according to the manufacturer
instructions.

Detection of NO IL-10 and IL-12

The levels of nitric oxide (NO) and cytokine production by
DCs were determined according to a previous report with
slight modification (Kakumu et al, 2000). In short, DC (1x
10°L1), enriched from HBV-infected patients and
uninfected healthy donors by cytokines, were cultured in
RPMI1640 plus 100mL-L* FCS for 48h in the presence of

Staphylococcus aureus Cowan | strain (SAC). After the end
of the culture, supernatant was collected and centrifuged. The
production of NO and cytokines in the culture supernatants
was determined!*®. The levels of NO production in the
sample was determined by assaying the stable end product
NO? by Greiss reaction using a commercial kit (Griess Assay
Kit NO kit-C; Wako), as described by Lul*¥. Aliquots of
culture supernatants were incubated with Griess reagent (10g-
Lt sulfanilamide, 1g-L* nephthylethlenediamine,
dihydrochloride, and 25g-L* H3;PO,) 100 pL at room
temperature for 10min. The color developed due to enzymatic
reaction was determined with an ELISA reader at 540nm.
Concentrations of NO in the sample were caliberated with a
reference standard of sodium nitrite supplied with the kit and
the levels of NO were expressed as pmol-L .

IL-10 and IL-12 in the supernatants were estimated by an
ELISA method using commercial kit (PharMingen, San
Diego, CA) according to the instructions of the manufacturer.
Samples were incubated on microtitre plates coated with the
respective monoclonal antibodies (mAbs), followed by
addition of a biotinylated second antibody. After removal of
excess antibody, color development was finished by enzymatic
reaction of strepavidin peroxidase, the intensity of which was
directly proportional to the concentration of the respective
cytokines in the samples. The amounts of cytokines in the
samples were estimated by caliberating the absorbance (optica
density, OD) values of the samples with A values of the
standards, supplied with kits using an ELISA reader
(Labsystems Multiskan MS, USA). The lowest levels of
cytokines detectable by these kits were I1L-10>15.0ng-L 1,
and IL-12>7.8ng-L .

Flow cytometry

After 12d incubation, the mature DCs from patients and healthy
donors were washed in PBS and directly stained with an
optimum dilution of FITC conjugated specific antibody
(PharMingen, San Diego, CA) or stained with an optimum
dilution of primary antibody followed by FITC-conjugated
antibody against HLA-DR, CD86 and PE-labelled antibody
against CD80 and CD1a. Finally, FITC+ and PE-cells were
counted in an FACScaliber (Becton Dickinson)!**21. Subclass
matched FITC-conjugated mouse IgG and FITC-conjugated
secondary antibody alone served as controls.

Statistical analysis

The Student’s t test was used to determine significant
differences in mean values between two groups. Statistical
significance was established at the P<0.05 level.

RESULTS

Proliferation and Morphology of DCs

The adherent cells, the progenitor cells of DCs were incubated
in complete medium containing 100mL-L* FCS, Fit-3-L,
GM-CSF and IL-4 a 37°C in 50mL-L* CO, amosphere.
The proliferation of DCs could be observed from the third day



Wang FS, et al. Dysfunction of dendritic cells in hepatitis patients

839

incubation. The number of proliferative DCs increased
following the extension of incubation time, and reached top
value a the 12th day, then gradually went down as shown in
Figure 1. Under phase-contrast microscopy, the DCs display a
typical morphology with many fine dendrites. These cells
extend large, delicate processes or veils in many directions
from the body, and display typica morphology of DCs. The
yield of proliferation of DC populations increased around 45
times for the healthy donors and 30 times for HBV-infected
patients after 12d incubation.

Surface markers on DC

Mature DCs 1x10° after 12d incubation were defined by the
expression of dendritic cell-restricted markers. The analyses of
flow cytometry showed that positive cells constituted between
56% and 80% of all cells recovered at the end of the culture;
the purity was not different between patients and controls.
The frequencies of CD86" cells in the dendritic cell population
were 84%+10% for control donors (n= 10) and 44% + 8%
for patients with chronic HBV infection (n= 20),
respectively, indicating a significant difference between the
groups. In addition, the average ratio of HLA-DR*, and

CD80* surface molecules expressed in the dendritic cell
population are shown in detail in Table 2. Figure 2 shows the
fluorescence intensity of representative DCs from one patient
and one healthy donor, and there was a high expression of
surface markers on DCs from healthy donors, reflecting a
significant statistical difference from the patient group.

300 r
w2 CHB-DC
s N-DC
5 200 |
X
£
g
£ 100 -
%
)
O oy i i

Figure 1 Proliferation of dendritic cell population inin vitro culture.

Table 2 Comparison of expression of DC surface markers from CHB patients and healthy donors (number fraction, x+s)

Group n B7-1(CD80) B7-2(CD86) CcD1? HLA-DR
CHB-DC 20 0.44+0.08 0.44+0.08 0.25+0.07 0.46+0.09
Normal-DC 10 0.88+0.10° 0.84+0.09° 0.89+0.09° 0.92+0.09°
5P<0.001 vs CHB-DC.
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Figure 2 Comparison of fluorescent intensities of flow cytometric analyses on surface of dendritic cells (DCs) from a representative of HBV-
infected patients (HB-DC) and a representative of uninfected healthy donors (N-DC). The green line is for signals from controls (DCs stained with
mouse IgG; instead of specific antibody against surface marker of DCs). The green line with purple color represents the signals obtained from
surface of DCs stained with corresponding specific antibody. Note the shift to the left in the peak with increasing expression of surface markers on

DCs. Two other independent experiments gave similar results.

AMLR from HBV-infected patients

The T-cell stimulatory activity of DC populations in AMLR
was expressed as stimulation index (SI) value, which is the
ratio between the proliferative response (optical absorbance,
OD) of T cells in the presence and the absence of DCs in the
culturesat a T cell:DC ratio of 100:2.5, 100:5, and 100:25,
respectively. Although the number of T cells was the same (2
x10° cells/well) in all AMLR cultures, the SI went up
significantly according to the increase of DCs number in
AMLR. The Sl vaues were between 2.1 and 4.8 for HBV-

infected patients as compared with the values between 6.8 and
12.8 for healthy donors. The SI for HBV-infected patients
was the lowest (SI=2.1) when the AMLR system contained
0.5x10* well* of DCs. The results showed that HBV-
infected patients tended to have significantly decreased T cell-
stimulatory activity (P<0.01) as compared with the values
for healthy donors.

Cytokine production by DC in AMLR
IL-12 is known to induce T cell proliferation and is the only
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vital cytokine produced by DCs. Spontaneous IL-12 production
of dendritic cells in the supernatants of dendritic cell
population and AMLR are shown in Table 3. IL-12 produced
by DC from patients (27+4ng-L*) was significantly lower
than that from healthy donors (86+32ng-L), indicating
the statistical difference. Although the IL-12 in this AMLR
was most likely produced entirely by the DCs, we decided to
confirm this by culturing DCs for 48h and measuring the
spontaneous production of 1L-12 in culture by pure populations
of DCs. Pure DCs from patients produced significantly lower
amounts of 1L-12 as against hedlthy donors. In addition, there
was no statistical difference in IL-10 levelsin AMLR
supernatants of DCs from HBV-infected patients (18 + 7
ng-L1) (Table 3) and normal controls (25+9ng-L ).

Table 3 Spontaneous cytokine production in pure DCs population and
AMLR (X#s, ng-L™)

Dendritic Supernatant from MLR culture Supernatant from pure

cell DCs population(ng-L™)
IL-12(ng-LY) IL-10(ng-LY)

CH-B 27+4 18+7 99+51

Normal 86+32° 25+9 218+104°

5P<0.01, vs Normal.

Increased NO production by DC from HBV-infected patients
As shown in Figure 3, the levels of NO in the AMLR
supernatant of DCs from HBV-infected patients (168+35
pmol-LY) were significantly higher than that produced in
AMLR of DCs from normal controls (90 43 pmol-L?)
(P<0.05). There was no correlation between the level of NO
and the levels of transaminase (data not shown). NO produced
by DCs is supposed to be one of the main products in AMLR
supernatant. To have direct evidence of increased NO
production by DCs, we cultured DC with SAC, a known
inducer of NO. Pure DCs from HBV-infected patients
produced significantly higher amounts of NO (170 + 22
pmol-LY) than the norma controls (86 + 15 pumol-L7,
P<0.05, Figure 3). The significance of increased production
of NO by DC in HBV infection might find the clinical
implications of these observations.
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Figure 3 Increased NO production by DCs from HBV-infected
patients. All the T cells (2x10°/well) were donated from a healthy
volunteer in AMLR DC (1x10* well) from patients with chronic
hepatitis type B (CHB) and healthy donors were cultured for 5d.
Pure population of DCs (1x10° -L?) isolated by the cytokine enrich-
ment method were cultured with SAC | strain 75mg:-L* for 48h.

DISCUSSION

Though B and T lymphocytes are the main mediators of
immunity, their function is under the control of DCs which is

the sentinels of host immune system?¥. In this way, the
property and its implications of DCs have become the focus of
immunity against tumor and infectious diseases. Interestingly,
the present culture techniques allowing the generation of large
numbers of immunostimulatory DCs in vitro from human
peripheral blood have made it possible to analyse the DC
function in human diseases”%. Though depletion and
dysfunction of DCs were reported in some infectious diseases
induced by HCV, HIV-1 and measles virug®?2a, dendritic
cell function still remains uncertain in chronically HBV-
infected patients. In particular, there appears to have few
reports in the published literature about the effects of chronic
HBV infection on DC function. These make us attempt to
compare the stimulatory potential against allogenic CD4 T
cells, levels of surface antigens, levels of interleukin-12, and
degree of maturation of DCs from HBV-infected individuals
with uninfected healthy donors in this study.

Flow cytometry showed that the expressions of cellular
surface markers such as the co-stimulatory factors B7-1, B7-2
and CDlaand MHC Il molecules HLA-DR on DCs significantly
decreased in chronic HBV-infected patients compared to those
in healthy donors. Furthermore, the T-cell stimulatory activities
of DCs from patients were much lower than the DCs from
uninfected healthy donorsin AMLR.Simultaneously, there were
notably low levels of cytokine IL-12 and high levels of NO
produced by DCs from patients, in particular, NO was
considered to have the suppressive activity on cellular enzymes
and produce damage to normal cells. Taken together, our
present study indicated that there is an immature phenotype
and dysfunction of DC population in chronic HBV-infected
patients in comparison with uninfected controls. It is
necessary to study whether the dysfunction of DC population
in patients is associated with the failure to mount an effective
immune response for clearance of HBV.

Since IL-12 is an important cytokine to stimulate the
proliferation of T lymphocytes, the decrease of 1L-12 production
was directly attributed to the low T-cell stimulatory of DCs
from HBV-infected patientsin AMLR®.. The following reasons
probably resulted in the low level of IL-12 production: D 1L-10
could inhibit the expression of class Il and B7 molecules and
suppress the IL-12 production of DC¥; @) thereis ahigh level
type | interferon in patients with HBV infection, which induces
the down-regulation of IL-12 secretion of DCs'?; @ the
previous study reported that the HBV itself and some cytokines
induced by HBV infection may produce direct or indirect
influences on transcriptions of 1L-12 gene®2l; and @ host
genetic factors, such as the polymorphisms of both antigen-
capturing receptor alleles and cytokine genes in DCs might
explain HBV-infected patients mount dysfunction of DCs?7.

The maturation and efficient antigen-presentation of DCs
are crucial for the initiation of immunity against viral
infection!®. The impairment of dendritic cell function
suggested a role in the pathogenesis of chronic HBV infection,
which has been probably attributed to the inability of the host
to eradicate viruses. It is unknown whether the HBV-
infected DCs were eliminated by specific cytotoxic T
lymphocytes (CTLs) if the DC is infected itself, which
induced the dysfunction of DCs in these patients with chronic
HBV infection or the HBV-infected DCs directly induce the T
cell tolerance to HBV infection®7,

Decreased function of DC may allow the development of
HBV infection, so that modulating the function of dendritic
cells is considered to be beneficial to the production of
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efficient immunity against viruses®, but it must be made
clear whether the dysfunction of DCs in patients is the result
of direct injury of DCs from chronic HBV infection, or a
protection from host itself to avoid the destruction of a large
amount of HBV-infected hepatocytes induced by itself-
inducing immune reaction, and or both In the early stage of
HBV-infected patients, efficient antigen-presentation of DCs
help the host to clear the virug®, but in the late stage of
chronic HBV-infected patients, induction of dysfunction of
DCs or immune tolerance to HBV infection might also be
helpful to host survival. Further studies are needed to clarify
the mechanisms of depression of DCs function in HBV-
infected patients0sy,

The development of methods to generate a large number
of DCs has facilitated their application for immunotherapy.
Recent studies have demonstrated the safety and
immunogenicity of DCs in humans and have begun to outline
the durability, kinetics, and nature of the elicited T-cell
responses. However, DC-based immunotherapy remains a
challenge and several parameters need to be examined to
optimize immune responses, in order to maximize the clinical
efficacy against cancer and infectious diseases.
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Abstract

AIM To study the abnormal expression of B-catenin gene
and its relationship with invasiveness of primary
hepatocellular carcinoma among Chinese people.

METHODS Thirty-four hepatocellular carcinoma (HCC)
specimens and adjacent paracancerous tissues, 4 normal
liver tissues were immunohistochemically stained to
study subcellular distribution of 3-catenin. Semiquantitive
analysis of expression of B-catenin gene exon 3 mRNA was
examined by RT-PCR and /n situ hybridization. The
relationship between expressions of both B-catenin
protein, mRNA and clinicopathological characteristics of
HCC was also analyzed.

RESULTS Immunohistochemistry showed that all normal
liver tissues and para-cancerous tissues examined
displayed membranous type staining for -catenin protein,
occasionally with weak expression in the cytoplasm.
While 21 cases (61.8%) of HCC examined showed
accumulated type in cytoplasms or nuclei. The accumuled
type Labling Index (LI) of cancer tissue and para-
cancarous tissue was (59.9+26.3) and (18.3+9.7)
respectively (P<0.01). Higher accumulated type LI was
closely related with invasiveness of HCC. Results of RT-
PCR showed the -catenin gene exon 3 mRNA Expression
Index (EI) of 34 HCCs was higher than that of para-
cancerous tissue and normal liver tissue. Using in situ
hybridization, the signal corresponding to (8 catenin gene
exon 3 mRNA was particularly strong in cytoplasm of HCC
when compared with those of para-cancerous and normal
liver tissues. Over expression of B-catenin exon 3 was
also found to be correlated with high metastatic potential
of HCC.

CONCLUSION Abnormal expression of 3-catenin gene
may contribute importantly to the invasiveness of HCC
among Chinese people.

Subject headings hepatocellular carcinoma; wnt
pathway; B-catenin gene; metastasis
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INTRODUCTION

Hepatocellular carcinoma (HCC) is quite common in China.
In recent years, great progresses have been made in the
treatment of HCC, but the major problem is the high
malignancy of HCC, that is, more than 50% of the patients
receiving grossly radical trestment will suffer from recurrence
within two years. So much effort has been put to investigate
the molecular biological characteristics of HCC in order to
lower the recurrence ratel*?”. B-catenin is a ubiquitous
intracellular protein which is important in both intercellular
adhesion and Wingless/Wnt developmental signaling
transduction pathway!?!. (-catenin plays an important role in
the interactions between cadherins and other transmembrane
receptor proteins, such as the epidermal growth factor
receptor. In addition, it is also a signaling molecule and can
activate gene transcription by forming a heterodimer with the
T-cell factor/lymphoid enhancer-binding factor family of
DNA binging proteing?. Previous studies have shown that (-
catenin is involved in pathways that regulate cellular
differentiation and proliferation. In the absence of growth or
differentiation signals, cytoplasm (-catenin is rapidly turned
over under the control of the APC protein and the GSK-3[3,
resulting in low level of cytoplasm (3-catenin level in normal
cellg®24, The presence of a wingless-Wnt signal in normal
embryonic cells stabilizes 3-catenin, which accumulates in the
cytoplasm, where it binds to Tcf-lymphoid enhancer factor
and triggers gene transcription. Abnormal expression and/or
structural abnormalities of catenins are closely associated with
tumor development for human esophageal, gastric and colon
cancersi?>%1, Previous study has shown that E-cadherin
expression was significantly lowed and is closely related with
the metastatic potential of HCC!??, and abnormal 3-catenin
expression has been observed by immunohistochemistry in
many malignant human tumors including HCCI?, so it is our
logical thoughts whether abnormality of (3-catenin gene existed
and what its relationship with malignancy in HCC among
Chinese people is because of the close relationship between E-
cadherin and (3-catenin.

MATERIALS AND METHODS

Tissue

Thirty-four HCC specimens and adjacent para-cancerous
tissues, four normal liver tissues obtained from patients who
underwent surgery in Liver Cancer Institute, Zhongshan
Hospital, Shanghai Medical University were analyzed. The
tissues were each cut into three parts: one was fixed in
formalin, and then embedded in paraffin. Paraffin sections
were stained with HE for histological examination of HCC
and were also used for immunohistochemistry. One was
immediately frozen by liquid nitrogen and stored at -80°C,
which was to be used for DNA and RNA extraction. Genomic
DNA was purified from all samples using standard proteinase
K digestion and phenol/chloroform extraction. Total RNA
was extracted using a Trizol reagent (Promega) according to
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the protocol recommended by the manufacturer. And the last
was rinsed in cold PBS, placed in OCT compound, and
immediately frozen in liquid nitrogen, which was to be used
for in situ hybridization.

Immunohistochemical staining

Immunohistochemical analysis was carried out with the avidin-
biotin complex immunoperoxidase technique as described
previously®. As the primary antibody, polyclonal human
anti-B-catenin antibody (Sigma) was used at 500xdilution. As
the secondary antibody, biotinylated anti-rabbit 1gG (Dako)
was used at 100x dilution. Staining was performed using
avidin-biotin reagents, 3, 3'-diaminobenzidine, and hydrogen
peroxide. As a negative control, duplicate sections were
immunostained without exposure to the primary antibodies.
All cases were divided into two groups according to
immunostaining pattern. Cases with a membrancous staining
pattern similar to that in normal hepeatic cell were classified as
membraneous or norma and cases with marked cytoplasmic
and nuclear staining in addition to the membranous staining
were defined as accumulated or abnormal. Cells from five
randomized views were counted and the cell labeling index
(L1) was arbitrarily defined as: (positive cells counted/all
cells counted)x100.

RT-PCR

Primers for PCR were designed to amplify the consensus
sequence for GSK-3 3 phosphorylation in exon 3 of -catenin
gene, based on the published cDNA sequence of human f3-
catenin gene. To verify the validity of amplification, the primers
were designed within the region of exon 3 of (3-catenin gene,
and the amplification was performed by direct PCR and RT-PCR
respectively. Primers, F: AAAGCGGCTGTTA-GTCACTGG R:
GACTTGGGAGGTATCCACATCC. PCR: PCR mixture,
containing 100pM of primer A and B each, deoxyribonucleotide
triphosphates at 200pumol-L* each, 1.5mmol-L-*MgCl,, 2U Taq
polymerase (Promega) and 2uL DNA template was adjusted to
50uL by adding double distilled water. Then the mixture was
overlaid with 50pL mineral oil and subjected to amplification
for 40 cycles. Each cycle consisted of 95°C for 60s, 55°C for
45s, 72°C for 45s. RT-PCR: Total RNAs were reverse-transcribed
to obtain the cDNA that was going to be amplified. PCR was
also performed under the above same condition except for
adding 1pL cDNA to the PCR mixture. A 450bp fragment of (3-
actin mRNA was also amplified by RT-PCR as the internal
control. The PCR products were identified first onto 20g-L*
agrose gel and photographed. The photos of RT-PCR were scanned
by optical density scanner (Shimadzu C-9000) and the gene
expression index (El) was arbitrarily defined as density Lum
of B-catenin/density Lum of B-actin.

In situ hybridization

Cryostat sections (6um) were obtained, dried for 2h at RT,
and ddlipidated in chloroform for 5min. Sections were fixed in
40g-L* paraformaldehyde/PBS for 7min, rinsed in PBS for
3min, rinsed twice in 2x SSC for 5min, and prehybridized at
42°C for 60min in 4x SSC/100g-L** dextran sulfate/1x
Denhardt’s solution/2mM EDTA/500g-L* deionized
formamide/ 500mg-L* salmon sperm DNA. Hybridization
was for 16h in 100uL of prehybridization solution and
20pg-Lt digoxin labeled oligonucleotides (TGTTCC-
CACTCATACAGGACTTGGGAGGTATCCACATCCTCTT
CCTCAGGA). After hybridization, sections were rinsed
twice in 2xSSC for 5min at 37°C, 3 times for 5min each in

60g-L? formamide and 0.2xSSC a 37°C and twice for
5min each in 2xSSC a RT. Sections were then rinsed in
100 mol-L*  Tris - HCl, pH 7.5/150 mol-.L* NaCl for
5min, and treated with the same solution saturated with
blocking mix for 30min, and then reacted with a 1:2000
dilution of alkaline phosphatase-conjugated sheep
antidigoxigenin Fab fragments (750x10%-L1) in the same
solution. They were rinsed twice in 100mol-L* Tris - HCI,
pH 75 and 150mol-L* NaCl for 5min each, then in
100 mol-L* Tris - HCI, pH 9.5/100 mol-L** NaCl/ 50mol-
L* MgCl, for 10 min, and then reacted with 0.18g-L* 5-
bromo-4-chloro-3-indolyl phosphate, 0.34g-L-* nitroblue
tetrazolium, and 240mg-L! levamisole (Sigma) in the same
solution for 6h in the dark at RT. The reaction was stopped
with 10mol-L-* Tris - HCI (pH 8.0) and 1mol-L* EDTA.
Sections were counterstained in nuclear methyl green,
mounted with aqueous solution, and the final results of
average density area and density lum of 500 signal positive
cells were analyzed by a multifunctional true digital system
(MTDS) using a computer. Albumin oligonucleotide probe
and hybridization solution without probe were used as positive
and negative control respectively.

RESULT

Immunohistochemical analysis

Immunostaining with polyclonal antibody was performed to
evaluate the significance of [3-catenin accumulation in HCC.
Immunohistochemistry showed that all normal liver tissues and
para-cancerous tissues examined showed membranous type,
occasionally with weak expression of 3-catenin in the cytoplasm,
but no (3-catenin accumulation in nuclei was found. While for
HCC, 21 cases (61.8%) showed accumulated type (Figure 1).
The LI of accumulated type for tumor tissue and paracancerous
tissue were 59.9+26.3 and 18.3+9.7 respectively (P<0.01), while
the LI of membraneous type for tumor tissue and paracancerous
tissue were 24.6+8.5 and 91.8+10.6 respectively (P<0.01, Table
1). When LI of accumulated type was analyzed according to the
clinicopathological characteristics of HCC, close relationship
could be seen with capsule, portal vein tumor thrombus,
pathological grade, intrahepatic metastasis (Table 2) and
postoperative recurrence (Figure 2).

B-catenin exon 3 MRNA expression

Since the primers were designed in such away that the product
was within [3-catenin gene exon 3, direct PCR and RT-PCR
were used separately to verify the amplification. Agrose gel
electrophoresis showed that PCR and RT-PCR amplification
products were both 132bp, which were the same as those of
normal liver tissues, para-cancerous tissues and HCC tissues.
None of amplification products showed fragment that was
shorter. RT-PCR results showed the (-catenin exon 3 mRNA
El were (0.77+0.16) and (0.50+0.05) for HCC tissues and
para-cancerous tissues respectively (P<0.05, Figure 3). In
HCC, higher EI of B-catenin mRNA attempted to be seen in
cancer with incomplete capsule, intrahepatic metastasis and
portal vein thrombus (Table 2). Using in situ hybridization,
we also found the signal corresponding to (-catenin exon 3
mRNA was particularly strong in cytoplasm of HCC when
compared with those of para-cancerous tissues and normal
liver tissues (Figure 4) and stronger signal of p-catenin mMRNA
was also closely related to incomplete capsule, intrahepatic
metastasis and portal vein thrombus.
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Figure 3 B-catenin mRNA expression index (EI).
HCC was higher vs para-cancerous tissue (P<0.05). P: para-
cancerous tissue; T: HCC; M: nucleic acid molecular mass marker.

Figure 1 Immunohistochemistry of B-catenin.
A: In normal liver tissue, the staining was mainly positive on the
cellular membrane (arrowpoint), with very weak cytoplasmic
staining. X200 B: Para-cancerous cirrhotic liver tissue showed
membrane staining (arrowpoint) like normal liver tissue. C,D: For
HCC, cytoplasmic and nuclear staining was dominant (arrowpoints),
whereas membrane staining was rare. x200

Figure 4 In situ hybridization of B-catenin gene mRNA. Stronger in
HCC (A) vs para-cancerous cirrhotic liver tissue and (B) normal
liver tissue (C).

Beta-catenin L1

Table 1 Labeling index for B-catenin accumulated type and
membraneous type in HCC and para-cancerous tissues (n=34, X+s)

No recurrence Recurrence Tissue Membraneous Accumulated

HCC 59.9+26.3 246485

Figure 2 Labeling index (LI) of B-catenin. Para-cancerous tissue 18.3+9.7° 91.8+10.6°

Recurrent patient (n =15) was much higher than that of non-
recurrent patient (n=19) (84.9+17.4) vs (39.1+14.3). ®P<0.01 vs HCC.
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Table 2 Relationship between labeling index of 3-catenin accumu-
lated type, expression index of 3-catenin mRNA and clinicopatho-
logical characteristics of HCC

n LI of B-catenin El of B-catenin

accumulated type mMRNA
Male 31 58.4+14.2 0.8+0.2
Female 3 54.1+15.3 0.9+0.1
AFP <20ng/mL 9 49.3+17.2 0.8+0.1
AFP>20ng/mL 25 54.3+13.7 0.8+0.1
Tumor size
<5cm 15 58.7+20.4 0.8+0.2
5cm~10cm 7 54.4+21.3 0.8+0.2
>10cm 12 55.9+17.9 0.8+0.1
Capsule
Complete 15 72.2423.4 0.7+0.1
Incomplete 19 44.4+21.1° 0.9+0.12
Intrahepatic Metastasis Yes 14 77.2425.5 0.9+0.2
Intrahepatic Metastasis No 20 41.3+19.6° 0.7+0.12
Portal vein thrombus Yes 19 79.8+14.9 0.940.2
Portal vein thrombus No 15 52.8425.9° 0.6+0.2°
Edmondson’s Grade Il 19 39.7£20.0 0.7+0.4
Edmondson’s Grade 111 15 75.9£18.7° 0.8+0.2
Cirrhotic nodule < 0.5cm 23 54.3+£12.5 0.8+0.2
Cirrhotic nodule >0.5cm 11 62.2+16.6 0.8+0.1

ap<0.05, ’P<0.01.

