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INTRODUCTION

World Journal of Gastroenterology (WJG) is an international
academic journal in digestology published in China. The WJG
was established in 1995 under the name of China National
Journal of New Gastroenterology, and adapted its present title
in 1998. The WJG (ISSN 1007-9327), now published monthly
by the WJG Press, is a 210x297 mm-sized journal with 256
pages in each issue. The Journal is distributed by the Beijing
Newspaper and Periodical Subscription and Distribution
Bureau (Postal Issuance Code 82-261). In response to
continuing growth in both basic and clinical studieson digestive
diseases and the increasing demands for the international
exchange in science and technology, the WJG journal will be
published twice monthly from January 2004, with 160 pages
in each issue. The publication dates are on the 1% and 15" of
each month.

MISSION

The WJG seeksto publish high-quality, original and innovative
papers and short communications on basic and clinical studies
in gastroenterology and hepatology. The editors accept
manuscripts that report important findingsin esophageal cancer,
gastric cancer, liver cancer, intestinal cancer, viral hepatitis,
Helicobacter pylori infection, as well as Chinese medicine and
integrated Chinese and Western medicine in the treatment of
digedtive diseases. The Journa gives ahigher priority to review
articles that are based mainly on the own work of the authors.
Thus, the WJG establishesitsdlf asawindow for theinternational
academic exchange, and provides abridge to the world for local
medical researchers and professionals.

EDITORIAL BOARDS

TheWJG Editorial Board consistsof 179 members, representing
ateam of worldwide expertsin gastroenterology and hepatol ogy.
They arefrom 53 countriesincluding: Albania (1), Algeria (1),
Argentina(2), Austria(1), Belarus (1), Belgium (1), Brazil (1),

Bulgaria (1), Canada (1), China (41), Costa Rica (1), Croatia
(1), Denmark (1), Egypt (1), Finland (1), France (2), Germany
(7), Greece (1), Hungary (2), Iceland (1), India (2), Iran (1),
Irdland (2), Isradl (2), Italy (2), Japan (4), Latvia (1), Lithuania
(1), Macedonia (1), Malaysia(2), Monaco (1), Netherlands (3),
New Zealand (1), Pakistan (1), Philippines (1), Poland (2),
Portugal (1), Romania (1), Russia (3), Singapore (1), Slovakia
(1), Slovenia (2), South Africa (1), South Korea (2), Spain (1),
Sri Lanka (1), Sweden (2), Switzerland (2), Thailand (1), Turkey
(2), United Kingdom (6), United States (56), and Y ugodavia (1).

The WJG has a group of young and middle-aged experts
who have made outstanding achievements in both medical
research and clinical practice. The duties of WJG editorial
members are to evaluate the originality, innovation, scientific
standards and readability of the papers, provide constructive
comments, suggestions and advice for further revision and
improve English writing for papers written by non-English
speaking authors. Acceptance of a submitted paper is based
on the overall assessment of the title, introduction, materials
and methods, findings, and discussion sections, and whether
the paper reflects a high standard of clinical or basic study
on digestive diseases. There has been aconsiderable variation
in the quality of papers submitted to the journal over the past
years. Mgjor problems include the scientific standards and
readability. To overcome these problems and improve the
quality of the journal, the WJG has established its evaluation
criteria.

EVALUATION

According to the evaluation of editorial members, submitted
papersareclassified as* high priority” , “ ready for publication”,
“publication after revision” , “ re-evaluation after revision” and
“rejection” . To ensure the academic standards of published
papers, WJG defines the following evaluation criteria:

Title should accurately reflect the scientific nature of the study,
and should be concise and innovative.

Abstract should clearly present the research background and
objectives, the materials and methods, the findings (including
important data) and the conclusion. The innovative and focal
points of study should be consistent with the objectives, the
materials and methods, the findings (including important data),
and the conclusion.

Introduction should include research objectives and other
study related matters.

Materialsand methods should include materia characterigtics,
e.g., randomization of large samples, safety and efficiency,
double-blind and double-simulation, comparisons between
multi-center parallel control groupsin contrast to clinical
experiments, special cases, and cell or tissue samples. Test
methods and techniques should be standard, innovative, or
systematic. Improved or innovative methods should be
repeatable and verifiable by others. The design of comparative
studies should be rational and reliable, and statistical methods
should be appropriate.

Results should have awell-defined scientific conclusion based
on the experimental evidence. Attention should be paid to the
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samplesizeand datistical anadysswhen evauating aclinica study.
Discussion should include logistic and systematic theoretical
analyses and valuable scientific conclusions.

Bibliography Studies quoted should be proper and sufficient,
especialy for the latest literature.

General evaluation The originality, scientific standard,
innovation and readability of the paper should reflect the
advancesin clinical and basic studiesin gastroenterology and

hepatology.