DISCUSSION

Previous studies have shown that activation of the wnt
pathway results in up-regulation of cytoplasmic (3-catenin and
its translocation to the nucleus, presumably via the binding of
[3-catenin to T-cell factor/lymphoid-enhancing factor family
memberg?2630, Thus, as a first assessment, we examined the
subcellular localization of B-catenin in 34 HCC specimens with
the result that 61.8% of HCC specimens showed to be
accumulated type, suggesting cytoplasmic stabilization of the
protein. This showed that activation of Wnt pathway maybe of
importance in the carcinogenesis of HCC among Chinese people.
Although either B-catenin mutations involving the GSK-3 f3
phophorylation sites or inactivation of APC and some other
factors are related to activation of the Wnt pathway in colon
cancer and melanomasi®?2, loss of heterozygosity at the
APC locus on chromosome 5 has been detected only at low
frequency in human HCC, indicating that inactivation of APC
may be infrequent®¥. So mutation of exon 3 of B-catenin geneis
probably one of the most important factors activating
Wnt pathway and thus causing 3-catenin protein accumulated
in the cytoplasms in HCC.

Although some studies have been made to investigate (3-
catenin mutation and abnormal Wnt pathway in HCCE+41,
no previous results have been reported concerning about the
relationship between expression abnormality of (3-catenin and
clinocopathological features of HCC. Furthermore, research
reports about the relationship between (-catenin abnormal
expression and clinicopathological features of tumors such as
colon cancert“4l melanoma“+#!, breast carcinomal*s47,
gastric carcinoma*4%, and lung carcinoma* are rather
various and some of the results were even totally
contradictory. That is partly due to most of the previous
immunohistochemical studies on (-catenin did not differentiate
between membrane-associated type and intracellular
accumulated type. Most tumors showed reduced (-catenin in
the cytoskeletal fraction but increased (-catenin in the
cytosolic fraction and truncated (-catenin protein which was
encoded by mutational [3-catenin gene was found bound weskly
to B-catenin monoclonal antibody when compared with non-
truncated B-catenini®3. This is the reason why we chose

polyclonal antibody instead of monoclonal antibody in our
study. In this study we aimed to determine which type of
expression abnormalities for B-catenin correlate with
clinicopathological features and postoperative recurrence in
HCC. Our results demonstrated that although great difference
existed between cancer tissue and non-cancer tissue, we failed
to show the LI of membraneous type to be correlated with the
invasiveness of HCC (data not shown here). But, the LI of
accumulated type was discovered closely related with the
invasive characteristics of HCC, higher El would predict high
ability of invasiveness of HCC and thus a worse prognosis.
This was different from another article about gastric
carcinoma, which showed that membraneous type, instead of
accumulated type, was related to the invasiveness and
prognosis of the tumort4?,

Since abnormal expression of (3-catenin protein can be
caused by both -catenin gene mutation and over expression,
and in some HCCs, both strong membraneous type and
accumulated type of staining could be observed, it is our logical
thoughts to figure out whether over expression of (3-catenin gene
existed and what its relationship with the invasiveness of HCC
was. Thisarticleisthefirst oneto study the 3-catenin gene expression
in HCC at mRNA level. First we used RT-PCR to examine the
expression of -catenin gene exon 3 MRNA. Since RT-PCR was not
very accurate in semi-quantitive analysis of gene expression, we
chose in situ hybridization to reconfirm the results of RT-PCR. The
results of them arethe same, that is over expresson did existin HCC
and it showed relationship with the invasiveness of HCC (data of
relationship between in situ hybridization and HCC
clinicopathological characteristics not shown). This could give some
explanation why strong membranous and cytoplasmic distribution
of [3-catenin was observed on immunohistochemistry in some HCC
while -catenin gene exon 3 mutation was not observed. It was the
accumulation of -catenin, though apparently normal, that exceeded
the capacity of E-cadherin combination and GSK-3 [3degradation,
resulting in increase and stabilization of this protein in the
cytoplasm.

Although we found that LI of (-catenin accumulated type
was related with HCC recurrence, we were unable to find
there was such relationship between (-catenin gene El and
HCC recurrence, either by RT-PCR or in situ hybridization.
This implies that the LI of p-catenin accumulated type would
be of greater value in predicting recurrence of HCC. From
above we can see that abnormal expression of [-catenin
protein, especially the accumulated type, which is closely
related to the invasiveness of HCC among Chinese people.
Further study should be carried out to confirm this and
investigate what the other mechanism causing abnormal
expression of 3-catenin geneis.

ACKNOWLEDGEMENTS  The authors are grateful to assistant
professor Teng-Fang Zhu, Department of Pathology, Medical
Center of Fudan University, for his technical support on in
situ hybridization.

REFERENCES

1 Xu J, Mei MH, Zeng SE, Shi QF, Liu YM, Qin LL. Expressions of ICAM-
1and itsmRNA in seraand tissues of patients with hepatocellular carcinoma.
World J Gastroenterol, 2001;7:120-125

2 Devereus TR, Stern MC, Flake GP, Yu MC, Zhang ZQ, London SJ, Taylor
JA. CTNNB1 mutations and B-catenin protein accumulation in human
hepatocellular carcinomas associated with high exposure to aflatoxin B1. Mol
Carcinogen, 2001;31:68-73

3 Sun BH, Zhang J, Wang BJ, Zhao XP, Wang YK, Yu ZQ, Yang DL, Hao
LJ. Analysis of in vivo patterns of caspase 3 gene expression in primary
hepatocellular carcinoma and its relationship to p21 WAF1- expression and



546 ISSN 1007 - 9327 CN 14 - 1219/ R

World J Gastroentero

August 2001 Volume 7 Number 4

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

hepatic apoptosis. World J Gastroenterol, 2000;6:356-360

Sun BH, Zhao XP, Wang BJ, Yang DL, Hao LJ. FADD and TRADD
expression and apoptosis in primary human hepatocellular carcinoma. World
J Gastroenterol, 2000;6:223-227

He P, Tang ZY, Ye SL, Liu BB. Relationship between expression of -
fetoprotein messenger RNA and some clinical parameters of human
hepatocellular carcinoma. World J Gastroenterol, 1999;5:111-115

Luo YQ, Wu MC, Cong WM. Gene expression of hepatocyte growth
factor and its receptor in HCC and nontumorous liver tissues. World J
Gastroenterol, 1999;5:119-121

Xiao CZ, Dai YM, Yu HY, Wang JJ, Ni CR. Relationship between
expression of CD44v6 and nm23-H1 and tumor invasion and metasta-
sis in hepatocellular carcinoma. World J Gastroenterol, 1998;4:412-414
Huang B, Wu ZB, Ruan YB. Expression of nm23 gene in hepatocellu-
lar carcinoma tissue and its relation with metastasis. World ]
Gastroenterol, 1998;4:266-267

Sun JJ, Zhou XD, Liu YK, Zhou G. Phase tissue intercellular adhesion
molecule-1 expression in nude mice human liver cancer metastasis
model. World J Gastroenterol, 1998;4:314-316

Parkin DM, Pisani P, Ferlay J. Estimates of worldwide incidence of
eighteen major cancers in 1985. Int J Cancer, 1993;54:594-606

Yang BH, Zhang BH, Xu YC, Wang WP, Shen YF, Zhang AR.
Prospective study of early detection for primary liver cancer. J Cancer
Res Clin Oncol, 1997;123:357-360

Tang ZY, Yu YQ, Zhou XD, Ma ZC, Yang R, Lu JZ. Surgery of small
hepatocellular carcinoma. Analysis of 114 cases. Cancer, 1989;64:536-541
Zhou XD, Tang ZY, Yu YQ, Ma ZC, Yang BH, Lu JZ. Prognostic
factors of primary liver cancer: report of 83 patients surviving 5 years
or more compared with 811 patients surviving less than 5 years. ] Exp
Clin Cancer Res, 1991;10:81-86

Zhou XD, Tang ZY, Yu YQ, Yang BH, Lu JZ, Lin ZY. Recurrence
after resection of alpha-fetoprotein positive hepatocellular carcinoma.
J Cancer Res Clin Oncol, 1994;120:369-373

Merican |, Guan R, Amarapuka D, Alexander MJ, Chutaputti A,
Chien RN, Hasnian SS, Leung N, Lesmana L, Phiet PH, Sjalfoellah
Noer HM, Sollano J, Sun HS, Xu DZ. Chronic hepatitis B virus infec-
tion in Asian countries. J Gastroenterol Hepatol, 2000;15:1356-1361
Tang ZY. Hepatocellular carcinoma. J Gastroenterol Hepatol, 2000;15
(Suppl):G1-G7

Liu LH, Xiao WH, Liu WW. Effect of 5-Aza-2’-deoxycytidine on the
P16 tumor suppressor gene in hepatocellular carcinoma cell line
HepG2. World J Gastroenterol,2001;7:131-135

Yu MC, Yuan JM. Govindarajan S, Ross RK. Epidemiology of hepa-
tocellular carcinoma. Can J Gastroenterol, 2000;14:703-709

Kakizoe T. Asian studies of cancer chemoprevention: latest clinical
results. Eur J Cancer, 2000;36:1303-1309

Ding X, Mizokami M, Kang LY, Cao K, Orito E, Tanaka Y, Ueda R,
Sasaki M. Prevalence of TT virus and GBV-C infections among pa-
tients with liver diseases and the general population in Shanghai,
China. Virus Genes, 1999;19:51-58

Gumbinner BM. Signal transduction of B-catenin. Curr Opin Cell
Biol, 1995;7:634-640

Behrens J, von Kries JP, Kuhl M, Bruhn L, Wedlich D, Grosschedl R,
Birchmeier W. Functional interaction of B-catenin with the transcrip-
tion factor LEF-1. Nature, 1996;382:638-642

Munemitsu S, Albert I, Souza B, Rubinfeld B, Polakis P. Regulation
of intracellular beta-catenin levels by the adenomatous polyposis coli
(APC) tumorsuppressor protein. Proc Natl Acad Sci USA, 1995;92:
3046-3050

Rubinfeld B, Albert I, Porfiri E, Fiol C, Munemitsu S, Polakis P.
Binding of GSK 3 B to the APC-B-catenin complex and regulation of
complex assembly [see comments]. Science, 1996;272:1023-1026
Pennisi E. How a growth control path takes a wrong turn to cancer.
Science, 1998;281:1438-1441

Peifer M. B-catenin as oncogene: the smoking gun. Science, 1997;275:
1752-1753

Huang GT, Lee HS, Chen CH, Sheu JC, Chiou LL, Chen DS. Corre-
lation of E-cadherin expression and recurrence of hepatocellular
carcinoma. Hepatogastroenterology, 1999;46:1923-1927

Endo K, Ueda T, Ueyama J, Ohta T, Terada T. Immunoreactive E-
cadherin, B-catenin, B-catenin, and B-catenin proteins in hepatocellu-
lar carcinoma: relationships with tumor grade, clinicopathologic
parameters, and patients’ survival. Hum Pathol, 2000;31:558-565
Fukuchi T, Sakamoto M, Tsuda H, Maruyama K, Nozawa S, Hirohashi S.
[3-catenin mutation in carcinoma of the uterine endometrium. Cancer Res,

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

1998;58:3526-3528

Porfiri E, Rubinfeld B, Albert I. Induction of a B-catenin -CLEF-1 complex
by wnt-1 and transforming mutants of B-catenin. Oncogene, 1997;15:2833
-2839

Morin PJ, Sparks AB, Korinek V. Activation of B-catenin-Tcf signaling in
colon cancer by mutations in 3-catenin or APC. Science, 1997;275:1787-
1790

Rubinfeld B, Robbins P, EL-Gamil M. Stabilization of B-catenin by
genetic defects in melanoma cell lines. Science, 1997;275:1790-1792
Piao Z, Kim H, Jeon BK, Lee WJ, Park C. Regulation between loss of
heterozygoisty of tumor suppressor gene and histological differentia-
tion in hepatocellular carcinoma. Cancer, 1997;80:865-872

Satoh S, Daigo Y, Furukawa Y, Kato T, Miwa N, Nishiwaki T, Kawasoe
T, Ishiguro H, Fujita M, Tokino T, Sasaki Y, Imaoka S, Murata M,
Shimano T, Yamaoka Y, Nakamura Y. AXIN1 mutations in hepato-
cellular carcinomas, and growth suppression in cancer cells by virus-
mediated transfer of AXIN1. Nat Genet, 2000;24:245-250

Jeng YM, Wu MZ, Mao TL, Chang MH, Hsu HC. Somatic mutations
of B-catenin play a crucial role in the tumorigenesis of sporadic
hepatoblastoma. Cancer Lett, 2000;152:45-51

Renard CA, Fourel G, Bralet MP, Degott C, De La Coste A, Perret C,
Tiollais P, Buendia MA. Hepatocellular carcinoma in WHV/N-myc2
transgenic mice: oncogenic mutations of B-catenin and synergistic
effect of p53 null cells. Oncogene, 2000;19:2678-2686

De La Coste A, Romagnolo B, Billuart P. Somatic mutations of the -
catenin gene are frequent in mouse and human hepatocellular
carcinoma. Proc Natl Acad Sci USA, 1998;95:8847-8851

Aderca |, Taniguchi K, Dong XY, Qian CP, Nagorney DM, Burgart LJ,
Smith DI, Roberts LR, Liu WG. AXIN1 and B-catenin gene mutations
in human hepatocellular carcinoma. Gastroenterology, 2001;120:1849
Fujie H, Moriya K, Shintani Y, Tsutsumi T, Takayama T, Makuuchi
M, Kimura S, Koike K. Frequent B-catenin aberration in human
hepatocellular carcinoma. Hepatol Res, 2001;20:39-51

Liu C, Rashid A, Ruchelli E, Seeger C. B-catenin gene expression in
hepatocellular carcinoma and hepatoblastoma. Modern Pathol, 2001;
14:1172

Hsu HC, Jeng YM, Mao TL, Chu JS, Lai PL, Peng SY. B-catenin
mutations are associated with a subset of low-stage hepatocellular
carcinoma negative for hepatitis B virus and with favorable prognosis.
Am ] Pathol, 2000;157:763-770

Ghadimi BM, Behrens J, Hoffmann |, Haensch W, Birchmeier W,
Schlag PM.Immunohistological analysis of E-cadherin, B-catenin, B-
catenin, and B-catenin expression in colorectal cancer: implications
for cell adhesion and signaling. Eur J Cancer, 1999;35:60-65

Hiscox S, Jiang WG. Expression of E-cadherin, B-catenin, -catenin,
and f catenin in human colorectal cancer. Anticancer Res, 1997;17:
1349-1354

Johnson JP. Cell adhesion molecules in the development and pro-
gression of malignant melanoma. Cancer Metast Rev, 1999;18:345-357
Zhang XD, Hersey P. Expression of catenins and p120(cas) in melanocytic
nevi and cutaneous melanoma: deficient B-catenin expression is associ-
ated with melanoma progression. Pathology, 1999;31:239-246
Karayiannakis AJ, Nakopoulou L, Gakiopoulou H, Keramopoulos A,
Davaris PS, Pignatelli M. Expression patterns of B-catenin in in situ
and invasive breast cancer. Eur J Surg Oncol, 2001;27:31-36
Bukholm IK, Nesland JM, Karesen R, Jacobsen U, Borresen-Dale AL.
E-cadherin and B-catenin, B-catenin, and B-catenin protein expres-
sion in relation to metastasis in human breast carcinoma. J Pathol,
1998;185:262-266

Ramesh S, Nash J, McCulloch PG. Reduction in membranous expres-
sion of B-catenin and increased cytoplasmic E-cadherin expression
predict poor survival in gastric cancer. Br J Cancer, 1999;81:1392-1397
Ougolkov A, Mai M, Takahashi Y, Omote K, Bilim V, Shimizu A,
Minamoto T. Altered expression of B-catenin and c-erbB-2 in early
gastric cancer. J Exp Clin Cancer Res, 2000;19:349-355

Toyoyama H, Nuruki K, Ogawa H, Yanagi M, Matsumoto H, Nishijima
H, Shimotakahara T, Aikou T, Ozawa M. The reduced expression of
E-cadherin, B-catenin and B-catenin but not B-catenin in human lung
cancer. Oncol Rep, 1999;6:81-85

Kase S, Sugio K, Yamazaki K, Okamoto T, Yano T, Sugimachi K.
Expression of E-cadherin and B-catenin in human non-small cell lung cancer
and the clinical significance. Clin Cancer Res, 2000;6:4789-4796
Hugh TJ, Dillon SA, ODowd G, Getty B, Pignatelli M, Poston GJ,
Kinsella AR. B-catenin expression in primary and metastatic colorectal
carcinoma. Int J Cancer, 1999;82:504-511

Edited by Pan BR



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

World J Gastroenterol 2001;7(4):547-550
World Journal of Gastroenterology
Copyright © 2001 by The WJG Press ISSN 1007-9327

e ORIGINAL RESEARCH e

A study on pathogenicity of hepatitis G virus

Jia-Zhang Xu?, Zhi-Guo Yang!, Mei-Zhao Le?, Mao-Rong Wang!, Chang-Lun He!and Yun-Hua Suit

Hnstitute of Hepatology, the 81st Hospital of PLA, Nanjing 210002,
Jiangsu Province, China

2Department of Pathology, the 81st Hospital of PLA, Nanjing 210002,
Jiangsu Province, China

Supported by the Science Foundation of Jiangsu Province, No.
BK97173

Correspondence to Jia-Zhang Xu, Institute of Hepatology, the 81st
Hospital of PLA, Nanjing 210002, Jiangsu Province, China

Received 2001-03-13 Accepted 2001-05-04

Abstract

AIM To study the pathogenicity of hepatitis G virus
(HGV) and observe the genesis and pathological process
of hepatitis G.

METHODS HGV-RNA in serum was detected by RT-PCR
assay. The immunohistochemical assays of liver tissue
were performed with HGV monocoloned antibody (McAb)
expressed from the region of HGV NS5 nucleic acid
sequence. The clinical and pathological data of 52 patients
with hepatitis G were discussed. In animal experiment,
the Chinese Rhesus monkeys were infected with the serum
of a patient with HGV infection. And the dynamic changes
in serology and liver histology of animals were observed.

RESULTS One hundred and fifty-four patients with HGV-
RNA positive were selected from 1552 patients with
various kinds of hepatitis. Of 154 patients with HGV
infection, 52 were infected with HGV only, which
accounted for 33.8%(52/154) and 102 with positive HGV-
RNA were super-infected with other hepatitis viruses,
which accounted for 66.2%(102/154). The clinical and
pathological observation showed that the acute and
chronic hepatitis could be induced by HGV. The slight
abnormality of transaminases ALT and AST in serum of
monkeys lasted nearly 12 months and histological results
showed a series of pathological changes.

CONCLUSION HGV is a hepatotropic virus and has
pathogenicty.

Subject headings hepatitis virus G; pathogenicity

XuJZ,Yang ZG, LeMZ, Wang MR, He CL, Sui YH. A study on
patogenicity of hepatitis G virus. World J Gastroenterol, 2001;7
(4):547-550

INTRODUCTION

Hepatitis G virus (HGV/GBV) is anew type of hepatitis virus
which was first identified by Simons and Linnen between
1995 and 1996!*2. It has been shown that HGV is a single-
stranded, positive chain DNA virus which has world-wide
distribution, and spread by blood circulation. HGV infection

is mostly mixed with infections caused by other types of
hepatitis viruses. The patients with single hepatitis G infection
were rare. It makes the investigation difficult. Currently, the
pathogenicity of hepatitis G virus is controversial. We report
the results of our study below.

MATERIALS AND METHODS

Patients

One hundred and fifty-four patients with hepatitis G infection
were collected from 1552 patients with different types of
hepatitis admitted consecutively to our hospital during recent 4
years. The serum level of alanine trasaminase (ALT) in all
investigated patients was twice that of the normal subjects.
Fifty-two of these cases were simply HGV infected and 102
were super-infected with other types of hepatitis virus. The
liver biopsies were performed in 42 of the 52 patients with
single HGV infection.

Etiological assays for serum specimens

Serum specimens were tested for HGV-RNA by retro-
polymerase chain reaction (RT-PCR), for HBV-M, anti-HAV
IgM, anti-HEV 1gG, anti-HCV 1gG by enzyme-linked
immunosorbent assay (ELISA), for HBV-DNA by PCR, and
for HCV-RNA by RT-PCR. Reagents were obtained from
Shanghai Meihua Company, DA-AN Genotype-Diagnostic
Center of Zhongshan Medical University, Medical Institute
of Nanjing Military Area, respectively. The primers of HGV
were obtained from the Institute of Microbiology and
Epidemiology of Chinese Military Academy of Medical
Sciences.

Histological and immunohistochemical assays

The biopsied liver tissues from the patients were sent to 3
pathologists for histological examinations under light and
electron microscopy to determine the degree of necrosis of the
liver cells, inflammatory cellular infiltration and fibroplastic
proliferation. As for immunohistological examinations,
monoclonal antibodies (McAb) were obtained from HGV NS5
gene antigen, the labeled antigen and antibody were presented
by the Institute of Microbiology and Epidemiology of Chinese
Military Academy of Medical Sciences. The histochemical
reagents with HCVAg (NS3) and HBsAg were obtained from
Beijing Zhongshan Biotechnical Limited Company and Fuzhou
Maixin Biotechnical Company Limited, respectively. The
technical procedures were followed according to the
reguirements for use.

RESULTS

The relationship between HG and the other different types
of viral hepatitis

One hundred and fifty-four cases of HG in our study were
collected from 1552 cases of different types of viral hepatitis
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and evidence of an HGV infection were confirmed by positive
HGV-RNA twice in all 154 cases. The relationship between
them is shown Table 1.

There were 52 patients with the smple HG infection
(33.8%), and 103 of HG super-infected with other type of
HV. Most of the cases were complicated with HCV and/or
HBYV infection (66.2%).

The clinical and pathological features of HGV infection

Of 52 cases of HG, the biopsies were performed in 42. The
clinical and/or pathological diagnosis of 154 casesis shown in
Table 2.

Table 1 The relationship between HG and the other viral hepatitis

Group No. of cases No. of positive HGV-RNA %
HNA-E 583 52 8.9
HA 38 2 5.3
HB 713 69 9.1
HC 125 18 14.4
HB+HC 17 5 29.4
HA+HB 22 2 13.6
HB+HE 20 1 5.0
The others * 7 0 0

Total 1552 154 9.9

*The others include: HA+HC 2, HA+HE 1, HC+HE 3 and
HA+HB+HE 1.

Table 2 The clinical and/or pathological diagnosis of 154 cases

Cirrhosis
hepatitis

Chronic  Severe

hepatitis

Acute
hepatitis

Group No.of cases

Sigle HG
Super-infected HG

52
102

2
80

49
4

1
18

It is difficult to identify what damages of the liver are
predominant clinically and pathologically in the patients with
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HG super-infected with other HV infection. We had
intensively observed the clinical manifestations and
pathological lesions in single-infected cases of HG so as to
better clarify the pathogenicity of HGV. Of the 52 cases,
only 2 cases were acute hepatitis (confirmed by clinical and
pathological evidence). Most of single-infected patients with
HG had chronic hepatitis.

Casel A 46-year-old female with ahistory of surgery in 1988
was hospitalized with endometriosis. During the operation,
blood transfusion was taken. Fifty days after transfusion, she
felt weak and had a poor appetite, abnormal liver functions
with ALT 180U/L. After treatment with biphenyl dimethyl
dicaboxylate, the ALT level was lowered. But her liver
function was continued to be abnormal (ALT: 66-120, AST:
57-108U/L) for 9 years. Serum examinations of pathogens
performed in many large hospitals were negative. She was
admitted to our hospital on Sept. 27, 1997. Laboratory
examinations showed ALT 106U/L, AST-192U/L, normal
level of TSB, A/G 1.17, and r- GP 22%. Serum tests for HA
-E were negative. The test for HGV-RNA was positive.
Liver biopsy was taken on October 18. Histological
examinations showed hepatocyte swelling, acidophilic
degeneration, piecemeal necrosis, obvious fibroplastic
proliferation in the portal area and P-P bridging hepatic
necrosis. The pathologic diagnosis showed chronic hepatitis:
G 2-3, S 1-2. CT-displayed splenomegaly and occupied
lesions in the liver. The patient was treated with a-Interferon
at a dose of 3 million IU three times per week, for 6 months.
Thirty days later, HGV-RNA became negative. Two months
after cessation of the treatment, the HGV-RNA again became
positive. The ALT continued to be abnormal. The patient had
faint jaundice and symptoms of liver cirrhosis (Figure 1).
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Figure 1 Dynamic changes of serum ALT, AST and HGV-RNA in patient Hu.
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Case 2 An 8-year-old girl was admitted on July 9,1998
because of abdomina distension. Splenomegaly and a small
amount of ascites were displayed by B super-sound
examination. Repeated examinations showed positive HGV-
RNA, ALT 60U, AST 120U/L, A/G 098, and r-GP
28%. CT showed uneven liver density with small nodular
lesions, splenomegaly extended in an area of 8 costae. The
clinical diagnosis was chronic hepatitis G infected from liver
cirrhosis (Figure 2).

In our group, there were 2 patients with acute hepatitis G
having following histological findings: cloudy hepatocyte
swelling, partial vacuolation (Figure 3), punctate necrosis of
liver cells, focal lymphocyte infiltration, and accidophilic
degeneration of partial liver cells. In patients with chronic
hepatitis G, the histological examinations of the liver tissue
showed extended portal area, a moderate degree of
lymphocyte infiltration, and piecemea necrosis (Figure 4). A
tendency of P-P bridge necrosis in the portal area could be
found. In a case of acute hepatitits G, the electron
micrographs showed shrinkage of liver cells with zigzag edges,
extension of rough surfaced endoplasmic reticulum in
hepatocytes, and proliferation of collagen fibrils extended into
the cytoplasm in the damaged hepatocytes (Figure 5). In
immunohistochemical assays, brown-yellow granules were
found in the cytoplasm of hepatocytes stained by specific HGV
McAb in either acute hepatitis G or chronic hepatitis G
patients. The positive-stained granules were also seen in the
nuclel of a few hepatocytes (Figure 6). Negative results were
obtained by histochemical analysis with anti-HBs McAb
and anti-HCV (McAb) expressed from HCV N3. All theseresults
suggested that HGV could cause a series of histological
damages of the liver.

Figure 2 CT picture displays uneven liver density, small nodular
changes and splenomegaly extended in an area of eight costae. EMx
15000

Figure 3 Histological changes of the liver showing cloudy swelling of
hepatocytes.

o

Figure 4 Histological changes of the liver in a patient with acute
single-infected hepatitis G showing punctate necrosis, focal
lymphocyte infiltration, and acidophilic degeneration of hepatocytes.
Figure 5 Ultrastructure of the liver tissues in a patient with acute
simple HGV infection showing shirinkage of liver cells with zigzag
edges, extension of rough surfaced endoplastic reticulum of
hepatocytes, proliferation of collagen fibrils extended into the
cytoplasm of hepatocytes. EMx15000

Figure 6 Immunohistochemical preperation stained by specific HGV
McAb for HGVNSS in a patient with single HG infection showing
brown-yellow granules presented mostly in cytoplasm of hepatocytes,
and partially in the nuclei. DAB staining, hematoxylin staining, BA
staining. (0il)x1000

DISCUSSION

In recent years, the pathogenicity of hepatitis G virus has
caused much controversies, because of the following aspects.
(D HGV infection is usually mixed with the infections caused
by other hepatitis viruses. The patient with single hepatitis G
infection are rare; @ A body of evidence has been limited to
serologic studies without sufficient histological evidence; @&
Lack of animal modes for the study of hepatitis G. A study on
hepatitis G in our hospital was started earliest in China. In
1994, at “World Chinese Symposium on Hepatopathy” our
report on clinical and pathological study in chronic hepatitis
produced by “non-A, non-B and non-C agents” aroused great
interests®. In 1996, we reported the paper “Clone of partial



550 ISSN 1007 - 9327 CN 14 - 1219/ R

World ] Gastroentero

August 2001 Volume 7 Number 4

HGV genes in Nanjing, China and analysis of its cDNA
sequence”, and established the method for determination of
HGV-RNA by RT-PCR. The clinical and pathological
characteristics of viral hepatitis G were described*®. Of the
154 cases of HG collected from 1552 cases of different kinds of
hepatitis in this paper, 52 were single HGV infection and 102
were super-infected with other hepatitis viruses, which
accounted for 33.8% (52/154) and 66.2% (102/154)
respectively. The clinical and pathological datafrom the simple
HG patients in this study showed that: (O the clinical
symptoms of HG patients vary in degree. It was mostly- sub-
clinical; @ majority of patients had no jaundice, less hepatic
damage than HB and a mild to moderate elevated ALT and
AST level; @ most of the patients were chronic. Of 52
patients with HG, there were 49 chronic cases, 1 cirrhosis and
only 2 acute cases in our study. One of the two patients with
acute HG had jaundice (TSB 106.7umol/L) 30 days after
blood transfusion, with the ALT level 535U/L and AST
116U/L; @ histological changes were local necrosis and
piecemeal necrosisin most patients, P-P bridge necrosis and a
tendency of cirrhosis in afew patients. Electron micrographs
of the two acute patients displayed proliferation of collagen
fibrils extended into the cytoplasm of hepatocytes; & HGV
antigen was generally present in cytoplasm and sometimes in
the nuclei of the hepatocytes by immuohistochemical assay.
We studied a Chinese Rhesus monkey intravenously attacked
with the serum from a chronic hepatitis G patient only with
positive HGV-RNA for one year. The dynamic changes of the
serology and histology of the liver in the animal were observed
before and after infection. It was found that the serological
and histological changes of the animal were similar to that of
the patients in our study®. Eighteen months after the
infection, the monkey was dissected and its internal organs

were taken for histological examination. The internal organs
were normal except the liver tissue in which there were focal
necrosis and slight piecemeal necrosis. The pathological
diagnosis was confirmed to be chronic hepatitis. It is suggested
that HGV would be a hepatotropic virus and had the
pathogenicity to human.

ACKNOWLEGEMENTS  We would like to thank Prof. T. H.
Zhang, the General Hospital of Nanjing Military Area, for his
guidance in this study.

REFERENCES

1 Simons N, Leary TP, Dawson GJ, Pilot-matias TJ, Muerhoff AS,
Schlaude GG, Desai SM, Mushahwar IK. Isolation of novel virus-
like sequences associated with human hepatitis. Nat Med, 1995;1:
564-569

2 Linnen J, Wages J, Zhang-Keck ZY, Fry KE, Krawczynski KZ,
Alter H, Koonin E,?Gallagher M, Alter M, Hadziyannis S,
Karayiannis P, Fung K, Nakatsuji Y, Shih JWK, Young L, Piatak
JRM, Hoover C, Fernandez J, Chen S, Zou JC, Morris T, Hyams
KC, Ismay S, Lifson JD, Hess G, Foung SKH, Thomas H, Bra-
dley D, Marglis H, Kim JP. Molecular cloning and disease
association of hepatitis G virus: a transfusion-transmissble
agent. Science, 1996;271:505-508

3 He CL, Xu JZ, Wang XY. Clinical and pathological study on
chronic non-A, non-B, non-C hepatitis. Abstracts of the World
Chinese Liver Disease Conference. P69. 1994, Huangshan, China

4 Xu JJ, Zhou YS, Xu JZ, Ju JL, Wang XX, Chen W, Wang HT.
Clonning and sequencing of partial gene of hepatitis G virus
(HGV) from Nanjing of China. Zhonghua Shiyan He Linchuang
Bingduxue Zazhi, 1997;11:27

5 Xu JZ, Wang HT, Yang ZG, Le MZ, Sui YH, He CL. Clinical
and pathological features of hepatitis G. Zhonghua
Chuanranbing Zazhi, 1998;16:222

6 Xu JZ, JulL, Yang ZG, Le MZ, Wang MR. Dynamic
observation of serological and histological changes of Chinese
Rhesus monkeys infected by hepatitis G virus. Zhonghua Shiyan
He Linchuang Bingduxue Zazhi, 1999;13:1

Edited by Ma JY



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

World J Gastroenterol 2001;7(4):551-554
World Journal of Gastroenterology
Copyright © 2001 by The WJG Press ISSN 1007-9327

e ORIGINAL RESEARCH e

Differential expression of a novel colorectal
cancer differentiation-related gene in colorectal cancer

Xing-Guo Li, Jin-Dan Song and Yun-Qing Wang

Key Laboratory of Cell Biology, Ministry of Public Health of China,
ChinaMedical University, Shenyang 110001, Liaoning Province, China
Correspondence to Dr. Jin-Dan Song, Key Laboratory of Cell
Biology, designated by the Ministry of Health of China, China
Medical University, Shenyang 110001, Liaoning Province,

China. jdsong@sun10.cmu.edu.cn

Tel/Fax: 0086-24-23256087

Received 2001-03-09 Accepted 2001-03-29

Abstract

AIM To investigate SBA2 expression in CRC cell lines
and surgical specimens of CRC and autologous healthy
mucosa.

METHODS Reverse transcription-polymerase chain
reaction (RT-PCR) was used for relative quantification of
SBA2 mRNA levels in 4 human CRC cell lines with different
grades of differentiation and 30 clinical samples.
Normalization of the results was achieved by simultaneous
amplification of B-actin as an internal control.

RESULTSIn the exponential range of amplification, fairly
good linearity demonstrated identical amplification
efficiency for SBA2 and B-actin (82%). Markedly lower
levels of SBA2 mRNA were detectable in tumors, as
compared with the coupled normal counterparts
(P<0.01). SBA2 expression was significantly (0.01<P<
0.05) correlated with the grade of differentiation in CRC,
with relatively higher levels in well-differentiated samples
and lower in poorly-differentiated cases. Of the 9 cases
with lymph nodes affected, 78% (7/9) had reduced SBA2
mRNA expression in contrast to 24% (5/21) in non-
metastasis samples (0.01<P<0.05).

CONCLUSION SBA2 gene might be a promising novel
biomarker of cell differentiation in colorectal cancer and
its biological features need further studies.

Subject headings colorectal neoplasms/genetics;
colorectal neoplasms/pathology; DNA, complementary; cell
differentiation; gene expression; polymerase chain reaction

Li XG, Song JD, Wang Y Q. Differential expression of a novel
colorectal ancer differentiation-related genein colorectal cancer.
World J Gastroenterol, 2001;7(4):551-554

INTRODUCTION

Colorectal cancer (CRC) is increasing in China*1, and the
treatment is still difficult in advanced stage™®. Butyrate is
an important colonic fuel and induces differentiation in
colonic cell lined?¥. cDNA for a novel CRC differentiation-
related gene, designated SBA2 (GenBank accession No:

AF229181), has been identified in human CRC cell line
CloneA after modulation by sodium butyrate. We investigated
the use of reverse transcription-polymerase chain reaction
(RT-PCR) for the relative quantification of SBA2 expression
in 4 human CRC cell lines with different grades of
differentiation and in 30 surgical specimens of CRC and
autologous healthy mucosa.

MATERIALS AND METHODS

Materials

The poorly-differentiated human CRC cell line CloneA,
moderately-differentiated human CRC cell line CX1, and
well-differentiated human CRC cell line CCL187 were
obtained from Dana-Farber Cancer Institute, Harvard
Medical School. The moderately-differentiated human CRC
cell line LS174T was bought from the Shanghai Institute of
Cell Biology, Chinese Academy of Sciences. These cells were
cultured in Dulbecco’'s modified Eagle’s medium containing
50mL-L*t calf serum a 37C with 100% humidity and
50mL-L* CO.. Tumor tissues were obtained from 30
patients (15 men and 15 women) at the time of surgery for
removal of CRC. All cases were assessed by histopathology.
Both tumor tissues and autologous healthy mucosa (at the
distance >5cm from the neoplastic focus) were sampled. All
specimens were snap frozen and stored in liquid nitrogen.
Total cellular RNA was isolated with the TRIzol reagents
(Gibco-BRL). The yield and quality of RNA preparation
were determined by spectrophotometry.

Quantification of gene expression by semi-quantitative RT-
PCR
Reverse transcription of 2ug of total RNA using 0.5ug oligo
(dT)-15 primer was performed for 1h at 42°C in 20pL of a
reaction mixture containing 15U AMV reverse transcriptase
(Promega), 5 mmol/L MgCl,, 1x RT buffer (10 mmol/L
TrissHCI, pH 9.0 a 25°C, 50mmol/L KCl, 1g/L Triton X
100), Immol/L dNTP mixture and 25U of recombinant
RNasin ribonuclease inhibitor. The samples were then heated
at 99°C for 5 min to terminate the reverse transcription.

Primers used for amplification of (3-actin specific sequence
were residues 2217-2238 (TGTATGCCTCTG-
GTCGTACCAC; sense-strand) and residues 2009-2030
(ACAGAGTACTTGCGCTCAGGAG; antisense-strand).
PCR using these primers yields a 592 bp product. SBA2-spe-
cific sequence was amplified by the sense-strand primer
(residues 51 - 722 GCTTGTCACGGCTTCTTACGAT) and
the antisense-strand primer (residues 390 - 411:
GCATAAGTGCTTCAGTGAGGAC), which yield a 361bp
product.

Unless otherwise specified, 2.5uL of the reversely-
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transcribed mixture was used as template DNA and amplified
ina reaction volume of 25puL containing 1 mmol/L MgCl,, 1
xRT buffer (10mmol/L TrisHCI, pH 9.0 a 257,
50mmol/L  KCl,2g/L Triton X100), 0.2umo/L each of
5 and 3primers for B-actin, 0.5umol/L each of 5 and 3
primers for SBA2. After heat denaturation at 95°C for 5min,
1.25U of thermus aguaticus DNA polymerase (Promega) was
added to the mixture. Amplification was performed in a DNA
thermal cycler (Perkin-Elmer Cetus) in sequential cycles at
94°C 30s; 68°C 45s and 72°C 1 min. After the last cycle, all
samples were incubated for an additional 10 min at 72°C. Ten
pL of PCR product were separated on 15g/L agarose gels,
stained with ethidium bromide, and loaded onto 80g/L
polyacrylamide gels, stained with DNA silver staining system
(Promega). The gel was analyzed with the Electrophoresis
Documentation and Analysis System 120 (Kodak 1D).

RESULTS

Linearity of PCR amplification

The yield of PCR product is proportional to the starting
amount of the template only under conditions in which PCR
amplification proceeds exponentially at a constant efficiency.
To establish the optimal conditions for detection and
quantification of SBA2 expression, the relative yield of PCR
products was determined by terminating aliquots of starting
reaction solution at sequential PCR cycles as shown in
Figure 1. The resultant amplified sequences were analyzed
and the signal intensities of the bands were plotted on a
semilogarithmic scale against the cycle number to obtain
amplification curves. Figure 1 shows that at higher cycle
numbers (>28), the yield of the SBA2-specific product
approaches the plateau while B-actin shows a tendency of
saturation beyond 26 cycles. Before saturation at the plateau,
however, good linearity is observed for both SBA2 and (-actin
amplification over the range of cycles examined. Figure 2
compares the results obtained with successive dilutions of
cDNA. The serial 1:2 dilutions were performed beginning
with 5uL of reversely-transcribed mixture, as shown in the
graph, and amplified 24 cycles. Thus the number of 24 cycles
and the volume of 25uL of cDNA were chosen as the optimal
parameters for the semi-quantitative RT-PCR.

If the efficiency of amplification is the same for each
cycle (as indicated by the good linearity of the curves), the
amount of cDNA produced can be predicted from the equation
cDNANn = (cDNAg) x (1+R)", where cDNAn stands for
the amount of product after n cycles, cDNA, is the initia
amount of cDNA, and R is the efficiency of amplification.
The efficiency of the amplification can be assessed from the
following equation: log cDNAn = log cDNAy+ nxlog (1+
R). Within the exponential range, the linear regress equation
for SBA2 isy = 0.2612 xx - 0.6179 (r = 0.9496), for B-
actin: y= 0.2594xx - 0.4468 (r = 0.9754), where y is
the logarithm of cDNAN, x is the number of PCR cycles (n),
r is correlation coeficient. The slope of the curve should be
log (1+R) in the semi-logarithmic plot. Thus an R- value of
82% and 82% can be determined for SBA2 and B-actin
respectively. Since the same amplification efficiency is
observed for both the target and the internal control within
the exponential range, the relative amounts of SBA2 mRNA
can be determined by comparison with 3-actin.

| e

04 2% %
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Figure 1 Detection of the exponential range by termination at se-
quential PCR cycles.

1-7: Cycles of 20, 22, 24, 25, 26, 28 and 30, respectively. M:
Marker (100 bp DNA ladder).
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Figure 2 Detection of the exponential range by serial dilutions of
cDNA.

1-4: cDNA of volume of 5, 2.5, 1.25, and 0.625uL, respectively.
M: Marker (100 bp DNA ladder).

Patterns of SBA2 expression
In cultured cell lines and clinical specimens of CRC, the assay
described above was used to investigate the levels of SBA2
mMRNA in 4 human CRC cell linesand in 30 surgical samples of
CRC and autologous healthy colonic mucosa. In the 30
samples analyzed, significantly lower levels of SBA2 mRNA
were detectable in tumors, as compared with the coupled
normal counterparts (Wilcoxon test, T = 6, P<0.01).
Differential expression of SBA2 in clinical samples of
CRC with different grades of differentiation was similar to
that observed in 4 cdl lines of CRC, as shown in Figures 3 and
4, respectively. Thirty clinical samples were assigned into 3
groups, depending on the grade of differentiation. The levels
of SBA2 mRNA were significantly (g test, 0.01<P<0.05)
correlated with the degree of differentiation in CRC, with
relatively higher levels in well-differentiated samples and
lower in poorly-differentiated ones. Mean levels of SBA2
mRNA was calculated for each group. There was a significant
difference between well-differentiated group (0.384 + 0.024)
and poorly-differentiated group (0.158 + 0.014) (g = 3.9564,
0.01<P<0.05), between moderately-differentiated (0.297
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+0.015) and poorly-differentiated (q=3.2767, 0.01<P<
0.05), in spite of no dgnificant difference (q=0.0798, P>
0.05) between well-differentiated and moderately-
differentiated.

We also analyzed the relationship between SBA2
expresson and lymph nodes metastasis. Of the 9 patients with
lymph nodes affected, 78% (7/9) had reduced SBA2 mRNA
expression in contrast to 24% (5/21) in non-metastasis
samples (x?=5.5622, 0.01<P<0.05).

L1l 5 4 i 2 I
1 (M kg
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By p-actin
5ibp

SiMibp

Figure 3 Relative quantification of SBA2 mRNA in colorectal tissues.
1-4: Moderately, moderately, poorly, and well differentiated CRC,
respectively. 5: Healthy colorectal mucosa. M: Marker (100 bp DNA
ladder).
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Figure 4 Relative quantification of SBA2 mRNA in cell lines of CRC.
1-4: Human CRC cell line CloneA, CX1, CCL187, and LS174T,
respectively. M: Marker (100 bp DNA ladder).

DISCUSSION

We have developed an efficient protocol for relative
quantification of gene expression in both clinical samples and
cell lines of CRC by semi-quantitative RT-PCR. Linear
evauation of gene expresson over a wide range was achieved
by plotting the amplification curves of the sequence of interest
and the B-actin sequence that served as an internal control.
Determination of the optimal parameters of an exponentia
range was carried out by terminating the PCR at sequential
cycles and by serially diluting the amount of cDNA. The
amplification efficiency of PCR and the amount of sample
cDNA have been verified by the smultaneous amplification of
a seguence of a gene that serves as an interna control, such
as, adolaseA, PB2-microglobulin, glyceraldehyde-3-phosphate
dehydrogenase (Gs;PD), dihydrofolate reductase®?.
However, the simultaneous amplification of alarge amount of
a sequence of an internal control can affect the efficiency of
amplification of the sequence of interest!®*!. A possible
explanation of the competition is that the effect of an internal

control sequence on amplification efficiency may depend on
the gene sequences amplified?®. For instance, the
simultaneous amplification of a (32-microglobulin MRNA
sequence suppressed the amplification efficiency of an mdr
mMRNA sequence, while amplification of (3-actin sequence did
not affect the amplification efficiency of a tax/rex
sequence!®!, In our study, in the exponentia range of
amplification, fairly good linearity demonstrated identical
amplification efficiency for SBA2 and B-actin (82% for
both). Thus B-ctin can be used as an internal control to
normalize the relative levels of SBA2 mRNA in this
experiment.

Histologic types reflect the biologic nature of the cancer,
exercising the most decisive influence upon the diagnosis and
prognosis. A variety of pathologic changes are all closely
associated with the cellular differentiation in CRC, including gross
typing, growth pattern, depth of infiltration and metastasis into
lymph nodesi?6?1. Classic grading categorized CRC into three
discrete classes: well, moderately and poorly differentiated. Such
grading, however, is largely dependent on the subjective
assessment of the histopathologist. Heterogeneity of
differentiation in the same cancer specimen often leads to
considerable inter-and intra-observer variation in grading'®!,
Colorectal neoplasia develops in a mucosa that has aterations
in proliferation, maturation, and differentiation*?. Normally, the
major zone of cell proliferation is at the base of the crypts (the
lowest one third) with little extension to the surface of proliferating
cells. As cells migrate from the crypts to the luminal surface, they
become increasingly differentiated and mature so that by the
time they have reached the surface they have lost their
proliferative capabilities, finally leading to apoptosis (i.e.
programmed cell death)=%,

Butyrate is an important colonic fuel and induces
differentiation in colonic cell lines’?y. ¢cDNA for a novel
colorectal cancer (CRC) differentiation-related gene,
designated SBA2 (GenBank accession No: AF229181), has
been identified in human colorectal cancer cell line CloneA
after modulation by sodium butyrate. It consisted of 2470
nucleotides and an open reading frame (ORF) encoded 404
amino acid residues with a M, of 44400. The deduced amino
acid seguences showed significant homology to mouse SWiP-2
(96%), mouse WSB-2 (95%) and human WSB-1 (52%),
which belong to a new family of the suppressor of cytokine
signaling (SOCS). The SBA2 protein product may be a new
member of SOCS protein family negatively regulating cytokine
signal transduction. We have used RT-PCR for relative
quantification of SBA2 mRNA levels in 4 CRC cdl lines with
different grades of differentiation and 30 surgical specimens of
CRC and autologous healthy mucosa. Our assay showed
significantly lower levels of SBA2 mRNA in tumors, as
compared with coupled normal counterparts. Furthermore,
differential expression of SBA2 in CRC with different grades
of differentiation was observed both in clinical tissues and in
cell lines SBA2 mRNA levels were correlated with the degree
of differentiation in CRC, being relatively higher in well-
differentiated samples and lower in poorly-differentiated
ones. There was also a significant difference in the frequency
of lower-level SBA2-expressing samples between patients with
lymph nodes metastasis and those without metastasis. It was
indicative of the close association of SBA2 with metastasisin
CRC. The reduced levels of SBA2 mRNA in CRC and the
correlation between SBA2 mRNA expression and the grade of
differentiation in CRC suggest that SBA2 might be a
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promising novel biomarker of cell differentiation of CRC, and
that the biological features of SBA2 and its product in CRC and
other tumors need further studies.
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Abstract

AIM To explore the kinetic changes in plasma D(-)-
lactate and lipopolysaccharide (LPS) levels, and
investigate whether D(-)-lactate could be used as a
marker of intestinal injury in rats following gut ischemia/
reperfusion, burn, and acute necrotizing pancreatitis
(ANP).

METHODS Three models were developed in rats: (O gut
ischemia/reperfusion obtained by one hour of superior
mesenteric artery occlusion followed by reperfusion; &
severe burn injury created by 30% of total body surface
area (TBSA) full-thickness scald burn; and 3 ANP
induced by continuous inverse infusion of sodium
taurocholate and trypsin into main pancreatic duct.
Plasma levels of D(-)-lactate in systemic circulation and
LPS in portal circulation were measured by enzymatic-
spectrophotometric method and limulus amebocyte lysate
(LAL) test kit, respectively. Tissue samples of intestine
were taken for histological analysis.

RESULTS One hour gut ischemia followed by reperfusion
injuries resulted in a significant elevation in plasma D(-)-
lactate and LPS levels, and there was a significant
correlation between the plasma D(-)-lactate and LPS (r
= 0.719, P<0.05). The plasma concentrations of D(-)-
lactate and LPS increased significantly at 6h postburn,
and there was also a remarkable correlation between them
(r=0.877, P<0.01). D(-)-lactate and LPS levels
elevated significantly at 2h after ANP, with a similar
significant correlation between the two levels (r=0.798,
P<0.01). The desquamation of intestine villi and
infiltration of inflammatory cells in the lamina propria
were observed in all groups.

CONCLUSION The changes of plasma D(-)-lactate levels
in systemic blood paralleled with LPS levels in the portal
vein blood. The measurement of plasma D(-)-lactate
level may be a useful marker to assess the intestinal
injury and to monitor an increase of intestinal permeability
and endotoxemia following severe injuries in early stage.

Subject headings gut/injury; ischemia reperfusion/

blood; burn/blood; acute necrotizing pancreatitis/blood; D
( - )-lactate/blood; lipopolysaccharide/blood; intestinal
permeability

Sun XQ, FuXB, Zhang R, LU Y, Deng Q, Jiang XG, Sheng ZY.
Relationship between plasma D(-)-lactate and intestinal
damage after severe injuries in rats. World J Gastroenterol,
2001,7(4):555-558

INTRODUCTION

Apart from their major functions of digestion and absorption
of nutrients, the intestines also act as a barrier to prevent
micro-organisms and toxins contained within the lumen from
spreading to distant tissues and organsi*”. Failure of
intestinal barrier function often occurs in many clinical
conditions, including hemorrhage shock, severe burn injury,
and the surgically critical illness, resulting in the increased
intestinal permeability and subsequent translocation of
bacteria or/and endotoxin from gut®2. It is clear that
increased gut permeability and bacteria with or without
endotoxin trandocation play a key role in the development of
severe complications such as systemic inflammatory response
syndrome (SIRS), sepsis, multiple organ dysfunction
syndrome (MODS) and multiple organ failure (MOF)i120,
Therefore, it is important to know the intestinal injuries
following a variety of insults (shock, burn injury, sepsis, and
some critically surgical illness)i?t22. D(-)-lactate is a
product of bacterial fermentation. It is produced by many of
the bacteria found in the human gastrointestinal tract(®!.
Tissues in mammalian do not produce it and its metabolism is
very slow!?l, In this study, we investigated the changes of
plasma D(-)-lactate and lipopolysaccharide (LPS) levels and
their correlation in gut ischemia/reperfusion, burn injury and
acute necrotizing pancreatitis (ANP); and explored whether
the changes of D(-)-lactate levels could be used as a
predictor of increased intestinal permeability and endotoxemia
following severe injuries.

MATERIALS AND METHODS

Animals

Male Wistar rats were used in this serial studies. They were
housed in individual cages. The room temperature was
maintained at 22°C - 24°C with a 12h light-dark cycle, and
free access to a commercial |aboratory rodent chow and fresh
water were alowed. Twelve hours prior to experiment, the
rats were fasted, but allowed free access to water.

Rat models of gut ischemia/reperfusion

Rats weighing 190g - 250g were divided into three groups.
Gut ischemic group (n= 20): Animals were anesthetized with
an intraperitoneal injection of 0.3mL 30g:-L* pentobarbital
sodium. Through a middle abdominal incision, intestinal
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ischemia was produced by occluding the superior mesenteric
artery for 1 and 1.5h with an automatic microvascular clamp.
Animals were sacrificed at the end of gut is chemia. Gut
ischemia/reperfusion group (n=50): superior mesenteric
artery was occluded for 1h and then the vascular clamp was
removed to produce gut reperfusion. Animals were sacrificed
a 0.5, 1, 2, 6 and 24h after gut reperfusion. Sham-operated
control (n=10): animals were treated identically omitting
the superior mesenteric artery occlusion. Blood samples were
collected aseptically from cervical artery and portal vein for D
(-)-lactate and LPS assay before animals were killed at each
time point.

Rat models of burn

Male Wistar rats weighing 190g - 250g were used. Animals
were divided into two groups. In thermal group, they were
subjected to a 30% total body surface area (TBSA) full-
thickness scald burn injury (n=40). They were anesthetized
with an intraperitoneal injection of 30g-L* pentobarbital sodium
(60mg-kg?) and then the dorsal hair was shaved. A 30% TBSA
full-thickness burn was created on the back of the ratsin boiling
water at 98°C-100"C for 12s. Rats were resuscitated immediately
after thermal injury with 50g-L* glucose sdline solution (50mL kg?)
intraperitoneally. In the control group (n=10), rats were exposed
to the room-temperature water. Animals in thermal group were
killed at 3, 6 12 and 24h after burn. Blood samples were collected
aseptically from cervical artery and portal vein before the rats
were killed at each time point.

Rat models of acute necrotizing pancretitis (ANP)

Male Wistar rats weighing 270g-330g were randomly
divided into two groups. In the ANP group (n=27), animals
were anesthetized with 30g-L? pentobarbital sodium
(60mg-kg?, ip). After medium laparotomy, the duodenum
was mobilized and the pancreatic duct was identified at its
duodenal junction. ANP was induced by a continuous
inverse infusion of sodium taurocholate (50g-L*%, 1mL-kg?)
and trypsin (1.67x10°U-kg?) into the main pancreatic duct.
Animals were immediately given saline (50mL-kg?)
subcutaneoudly after injury. In control group (n=6), animals
were treated identically with infusion saline. Blood samples
were taken aseptically from cervical artery and portal vein at
2, 8, 24 and 48h &fter injury.

D(-)-lactate determination

The plasma from systemic blood samples was obtained and
subjected to a deproteination and neutralization process by
acid/base precipitation using perchloric acid and potassium
hydroxide. The protein-free plasma was then assayed for D
(-)-lactate concentration by enzymatic-spectrophotometric
method with minor modification!®!.

Lipopolysaccharide (LPS) determination

The plasma from portal vein blood was also obtained and
subjected to a deproteination and neutralization process by
acid/base precipitation using perchloric acid and sodium
hydroxide. The LPS levels of portal vein blood were assayed
by the chromogenic limulus amebocyte lysate (LAL) test with
a kinetic modification according to the test kit procedurel?,

Morphologic studies
Tissue samples of intestines were taken for morphologic study.

Biospies were fixed in 100mL-L* neutral buffered formalin,
embedded in paraffin, microtome sectioned at 4pm-6um
thickness, and stained with hematoxylin and eosin. Sections
were examined under light microscope.

Statistical analysis

Data were expressed as means + SD. The statistical
significance of mean values between groups was evauated by
the Student’s t test. The relationship between circulating
systemic D(-)-lactate and portal vein LPS concentrations
was determined by the calculation of Pearson correlation
coefficient. P<0.05 was considered to be significant.

RESULTS

Kinetics of D(-)-lactate and lipopolysaccharide
concentrations in plasma after gut ischemia/reperfusion in
rats

One hour of gut ischemia alone induced a slight increase in
systemic blood D(-)-lactate and portal vein blood LPS
concentrations (Table 1). Either D(-)-lactate or LPS
concentrations had a further significant increase at 0.5h-2h
after gut reperfusion (P<0.05-0.01), and decreased to
normal at 6h. Meanwhile, correlation analysis revealed a
significant correlation between systemic blood D(-)-lactate
levels and portal vein blood LPS concentrations (r = 0.719,
P<0.05).

Table1 The plasma contents of D(-)-lactate and lipopolysac charide
in rats after gut ischemia/reperfusion insults (mean+SD)

Groups Time No. D(-)-lactate LPS(EU/L)
(h) (mmol/L)
Sham-operated control 10 0.234+0.072 380484
Gutischemia 1 10 0.260+0.086 407+41
15 10 0.269+0.092 453+129
Gutischemia/reperfusion 0.5 10 0.489+0.179° 57612442
1 10 0.373+0.1792 611+2782
2 10 0.253+0.062 562+1672
6 10 0.237+0.044 335473
24 10 0.228+0.025 283+81

Compared with sham-operated control, respectively:
3P<0.05; °P<0.01.

Alterations in plasma D(-)-lactate and LPS levels in
thermal rats

Results presented in Table 2 indicated that there was a
significant increase both in circulating blood D(-)-lactate
and portal vein blood LPS concentrations at 6h after injury,
and kept significantly increasing to the end of our observation
period (72h, P<0.01). In addition, correlation analysis
revealed that there was a strong positive correlation between
plasma levels of D(-)-lactate and LPS after injury (r=
0.877, P<0.01).

Table 2 Changes in systemic blood D(-)-lactate levels and portal
blood LPS content in thermal rats (mean+SD)

Groups Time(h) No. D(-)-lactate LPS
(mmol/L) (EU/L)
Control group 10 0.275+0.175 118+37
Thermal group 3 10 0.371+0.123 159483
6 10 0.517+0.1622 347+£1112
12 10 0.619+0.2082 670+139°
24 10 0.638+0.1982 3964572

Compared with control group, respectively: #P<0.01.
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Changes in plasma D(-)-lactate and LPS levels in ANP
rats

In rats subjected to ANP the levels of D(-)-lactate in
systemic blood and LPS in porta vein blood began to increase
at 2h after ANP (P<0.01) (Table 3), and peaked at 24h
after injury. Furthermore, a marked correlation was noted
between the changes in contents of plasma D(-)-lactate and
LPS (r=0.798, P<0.01).

Table 3 Alterations in systemic blood D(-)-lactate levels and portal
blood LPS content in ANP rats (mean+SD)

Groups Time(h) No. D(-)-lactate LPS
(mmol/L) (EU/L)
Control group 6 0.157+0.044 105+7
ANPgroup 2 6 0.328+0.063% 301+131°
8 7 0.507+0.1572 449+1642
24 7 0.653+0.2162 611+2102
48 7 0.448+0.1122 422+136*

Compared with control group, respectively:2P<0.01.

Gut pathology

Mucosal edema, necrosis, and the loss of the epithelium in
mucosa, as well as vascular dilution, congestion, edema and
inflammatory cell infiltration in the lamina propria were
observed in small intestinal biopsies in three groups. The
intestinal injury paralleled with the changes of plasma D(-)-
lactate levels.

DISCUSSION

The present study showed that the intestinal damage caused by
gut ischemia caused a slight increase in plasma concentrations
of D(-)-lactate in systemic blood and LPS in portal vein blood.
After gut ischemia followed by reperfusion, the plasma levels
of D(-)-lactate and LPS significantly elevated, but declined to
normal rapidly at 6h after reperfusion’®2%., The intestinal damage
mediated by burn injury or ANP displayed a more severe damage
than that in gut ischemia/reperfusion. A remarked increase of
plasma D(-)-lactate and LPS concentrations occurred at 6h,
and 3h after insult, respectively, and persisting to the end of
our observation. Moreover, the elevation of plasma D(-)-lactate
levelsin systemic blood was associated with increased plasma
LPS contents in portal vein blood, and histological examination
also exhibited intestinal injury in those three rodent models.
D(-)-lactate is produced by some bacteria including
Klebsilla, Escherichia coli, Lactobacillus species, and
Bacteroides species. It is an indigenous products in gut?4,
Normally, serum levels of D(-)-lactate in mammals are quite
low. During the event that an ischemia/reperfusion insults,
the mucosais injured and intestinal permeability is increased,
leading to an efflux of bacteria and the products of their
metabolismi®-,  including D (-)-lactate into the
circulation. Otherwise, the gut ischemic insult leads to a loss
in normal host defenses against bacterial overgrowth, resulting
in increased numbers of bacteria within the lumen of the
infected intestine®8. This bacterial proliferation would be
expected to cause an increased bacterial metabolism with
increased production of D(-)-lactate. Mammals do not
possess the enzyme system to rapidly metabolize D (-)-
lactate, thus, it passes through the liver with unchanged way
and enters the peripheral blood early in the disease process.
Thus, D(-)-lactate accumulation in the systemic circulation
can generally be considered as aresult of bacterial over growth

and increase in gut permeability induced by some
gastrointestinal disorders. Therefore, D(-)-lactate levels could
be used as a predictor of intestinal injury. In fact, the
elevation of plasma D(-)-lactate levels has been used as the
predictor of bacterial infection in patients with short-bowel
syndrome®l. In rat model of acute mesenteric ischemia, D
(-)-lactate was significantly elevated after gut ischemia, and
the histopathological evaluation scores of intestinal injury
were remarkably correlated to the plasma D(-)-lactate
levels®®39 Recently, in clinical study, it has also been
demonstrated that patients with mesenteric ischemia at
laparotomy had significantly elevated D(-)-lactate levels in
systemic circulation as compared with patients operated on for
an acute abdomen or normal abdomen(“®,

In conclusion, our data in these rat models suggest that
the changes in D(-)-lactate concentrations paraleled with
LPS concentrations, and correlated similarly with the
intestinal histopathological alterations as well. Therefore,
plasma D(-)-lactate in systemic circulation measurement
would be a useful marker to evaluate intestina injury and
endoxemia following severe injuries.
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Abstract

AIM To clone the cDNA fragment of human TRAIL (TNF-
related apoptosis inducing ligand) into a tetracycline-
regulated gene expression system, the RevTet-On
system, transduce expression vectors into a gastric
carcinoma cell line-NCI-N87 and examine the effects of
controlled expression of TRAIL /n vitro on the gastric
carcinoma cells.

METHODS The full-length cDNA of TRAIL was inserted
into a vector under the control of the tetracycline-
responsive element (TRE) to obtain the plasmid pRevTRE-
TRAIL, which was transfected into a packaging cell line
PT67. In addition, vector pRev-Tet On and pRevTRE were
also transfected into PT67 separately. After hygromycin
and G418 selection, the viral titer was determined. The
medium containing retroviral vectors was collected and
used to transduce a gastric carcinoma cell line NCI-N87.
The resulting cell line NCI-N87-Tet On TRE-TRAIL and a
control cell line, NCI-N87 Tet On-TRE, were established.
TRAIL expression in the cell line was induced by
incubating cells with doxycycline (Dox), which is a
tetracycline analogue. The killing effect on gastric
carcinoma cells was analyzed after induction.

RESULTS The recombinant plasmid pRev-TRE-TRAIL was
constructed. After hygromycin or G418 selection, the
producer cell lines PT67-TRE, PT67-TRE-TRAIL and PT67-
Tet On were obtained, with titers of about 108CFU-L.
By transducing NCI-N87 cells with retroviral vectors from
these cell lines, stable cell lines NCI-N87-Tet On TRE-
TRAIL (NN3T) and control cell line NCI-N87-Tet On TRE
(NN2T) were established. The growth curves of the
selected cell lines were the same with the wild type NCI-
N87. When Dox was added, cell death was obvious in the
test groups (29%-77%), whereas no difference was
observed in control and wild type cell lines. With the
addition of a medium from the test group, human leukemia
cell line Jurkat was activated till death (83%), indicating
the secretion of active TRAIL proteins from the test cells
to the medium.

CONCLUSION With the use of the RevTet-On system, a

regulated expression system for TRAIL was constructed.
Using this system, the selected killing effect of TRAIL on
gastric carcinoma cell line NCI-N87 could be observed.

Subject headings TRAIL; Tet gene expression
system; gastric carcinoma; stomach neoplasms/pathology;
tumor cells, cultured; tumor necrosis factor; tetracycline;
apoptosis; gene expression

Wei XC, Wang XJ, Chen K, Zhang L, Liang Y, Lin XL. Killing
effect of TNF-related apoptosis inducing ligand regulated by
tetracycline on gastric cancer cell line NCI-N87. World J
Gastroenterol, 2001;7(4):559-562

INTRODUCTION
TRAIL (TNF-related apoptosis inducing ligand, Apo2 ligand,
Apo 2L), which belongs to the tumor necrosis factor (TNF)
cytokine family, can induce rapid apoptosis in a wide variety
of tumor cell lined*3. TRAIL protein consists of 281
(human TRAIL) or 291 (mouse TRAIL) amino acids.The
human TRAIL gene is located in chromosome 3(3g26). The
mRNA distribution of TRAIL is broad*®. Although the
in vivo role of the TRAIL is not currently known, in vitro
studies have found that TRAIL is capable of inducing
apoptosis in a wide range of human tumor cells, but generaly
not normal cellg®¥. TRAIL induces apoptosis by binding
and cross-linking death-domain containing receptorsi*24,
TRAIL-R1?2% (also known as DR4) and TRAIL-R2!%+2
(DR5). Apoptotic signaling occurs via recruitment of adapter
proteins, which results in the activation of caspasesg®+?7.
Because of its selective killing effect on tumor, TRAIL is
likely to be a drug in cancer treatment!?*%1. Therefore, we
tested the effect of TRAIL expression in human gastric
carcinoma cells, most commonly found in oriental population.
In addition, the study may form a basis for the safety and
effectiveness of TRAIL expression in gene therapy of cancer.
In gene therapy, it is important to regulate gene
expression effectively. The tetracycline-controlled gene
expression system (Tet system) is atight control systemi®. It
is based on the Tn10 specified tetracycline resistance operon
of E. coli. In the Tet-Off system, the regulator unit, encodes
a hybrid tTA (tetracycline-controlled transactivator) protein
composed of the tetracycline repressor (tetR) fused to the
herpes simplex virus (HSV) transactivator protein, VP16.
The response unit, tetracycline-responsive element (TRE), is
composed of the tetracycline resistance operon regulatory
elements (tetO) embedded within a minimal cytomegalovirus
(CMV) promoter. The expression of a gene inserted
downstream of the promoter is highly dependent on tTA,
which binds tetO sequences. With the addition of
tetracycline, tTA protein dissociates from the TRE and the
gene expression is inhibited. Conversely, the Tet-On system
allows gene expression to be activated by the addition of
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tetracycline. It is based on the reverse tTA (rtTA) in the
regulator unit.

The RevTet-Off/On system uses the retroviral vectors.
They have the characteristic of Tet system, and their gene
transfer is more rapid and efficient, which can be used in gene
therapy. In this study, TRAIL gene was cloned into the
RevTet-On system, to achieve tight control of the expression
of TRAIL protein in mammalian cells. The gene expression
system on gastric carcinoma cell line NCI-N87 was
constructed, and the killing effect of controlled-gene
expression in the resulting cells was observed.

MATERIALS AND METHODS

Construction of retroviral plasmids

The RevTet-On System, which include pRevTet-On and
pRev-TRE vectors and the RetroPack PT67 cell line, were
purchased from Clontech, Palo Alto, California, USA.
TRAIL gene was obtained by using PCR method from a hu-
man placenta cDNA library (Clontech). The PCR primers
are: 5'-AAGCTTATGGCTATGATGGAGGTCCAGGGGGG-
AC-3'and 5-AAGCTTTTAGCCAACTAAAAAGGCCCCG-
AAAAAACTGGC-3'. The resulting PCR product was cloned
into an intermediate vector PCR-2 (Invitrogen, Carlsbad,
California, USA) and then cut with Hin dIll, which was cloned
into the same site in vector pLNCX, resulting in vector
pPLNCX-TRAIL. The Tet-regulated vector pRev-TRE-TRAIL
was cloned in the same manner.

Cell culture

The retroviral packaging cell line PT67 and the murine
fibroblast cell line NIH3T3 were maintained in Dulbecco’'s
modified essential medium (DMEM) containing 100mL-L?
fetal bovine serum. The human gastric carcinoma cell line,
NCI-N87, and the human leukemia cell line, Jurkat, were
maintained in RPMI 1640 medium containing 100mL-L* or
150mL-L* fetal bovine serum respectively.

Transfections, infections and determination of viral titer

The packaging cells PT67 were plated in a 60 mm plate at a
density of 50%-80% 24h before transfection. Cells were
washed with DMEM twice and incubated with 2mL DMEM
before transfected with 10ug of plasmid DNA by lipofectin
method (Life Technology, Gibco BRL). Four h-6h after
transfection, 2mL DMEM (containing 200mL-L* FBS) was
added. To obtain stable virus-producing cell lines, the
packaging cells transfected with retroviral plasmids were
plated in selection medium 48h later. The regulatory vector
Tet-On carries the neomycin gene as a selectable marker. For
(G418 selection, cells were cultured in the presence of G418
(0.4g-.LY, Gibco) for two- weeks. The vectors pRev-TRE
and pRev-TRE-TRAIL carry the gene for hygromycin
selection. These cells were selected in the presence of
hygromycin B (0.06g-L", Sigma) for two weeks. For
transduction, NCI-N87 cells were plated 24h Dbefore
infection. The medium from packaging cells containing virus
were collected, filtered through a 0.45um filter, and added
to the NCI-N87 cells in the presence of Polybrene (4g-L?,
Sigma). The medium was replaced 4h later. Three to six
serial infections were performed to increase the efficiency of
infection. Forty-eight hours after infection, the cells were
subjected to G418 or hygromycin selection. For determination
of viral titer, NIH3T3 cells were plated 24h before
transduction in 6-well plates (2x10° cells per well). The cells
were infected with filtered virus-containing medium (six 10-
fold serial dilutions, 1- 10°. The cells were then incubated

in G418 or Hygromycin 48h later, and the selection |asted
about weeks until clear colonies appears.

Growth curve

The cells were plated in 96-well plates (5x10* cells per well),
and counted by Typan blue dye excluson method over a 24h
period.

Induction of gene expression

The cells were added with the medium containing Dox (0.01
-10mg-L*%, Sigma). After a period of time, the fraction of
dead cell was calculated by Typan blue dye counting. The
medium after induction was added in Jurkat cells
(100mL-LY), the fraction of dead cell was calculated by
Trypan blue dye.

RESULTS

Construction of retroviral vectors

To clone the TRAIL gene into the Tet system, we inserted the
cDNA of TRAIL into the Tet response vector pRev-TRE,
which  was named pRevTRE-TRAIL. The desired
recombinant plasmid orientation was confirmed by Hin dill
and Ssp | digestion. In this plasmid, the TRAIL gene is the
downstream of the TRE, which can bind rtTA expressed by
pRevTet-On. So, in combination with the pRevTet-On
regulatory vector, the TRAIL gene can be inductively
expressed at high levels in response to varying concentrations
of tetracycline or doxycycline. Because of their retrovirus-
mediated gene transfer, we can incorporate the Tet-controlled
TRAIL protein expression system into mammalian cells.

Establishment of Tet-controlled TRAIL system

We transfected vectors into packaging cells PT67. Using G418
(pRevTet-On) and hygromycin selection (pRev-TRE and
pRevTRE-TRAIL), we obtained the stable virus-producing
cell lines, PT67-TetOn, PT67-TRE and PT67-TRE-TRAIL.
Viral titers were 1-2x108CFU-L™, determined by titering
NIH3T3 cells. After seria infections of NCI-N87 cells with
viral-containing supernatants and antibiotic selections, two
kinds of cell lines were established. One is the test group NCI-
N87-TetOn-TRE-TRAIL (NN3T, Figure 1A), which is a Tet-
controlled TRAIL expression cell line. The second is the
control cell line NCI-N87-TetOn-TRE (NN2T, Figure 1B),
which is the same with NN3T but without TRAIL expression.

Figure 1 Morphology of cells. A: NN3T; B: NN2T

Killing effect of TRAIL induced by doxycycline

When we added doxcycline to cells, some cells died in the test
group NN3T 48h later (Figure 2), whereas no clear death
effect can be detected in cells in the control group (NN2T)
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and wild type NCI-N87. Under normal conditions without
Dox, the growth curves of these three types of cdls showed no
obvious differences (Figure 3). In order to test the possible
secretion of TRAIL protein into the medium, the media from
the test group and control group were removed and inoculated
into the human leukemia cells Jurkat (sensitive to TRAIL-
induced apoptosis). Obvious cell deasth was observed after one
day culturing in the test group as compared with the control
and the normal groups. From these results, we concluded that
the regulated expression of TRAIL in the Tet system has
killing effect on the gastric carcinoma cell NCI-N87.
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Figure 2 Killing effect of TRAIL regulated by doxcycline.
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DISCUSSION
Tumor necrosis factor (TNF) is a prototypic member of the
family of cytokines that interact with a corresponding set of
receptors that form the TNF receptor (TNFR) family. Three
of these ligands, CD95L, TNF and LTa, have received
particular attention because they can induce apoptosis in
transformed cells and activated lymphocytes®>3l. The
potential utility of systemically administered ligands is limited
by their acute toxic effects on normal tissues in vivo, thereby
limiting their potential widespread use in the treatment of
cancer®!, Previous studies have shown that TRAIL can
induce apoptosis in a variety of tumor cel lines. In contrast to
other members of TNF family, TRAIL mRNA is expressed
constitutively in many tissues including peripheral blood
lymphocytes, spleen, thymus, prostate, ovary, small
intestine, colon and placental®"73¢-38 which suggests the
existence of physiological mechanisms that can protect many
normal cell types from induction of apoptosis specifically by
TRAIL. A relatively high proportion (approximately two-
thirds) of tumor cell lines tested so far are sensitive to the
cytotoxic effects of TRAIL in vitrol*"*39 indicating that
TRAIL may prove to be a powerful cancer therapeutic factor.
Although TRAIL potently induces apoptosis in tumor
cells and some virally infected cells, it has little or no
detectable cytotoxic effects on normal cells, whereas this was
first thought to be due to regulated expression of the TRAIL

receptors®2440-42 - the fact that mRNA for both TRAIL and
TRAIL receptors is often expressed in the same cells makes
this explanation untenablel*”*d. Indeed, the identification of
four distinct TRAIL receptors (TRAIL-R1, R2, R3, R4) has
significantly increased the potential complexity of this
receptor/ligand system(t4344  Based on current information
it seems mikely that multiple factors, both intra and extra-
cellular, may function together to protect normal cells from
the cytotoxic effects of TRAILE444 but  many
questions remain unexplained.

Although the reason for determining the sensitivity of
cellsto TRAIL-induced apoptosis has not been understood, we
still try to use TRAIL in cancer treatment to achieve the
effectiveness and the safety of the therapy. In our laboratory,
the cDNA sequence of TRAIL has been cloned from human
placenta cDNA library. We have expressed the TRAIL in the E.
coli by the pET system(*?, after purification and refolding the
antitumor activity of the protein has been examined®®. On the
other hand, a chief concern with the potential use of TRAIL
protein in the treatment of tumors in vivo is the potential
undesirable toxicities. Because of the recent report that some
normal human cells were sensitive for the apoptosis induced
by TRAILP®Y, we inserted the gene into a mammalian expression
vector to study its effect further in this experiment.

In most inducible mammalian gene expression systems
(heavy metals, steroid hormones, or heat shock), induction is
nonspecific and expression levels cannot be precisely regulated.
In addition, these systems are generally leaky in the “ off” state,
and the inducing agent itself may be cytotoxic or have
pleiotropic effects. In contrast, regulation of gene expression
by the Tet system is very specifict®. Furthermore, the levels of
tetracycline or doxycycline required for the full range of gene
expression are not cytotoxic and have no significant effect on
cell proliferation or animal growth. Using retroviral vectors
instead of DNA transfection to transduce the complete inducible
system greatly expands the target cell types in which gene
functions can be studied. This strategy may be useful for clinica
applications in human gene therapy trials.

In this study, the effectiveness of TRAIL in killing
human gastric cells was evident. It showed that the gastric
carcinoma cell line was sensitized to TRAIL-induced cell
death. In addition, the concentrations of doxycyline that
constituted the effect were within a range of clinical security.
We can believe that this effect will be safe to normal tissues
with the specificity of TRAIL and regulation of the Tet
system.

At the moment, malignant gastric carcinoma remains one
of the difficult types of cancer to treat successfully, and with
the incidence of gastric carcinoma increasing at China, it
continues to be a leading cause of death in Japan and other
countries of Asia. In our experiment, the expression system of
TRAIL gene controlled by tetracycline was established in
gastric carcinoma cell line NCI-N87, and its killing effect to
the tumor cell was observed. This study clearly demonstrates
the possible usefulness of Tet-controlled TRAIL expression
system in gastric cancer gene therapy, and further studies of
the mechanisms of TRAIL-mediated cytotoxicity are required
to assess the potential use of TRAIL as an anti-cancer
therapeutic in vivo.
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Abstract

The incidence of Barrett’s metaplasia (BM) as well as
Barrett’s adenocarcinoma (BA) has been increasing in
western populations. The prognosis of BA is worse
because individuals present at a late stage. Attempts have
been made to intervene at early stage using surveillance
programmes, although proof of efficacy of endoscopic
surveillance is lacking, particularly outside the specialist
centres. The management of BM needs to be evidence-
based as there is a lack clarity about how best to treat this
condition. The role of proton pump inhibitors and
antireflux surgery to control reflux symptoms is justified.
Whether adequate control of gastroesophageal reflux early
in the disease alters the natural history of Barrett's
change once it has developed and or prevents it in
patients with gastroesophageal reflux disease but with no
Barrett's change remains unanswered. There is much to
be learned about BM. Thus there is great need for
carefully designed large randomised controlled trials to
address these issues in order to determine how best to
manage patients with BM.

Subject headings Barrett's esophagus/complications;
metaplasia/lcomplications; gastroesophageal reflux

Ishag S, Jankowski JA. Barrett’s metaplasia: clinical
implications. World J Gastroenterol, 2001;7(4):563-565

INTRODUCTION

The recent rise in the incidence of esophageal adenocarcinoma
in parallel with an increased incidence of Barrett’s metaplasia
(BM) favours the theory that BM is a pre-cancerous lesion for
adenocarcinoma. This BM is thought to occur as a result of
prolonged and severe gastroesophageal reflux that can lead to
chronic inflammation resulting in replacement of normal
squamous epithelium in the distal oesophagus with specialised
intestinal-type columnar epithelium containing goblet cells.
Attempts have been made to treat acid reflux with medical
treatment as well as anti-reflux surgery in the hope that it
might prevent progression of BM. Surveillance strategies for
established BM to detect early cancer have not been proven
cost effectivel*?d, although lesions identified during
surveillance program have better prognosis. Despite extensive
research, the natural history of BM is poorly understood.
Many questions remain regarding the diagnosis of BM, its
treatment, and the impact of surveillance strategies on early

detection of cancer. It isimportant to realise the sheer scale of
the problem as oesophagitis secondary to gastroesophageal
reflux disease is one of most common conditions in the western
world with up to 30% of adults complaining of heartburn at
least once per month, a third of whom will develop
oesophagitis. About 10% of patients with oesophagitis will
progress to BM, of whom up to 5% will progress to cancer.

Using pooled data, the cancer risk in BM is about 1%
(range 0.5% - 2%). Proposed clinical risk factors for
cancer progression including chronicity of symptoms, length
of Barrett’s segment, gastroesophageal reflux and mucosal
damage. For example gastroesophageal reflux symptoms are
considered an independent risk predictor for cancer risk but
may not discriminate low from high risk BM. Molecular
changes in p53, p16, and cyclin D1 overexpression, decreased
E-cadherin expression, and loss of heterozygosity of the
adenomatosis polyposis coli (APC) gene have been
detected®. These molecular changes have been evaluated
in a clinical research setting but are not routinely used in
clinical practice, athough such genetic changes may become
useful screening markers to monitor progression of BM and
to identify individuals at risk of developing malignant
transformation in the future. Thus, there is a pressing need
for better understanding of BM and to develop strategies
not only to prevent this pre-cancerous condition but also
to identify high-risk individuals with this condition who are
at risk of developing Barrett’s adenocarcinoma. This article
discusses issues that concern clinicians in the management of
BM including definition, diagnosis, screening and surveillance
of BM, as well as management of uncomplicated BM.

DEFINITION AND DIAGNOSIS OF BM

BM may be defined as visible columnar-lined oesophagus of
any length above the esophago-gastric junction (OGJ)
confirmed on biopsies with the presence of specialised
intestinal-type columnar epithelium containing goblet cells.
However, there is considerable disagreement in defining BM.
One technical problem in this regard is the precise
identification of the OGJ. Suggested endoscopic criteria for
identifying OGJ include the point of flaring of the stomach
from the tubular oesophagus® and confluence of the proximal
margin of longitudinal gastric folds'®. One has to realise that
this location point of flare can shift during breathing as well as
peristaltic activity in the oesophagus and prolapse of the
gastric folds into the oesophagus could further confuse the
situation. Distinction between long and short Barrett's
segment is irrelevant as the tendency to develop high-grade
dysplasia may be similar in short and long segment
Barrett’ 5.

To avoid confusion endoscopists should avoid such
terminology and instead describe only what they see i.e. if
columnar-lined oesophagus is present or not and if present
whether it is continuous or tongues and islands are observed.
The histopathologist often finds it difficult to differentiate
between intestinal metaplasia occurring in the distal
oesophagus and in the cardia, and thus should avoid the term
Barrett’s and instead report whether columnar epithelium is
present and the presence or absence of intestinal metaplasia
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and identification of squamo-columnar junction. It is essential
that precise site of biopsies with reference to OGJ should be
documented to help the histopathologist make an accurate
diagnosis. Thus the diagnosis of BM becomes
clinicopathological integrating both endoscopic and
histopathological information to increase diagnostic accuracy.
Occasionally (1% - 5% of cases), however, the pathologists
see esophageal glands submerged under columnar-lined tissue
corroborating the biopsy as being esophageal in origin
(personal correspondence Prof N Shepherd, Gloucester Royal
Hospital, UK) (Figure 1).

EPIDEMIOLOGY OF BM

The true prevalence of BM in the general public is unknown.
Reported lifetime risk in adult general populations in western
countries is 1%!" based on post-mortem studies. In addition,
the incidence of new cases is about 0.5%-2.0%/yeart® and
increasing®. It mainly occurs in white people, with a male
predominance (mae: femae 2.3:1)®. Recently its
prevalence has been shown to be rising all over the world,
including in the Far Eastl!®. There is no significant
relationship between smoking, alcohol consumption and high
body mass index in the genesis of this metaplastic change.

SCREENING AND SURVEILLANCE OF BM

It is not clear why only 10% of patients with oesophagitis
progress to BM and why only atiny fraction of these patients
will go on to develop adenocarcinoma. In view of the low

prevalence of BM in patients with gastroesophageal reflux as
well as uncertainties regarding diagnosis and treatment, it is
difficult to justify screening for Barrett’s in patients with
gastroesophageal reflux, although patients aged >45 with
longstanding severe reflux symptoms (5- 10 years) should
have a one off screening endoscopy.Barrett’ s adenocarcinoma
develops through stages of increasing dysplasia (Sandic 1998).
If this theory is correct, then surveillance endoscopies biopsies
of BM should permit early cancer detection and reduce
mortality from Barrett’s adenocarcinoma, as prognosis in
early Barrett's adenocarcinoma is more favourable as
compared to advanced diseasel'?. Attempts to identify
tumours at early stage with surveillance programmes has not
been cost effective in few studies*?. Surveillance of BM with
no dysplasa a 2.5 years has been recommended, athough its
usefulness has never been validated in a randomised study.
Using the Markov model based on UK NHS cost per life saved
if the surveillance programme is based on two yearly
endoscopy, surveillance is comparable to other health
disciplines in terms of cost per cancer detected and cost per
life saved. It is fair to say that for an expense of this order we
should first have some convincing evidence of effectiveness of
surveillance programmes. Until results of such studies are
available we face the dilemma of telling patients that they
have a pre-cancerous condition with 5% life-time risk of
cancer and that we could offer lifelong surveillance endoscopy
programme that cannot guarantee to detect every cancer that
may develop.

Endoscopy Both endoscopy Histology
Alone and histology alone
Columnar lined
Definite esophagus
BE Esophageal
LSBE gland below
> 6Gem Intestinal
Intestinal metaplasia
Metaplasia
nite Columnar lined esophagus with large hiatus hernia
BE
Metaplasia but no goblet cells
No columnar lined tissue
No
BE
No metaplasia on biopsy

Figure 1 Diagnostic criteria for Barrett’s esophagus (BE), based on endoscopic, histological criteria or both. LSBE (long segment Barrett’s
esophagus). Definite diagnosis can be made with endoscopy in 5%, histology alone in 5%, but in about 90% both endoscopy and histology is

required.
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MANAGEMENT OF UNCOMPLICATED BM (NO DYSPLASIA)

The symptoms of GORD, a presumed cause of BM, can be
effectively eliminated with medical treatment or with anti-
reflux surgery; however, regression of established BM does
not occur with either intervention. On the other hand, many
patients with BM will either have reduced or absent symptoms
due to reduced sensation of Barrett’s epithelium. The role of
PPI’s in BM is unclear. High dose PPI’s are still proposed
regardless of symptoms by many who justify that such an
approach may be necessary to achieve regression of BM™,
Opponents of this approach advocate no treatment of
asymptomatic BM and are less convinced that acid suppression
prevents complications. Until there is more clarity in the
scientific evidence, PPI’s remain an attractive treatment for
the BM, especially if there is endoscopic evidence of
esophagitis above the BM segment as is the case in about 40%
-60% cases.

Competent fundoplication for BM has been advocated in
patients with complications or intractable symptoms
unresponsive to conservative medical treatment. If performed
early, before the development of Barrett’s changes,
fundoplication is slightly more effective than medical treatment
to prevent this metaplastic change. The effect of this anti-reflux
surgery on the natural history of BM once it has developed is
less clear. Until we have more data to determine the role of anti-
reflux surgery in the setting of BM or GORD, it would be sensible
to perform these procedures once medical treatment fails or on
patients fully informed of the choice. In addition, because there
is a 0.1%-0.2% mortality rate for fundoplication surgery, this
detracts from its efficacy. In particular, if there is an estimated
5% lifetime risk of cancer in BM, only half will die of the cancer
because co-morbidity such as cardiac diseases will usually kill
them. Secondly, no treatment is ever 100% effective in
preventing cancer, so if 50% of individuals could be prevented
from getting cancer only 1.25% of the 5% at risk population
would benefit from surgery. Therefore for every 9 patients
benefiting from long term advantages of surgery, 1 or perhaps
even 2 would die prematurely from the surgery itself.

Because of the inability to effect regression of Barrett's
mucosa with medical or anti-reflux surgery, there has been
renewed interest in the development of new modalities to
eliminate this metaplastic change and hence reduce the cancer
risk by destruction of Barrett’s mucosa by endoscopic ablation
with thermal (Laser, Argon Plasma Coagulator), chemical
(photodynamic) or mechanical (surgical ultrasound) in a
reflux free environment to prevent further damage. These
techniques have shown healing by squamous epithelium
regeneration in 66% - 100% patients’¥, athough nests of
glandular epithelium may remain beneath the neo-squamous
epithelium in up to 60% of patients that may progress to
cancerous change. In view of this and high complication
rates’™, many authors have debated the usefulness of these
potentially hazardous therapies. Using NNT calculations, a
reduction of absolute risk has not been established for any of
these therapies. Efficacy of such treatment should thus be
verified in controlled trials before their widespread use.

CONCLUSIONS

In spite of extensive research in this area it appears that we
have more questions than answers. Our understanding of the
natural history of BM is limited, as available data is not only
insufficient but also either contradictory or subject to variable
interpretation. Longstanding gastroesophageal reflux has been

proposed to contribute towards BM. Whether adequate control
of gastroesophageal reflux early in the disease alters the
natural history of Barrett’s change once it has developed, or
prevents it in patients with GORD, remains unanswered. To
date, we simply cannot estimate or eliminate either the cancer
risk or BM itself. On the basis of evidence available, it is
difficult to promote or reject Barrett’s surveillance
programmes on economic grounds alone. We must not forget
that only 25% Barrett’ s adenocarcinoma patients are known to
have BM before they develop cancer and that 75% of cancer
patients present for the first time with this disease without any
prior knowledge of GORD or BM. Thus there is a pressing
need for more work to be done, in large randomised controlled
trials, to unravel these issues before we will be able to treat
this condition effectively.
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INTRODUCTION

Fulminant hepatic failure (FHF) is a severe disease with
devastating consequences; the incidence is high in China.
Before the availability of liver transplantation, the mortality
rale was more than 80%12. The advent of liver
transplantation revolutionized the outcome of FHF(E4,
However, many patients were unwilling to accept liver
transplantation until very late, hence most of them died
because of donor shortage and urgency of the disease®>™. To
overcome the problems, we performed orthotopic liver
transplantation (OLT) in combination with artificial liver
support (ALS) in the treatment of FHF in the past 2 years
with satisfactory results. Our experience was reported below.

PATIENTS AND METHODS

Patients

All eight patients were male with a mean age of 40 (range 32
-49) all had hepatitis B with acute absolute liver failure on
admission. These patients had a history of hepatitis for 7 days
to 12 weeks, with acute onset of severe hepatic disfunction,
rapidly progressive jaundice, abdominal distention, asthenia,
ascites, coagulopathy and encephaopathy. Two of them were
complicated with acute hepatorenal syndrome and acute
necrotizing pancrestitis respectively. Seven patients had stage
II-IV coma All 8 patients received artificial liver support

for 2-20 times before transplantation.

Artificial liver support therapy

All patients received artificial liver support treatment with
Plasmaflo KM8800 (Kuraray Co. Japan). Plasma exchange
(PE), hemodiafiltration (HDF) or bilirubin absorption were
singly or jointly selected to treat the patients respectively®.
On the first treatment, anconeus venous or femorali
catheterization was established. Plasma exchange given was
2000mL - 4000mL, plasma transfusion or plasma substitute
of 2500 mL - 4500 mL and albumin infusion of 20g-40g
each time. The rate of plasma seperation and the flow rate of
plasma exchange were controlled at the speed of 20-30mL/
min and 60-100mL/min, respectively. The whole course
took 3-5 hours.

Procedure of liver transplantation

The 8 patients underwent orthotopic liver transplantation
under veno-venous bypassi®®, of whom 7 underwent
standard orthotopic liver transplantation® and 1 modified
Piggyback liver transplantation!s. The transplantation was
successfully performed with a median anhepatic phase of 78
minutes and operation lasted averagely 5 hours and 30
minutes, but the 2 patients with preoperative renal failure had
oliguria during operation. An average bleeding of 5600mL
(2000mL-10000mL) was recorded during the operation and
the blood lost was collected with Cellsaver.

RESULT

Recipient’s survival

All patients became conscious soon after liver transplantation
and one in stage IV coma also awoke 2 hours postoperatively.
Six of 8 recipients have survived for 2-20 months with good
hepatic function, of whom 3 had returned to normal work for
more than 18 months. Three days after transplantation, 2
patients died of multi-organ failure (MOF), one with acute
necrotic pancreatitis that was unnoticed. Acute rejection
occurred in one patient who recovered after anti-rejection
treatment of methylprednisolone.

Effect of artificial liver support on FHF

After treatment with artificial liver support the ascites and
coagulopathy, decreased serum bilirubin declined,
encephalopathy relieved and hepatic function improved
(Table 1).
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Table 1 Changes of hepatic function before and after ALS
Treatment N ALT(UZL) AST(U/L) TBil(umol/L) IBil(umol/L) PT(second)
Before 8 125.4+55.9 132.0+42.9 559.2+209.3 310.8+151.8 40.9+6.7
After 8 120.3+35.5 119.0+29.6 423.7+157.0 252.3+118.5 36.7+6.2
t 0.574 1.336 6.187 4.206 1.959
P >0.50 >0.20 <0.001 <0.005 >0.05
DISCUSSION Fishbein TM, Guy SR, Sheiner PA, LeLeiko NS, Birnbaum A,

Fulminant hepatic failure progresses rapidly with high
mortality and liver transplantation has emerged as an effective
therapy for whom do not responded to the standard
treatment(*>1€, Al patients with FHF must be considered as
potential transplantation candidates'”®, At King's College
Hospital in England, the criteria used for liver transplantation
are dependent on the cause of FHF%2%, |n patients with
paracetamol-induced FHF, a pH of less than 7.3 a 24 hours
or more after overdose, with concurrent presence of a serum
creatinine level greater than 300 pmol/L (>3.4 mg/dL),
hepatic encephalopathy of grade Il or 1V, and a prothrombin
time greater than 100 seconds are considered indications for
liver transplantation. In non-paracetamol-induced FHF, the
decision is based on the occurrence of three of the following: a
prothrombin time greater than 50 seconds; jaundice
proceeding to encephal opathy more than 7 days; non-A, non-
B hepatitis or drug-induced hepatitis, age younger than 10
years or older than 40 years;, hilirubin level greater than
300 pmol/L (>17.5 mg/dL); or an isolated finding of
prothrombin time of greater than 100 seconds. The indications
of 8 patients in our group met with the criteria of King's
College Hospital. But in China, where brain death has not
been accepted as a criterion for human death, most of the
patients with FHF died before the organ became available
because not only of the organ donor shortage but also of the
rapidity of the course. Thus, it is necessary to develop
artificial liver support system as a bridge to cross over to liver
transplantation!??3. In our study, 8 patients with FHF
underwent artificial liver support, then 6 of them survived the
most critical period and returned to normal life. Liver
transplantation plus artificial liver support creates a new
avenue for treatment of FHF.

Artificial liver support system can remove the toxic
substances by way of plasma exchange!®, hemodialysisi?¥,
hemo-infiltration®! and absorption?®, in order to substitute
the hepatic function of detoxication®”*. Perhaps ALS can
remove the toxic substances causing encephalopathy, improve
the patients’ consciousness, prevent and treat multi-organ
failure®=, Why ALS is effective in preventing brain edema
is also unelucidated, perhaps by change in permeability of the
blood-brain barrier and by raising the osmolality of neural
cellg®*3*¥. ALS, particular the hemodialysis, may prevent
the brain edemal®™4l. Our experience showed that
pretransplant ALS may not only help the patients to tide over
critical period but also increase the chance for liver the
transplantation

REFERENCES

1 Shakil AO, Mazariegos GV, Kramer DJ. Fulminant hepatic fail-
ure. Surg Clin North Am, 1999;79:77-108

2 Riegler JL, Lake JR. Fulminant hepatic failure. Med Clin North
Am, 1993;77:1057-1083

3 Emre S, Schwartz ME, Shneider B, Hojsak J, Kim-Schluger L,

10

11

12

13

14

15

16

17

18

19

20

21

22

Suchy FJ, Miller CM. Living related liver transplantation for acute
liver failure in children. Liver Transpl Surg, 1999;5:161-165
Pitre J, Soubrane O, Dousset B, Ozier Y, Baudin F, Devictor D,
Bernard O, Houssin D, Chapuis Y. How valid is emergency liver
transplantation for acute liver necrosis in patients with multiple-
organ failure? Liver Transpl Surg, 1996;2:1-7

Ting PP, Demetriou AA. Clinical experience with artificial liver
support systems. Can J Gastroenterol, 2000;14(Suppl):79D-84D
Riordan SM, Williams R. Extracorporeal support and hepato-
cyte transplantation in acute liver failure and cirrhosis. J
Gastroenterol Hepatol, 1999;14:757-770

Chen SC, Mullon C, Kahaku E, Watanabe F, Hewitt W, Eguchi
S, Middleton Y, Arkadopoulos N, Rozga J, Solomon B,
Demetriou AA. Treatment of severe liver failure with a
bioartificial liver. Ann N Y Acad Sci, 1997;831:350-360

Jiang YS, Chen YM, Yao JL, Li XJ, Zeng CH, Deng Y, Deng LX,
Lu WL. Evaluation of the therapeutic effect of artificial liver
support system on severe viral hepatitis. Zhonghua Neike Zazhi,
2000;39:115-117

Zhu XF, Chen GH, He XS, Lu MQ, Wang GD, Cai CJ, Yang Y,
Huang JF. Orthotopic liver transplantation to treat patients
with fulminant hepatitis-B. Zhonghua Qiguan Yizhi Zazhi, 2000;
21:173-174

Vickers C, Neuberger J, Buckels J, McMaster P, Elias E. Trans-
plantation of the liver in adults and children with fulminant
hepatic failure. J Hepatol, 1988;7:143-150

Devlin J, Wendon J, Heaton N, Tan KC, Williams R.
Pretransplantation clinical status and outcome of emergency
transplantation for acute liver- failure. Hepatology, 1995;21:
1018-1024

Reddy KS, Johnston TD, Putnam LA, Isley M, Ranjan D. Pig-
gyback technique and selective use of veno-venous bypass in
adult orthotopic liver transplantation. Clin Transplant, 2000;14
(4 Pt 2):370-374

Meerman L, Zijlstra JG, Schweizer JJ, Verwer R, Slooff MJ,
Haagsma EB. Acute liver failure: spontaneous recovery or
transplantation? Scand J Gastroenterol, 1997;223(Suppl):55-59
McCashland TM, Shaw BW Jr, Tape E. The American experi-
ence with transplantation for acute liver failure. Semin Liver
Dis, 1996;16:427-433

Lee WM. Management of acute liver failure. Semin Liver Dis,
1996;16:369-378

Devictor D, Desplanques L, Debray D, Ozier Y, Dubousset
AM, Valayer J, Houssin D, Bernard O, Huault G. Emergency
liver transplantation for fulminant liver failure in infants and
children. Hepatology, 1992;16:1156-1162

Hammer GB, So SK, Al-Uzri A, Conley SB, Concepcion W, Cox
KL, Berquist WE, Esquivel CO. Continuous venovenous
hemofiltration with dialysis in combination with total hepate-
ctomy and portocaval shunting. Bridge to liver transplantation.
Transplantation, 1996;62:130-132

Mitchell I, Bihari D, Chang R, Wendon J, Williams R. Earlier
identification of patients at risk from acetaminophen-induced
acute liver failure. Crit Care Med, 1998;26:279-284

Pauwels A, Mostefa-Kara N, Florent C, Levy VG. Emergency
liver transplantation for acute liver failure. Evaluation of Lon-
don and Clichy criteria. J Hepatol, 1993;17:124-127

O’Grady J. Management of acute and fulminant hepatitis A.
Vaccine, 1992;10(Suppl 1):S21-23

Butler A, Friend PJ. Novel strategies for liver support in acute
liver failure. Br Med Bull, 1997;53:719-729

Watanabe FD, Mullon CJ, Hewitt WR, Arkadopoulos N, Kahaku
E, Eguchi S, Khalili T, Arnaout W, Shackleton CR, Rozga J,
Solomon B, Demetriou AA. Clinical experience with a bioartificial
liver in the treatment of severe liver failure. A phase I clinical
trial. Ann Surg, 1997;225:484-491,491-494



568 ISSN 1007 - 9327 CN 14 - 1219/ R

World J Gastroentero

August 2001 Volume 7 Number 4

23

24

25

26

27

28

29

30

31

32

33

Rozga J, Podesta L, LePage E, Hoffman A, Morsiani E, Sher L,
Woolf GM, Makowka L, Demetriou AA. Control of cerebral
oedema by total hepatectomy and extracorporeal liver support in
fulminant hepatic failure. Lancet, 1993;342:898-899

Yoshiba M, Inoue K, Sekiyama K, Koh |. Favorable effect of
new artificial-liver support on survival of patients with fulminant
hepatic failure. Artif Organs, 1996;20:1169-1172

Okamoto K, Kurose M, lkuta Y, Ogata K, Harada T, Takeda
K, Sato T. Prolonged artificial liver support in a child with
fulminant hepatic failure. ASAIO J, 1996;42:233-235

Stange J, Mitzner SR, Klammt S, Freytag J, Peszynski P, Loock
J, Hickstein H, Korten G, Schmidt R, Hentschel J, Schulz M,
Lohr M, Liebe S, SchareckW, Hopt UT. Liver support by extra-
corporeal blood purification: a clinical- observation. Liver
Transpl, 2000;6:603-613

Rozga J, Demetriou AA. Artificial liver. Evolution and future
perspectives. ASAIO J, 1995;41:831-837

Higgins RM, Goldsmith DJ, MacDiarmid-Gordon A, Taberner
D, Venning MC, Ackrill P. Treating paracetamol overdose by
charcoal haemoperfusion and long-hours high-flux dialysis.
QJM, 1996;89:297-306

Arkadopoulos N, Detry O, Rozga J, Demetriou AA. Liver assist
systems: state of the art. Int J Artif Organs, 1998;21:781-787
Kamohara Y, Rozga J, Demetriou AA. Artificial liver: review
and Cedars-Sinai- experience. J Hepatobiliary Pancreat Surg, 1998;
5:273-285

Rakela J, Kurtz SB, McCarthy JT, Krom RA, Baldus WP, McGill
DB, Perrault J, Milliner DS. Postdilution hemofiltration in the
management of acute hepatic failure: a pilot study. Mayo Clin
Proc, 1988;63:113-118

Bismuth H, Figueiro J, Samuel D. What should we expect from a
bioartificial liver in fulminant hepatic failure? Artif Organs, 1998;
22:26-31

Hirasawa H, Sugai T, Oda S, Shiga H, Matsuda K, Ueno H,

34

35

36

37

38

39

40

41

Sadahiro T. Efficacy and limitation of apheresis therapy in critical
care. Ther Apher, 1997;1:228-232

Matsubara S. Combination of plasma exchange and continuous
hemofiltration as temporary metabolic support for patients with
acute liver failure. Artif Organs, 1994;18:363-366

Yoshiba M, Sekiyama K, Iwamura Y, Sugata F. Development
of reliable artificial liver support (ALS)-plasma exchange in
combination with hemodiafiltration using high-performance
membranes. Dig Dis Sci, 1993;38:469-476

Detry O, Arkadopoulos N, Ting P, Kahaku E, Watanabe FD,
Rozga J, Demetriou AA. Clinical use of a bioartificial liver in
the treatment of acetaminopheninduced fulminant hepatic
failure. Am Surg, 1999;65:934-938

Abouna GM, Ganguly PK, Hamdy HM, Jabur SS, Tweed WA,
Costa G. Extracorporeal liver perfusion system for successful
hepatic support pending liver regeneration or liver
transplantation: a pre-clinical controlled trial. Transplantation,
1999;67:1576-1583

Matthew HW, Basu S, Peterson WD, Salley SO, Klein MD.
Performance of plasma-perfused, microencapsulated
hepatocytes: prospects for extracorporeal liver support. J Pediatr
Surg, 1993;28:1423-1427,1427-1428

Sussman NL, Chong MG, Koussayer T, He DE, Shang TA,
Whisennand HH, Kelly JH. Reversal of fulminant hepatic
failure using an extracorporeal liver assist- device. Hepatology,
1992;16:60-65

Chen SC, Mullon C, Kahaku E, Watanabe F, Hewitt W, Eguchi
S, MiddletonY, Arkadopoulos N, Rozga J, Solomon B,
Demetriou AA. Treatment of severe liver failure with a
bioartificial liver. Ann N Y Acad Sci, 1997;831:350-360

Xue YL, Zhao SF, Zhang ZY, Wang YF, Li XJ, Huang XQ,
Luo Y, Huang YC, Liu CG. Effects of a bioartificial liver support
system on acetaminophen-induced acute liver failure canines.
World J Gastroentero, 1999;5:308-311

Edited by Wu XN



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

World J Gastroenterol 2001;7(4):569-571
World Journal of Gastroenterology
Copyright © 2001 by The WJG Press ISSN 1007-9327

Protective effects of

e BRIEF REPORT e

cyclosporine A on T-cell dependent
ConA-induced liver injury in Kunming mice

Xiu-Li Zhang, Qi-Zhen Quan, Zi-Qin Sun, Yao-Jun Wang, Xue-Liang Jiang, Dong-Wang and Wen-Bo Li

Department of Gastroenterology, General Hospital of Jinan Military
Command, Jinan 250031, Shandong Province, China
Correspondenceto Xiu-Li Zhang, Department of Gastroenterology,
Chinese PLA Gerneral Hospital of Jinan Command Area, Jinan 250031,
Shandong Province, China. xiuliz@jn-public.sd.cninfo.net

Received 2001-02-06 Accepted 2001-02-12

Subject headings liver/injury; concanavalin A/
adverse effects; cyclosprine/pharmacology;tumor necrosis
factor; disease models, animal

Zhang XL, Quan QZ, Sun ZQ, Wang Y J, Jiang XL, Wang D, Li
WB. Protective effects of cyclosporine A on T-cell dependent
ConA-induced liver injury in Kunming mice. World J
Gastroenterol, 2001;7(4):569-571

INTRODUCTION

The T-cell dependent specific liver injury in mice induced by
concanavalin A (ConA) is a newly established experimental
liver injury model, which is considered more eligible for the
study of pathophysiology of several human liver diseases, such
as viral hepatitis and autoimmune hepatitis*®. T cell
activation and several cytokines release had been proven to
play a critical role in ConA-induced liver injury!%l,
Cyclosprine A (CsA), an effective in hibitor of activation of T
lymphocyte, has been used widely in clinical treatment,
especially in autoimmune diseases and organ
transplantation%!, In this study, we investigated the
possible effect of CsA on ConA-induced liver injury in
Kunming mice.

MATERIALS AND METHODS

Materials

Male Kunming mice were purchased from the animal
experimental center of the Second Military Medical
University, weight range 17g-21g, free access to water and
food prior to the experiment. ConA and CsA were purchased
from Dongfeng Ltd Shanghai and Sandoz Ltd respectively.

Methods

All the fifteen Kunming mice were divided into three groups
randomly. ConA at a dose of 40mg-kg?! was administered
through the tail vein as a solution in pyrogen-free PBS at a
volume of 300pL, which was the ConA group. CsA was
injected subcutaneously twice at a dose of 130mg-kg* 15 and
1h before ConA challenge, which was used as the CsA group.
PBS only in the corresponding volume served as controls.

Eight hours after ConA administration, the Kunming
mice were sacrificed by cervical dislocation. Blood samples
were obtained by puncture of heart with 25g-L heparin.
Liver specimen was fixed immediately in 100 mL-L*
formain/PBS for histological examination with HE stain.
The degree of liver injury was assessed by determination of
serum alanine aminotransferase (ALT) activity, serum TNF-a
was determined by radioimmunoassay.

Statistics

The results were analyzed by Student’st test. The data were
expressed as X+ s, and P<0.05 was considered to be
significant.

RESULTS

ConA-induced liver injury in Kunming mice

Eight hours after ConA administration, two out of the five
experimental mice were found dead in ConA only group, with
elevated serum ALT 22261+ 2523 nkat:Lt. The
concentration of serum TNF-a also increased significantly in
ConA only group, increased more significantly than that of
PBS only group 647+183ng-L* (Table 1).

Histological examination of liver specimen from ConA-
treated mice showed diffuse cloudy swelling of the cytoplasm,
spotty and necrotic foci were frequently present, severe
agglutination of erythrocytes in the sinusoids of the liver were
also observed. Lots of infiltrated lymphocytes in the portal
area were the characteristic of this new liver injury model
(Figure 1), indicating that lymphocyte may play an important
role in the pathogenesis of ConA-induced liver injury, whereas
no obvious tissue damage was found in the lung or kidney.

CsA protection

When pretreated with CsA (CsA group), serum ALT activity
declined significantly (730 + 266) nkat-L*, and the serum
TNF-a was below the detective level (Table 1). No obvious
hepatic necrosis or lymphocytes infiltration in the portal area
was observed under light microscopy in the CsA group
(Figure 2).

Table1 ConA-induced liver injury in Kunming mice

(n=5, xs)
ALT- nkat-L*! TNF-a ng-L* Dead
Con A only 22 261+2 523° 1230+240° 2
PBS only 647+183 0
CsA 730+266 0

5P<0.05, vs PBS only or CsA.
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Figure 1 ConA (40 mg-kg?) induced liver injury. Hepatocyte
necrosis and infiltration of lymphocytes in the portal area. HEx66
Figure 2 CsA pretreated, no obvious hepatocyte necrosis or
infiltration of lymphocytes was observed. HEx66

DISCUSSION

ConA-induced specific liver injury in mice is a newly
developed experimental animal model, which has been closely
studied in the pathogenesis of the liver injury in recent years.
T lymphocyte activation, cytokines release such as TNF-a,
interferon-y, and interleukines have been discovered to be
involved in the pathogenesis of this liver injury model,
especially the activation of T lymphocyte and the subsequent
release of TNF-a are considered to play a much more
important role in this experimental liver injury. The
pathological process of ConA-induced liver injury was similar
to what seen in several human liver diseases, such as viral
hepatitis, and at least three types of autoimmune hepatitis.
CsA is aspecific inhibitor of T lymphocyte by inhibiting the
transcriptionl?-%1 and whether CsA has any protective effect
on ConA-induced Kunming mice liver injury by inactivation of
T lymphocytes has to be studied In our experiment, the
ConA-induced specific liver injury was successfully duplicated
in Kunming mice. The results (Table 1) showed that eight
hours after ConA administration, the serum ALT activity was
significantly increased compared with that in the control group
(PBS only group). At the same time, two mice (2/5) died
within eight hours. When pretreated with CsA, no death
occurred, and the serum ALT level also declined significantly
as compared with that of ConA group 730+ 266 vs 22 261+
2523 nkat-Lt, P<0.01. The experimental results showed
that CsA had potential protective effect on the ConA-induced
liver injury in Kunming mice.

TNF-a has been proven to be the key cytokine in the
destruction of hepatocyte in human liver diseases or liver
injury animal model, such as acute and chronic viral hepatitis,
especialy in fulminant liver failurel®#1. Anti-TNF antibody
resulted in complete protection of ConA-induced liver injury
in Balb/C micel®®, We found that TNF-o increased
significantly within eight hours when treated with ConA, but

when pretreated with CsA before ConA administration, serum
TNF-a became undetectable, hence the reduction of TNF-a
might be due to the partial protective effects of CsA. Besides
destruction of hepatocytes seen in the liver specimen of ConA
group, lots of infiltrating lymphocytes in the portal area were
also observed (Figure 1). When pretreated with CsA (CsA
group), there was absence of lymphocytes infiltration in the
portal area (Figure 2). The histological results gave a direct
evidence that the protective effect of CsA in ConA-induced
Kunming mice liver injury is through abrogating the activation
of the T lymphocytes. The decline of serum TNF-a in CsA
group may be a subsequent to T lymphocyte inactivation.
CD4" lymphocyte was identified as the effector cells in the
ConA-induced liver injury®, however, in view of the fact
that TNF-a synthesis is substantially higher in macrophages
than in T lymphocytes, it seems likely that activated T
lymphocytes might stimulate the macrophages to release TNF-
ol but details of the concrete process worth further studies.
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INTRODUCTION

The incidence of primary non-function (PNF) of grafted liver
in the early postoperative stage is 2% - 23%*4, its main
cause is the ischemic-reperfusive injury®®. In this
experiment, anisodamine was added into the preserving fluid
and the grafted liver was rewarmed at different temperatures
to protect the cell membrane and prevent ischemic-reperfusive
injury.

METERIALS AND METHODS

Selection and grouping

Twenty male Wistar rats (270g - 330g in weight, 10 - 12
weeks in age) were used in the experiment. The rats were
divided into 2 groups, 10 in each group, and the action of
anisodamine was studied. In the experimental group, 40mg
anisodamine was added into 1 liter of preserving fluid, no
anisodamine was used in the control group. The rats were
divided into 4 groups, 5 in each group, and the action of
rewarming was studied. Before reperfusion, the 12°C, 20°C,
28°C and 36°C of gelofusine were injected into the portal vein

Table 1 Effect of anisodamine on change of oxygen-derived radicals

respectively to rewarm the grafted liver.

Establishment of animal model

Make a midline epigastric incision, dissociate the liver fully,
incise the infrahepatic inferior vana cava (IVC), input a
shaped three way stopcock, make its upper end 5mm higher
than liver, ligate the both ends of IV C incision, and obstruct
hepatic artery™®. Cut off the portal vein, connect its distal
end with one opening of the three-way stopcock, shunt the
portal-cava vein provisionally, and reverse the blood of IVC
and portal vein to the heart through the duct. Inject
proximately 5mL saline mixed with 1 mL heparin. Ligate the
suprahepatic inferior vana cava provisionally, release the
ligature above the 1V C incision, wash the liver through portal
vein, make the preserving fluid flow outside the duct. Wash
the liver at low temperature for 4 hours within the body,
maintain the pressure at 90 - 100 cm H,O, and velocity at 8-
12mL/min. The preserving fluid was the lactic Linger’s fluid
composed of 10mL dethomaxone, 100mg ATP and 100U/L
insulin. After managing the experimental factors, take out the
three-way stopcock, connect with the portal vein, release the
occlusion of hepatic artery, repair the IVC incision, and
restore the hepatic reperfusiont.

Collection and test of samples

Liver tissue of 500mg was resected before the obstruction of
blood and reperfusion, and 30min and 60min after reperfusion
respectively. Superoxide dismutase (SOD)!*23 and lipid
peroxidase (LPO) were tested™, and the morphologic
changes were observed under microscopy and electric
microscopy synchronically!s€],

Statistical analysis

Data were presented as the mean + SE. The t test was applied
between two groups and variance analysis between multi-
groups. P<0.05 values were regarded as significant.

RESULTS
Effect of anisodamine on the changes of oxygen-derived
radicals (Table 1)

LPO(nmol/100mg) SOD(nu/mg pr)
Groups
EG(10) CG(10) EG(10) CG(10)
Pre-obstruction of blood 48.50+2.53 53.80+2.19 109.70+4.23 105.00+7.33
Pre-reperfusion 61.10+5.12 72.30%2.44 100.20+5.66 97.60+6.35
30’ post-reperfusion 164.40+10.55 273.30+14.61° 72.50+5.60 55.10+6.47°
60’ post-reperfusion 142.40+11.35° 242.40+11.92° 61.50+6.99° 43.10+6.61°

P<0.01 vs control group.
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Effect of rewarming on LPO and SOD of grafted liver (Tables 2 and 3)

Table 2 Effect of rewarming on LPO of grafted liver

Temperature of rewarming n Pre-obstruction

Post-rewarming

30’post-reperfusion® 60’post-reperfusion

12°C 5 51.25+536 71.00+14.72 245.00+44.63 195.25+38.14
20°C 5 51.00+6.92 68.00+11.95 211.25+37.49 192.25+10.08
28°C 5 55.50+11.24 70.00+13.01 206.25+38.80 180.25+38.54
36°C? 5 50.00+7.22 1.75+7.55 190.50+25.34 175.50+18.65

3P<0.05 vs the other groups; "P<0.01 vs the post-rewarming group.

Table 3 Effect of rewarming on SOD of grafted liver

Temperature of rewarming n Pre-obstruction

Post-rewarming

30’post-reperfusion® 60’post-reperfusion

12°C 5 105.00+10.02 87.25+14.00 52.75+13.90 44.50+10.74
20°C 5 103.20+13.64 90.75+10.46 64.50+8.21 55.50+7.35
28°C 5 108.23+6.89 92.50+5.98 65.50+4.50 56.50+4.65
36 5 112.50+8.24 90.25+9.64 72.50+10.44 64.50+10.10

3P<0.05 vs the other groups; "P<0.01 vs the post-rewarming group.

Morphologic change of liver cells

Observation under microscopy No obvious changesin HE stain
between the post-rewarming groups, the hepatic tissue swelled
when rewarmed at 4°C at 30min and 60min post-reperfusion.
Light red granules could be seen in the cellular plasm, no
obvious changes after the rewarming at 28°C and 36°C. At
60min post-reperfusion, the effect was better in anisodamine
group than in the other groups.

Observation under electric microscopy The chrodrosome of
hepatic cells swelled slightly after rewarming and the structure
was roughly normal. At 30min post-reperfusion, the
chrodrosomes of hepatic cells swelled, being destroyed partially
and impaired in structure and the endoplasmic reticulums dilated
inthe 4°C, 12°C and 20°C rewarming groups. The injury was
more serious at 60min post-reperfusion. Accasionally, the
chrodrosomes swelled dightly and the ridges decreased. At 60min
post-reperfusion, the chrodrosomes of hepatic cells swelled, and
were impaired obvioudy, and the endoplasmic reticulums dilated
in the non-anisodamine group. The results of anisodamine group
were better evidently than the other groups. The injury of hepatic
cells was the most slight in the 36°C rewarming group.

DISCUSSION

Oxygen-derived radical and malmicrocirculation were the main
causes of postoperative primary nonfunction of grafted
liver™7, Resent studies found that anisodamine can stabilize
cell membrane and resist oxygen-derived radical*®2!, thus
protecting cells from injury. Up to now, there has been no
report about application of anisodamine in liver
transplantation. This study deals with the protective action of
anisodamine during the low temperature preserving period.
The results showed that anisodamine had no obvious influence
on LPO and SOD during the low temperature preserving
period, yet it may reduce the production of LPO and stop the
decrease of SOD after reperfusion?2, At the time of
ischemia-reperfusion, the increase of intracellular Ca?*
activates Ca?" dependent proteinase, which can change
xanthine dehydrogenase into xanthine oxidase (XOD). Rich
oxygen supply accompanying with reperfusion oxidates
xanthine and hypoxanthine into uric acid under the action of
XOD, meanwhile produces- lots of oxygen-derived

radicalg=24. Anisodamine is the antagonist of Ca, it may
inhibit the change of xanthine dehydrogenase into xanthine
oxidase, thereby the anti-oxygen-derived radical action of
anisodamine may reduce the peroxide injury of lipid of cell
membrane, and relieve the reperfusive injury of grafted
liver,

The study found that the production of LPO and decrease
of SOD occurred chiefly after reperfusion. With the increase
of LPO, SOD decreased gradually, indicating that SOD may
antagonize LPOI?1. Pathologic observation verified that the
injury of hepatic cells became more serious with the lasting of
reperfusion, indicating that peroxide action of lipid caused by
oxygen-derived radicals mainly occurred after reperfusion.
Oxygen-derived radicals may lead to peroxide reaction of lipid,
and the lipid radicals cava cause further decrease of mobility
and increase of the permeability of cell membrane, swelling of
the chrodrosome, release of lysosome, and serious injury of
tissues?l. We reckoned that the oxygen-derived radicals after
reperfusion may damage the grafted liver, which is a chief cause
of post-operative primary non-function of grafted liver.

In 36°C rewarming group, the level of LPO was obviously
lower and the activity of SOD higher than that in other
groups. There was no evident morphologic change under
microscopy in the 28°C and 36°C rewarming groups, and the
change under electric microscopy was slight. It indicated that
rewarming to grafted liver preserved in the low temperature
fluid reduced the production of oxygen-derived radicals, and
relieved the injury of grafted liver. Low temperature may
decrease the activity of ATPase and the function of K* Na
and Ca?* pumps in cell membrane, impar the
electrolyted?®?). Reperfusion may lead to anomaly of Ca*
and production of oxygen-derived radicals. Rewarming may
improve the activity of ATPase and restore the function of
pumps, therefore decreasing the intracellular concentration of
Ca?* and inhibiting the production of oxygen-derived
radicalg®!, and protecting the cells of grafted liver®. This
study showed that morphologic change of hepatic cells was
slighter in the 28°C and 36°C rewarming groups than in other
groups. There was no significant difference between the 28°C
and 36°C groups. Less oxygen-derived radical was produced in
the 36°C group than in other groups. Therefore, we think that
it is a favorable choice for liver transplantation to apply
anisodamine during the low temperature preserving period and
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rewarm the grafted liver before reperfusion at 36 C*2,
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the major causes of
death in the world. The mechanism of carcinogenesis is
unknown, although it is widely accepted that HBV and HCV
are closely related to liver cancer™@. Previously, a variety
of studies have described the differences in gene expression
which distinguished tumor from nontumor!®. Cloning of
the genes, especially the genes associated with HBV and
HCV, is still very important to account for the development
of liver cancer.

Traditionally, several methods were used to clone the
new genes, which means to compare two population of mMRNA
and obtain clones of genes that expressed in one population but
not in the other. Although these methods have been successful
in some cases, they require many rounds of hybridization and
are not well suited for the identification of rare messages. The
suppression subtractive hybridization is a latest method
employed in the gene cloning, which is a unique method based
on selective amplification of differentially expressed sequences
and overcomes technical limitation of traditional subtraction
methods*>14. Hence, the purpose of our study is to find the
differentially expressed genes in liver tumor and nontumor
tissues induced by woodchuck hepatitis B virus using
suppression subtractive hybridization.

MATERIALS AND METHODS

Patient samples
The tumor and nontumor tissues induced by woodchuck
hepatitis B virus were obtained from Department of Pathology

& Cell Biology, Thomas Jefferson University, Philadelphia,
USA. The other HCC and surrounding nontumor liver tissues
used for analysis were obtained from the patients who had
undergone surgery for the removal of their tumors in Xijing
Hospital. Fresh frozen blocks and -80°C snap frozen paired
liver and tumor samples from individual patients were
collected, and were then made available for RNA extraction
and in situ hybridization.

Total RNA and mRNA extraction

Total RNA and mRNA were extracted separately from tumor
and nontumor tissues by using the Qiagen RNeasy Kit
(Qiagen, Inc. Valencea, CA, USA) and the quality of
extraction was determined by assaying 18S and 28S rRNA with
agarose gel electrophoresis and ethidium bromide staining.

RT-PCR and adaptor ligation

The reverse transcriptase PCR was started with 2pg poly-(A)
+ RNA isolated from tumor and nontumor tissues. Two
adaptors were ligated to the fraction of Rsa | digested cDNA
generated by RT-PCR. The sequence of two adaptors is as
follows:

Adl: 5 -CTAATACGACTCAC-
TATAGGGCTCGAGCGGCC-GCCCGGGCAGGT-3

Ad2: 5 -TGTAGCGTGAAGACGACAGAAAGGGCGTGG-
TGCGGAGGGCGGT-3

cDNA subtraction and suppression PCR

The cDNA from tumor was referred to as tester, and the
reference cDNA from nontumor as driver. The tester and
driver cDNA were digested with Rsal to obtain shorter,
blunt-ended moleclules. The tester cDNA was then subdivided
into two portions and each ligated with different cDNA
adaptors. The driver cDNA had no adaptor. Two
hybridizations were then performed. In the first
hybridization, an excess of driver cDNA was added to each
sample of tester for equalization and enrichment of
differentially expressed gene. During the second
hybridization, templates for PCR amplification were
generated from differentially expressed sequence. The entire
population of molecules was then subjected into PCR to
amplify the desired differentially expressed genes. In the first
PCR, only differentially expressed genes were amplified
exponentially because of using suppression PCR. The second
PCR was performed using nested primer which matched the
sequence of adaptors to reduce the background and further
enrich the differentially expressed genes.

Sequencing and GeneBank search of cloned genes
Following agarose gel electrophoresis, the unique fragments
were eluted from the gels (using Qiagen gel extraction kit,
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Qiagen, Inc. Valencea, CA, USA) and cloned into pT7Blue
(R) T vector (Novagen, Medison, WI, USA). Positive
clones were selected by blue-white phenotype. Recombinant
DNAs were isolated from minipreps of individual clones, and
digested by Rsa | to check insert size, and then both strands
were individually analysed by sequence analysis in the DNA
sequence facility at the Kimmel Cancer Institute of Thomas
Jefferson University in USA. The sequences obtained were
compared with those in GeneBank using the FASTA command
in the GCG software package for homology to known genes.

In situ hybridization (ISH)

The gene fragments obtained from PCR select cDNA
subtraction were used as probes for in situ hybridization (1SH).
ISH was conducted to verify that the subtraction
hybridization procedure yielded probes whose expression was
different between tumor and normal tissues. |SH was carried
out using the Oncor 1SH and digoxigenenin/biotin detection
kits according the instruction provided by the manufacturer
(Oncor, Gaithersburg, MD, USA).

RESULTS

PCR selected cDNA subtraction, cloning, sequencing and
GeneBank search

PCR select cDNA subtraction generated totally 14
differentially expressed genes in tumors as compared with
nontumors. Among them, 8 cDNA fragments from both
tumor and nontumors had considerable homology with known
genes in GeneBank (Table 1). Five genes from tumor and one
gene from normal liver tissues had no homology as compared
to those in the GeneBank, which implied that these may be
new genes. PCR select cDNA subtraction was also performed
with HBV virus X gene transfected HepG2 cells and control
HepG2 cells. Ten genes were differentially expressed in
HepG2X compared with HepG2 cells(data not shown).
Interestingly, three genes cloned from the tumor tissue of
woodchuck mouse liver shared considerable homology with
sequences independently found to be upregulated in HBV-X
[+] cells, suggesting that the different expressions of HBxAg
effector can be independently observed in the tumor and
nontumor tissues induced by woodchuck hepatitis B virus.

Table 1 Differentially expressed genes in tumor and nontumor liver induced by woodchuck hepatitis B virus

GeneBank search

Clone
Match % homology
Tumor?
T8b Human chromosome 1(UT751,L1637). 54% in 280bp overlap
T18 Unknown protein, uterine endometrium(x7723) 60% in 151bp overlap
T19 Ribosomal protein L35A(x03475) 88% in 91bp overlap
T22 Human T cell receptor beta chain(L166059) 61% in 97 bp overlap
T6 None
T7° None
T11° None
T24 None
T25 None
Nontumor?®
N7 Human aminopeptidase N(x13276) 93% in 54 bp overlap
N10 Human IFN receptor gene (U10360) 79% in 271 bp overlap
N11 Human glutathione S-transferase(L02321) 75% in 248 bp overlap
N13 Beta-2 glycoprotein 1 from HepG2(S80305) 79% in 159bp overlap
N8 None

aThe clones represent fragments of genes whose expression is activated (T6,T7, T11, T18, T19, T22, T24, T25) or suppressed (N7, N8, N10,

N11, N13) in HCC compared to nontumor cells.

®Probes whose sequences share considerable homology with sequences independently found to be upregulated in HbxAg[+] cells.

Validation and in vivo expression patterns of these genes
The cDNA fragments obtained from subtraction hybridization
of tumor and nontumor tissue were then used as probes for in
situ hybridization.In all cases, the probes from tumor showed
transcripts that were preferentially expressed in tumor tissue
compared with nontumor tissues. In contrast, the genes from
nontumor tissue demonstrated strong hybridization in normal
tissues, but little or no signal in tumor tissues.

DISCUSSION

Hepatocellular carcinoma is one of the major causes of the
death in the world*>2?. Although many researchers worked
on HCC, the mechanism is still unclear?*49. [t is widely
accepted that HBV is closely associated with HCC, especially
HBxAg. A common feature of HBV infection is the
integration of HBV DNA, in whole or in part, into host
chromatin>#, The site of HBV integration is scattered
throughout the host genomels®, making it unlikely that HBV
brings about hepatocellular transformation by cis acting

mechanisms in most cases. With regard to virus sequences,
integration commonly occurs within a small region near the
end of the virus genomel®, which is consistent with the
hypothesis that transformation may be associated with the
expression of one or more virus proteins from the integrated
templates acting in trans. Integrated fragments of HBV DNA
have been shown to make a truncated preS/S and or HBX
polypeptides, both of which have trans-activting
activities!®>%, However only HBxAg transforms a mouse
hepatocyte cell line in culturel% and gives rise to liver
tumors in at least one strain of transgenic micets®-4,
Independent work has also shown that HBxAg stimulates the
cell cycle, perhaps by the activation of a number of signal
transduction pathways!®*%l. HBxAg is more consistently
expressed than preS in the liver of infected patients. In
addition, the findings that HBxAg binds to and inactivates the
tumor suppressor p53 both in vitro and in vivol®™®  and
that it may bind to and ater the function of other
transcriptional factors in the cells™, implied that HBxAg
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function is important to the pathogenesis of HCC. There is
some evidence that HBxAg naturally trans activates the
insulin-like growth factor-1 (IGF-1) receptort™, and may
also stimulate the production of 1GF-111"3, both of which may
help sustain the survival and/or growth of tumor cells.

Because lots of factors are involved in the development of
HCC induced by HBV and the mechanism need to be further
elucidated, the new genes, especially the functional genes
directly related with tumor are still worth being found in the
liver tissues infected by HBV. Using the newly created
method, which is the suppression subtractive hybridization, we
identified the difference in gene expression which distinguished
tumor from nontumor induced by woodchuck hepatitis B virus.
The use of these fragments as probes for in situ hybridization
of tumor and nontumor tissues verified that the PCR-selected
cDNA subtraction actually yielded differences in the gene
expression that distinguished tumor from nontumor, and that
its differential expression may be relevant to the pathogenesis
of HCC. Because of hepatitis B virusis closely associated with
the development of chronic liver diseases, such as hepatitis and
cirrhosis, as well as with the development of HCC, it is not
known whether these differences are associated with HBxAg
associated trans-activation™77, its inhibition of protesome
function®, its ribo/deoxy APTase™®, or AMP kinase
activation(™, and/or its ability to alter signal transduction
pathways®. However, experiments are in progress to firmly
address these issues.

The results of this study showed that the up-regulation of
multiple genes in tumor had considerable homology with
known products from GeneBank, suggesting that the function
of these genesis likely to positively regulate cell growth, while
several genes generated from normal tissues suggests that these
genes may be the negative regulators for cell growth. In
addition, five genes from tumor and one gene from normal
liver tissues had no homology as compared with entries in
GeneBank, which implied that these may be new genes, and
that it is very important to clone the full-length genes of these
cDNA fragments to do the functional analysis. This kind of
experiments are already on the way.
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INTRODUCTION
The mechanism of hepatocellular carcinoma (HCC) is still
unclear, athough some genes have been found to play a role
in the transformation of liver cells, and a variety of studies
have described differences in gene expression which
distinguished tumor from nontumor(*-¢l. The new genes,
especially the functional genes directly related with tumor are
still worth being found.

The purpose of our study is to find the different genes
between human liver tumor and normal tissues using
suppression subtractive hybridization.

MATERIALS AND METHODS

Patients samples

HCC and surrounding nontumor liver tissues used for analysis
were obtained from the patients who had undergone surgery
for the removal of their tumors in Xijing Hospital. Fresh
frozen blocks and -80°C snap frozen paired liver and tumor
samples from individual patients were collected, and were
then made available for RNA extraction and in situ
hybridization.

PCR selected cDNA subtraction, cloning, sequencing and
identification of cloned gene fragments

The difference in gene expression between human tumor and
nontumor tissues were evaluated by a commercially available
subtraction hybridization approach (the PCR selected cDNA
subtraction kit from Clontech, Palo Alto, CA, USA)

according to the instruction provided by the manufacturer.
Briefly, we got total RNA and mRNA from tumor and
nontumor tissues using the Qiagen RNeasy Kit (Qiagen, Inc.
Valencea, CA, USA), and then both mRNA (2 pg each)
were converted into cDNA. We refer to the cDNA from
tumor as tester, and the reference cDNA from nontumor as
driver. The tester and driver cDNA were digested with Rsal
to obtain shorter, blunt-ended moleclule. The tester cDNA
was then subdivided into two portions and each ligated with
different cONA adapters. The driver cDNA had no adaptor.
Two hybridization was then performed. In the first
hybridization, an excess of driver cDNA was added to each
sample of tester for equalization and enrichment of
differentially expressed gene. During the second
hybridization, templates for PCR amplification were
generated from differentially expressed sequence. The entire
population of molecules was then subjected into PCR to
amplify the desired differentially expressed genes. In the first
PCR, only differentially expressed genes were amplified
exponentially because of using suppression PCR. The second
PCR was performed using nested primer to reduce any
background and to further enrich differentially expressed
genes. The cDNA fragments were directly inserted into a
T/A cloning vector(Novagen, Medison, WI, USA), and
homology analysis was undertaken within GeneBank. On the
other hand, we used normal tissues as the tester and tumor as
the driver to do PCR select cDNA hybridization. The
procedure was as above.

In situ hybridization (ISH)

The gene fragments obtained from PCR select cDNA
subtraction were used as probes for in situ hybridization (ISH).
ISH was conducted to verify that the subtraction
hybridization procedure yielded probes whose expression
differed in tumor compared to normal tissue. ISH was carried
out using the Oncor I1SH and digoxigenenin/biotin detection
kits according to the instruction provided by the manufacturer
(Oncor, Gaithersburg, MD, USA).

RESULTS

PCR selected cDNA subtraction, cloning, sequencing and
GeneBank search

PCR select cDNA subtraction generated totally 19
differentially expressed genes in tumors and nontumors.
Among them, 14 cDNA fragments had considerable homology
with known genes in GeneBank (Table 1). For example, T2
and T3 had homology with ribosomal protein and elongation
factor EF-1a, suggesting that these genes may stimulate cell
growth. N1 from normal tissues had homology with interferon
gamma gene, suggesting that this gene may be a negative
regulator for cell growth. Interestingly, one gene from tumor
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and three genes from normal liver tissues had no homology as
compared with those in GeneBank, which implied that these
may be new genes.

Validation and in vivo expression patterns of these genes
The cDNA fragments obtained from subtraction hybridization

of tumor and nontumor tissues were then used as probes for in
situ hybridization. In all cases, the probes from tumor
showed transcripts that were preferentially expressed in tumor
tissues as compared with nontumors. In contrast, the genes
from nontumor tissues demonstrated strong hybridization in
normal tissues, but little or no signal in tumor tissues.

Table 1 Differentially expressed genes in human tumor and nontumor liver

GeneBank search

Clone
Match % homology

Tumor
Tl Retinoblastoma gene (L11910) 75% in 193 bp overlap
T2 Ribosomal protein L7(L16588) 87% in 209 bp overlap
T3 Elongation factor EF-1a (J04617) 85 % in 157 bp overlap
T4 2-oxoglutarate dehydrogenase (D10525) 89% in 258 bp overlap
T5 Proteasome activator HPA28 subunit B (D45348) 93% in 204 bp overlap
T6 Ribosomal protein S2 (X57432) 89% in 195bp overlap
T7 Rab geramylgeranyl transferase-a Subunit(Y08200) 90% in 110 bp overlap
T8 Nuclear-encoded mitochondrial NADH-ubiquitinone reductase 93% in 197 bp overlap
T9 None

Nontumor
N1 Interferon gamma gene (L07633) 88% in 308bp overlap
N2 None
N3 V-fos transformation effector protein 92% in 200bp overlap
N4 Sigma-1 receptor (266537) 75% in 123bp overlap
N5 Glycoprotein gll gene (D00464)- 3'flanking region 62% in 549bp overlap
N6 None
N7 RABAPTIN-5 protein(X91141) 86% in 110bp overlap
N8 Dishevelled-3 (DUL3) protein 89% in 72bp overlap
N9 None
N10 None

DISCUSSION of HCC. There is some evidence that HBxAg naturally trans-

Hepatocellular carcinoma is one of the major causes of death
in the world™9., The mechanism of carcinogenesis is
unknown, although it is widely accepted that hepatitis B virus
(HBV) and hepatitis C virus (HCV) are closely related to
liver cancer, especially hepatitis B virus X antigenf**4. A
common feature of HBV infection is the integration of HBV
DNA, in whole or in part, into host chromatin®>%1. The
sites of HBV integration are scattered throughout the host
genomel®®, making it unlikely that HBV brings about
hepatocellular transformation by cis-acting mechanisms in
most cases. With regard to virus seguences, integration
commonly occurs within a small region near the end of the
virus genomé®, which is consistent with the hypothesis that
transformation may be associated with the expresson of one or
more virus proteins from the integrated templates acting in
trans. Integrated fragments of HBV DNA have been shown to
make a truncated preS/S and or HBX polypeptides, both of
which have trans-activting activities®>?4. However, only
HBxAg transforms a mouse hepatocyte cell line in
culturel®>? and gives rise to liver tumors in at least one
strain of transgenic micel?#l. Independent work has also
shown that HBxAg stimulates the cell cycle, perhaps by the
activation of a number of signal transduction pathways=3>-34,
The expression of HBxAg is more consistent than that of preS
in the liver of infected patients. In addition, the findings that
HBxAQg binds to and inactivates the tumor suppressor p53 both
in vitro and in vivo®3, and that it may bind to and alter
the function of other transcriptional factors in the cells®¥,
implied that HBxAg function is important to the pathogenesis

activates the insulin-like growth factor-1 (1GF-1) receptor®,
and may also stimulate the production of IGF-111%, both of
which may help sustain the survival and/or growth of tumor
cells.

Because the mechanism of HCC induced by HBV still
need to be elucidated, cloning of the genes, especially the
genes associated with HBV and HCV, is still very important to
account for the development of liver cancer. By the newly
created method, which is the suppression subtractive
hybridization, we identified the difference in gene expression
which distinguished tumor from nontumor. The use of these
fragments as probes for in situ hybridization of tumor and
nontumor tissues verified that the PCR-selected cDNA
subtraction actually yielded differences in the gene expression
that distinguished tumor from nontumor, and that its
differential expression may be relevant to the pathogenesis of
HCC. It is not known whether these differences are associated
with HBxAg associated trans-activationi*#2, its inhibition of
protesome function®d its ribo/deoxy APTase*!, or AMP
kinase activation®, and/or its ability to alter signal
transduction pathways“®!, because hepatitis B virus is closely
associated with the development of chronic liver diseases, such
as hepatitis and cirrhosis, as well as with the development of
hepatocellular ~ carcinoma  (HCC)®7-69, However,
experiments are in progress to firmly address these issues.

The results of this study showed that the up-regulation of
multiple genes in tumor which have considerable homology
with known products from GeneBank, for example, ribasomal
protein and elongation factor EF-12, suggesting that the
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function of these genes is likely to positively regulate cell
growth. Several genes are generated from normal tissues and
one has >88% homology with interferon gamma gene,
suggesting that these genes may be the negative regulators for
cell growth. In addition, one gene from tumor and three genes
from normal liver tissues had no homology, as compared with
entries in GeneBank, which implied that these may be new
genes, and that it is very important to clone the full-length
genes of these cDNA fragments to do the functional analysis.
This kind of experiments are aready on the way.
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Abstract

AIM  To identify hepatitis C virus(HCV) core protein
epitopes recognized by HLA-A2 restricted cytotoxic T
lymphocyte (CTL).

METHODS Utilizing the method of computer prediction
followed by a 4h >Cr release assay confirmation.

RESULTS The results showed that peripheral blood
mononuclear cells (PBMC) obtained from two HLA-A2
positive donors who were infected with HCV could lyse
autologous target cells labeled with peptide "ALAHGVRAL
(core 150-158)". The rates of specific lysis of the cells
from the two donors were 37.5% and 15.8%,
respectively. Blocking of the CTL response with anti-CD4
mAb caused no significant decrease of the specific lysis.
But blocking of CTL response with anti-CD8 mAb could
abolish the lysis.

CONCLUSION The peptide (core 150-158) is the
candidate epitope recognized by HLA- A2 restricted CTL.

Subject headings
lymphocyte; HLA-A2; epitope

hepatitis C virus; cytotoxic T

Zhou HC, Xu DZ, Wang XP, Zhang JX, Huang Y, Yan YR, Zhu Y,
Jin BQ. Identification of the epitopes on HCV core protein
recognized by HLA-A2 restricted cytotoxic T lymphocytes.
World J Gastroenterol, 2001;7(4):583-586

INTRODUCTION

Hepatitis C virus (HCV) is a single-stranded RNA virus
responsible for the majority non-A non-B hepatitis*3. More
than 50% - 60% of acute infection lead to chronic disease,
and once chronicity is established, spontaneous recovery is
exceptional. The related mechanism is still unknown(3l,
Recent studies demonstrate that major histocompatibility
complex (MHC) class I-restricted cytotoxic T lymphocytes
(CTL) of patients with chronic hepatitis C recognize epitopes
from different regions of both structural and nonstructural
HCV proteing'®!3. Some scholars speculate that CTL-
mediated cellular immune response probably plays an

important rolein viral clearancel*>4,

CD8* CTL interact through their polymorphic T cell
receptor with HLA class | molecules containing endogenously
synthesized peptides of 9-11 on the surface of infected cells.
The presence of allele-specific amino acid motifs has been
demonstrated by sequencing of peptides eluted from MHC
molecules. Among the best studied motifsis that of HLA-A2,
which is prevalent in a high percentage of population. Several
reports!”815-20 described the method of using HCV derived
synthetic peptides containing the HLA-A2.1 binding motif to
identify and characterize the HLA-A2 restricted CTL in the
peripheral blood of patients with chronic HCV infection.
Wel?ll have designed a computer programme to score the
reported HCV peptides. Our results revealed that all the
reported peptides were with arelative high score of 144 points
or higher. Based on the previous study, we attempted to
identify the epitopes recognized by the HLA-A2 restricted
CTL on HCV core protein utilizing the method of computer
prediction followed by 4h 5'Cr release assay.

MATERIALS AND METHODS

Materials

Subjects Six patients with chronic hepatitis C and 2 healthy
controls were selected from among those monitored at Xijing
blood center. Table 1 summarizes patient characteristics and
history of treatment. All subjects had not received any
antiviral treatment for at least one year.

Table1l HLA-A and serology of patients studied for CTL response to
HCYV epitopes

Subjects HLA-A Anti-HCV HCV-RNA
Experiment
Li A2A31 + +
Zhang A2A11 + +
Tang A2A33 + +
Zhang A2A11 + +
Patient control
Li All + +
+ A3A33 +
Health control
Zheng A2A11
Wang A2A24

Note: All subjects received no treatment and had been followed-up
for one year.

HLA typing HLA typing of PBMC from patients and from
normal donors was determined by microcytotoxicity, using
trays (One lamda, Canoga Park, CA). The HLA haplotypes
of subjects participating in this study are shown in Table 1.

Merthods

Prediction of candidateHL A-A2restricted CTL epitopes Based
on previous study, we use our computer programme to predict
HLA-A2 restricted CTL on HCV C protein. In brief, a
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computer programme with the function of finding peptides
containing HLA-A2 alele-specific peptide motif was written
in C language. The HCV cDNA is translated into HCV amino
acid sequence from which the peptides was chosen, and the
selected peptides include those with a length of 9-11 amino
acids, a leucine (L), isoleucine (I) or methionine (M) at
position 2 and a leucine (L) or Valine (V) at the last
position. According to Nijiman’'s score system, we scored Six
points for an anchor residue, four points for a strong and two
points for a weak residue. The score for a given peptide is
obtained by multiplication of the scores for each amino acid
position. Predicted candidate CTL epitopes with scores of 144
or higher.

Synthetic peptides  Peptides YLLPRRGPRL (core35-44),
NLGKVIDTL (core 118 - 126), DLMGYIPLV (core 132 -
140) and ALAHGVRAL (core 150 - 158) were selected from
the predicted results and synthesized in automated multiple
peptide synthesizer (American Research Genetics, Inc). All
peptides were >90% pure and diluted to 1g-L* with
RPM 11640 medium before use (Gibco, Grand laland, N.Y.).

CTL generation PBMC from donorswere separated on Ficoll-
Hypaque density gradients (Shanghai Huajing, Inc), washed
three times in phosphate-buffered saline (PBS), resuspended
in RPM11640 medium (Gibco, BRL.) supplemented with L-
glutamine (10g-L), penicillin (5x10°U-L"?), streptomycin
(50mg-L*) and Hepes (5mol L) containing 100mL -L* fetal calf
serum (FCS) and plated in 24-well plates at 4x10° cells per well.
PBMC were stimulated with concanavalin A (ConA, 20ug per
well) during the first week. On d3, 1mL of complete medium
supplemented with riL-2 at 2x10° U-L"*final concentration was
added into each well. On d7, the cultures were restimulated
with the peptides plus rIL-2 and irradiated (30Gy) autologous
PBMC feeder cells, and the cultured PBMC were restimul ated
five days later with the original peptides plusriL-2. On d16, the
stimulated cells were used as effectorsin CTL assay.

Preparation of autoguous B lymphoblastoid cell line After
Ficoll-Hypaque separation, PBMC were suspended in the
RPMI11640 medium containing 200 mL-L** FCS and then
plated in 24-well culture plate at a concentration of 2x10°
cells per well. EBV-transfected B cell lines were established
by culturing 2x10° PBMC with 100g-L* of cyclosporin A
and 1 mL B95-8 EBV culture supernatant (provided by Dr.
Jin, the Fourth Military Medical University, Xi’an). After
transformation, the lymphoblastoid cell lines (B-LCL) were
maintained in RPMI11640 medium with 200 mL-L* FCS,
with media change twice each week. The cell lines were
maintained a 37°C in a humidified chamber with 50 mL-L"*
CO; and used as targets.

CTL assay Target cells were incubated overnight with
synthetic peptides at 200 mg-L?, and then were labeled with
3.7MBq 1-Cr for 1h and washed three times with PBS.
Cytotoxity activity was determined in a standard 4h Cr release
assay using U -bottom 96 welL plates containing 5000
autogenous targets per well. All assays were performed in
triplicate with effector target cell (E/T) ratios of 100:1,50:
1, and 1:1. Maximum release was determined on the basis of
lysis of labeled target cells with 50g-L* Triton X-100. We
examined spontaneous release by incubating target cellsin the
absence of effector cells. It was less than 25% of the maximum

release. Percent cytotoixity was determined by the
formula: 100x[(experiment release-spontaneous release)/
(maximum release-spontaneous release)].

Blocking of CTL response by antibodies CTL responses were
tested in the presence of anti-CD8 or anti-CD4 monoclonal
antibody added to the 96-well plates at the indicated
concentrations used for the CTL assay.

RESULTS

Prediction of HLA-A2 restricted CTL epitopes on HCV
protein

Seven high-scoring peptides (=144 points) were selected
from HCV C protein using our computer programme. Among
them, peptide @ and peptide @, namely peptide
YLLPRRGPRL and peptide DLMGYIPLV, have been
reported to be epitopes recognized by HLA-A2.1 restricted
CTL. Predicted peptide (@), namely FLLALLSCL (core 177-
185) was almost the same as the reported peptide
LLALLSCLTV (core 178-187). The rest predicted peptides
have not been proved to be epitopes recognized by HLA-A2
restricted CTL. Four peptides (peptide 1,®,@,®), were
selected randomly from the seven predicted peptides to be used
in CTL assay (Table 2).

Table 2 Predicted results of epitopes recognized by HLA-A2 re-
stricted CTL on HCV C protein

No Peptide sequence Peptide site Score
@ YLLPRRGPRL 35-44 144
@ NLGKVIDTL 118-126 576
® TLTCGFADL 125-133 144
@ DLMGYIPLV 132-140 576
® ALAHGVRAL 150-158 576
® NLPGCSFSIFL 168-176 288
@ FLLALLSCL 177-185 144

A: Reported epitopes recognized by HLA-A2.1 restricted CTL; B:
Almost consistent with the reported epitope LLALLSCLTYV (core 178
-187)

Screen of HCV peptide-specific response

In this experiment PBMC from 8 subjects were stimulated
individually with the four peptides from HCV C protein, and
cultures were tested after 16d of expansion for peptide-
specific CTL activity. Two of the four donors of HLA-A2 and
HCV RNA positive responded to peptide ®. After induced by
peptide ®), the two donors' PBMC can lyse autologous target
cells pulsed with peptide & and the specific lysis was 37.5%
and 15.8%, respectively (Table 3). Treatment of the CTL
specific for peptide & with anti-CD8 mAb, but not anti-CD4
mAD, plue complement markedly reduced cytotoxic activity
on target cells (Figure 1).

No antibody
Anti-CD4
Anti-CD3

No peptide

3. il 1 i L i 4 i

0 5 10 15 20 25 30 35 40
specific lysis(% )

Figure 1 Blocking of CTL activity of Mr.Tang with mAb.
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Table 3 CTL activity induced by predicted peptides on HCV C
protein

HLA type S1Cr-release (%lysis)

Subject

A B © @ @ ®
Experiment
Li 2 31 51 16 -26 9.6 0.5 NT
Zhang 2 11 8 27 0.4 NT 2.4 6.9
Tang 2 33 44 55 -338 5.1 3.3 375
Zhang 2 11 62 35 -11 9.8 8.4 12.2
Healthy control
Zheng 2 11 62 39 -29 8.0 6.8 -0.2
Wang 2 24 61 46 0.2 NT 3.7 10.0
Patient control
Li 11 62 35 -2.6 2.6 23 -1.8
Zhu 3 33 17 35  -25 1.6 0 2.5

CTL activity induced by peptides at E/T ratio of 50:1; NT: No test;
®, @, @ and ® represent YLLPRRGPRL (core35 - 44),
NLGKVIDTL (corel18-126), DLMGYIPLV (corel32-140) and
ALAHGVRAL (corel50-158), respectively.

DISCUSSION

CTL mediated cellular immune response probably plays an
important role in anti HCV infection. Many researchers
reportedi?% that CTL specific for HCV were discovered in
PBMC and liver infiltrated lymphocytes of patients infected
with HCV, and that the epitopes recognized by CTL were
identified. Owing to the fact that HLA-A2 exhibits a high
gene frequency in populations, Cerny et all? focused their
study on the epitopes recognized by HLA-A3 restricted CTL
and have determined several epitopes on every protein
region recognized by CTL. However, because of the grest work and
high cost, it is quite difficult to manipulate in general
laboratory. In this study, we attempted to identify the HCV
peptides containing HLA-A2 binding motifs, and to confirm
the prediction via 4h 5'Cr release assay.

Prediction of candidate epitopes recognized by HLA-A2
restricted CTL

According to the referencel®-32 determining epitopes
recognized by CTL included two steps: synthesis of many
peptides with multi-peptide overlapping method, and
identification of the peptides with experimental means. Up till
now, peptides YLLPRRGPRLL (core35 - 44),
DLMGYIPLV (corel32 - 140), and LLALLSCLTV (corel78
-187) were determined by using this method. The method is
direct and reliable, but difficult to manipulate. We analyzed
HCV core protein using computer programme. The results
demonstrated that there were only 7 peptides with scores of
144 or higher. Of those®, two peptides, YLLPRRGPRL
(core35 - 44), DLMGYIPLV (corel32 - 140) were ever
reported in other studies, which could be recognized by HLA-
A2 restricted CTL. Another peptide, FLLALLSCL (corel77
-185) was in agreement with the reported peptide
LLALLSCLTV (corel78 - 187). Purposeful study of the 7
peptides would simplify experimental processes and save cost.
Of those, 4 peptides (Nos ,®,@,), were synthesized
and applied in CTL assay.

Activation of CTL in peripheral blood of donors by
synthsized peptides

Four synthesized peptides of the HCV core protein were tested
using CTL assay. Four donors were positive for HLA-A2.
Among donors positive for HCV RNA, 2 donors' PBMC were
found to have lysed autologous target cell-labeled with peptide
®. The specific lysis rate was 37.5% and 15.8%
respectively. The other 3 peptides didn’'t show obvious CTL

induction action. CTL response was very weak in two healthy
and HLA-A2 positive donors, and also in two HCV RNA+
HLA-A2- donors.

According to the reference®, the lysis might be
considered specific with the lysis rate =15%. The specific
lysis rate was up to 37.5% in Tang with effector / target cell
(E/T) ratio of 50:1, and 15.8% in Zhang with E/T ratio of
100:1. Blocking of the CTL response with anti-CD4 mAb did
not decrease the specific lysis significantly. But blocking of
the CTL response with anti-CD8 mAb could abolish the lysis.
It indicated that® the lysis was mediated by CD8* T cells
rather than CD4* T cells, and that the epitope & was
probably the candidate epitope recognized by HLA-A2
restricted CTL.

Although 3 peptides, including 2 reported in other
studies, YLLPRRGPRL (core35 - 44), DLMGYIPLV
(core1l32-140), didn’t demonstrate obvious CTL induced
activity, we could not draw a conclusion that they were not
HLA-A2 restricted CTL recognized epitopes. The two
reported epitopes were recognized by HLA-A2.1 restricted
CTL, but in this study, we did not determine the HLA-A2
subtypes. Various subtypes of HLA-A2 restricted CTL
probably recognized different epitopesi*:s%. Another pssible
reason is that HCV protein sequence of HCV-infected patients
might not be in complete accordance with the synthesized
peptides. To clarify the reasons, further study is still
necessary.
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Abstract

AIM To study the palliative treatment of malignant
obstrution of digestive tract with placement of
intraluminal stent combined with intra-arterial infusion of
chemotherapeutic drugs.

METHODS A total of 281 cases of digestive tract
malignant obstruction were given per oral (esophagus,
stomach, duodenum and jejunum), per anal (colon and
rectum) and percutaneous transhepatic (biliary)
installation of metallic stent. Among them, 203 cases
received drug infusion by cannulation of tumor supplying
artery with Seldinger’s technique.

RESULTS Altogether 350 stents were installed in 281
cases, obstructive symptoms were relieved or
ameliorated after installation. Occurrence of restenotic
obstruction was 8-43 weeks among those with intra-
arterial drug infusion, which was later than 4-26 weeks in
the group with only stent installation. The average
survival time of the former group was 43 (3-105) weeks,
which was significantly longer than 13 (3-24) weeks of
the latter group.

CONCLUSION Intraluminal placement of stent combined
with intra-arterial infusion chemotherapy is one of the
effective palliative therapies for malignant obstruction of
the digestive tract with symptomatic as well as etiological
treatment.

Subject headings digestive tract disease; treatment;
stent; therapeutic embolization chemotherapy; infusion, local

Mao AW, Gao ZD, Xu JY, Yang RJ, Xiao XS, Jiang TH, Jiang
WJ. Treatment of malignant digestive tract obstruction by
combined intraluminal stent installation and intraarterial
drug infusion. World J Gastroenterol, 2001;7(4):587-592

INTRODUCTION

Intraluminal installation of stent in digestive tract is being
more and more widely used™*. Drug infusion via supplying
artery and embolization therapy have been used in clinical
practice as an effective way of suppressing the growth of
malignant tumors*>*3 But up to now there have been few
reports of the combined use of the two in the treatment of
malignant stenotic lesiong*“#. We have used the combined
therapy in cases of malignant stenosis of digestive tract and
have obtained good results in relieving symptoms, improving
quality of life and prolongation of survival time. We managed
281 cases from October 1996 to May 2000 and the therapeutic
results are reported below.

MATERIAL AND METHODS

Patients

A total of 281 patients with malignant obstruction of digestive
tract were treated. Among them, 182 were males and 99
females, age ranged from 20 to 93 years, with an average of
65 years. The cause of obstruction was stenosis or obstruction
of the digestive tract by infiltration or pressure of the
malignant tumor. All cases belonged to late stages of tumor,
impossible for surgical resection. One hundred and seventy-
seven cases had operative histories of primary tumor
resection, with reconstruction of digestive tract, biliary
endostomy, bypass drainage or laparatomy, etc, 6 had
histories of four operations, 83 cases of one operation . The
primary disease included carcinoma of esophagus, 79 cases,
stomach cancer 55 cases; carcinoma of liver, 25 cases;
carcinoma of pancreas, 53 cases; colorectal cancer, 39 cases,
cholangiocarcinoma, 10 cases, and other carcinomas, 20
cases. Pathological types: adenocarcinoma, 96 cases;
squamous cell carcinoma, 74 cases, and others, 111 cases.
Among the 281 cases, site of stenosis and obstruction at
esophagus, 119 cases; at stomach (including gastrointestinal
stoma), duodenum and jejunum, 76 cases, colorectal
segment, 28 cases; and biliary tract, 58 cases. Some cases had
more than two sites of stenosis or obstruction. They were
divided in to groups A and B by patient or close relative’s
choice. Group A (203 cases) received treatment by
installation of intraluminal stent combined with intra-arterial
cannulation for drug infusion via supplying artery. Group B
(78 cases) received only installation of intraluminal stent and
again according to their choice supplemented with intravenous
chemotherapy, radiotherapy or traditional Chinese medicinal
treatment. Those with impaired liver and /or kidney function
due to the cancer, or very poor general condition not suitable
for intravenous chemotherapy and radiotherapy were advised
tojoin group A. In group A, there were 132 males and 71
females, aged 20 - 93 years, averaging 61 years. Of them, 82
cases could not meet the requirements of routine radiotherapy
and chemotherapy such as blood routine, liver and kidney
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function or abnormalities of some other tests. In group B, there
were 50 males and 28 females, age ranged from 28 - 87
years, averaging 58 years. Fourteen cases could not meet the
requirements of routine radiotherapy and chemotherapy.
Karnofsky quality of life evaluation in group A was 10-80
(average 36.2) score and 20-80 (average 40.2) score in
group B.

Metallic intraluminal stent

Woven type nickel-titanium alloy stent was mainly used. The
tubular meshwork, the whole some structure somewhat like
wallstent was woven by single fine threads of nickel-titanium
alloy of 0.20mm-0.32mm in diameter. Membranous stent was
coated with polyurethane or silica gel on the mesh of the
stent main body. For biliary tract, straight-neted duct stent
was used without trumpet ends. The diameter of the tube is
0.8cm - 1.6cm, and the length 6cm - 10cm. The stent used
for esophagus, stomach, duodenum and jejunum is of the type
with trumpet opening on one end or both ends. The proximal
end is basin-trumpet in shape, and the distal end cup or
mushroom in shape. The tubular diameter of the stent main
body is 1.1cm-1.5cm at cervica segment, 1.8 cm-2.8cm
at thoracic and abdominal segment of the esophagus. At
stomach body, it is 2.0cm-2.5cm, and at duodenum and
jgunum 1.8 cm- 2.0 cm; the length of the stent is 3.5cm -
14cm. The stent for the use of colon and rectum has both
ends of ball or mushroom shape trumpet opening. The tubular
diameter of the stent main body is 2.0cm-22cm at
transverse colon, 2.5cm - 2.8cm at descending colon, and
2.5cm - 3.2cm at sigmoid colon and rectum; the length of
the stent is 8cm-14cm. The width of the trumpet opening
of al stents is 0.4cm-0.7cm. Some stents are specialy
made for specific requirements. Other stents we have used are
home made“Z” shape esophageal stent, Wallstent for biliary
and esophageal use (Schineder) and Memotherm biliary stent
(Agmidel).

Transporter and auxilliary instruments

Wallstent and Memotherm stents were provided with a
disposable coaxia two duct type transporter. Home-made “Z”
shape stent was fixed with a sheath tube type pusher. Home
made biliary and esophageal stents for cervical segment were
used together with a sheath tube type pusher of Cook
Company. For other stents we used self-made posterior
positioned coaxial three ducts type transporter. Other
auxilliary instruments included 6F Corber transmitting
catheter, 2600mm long Torumo Radifocus guide wire,
2600mm-3000mm long soft head super-hard guide wire,
1300mm long exchange catheter, bulb dilating catheter of
25mm in diameter and double-channel imaging catheter made
from used bulb catheters. Gastroscope, colonoscope,
microwave or diathermic apparatus were also available.

Treatment modalities

Installation of intraluminal stent. Stent was placed perorally
to esophagus, stomach, duodenum and jejunum. Radiopaque
guide wire was inserted via gastroscope or perorally. The
pusher attached with the stent was introduced by the guide
wire so that the stent could be slowly released after passing
through the stenosed segment. For the installation of stent in
duodenum and jejunum, super-hard guide wire was introduced
via exchange catheter, and the stent was put by the pusher
introduced by the hard guide wire. Biliary stent was installed

by percutaneous puncture and insertion method. The puncture
needle was inserted percutaneously and transhepatically into
biliary tract. Radifocus guide wire was introduced through the
puncture needle along the intrahepatic biliary tract into the
common bile duct, and then through the stenosed segment
deep into the small intestine. Through exchange soft head
hard guide wire, sheath tube or coaxial two ducts type
transporter put the stent into the stenosed segment. Colonic
and rectal stent was inserted through anus. Radifocus guide
wire was inserted through the stenosed segment by the
catheter or via colonoscope. Exchange catheter was
introduced and replaced the super-hard guide wire. The hard
guide wire introduced the coaxial two ducts type transporter
that releases the stent.

Intra-arterial drug infusion

Two to eight days before the installation of the stent or Od-
4d after it, chemotherapeutic infusion via cannulation of the
supplying artery of the tumor was given. The Seldinger's
technique was used. According to the primary lesion or the
infiltration field of the metastatic site, the supplying artery of
the tumor was chosen as the target artery. Generaly, the
main trunk of the supplying artery was chosen for cannulation
or multiple target points were chosen for cannulation at one
time. The target arteries chosen for cannulation are: external
jugular artery, inferior thyroid artery, or subclavicular artery
bronchia artery, esophageal propriae artery, intercostal artery,
hepatic artery (or coeliac artery trunk), superior mesenteric
artery, inferior mesenteric artery, interna iliac artery, etc.
The perfusing drugs used with dosage calculated according
to surface area of the body were epirubicin 25mg-m?,
carboplatin 200mg-m?, 5-Fu 500mg-m? forming triad drug
group for use. For patients with abnormal liver and /or
kidney functions (all caused by the malignant factors),
dosage will be decreased accordingly. For those patients
having normal routine profiles with better general condition,
VM26 50-100mg-m? was added. For those with impaired
cardiac function, adriamycin was substituted by pirarubicin
300mg-m?. For some suitable patients emulsified 40% lipiodol
and chemotherapeutics were given for superselective
emolization. Patients with arterial venous fistula were first
given gelfoam strips to block the fistular tract and then drug
infusion. The second treatment was administered three weeks
afterwards, and the third trestment was given after another 3
-5 weeks. From then on, the interval could be prolonged to
1.5-5 months.

RESULTS

Installation of stent (Table 1)

A total of 350 stents were installed in 281cases. Among them
144 were esophageal stents (23 in cervical segment, 69 in
thoracic segment and 52 in abdomina segment of esophagus).
Ninety-eight stents were put in stomach duodenum and
jejunum (21 in gastric body and pyloric region, 22 in
gastrointestinal anastomotic oriface, 49 in descending and
horizontal part of duodenum and 6 in proximal jejunum); 30
in colon and rectum (9 in transverse colon, 5 in descending
and 16 in sigmoid colon and rectum). Seventy-eight were
biliary stents. Among the 144 esophageal stents, 142 were
home-made woven type tubular mesh stents (127 with
attached membrane and 15 without membrane), one was
home-made “Z” type stent with attached membrane. There
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was one wallstent without membrane. Among 98 stents used in
stomach, duodenum and jejunum, 97 were home made (35
with attached membrane, 62 without). One Wallstent without
membrane was used. Thirty stents used in colon and rectom
(20 with membrane and 10 without) and 71 of 78 biliary stents
were all home made. There were 4 Wallstents and 3
Memotherm stents. Biliary stents were all without membrane.
The distribution of stents installed in groups A and B are
shown in Table 1.

Drug infusion (Table 2)

Group A (203 cases) had received cannulation of supplying
artery with infusion of chemotherapeutics (a total of 708
times). The minimum was one time (9 cases) and maximum
was 14 times (one case). The average time was 3.49. Table 2
shows different patients undergoing drug infusion. Among the
nine cases receiving treatment only once, which was refused
by their relatives in 5 cases, and discontinued due to
deterioration of their general condition in 2 cases, and the
remaining 2 cases died. Three out of the 203 cases had
received lipiodol emulsion embolization for 7 times, 11 cases
had gelfoam embolization for 18 times. Besides occational
hematoma at the puncture site, few cases complained of pain
at the site of drug infusion and embolization treatment and
37% of cases had reversible lowering of blood counts, and no
other arterial interventional procedure related complication
was noted.

Clinical symptomatic impro ement

Among 119 cases with installation of esophageal stent, 18 had
stent in the cervical segment and they al could take low residue
regular diet. In 101 cases with stent in the thoracicor
abdominal segment, those with simple stenosis basically
restored to normal meals. Among 13 patients with
esophagotracheal or esophagothoracic fistula, 11 could take
normal meals after complete obliteration of the fistular tract,
one still had some irritating cough while eating. Another case
was a patient who developed esophageal stenosis with
esophagothoracic fistula after unilateral pneumonectomy.
Four days after installation of stent and obliteration of the

Table 1 Installation of stents

fistula, the patient developed obvious irritating cough during
eating. Imaging demonstrated proximal orifice of the stent
protruded into the thoracic cavity forming another fistular
tract. Among 76 patients with stent in stomach, duodenum or
jejunum, 71 restored to normal meals and 5 had the
obstructive symptoms improved, but could only take liquid
diet. Twenty-eight cases with stent in colon or rectum had
immediate relief of intestinal obstructive symptoms after
ingtallation, one of them who had colonic pelvic fistula had no
more exudative leakage from the fistula tract after the
ingtallation. A case of recta vagind fistula had much less feca
exudation from vagina after installation. In 58 cases with
installation of stent into the biliary tract, jaundice was
significantly decreased, 39 cases had serum bilirubin returned
to norma within a week. Nineteen cases had serum bilirubin
dropped below 70mmol/L. Clinical symptomatic
improvement were similar between groups A and B shortly
after treatment. Among 82 cases in group A whose conditions
could not reach the requirements of laboratory profiles for
routine radiotherapy or chemotherapy, 46 cases fulfilled the
requirements after two drug infusions. Among 14 cases of
group B, only 3 cases approached the requirements after 1-2
months. As the disease progressed, the number of patients
whose original profiles were normal but became abnormal
when the disease got worse, was significantly larger in group B
than in group A. Comparison of Karnofsky life quality
evaluation between the two groups at 4 - 6 week after
installation of stent showed that the average score in group A
increased from 36.2 to 53.2, while in group B, from 40.2 to
46.2. There was significant difference between the two
groups.

Maintenance of efficacy and survival time

In group B, 23 restenotic obstructions occurred 4-26 weeks
after treatment in 15 (23.1%) cases. In group A, 29
(14.3%) had 38 restenotic obstructions 8-43 weeks after
treatment (Table 3). The survival time in group A was 3-105
weeks, averaging 43 weeks, while 3-24 weeks in group B
averaging only 13 weeks. The survival time of group A was
more significantly prolonged than group B (Table 4).

Group A Group B Total
Site
No.of cases No.of stents No.of cases No.of stents No.of cases No.of stents

Esophagus 81 95 38 49 119 144
Stomach, small intestine 55 64 21 34 76 98
Colon, rectum 19 20 9 10 28 30
Biliary tract 48 53 10 25 58 78
Total 203 233 78 116 281 350
Table 2 Drug infusion
Site N Infusion (n) Total infusion Max. per Min. per Average per

times case case case
Esophagus 119 81 310 12 2 3.83
Stomach, small intestine 76 55 229 14 1 4.16
Colon, rectum 28 19 39 8 1 2.94
Biliary tract 58 48 130 9 2 3.65
Total 281 203 708 3.49
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Table 3 Maintenance of efficacy (groups A/B)

Restenosis
Site n Restenosis (wk)
n No.of times
Esophagus 81/38 15710 20/12 12-35 / 04-17
Stomach, small intestine 55/21 06/04 07/05 17-42 / 07-16
Colon, rectum 19/09 02/00 02/00 26-43 /70
Biliary tract 48/10 06/04 09/06 8-33 / 05-26
Total 203/78 29(14.3)/15(23.1) 38723 08-43 / 04-26
Table 4 Comparison of survival time (groups A / B)
Survival (wk)

Sites Cases Survival (n) Death (n)

Range Average
Esophagus 81/38 23/03 58/35 5-103/5-20 36/14
Stomach, small intestine 55/21 09702 46/19 4-105/2-17 38711
Colon, rectom 19/09 02/00 17/09 3-98/3-13 33708
Biliary tract 48/10 06701 42/09 6-54/3-24 30/18
Total 203/78 40/06 163/72 3-105/3-24 43/13

P<0.05, for all sites.

DISCUSSION

Significance and technical difficulties

Digestive tract is the necessary passage of alimentation
digestion, absorption and excretion of waste metabolites.
Obstruction of digestive tract interferes with food intake, bowel
movement, or causes obstructive jaundice. All these seriously
affect the quality of life of the patients and even accelerate
death. In 1983, Frimberger first reported the use of metallic
stent to treat esophageal stenosis“?. Domschke in 1990
successfully used self-expansible woven mesh type metallic
stent to treat a case of esophageal malignant obstructioni7.
Thus it was made possible the relief of obstruction of
digestive tract by non-surgical procedures. Karnel et all*d,
Goldrn et al*, Keymling et al™ and others had respectively
tried to use metallic intraluminal stent in treating colonic,
biliary and duodenal obstruction. Their success had laid
the basis of the expanded use of digestive tract intraluminal
stent. As intraluminal installation of stent in digestive tract
is a non-surgical method with mini-invasive technique to
render the stenosed digestive tract becoming patent again,
thus providing a new approach in the palliative treatment
of digestive tract malignant obstruction. Comparing with
the conventional surgical operation, treatment by intraluminal
installation of stent has the characteristics of mini-invasion,
fast, effect, good clinical sutclins and repeatablity of the
procedure. This avoids the damage caused by surgical
operation. For those with no indication for operation or too
weak to stand the operation, treatment with intraluminal
installation of stent can provide palliation to the patients with
symptomatic relief and improved quality of life.

Compared with vascular lumen and other non-vascular
lumens, the various lumens at different parts of the digestive
tract have special histologic structures and functional
characteristics. For example, the cervical segment of
esophagus has strong contractive force and is very sensitive to
foreign body. Duodenum and jejunum are quite distant from
mouth, their lumens are tortuous with frequent peristalsis.
Colon has a haustral structure with a strong group contractile
force. The peculiar tissue structure and functional
characteristics make the procedure of installation of
intraluminal stent somewhat difficult. So, up to now, the clinical

use of installation of digestive tract intraluminal stent is still
limitted to esophagus and biliary tract. We have chosen
nickel-titanium alloy in the form of single fine threads woven
longitudinally and transversely into a flexible mesh tabular
stent according to the common feature of digestive tract
structure and function. For the installation of stent in the high
position cervical segment of esophagus, we made tolerance
dilatation test and used small caliber so as to ameliorate foreign
body or pain sensation, thus succeeding in putting the stent in
the cervical segment of esophagus. We used high hardness,
small friction and elongation coefficient, not easily restored
once deformed material, polytetrafluroethylene, to make
coaxial duct and put it in between the external and internal
ducts made of polyethylene, which is soft, easily to be restored
with big friction force. The coaxial duct type transporter was
made in this way that can be introduced into tortuous intestinal
tube to release the coaxial duct type transporter of the stent.
We also used endoscope to help the insertion of the guide
wire. Super-hard guide wire helps enlarge the turning angle of
the colonic loops. All these measures solve the difficulty
encounted in the remote release of the stent. This not only
increased the success rate of installation of duodenal and proximal
jejuna intralumina stent orally™¥, but also facilitated theinstallation
of stent at high level transverse colon via anal routel’. At the
sametime, we selected big caliber with high degree hardness double
bulb shaped or mush room shaped trumpet orifice stent. This not
only increased the expanding force but also increased the
compliance of the connecting segment between the terminal
opening of the sent and the normal intestinal tract. The
therapeutic effect of colonic and rectal stent installation was
thus elevated and its complication reduced.

Drug infusion via supplying artery of tumor

Intraluminal stent treatment can build up the basis for the
patients for further treatment by the relief of digestive tract
obstructive symptoms and improvement of life quality of late
tumor cases. The advanced patients with tumor can rarely
tolerate the toxic or side effect of traditional radio-and/or
chemotherapy. In fact, the sensitivity toward traditional
radio- and chemotherapy in absolute majority of patients with
solid tumor of digestive tract is rather poor. As
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chemotherapeutics have killing and injurious effect to most
tumor cells, the difference of therapeutic effect is mainly
determined by whether the drug in the target organ can reach
effective antitumor blood drug concentration or not. The
general effect of traditional chemotherapy makes it difficult to
reach an effective blood drug concentration in the target organ
of gastrointestinal tract at safe dosage. As a result, clinical
efficacy is low, while toxic and side effects are severe.
Interventional chemotherapy by drug infusion of supplying
artery can make the blood drug concentration in the vascular
network of the tumor area reach an effective antitumor level
by relative safe dosage, thus decreasing toxic and side reactions
and increasing therapeutic efficacy. Intraluminal installation
of stent in combination with drug infusion of supplying artery
can release obstruction, improve life quality and at the same
time inhibit growth of the malignant tumor. In the present
study, the average survival time of our group B patients was 13
weeks, close to that reported by Turegano-Fuentes et allsy,
Cwikiel et al®@ and P Scott Mackie et al®®. The average
survival time was 44 weeks in group A, significantly longer
than the former. The restenosis was also more significantly
prolonged in group A than in group B. This showed that
interventional chemotherapy by arterial cannulation can
produce in certain extent inhibition of the malignant tumor
growth by its therapeutic effect. In conclusion, intraluminal
stent therapy in combination with intra-arterial cannulation of
interventional chemotherapy can be considered as an effective
therapy with regard to symptomatic and etiological treatment
and should be used more widely in the near future.

REFERENCES

1 Nevitt AW, Vida F, Kozarek RA, Traverso LW, Raltz SL. Ex-
pandable metallic prostheses for malignant obstructions of gastric
outlet and proximal small bowel. Gastrointest Endosc, 1998;47:
271-276

2 Soetikno RM, Lichtenstein DR, Vandervoort J, Wong RC, Roston
AD, Slivka A, Montes H, Carr-Locke DL. Palliation of malig-
nant gastric outlet obstruction using an endoscopically placed
Wallstent. Gastrointest Endosc, 1998;47:267-270

3 Wayman J, Bliss R, Richardson DL, Griffin SM. Self-expanding
metal stents in the palliation of small bowel stenosis secondary
to recurrent gastric cancer. Gastrointest Endosc, 1998;47:286-290

4 Tejero E, Mainar A, Fernandez L, Tobio R, De Gregorio MA.
New procedure for the treatment of colorectal neoplastic
obstructions. Dis Colon Rectum, 1994;37:1158-1159

5  Buffet C, Couderc T, Fritsch J, Choury A, Lefebvre JF, Mrteau
V, Ink O, Bonnel D, Liguory C, Etienne JP. Palliative treatment
by endoprosthesis of icterus caused by distal biliary tumoral
obstruction. Gastroenterol Clin Biol, 1993;17:629-635

6  von Schonfeld J. Endoscopic retrieval of a broken and migrated
esophageal metal stent. Z Gastroenterol, 2000;38:795-798

7 Kim HC, Han JK, Kim TK, Do KH, Kim HB, Park JH, Choi BI.
Duodenal perforation as a delayed complication of placement
of an esophageal stent. J Vasc Interv Radiol, 2000;11:902-904

8 Sugimoto K, Hirota S, Imanaka K, Kawabe T, Matsumoto S,
Sugimura K. Application of self-expanding metallic stents to
malignant stricture following mechanically stapled
esophagojejunostomy: report of two cases. Radiat Med, 2000;
18:133-137

9  Cornud F, Chretien Y, Helenon O, Casanova JM, Correas JM,
Bonnel D, Mejean A, Moreau JF. Percutaneous incision of
stenotic uroenteric anastomoses with a cutting balloon catheter.
long-term results. Radiology, 2000;214:358-362

10 Mishima K, Sawada S, Tanigawa N, Okuda Y, Kobayashi M,
Koyama T. Expandable metallic stent treatment for malignant
colorectal strictures. Cardiovasc Intervent Radiol, 1999;22:155-
158

11 Nomori H, Horio H, Imazu Y, Suemasu K. Double stenting for
esophageal and tracheobronchial stenoses. Ann Thorac Surg,
2000;70:1803-1807

12 Warren WH. Palliation of dysphagia. Chest Surg Clin N Am,
2000;10:605-623

13 Macdonald S, Edwards RD, Moss JG. Patient tolerance of cervical

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

esophageal metallic stents. J Vasc Interv Radiol, 2000;11:891-
898

Tanaka T, Maeda M, Uchida H, Yoshioka T, Matsuo Y,
Makutani S, Yoshimura H, Kichikawa K, Ohishi H. Clinical
results of the internally covered spiral Z stent for malignant
esophagogastric obstruction and the reduction of stent migration. J
Vasc Interv Radiol, 2000;11:771-776

Mayoral W, Fleischer D, Salcedo J, Roy P, Al-Kawas F, Ben-
jamin S. Nonmalignant obstruction is a common problem with
metal stents in the treatment of esophageal cancer. Gastrointest
Endosc, 2000;51:556-559

Bartelsman JF, Bruno MJ, Jensema AJ, Haringsma J, Reeders
JW, Tytgat GN. Our experience with Wallstent self-expanding
metal prostheses in 65 patients with malignant dysphagia. Rev
Esp Enferm Dig, 1999;91:736-747

Farkas PS, Farkas JD, Koenigs KP. An easier method to remove
migrated esophageal Z-stents. Gastrointest Endosc, 1999;50:277
-279

Vakil N, Bethge N. Plastic stents in the esophagus: is home-
made really better? Am J Gastroenterol, 1999;94:1701-1702
Conio M, Caroli-Bosc F, Demarquay JF, Sorbi D, Maes B,
Delmont J, Dumas R. Self-expanding metal stents in the pallia-
tion of neoplasms of the cervical esophagus.
Hepatogastroenterology, 1999;46:272-277

Binkert CA, Ledermann H, Jost R, Saurenmann P, Decurtins
M, Zollikofer CL. Acute colonic obstruction: clinical aspects
and cost-effectiveness of preoperative and palliative treatment
with self-expanding metallic stents-a preliminary report.
Radiology, 1998;206:199-204

Abdel Wahab M, el-Ebiedy G, Sultan A, el-Ghawalby N, Fathy
O, Gad el-Hak N, Abo Elenin A, Abo Zid M, Ezzat F.
Postcholecystectomy bile duct injuries: experience with 49 cases
managed by different therapeutic modalities.
Hepatogastroenterology, 1996;43:1141-1147

Hyodo T, Yoshida Y, Yamanaka T, Imawari M. Duodenal steno-
sis after end oscopic biliary metallic stent placement for malig-
nant biliary stenosis. Gastrointest Endosc, 2000;52:64-66
Nakamura T, Kitagawa M, Takehira Y, Yamada M, Kawasaki
T, Nakamura H. Polyurethane-covered Wallstents to recanalize
Wallstents obstructed by tumor ingrowth from malignant com-
mon bile duct obstruction. Cardiovasc Intervent Radiol, 2000;23:
161-164

Cheng YF, Lee TY, Sheen-Chen SM, Huang TL, Chen TY. Treat-
ment of complicated hepatolithiasis with intrahepatic biliary
stricture by ductal dilatation and stenting: long-term results.
World J Surg, 2000;24:712-716

Camunez F, Echenagusia A, Simo G, Turegano F, Vazquez J,
Barreiro Meiro |. Malignant colorectal obstruction treated by
means of self-expanding metallic stents: effectiveness before
surgery and in palliation. Radiology, 2000;216:492-497
Mauro MA, Koehler RE, Baron TH. Advances in gastrointesti-
nal intervention: the treatment of gastroduodenal and colorectal
obstructions with metallic stents. Radiology, 2000;215:659-669
Boorman P, Soonawalla Z, Sathananthan N, MacFarlane P,
Parker MC. Endoluminal stenting of obstructed colorectal
tumours. Ann R Coll Surg Engl, 1999;81:251-254

Lee JG, Leung JW. The pitfall of relying on the abdominal
radiograph to determine stent function after palliation of ma-
lignant colonic obstruction using a self-expanding metal stent.
Am J Gastroenterol, 2000;95:2107-2109

Mainar A, De Gregorio Ariza MA, Tejero E, Tobio R, Alfonso E,
Pinto I, Herrera M, Fernandez JA. Acute colorectal obstruction:
treatment with self-expandable metallic stents before sched-
uled surgery-results of a multicenter study. Radiology, 1999;
210:65-69

de Gregorio MA, Mainar A, Tejero E, Tobio R, Alfonso E, Pinto
I, Fernandez R, Herrera M, Fernandez JA. Acute colorectal
obstruction: stent placement for palliative treatment-results of
a multicenter study. Radiology, 1998;209:117-120

Wholey MH, Levine EA, Ferral H, Castaneda Zuniga W. Initial
clinical experience with colonic stent placement. Am J Surg,
1998;175:194-197

Homma H, Doi T, Mezawa S,Takada K, Kukitsu T, Oku T,
Akiyama T, Kusakabe T, Miyanishi K, Niitisu Y. Related
Articles, Books, LinkOut A novel arterial infusion chemo-
therapy for the treatment of patients with advanced pancreatic
carcinoma after vascular supply distribution via superselective
embolization. Cancer, 2000;89:303-313

Yoshida H, Onda M, Tajiri T, Akimaru K, Uchida E, Arima Y,
Taniai N, Yamamoto K, Kaneko M, Kumazaki T. New



592 ISSN 1007 - 9327 CN 14 - 1219/ R

World J Gastroentero

August 2001 Volume 7 Number 4

34

35

36

37

38

39

40

41

42

techniques: splenic artery embolization followed by intraarte-
rial infusion chemotherapy for the treatment of pancreatic cancer.
Hepatogastroenterology, 1999;46:2024-2027

Clark RA, Gallant TE. Bile duct strictures associated with hepatic
arterial infusion chemotherapy. Gastrointest Radiol, 1987;12:148
-151

Laughlin EH. Common duct stricture associated with hepatic
artery infusion of FUDR. J Surg Oncol, 1986;31:56-59
Yoshida H, Onda M, Tajiri T, Uchida E, Arima Y, Mamada Y,
Yamamoto K, Kaneko M, Terada Y, Kumazaki T. Experience
with intraarterial infusion of styrene maleic acid neocarzinostatin
(SMANCS)-lipiodol in pancreatic cancer. Hepatogastroenterology,
1999;46:2612-2615

Beger HG, Gansauge F, Buchler MW, Link K. Hintraarterial
adjuvant chemotherapy after pancreaticoduodenectomy for
pancreatic cancer: significant reduction in occurrence of liver
metastasis. World J Surg, 1999;23:946-949

Yoshida H, Onda M, Tajiri T, Akimaru K, Uchida E, Arima Y,
Mamada Y, Taniai N, Yamamoto K, Kaneko M, Kumazaki T.
New techniques: splenic artery embolization followed by in-
traarterial infusion chemotherapy for the treatment of pancre-
atic cancer. Hepatogastroenterology, 1999;46:2024-2027
Gansauge F, Gansauge S, Link KH, Beger H. Gp53 in relation to
therapeutic outcome of locoregional chemotherapy in pancre-
atic cancer. Ann N Y Acad Sci, 1999;880:281-287

Naka T, Ashida K, Takahashi S, Kaneko T, Mizusawa K, Kaibara
N. Effective TAE therapy using Lipiodol with epirubicin for
liver metastases of nonfunctioning islet cell carcinoma of the
pancreas. J Hepatobiliary Pancreat Surg, 1998;5:108-112

Rice D, Geller A, Bender CE, Gostout CJ, Donohue JH. Surgical
and interventional palliative treatment of upper gastrointesti-
nal malignancies. Eur J Gastroenterol Hepatol, 2000;12:403-408
Kroger JC, Bergmeister H, Hoffmeyer A, Ceijna M, Karle P,
Saller R, Schwendenwein I, von Rombs K, Liebe S, Gunzburg
WH, Salmons B, Hauenstein K, Losert U, Lohr M. Intraarterial
instillation of microencapsulated cells in the pancreatic arteries in

43

44

45

46

47

48

49

50

51

52

53

pig. Ann N Y Acad Sci, 1999;880:374-378

Martin DF, England RE, Tweedle DE. Radiological intervention
in pancreatic cancer. Eur Radiol, 1998;8:9-15

Mao AW, Gao ZD, Yang RJ, Cheng YS, Shang KZ, Xiao XS.
Treatment of duodenal malignant stenosis using stent implantation
combined with artrial chemotherapy. Chin J Radiol, 1998;32:655
-657

Mao AW, Gao ZD, Xiang XS, Tong L, Jiang TH, Fan H. Pallia-
tive dual interventional therapy for late stage pancreatic
malignancies. Chin J Gastroenterol and Hepatol,2001;10:75-78
Frimberger E. Expanding spiral:a new type of prosthesis for
the palliative treatment esophageal stenoses. Endoscopy, 1983;
15:213

Domschke W, Foerster EC, Matek W, Rodi W. Self-expanding
mesh stent for esophageal cancer stenosis. Endoscopy, 1990;22:
134

Karnel F, Jantsch H, Niederle B.Implantation of a metal stent in
a malignant stenosis in a colon interposition. Rofo Fortschr Geb
Rontgenstr Neuen Bildgeb Verfahr, 1991;154:120-122

Goldrn RL, Ring EJ, LaBerge JM. Malignant biliary obstruction
treatment with expandable metalli stents follow-up of 50 con-
secutive Patients. Radiology, 1992;182:697

Keymling M, Wagner HJ, Vakil N, Knyrim K. Relief of malig-
nant duodenal obstruction by percutaneous insertion of a metal
stent. Gastrointest Endosc, 1993;39:439-441

Turegano Fuentes F, Echenagusia Belda A, Simo Muerza G,
Camunez F, Munoz Jimenez F, Del Valle Hernandez E, Quintans
Rodriguez A. Transanal self-expanding metal stents as an al-
ternative to palliative colostomy in selected patients with ma-
lignant obstruction of the left colon. Br J Surg, 1998;85:232-235
Cwikiel W, Andren Sanderg A. Malignant stricture with
colovesical fistula:stent insertion in the colon. Radiology, 1993;
186:563-564

P Scott Mackie R, Morgan M, Farrugia M, Glynose M, Adam A.
The role of metallic stents in malignant duodenal obstruction. Br ]
Radiol, 1997;70:252-255

Edited by Ma JY



	WJG-7-445
	WJG-7-455
	WJG-7-460
	WJG-7-466
	WJG-7-476
	WJG-7-482
	WJG-7-490
	WJG-7-496
	WJG-7-500
	WJG-7-506
	WJG-7-510
	WJG-7-515
	WJG-7-522
	WJG-7-527
	WJG-7-532
	WJG-7-537
	WJG-7-542
	WJG-7-547
	WJG-7-551
	WJG-7-555
	WJG-7-559
	WJG-7-563
	WJG-7-566
	WJG-7-569
	WJG-7-572
	WJG-7-575
	WJG-7-579
	WJG-7-583
	WJG-7-587