EDITING

Excellent papers as assessed by the editorial board may be
published without revision. The authors will be advised to
revise their papers according to the comments/suggestions
made by the editorial members and in consistent with the
journal format. The revised papers will be subjected to the
first and second language processing. Format-revised papers
will then be put into layout. Thereafter, laid out draft will be
sent to the editor-in-charge for the proofreading and finally
for printing once there are no grammatical and spelling
mistakes. In order to ensure the editing quality of published
papers, WJIG defines the following editorial criteria.

Title should be concise and unique. The following words
should be avoided: evaluation, study, analysis, observation,
investigation, exploration, the article “the” and abbreviations
that are not commonly used. For further information, please
refer to “ Writing English Title for Scientific Papers’ http://
www.wjgnet.com/1009-3079/new/26.asp.

Abstract should be in astructura format. Objectives should
be directly pointed to the topic, e.g. “ To investigate the... A
summary of the background or current development in thetopic
may be provided. Methods (including materials) and findings
(including important data) should be stated in the past tense,
and conclusion should be stated in the present tense. Personal
address and voice should be natural, avoiding using “the
dangling participles’ . First sentence of the abstract should not
be arepetition of thetitle, it should be more specific. For further
information, please see“ Writing English Abstract for Scientific
Papers’ http://www.wjgnet.com/1009-3079/new/25.asp.
Text (1) Short sentences: Short sentences are preferred. As
much as possible, multiple subordinate clauses should be
avoided. The spelling and tenses should be correct, and tenses
should be consistent. The past tense should be generally used
in the Methods and Results sections. In the Discussion, the
past tense should be used when a specific study is cited and
present tense should be used when a conclusive statement is
made based on previous studies. Tenses used in the main and
subordinate clauses should be consistent with the tenses and
implications of the paragraph. For Chinese authors, the Chinese
version of the paper should be referred to in order to accurately
express the original meanings. When using the participial
phrases to express the adverb and attribute, attention should
be paid to the proper voice usage for proper correspondence.
Word comparisons should be consistent, and the same term
should be used to refer to the same thing. Basic data and their
percentages should be checked during editing. Editing checks
should include accurate use of symbols and Latin terms
(singular and plural forms). (2) Numerals: Numerals appearing
at the beginning of the sentence should be stated in words, e.g.
Sixteen cases...or A total number of 16 cases. No Arabic
numerals, e.g. 16 cases, 100 patients, should be used to start a
sentence. (3) Abbreviations: When an abbreviation is used for
the first time in the text, the entire term should be spelt out,
followed by the abbreviation in parenthesis. (4) Italics: The
following should be italicized: Latin terms of bacteria, virus,
plants and animals, statistical symbols, genetic symbols, END
for endonucleases (first three characters), measurement

symbols, Latin terms, e.g. in vivo, in situ, et al, and titles of
publications stated in the bibliography. (5) Graphs: The same
graph should be used only once, data expressed in graphs
should not be expressed in table again, or vice versa. Data
shown in tables and graphs should be the same asthosein the
text. Annotation of the graph or table data should be stated in
the present tense, e.g. the data are shown in Table 1. Graphs
and tables should be included in the body text, first letter of
the notation/definition should be capitalized, the rest should
bein small letters.

References should be indicated in the order appeared in the
text. Authors and titles should be consistent with those shown
in the first page of the paper. The same istrue for journals,
year, volume number, pages (beginning and last pages), and
PMID codes.

Others (1) The manuscript should be printed in double-space.
(2) Formal language should be used. Informal and non-standard
abbreviationsor contractions, e.g.,isn’ t, aren’ t, hasn’ t, hadn' t,
haven' t, don’ t, can’ t, wouldn’ t, alot of, abit, too (also), thru
(through), exam (examination), lab (laboratory), etc. should
be avoided. (3) Methods and results should be objectively
presented, statements should be simple and unexaggerated.
Emotional or advertising promotional terms should be avoided.
(4) The verb form is preferable, the gerund or noun form of
verb should be avoided. (5) Proper use of articlesis required,
countable nouns should be expressed in the plural form asmuch
aspossible. (6) A prepositional phrase or a hyphen should be
used to break off anoun phrase, and along series of adjectives
or nouns to modify nouns should be avoided. (7) As much as
possible, sentences begin with important facts, not with phrases
or subordinate clauses. (8) When referring to the work or
research outcome of other investigators, the authors should
state full name of the investigators, in the case of more than
two investigators, theterm “ et al” should be used. For further
information, please see “ Writing Scientific Paper in English”
http://ww.wjgnet. com/1009-3079/new/31.asp.

COLUMNS

WJG consists of the following columns.

Review papers come from experts who are specialized in the
fields.

Special topics include esophageal cancer, gastric cancer, liver
cancer, viral hepatitis, Chinese medicine, integrated Chinese
and Western medicine, and pioneering papers with Chinese
characteristics or first-classinternational standards.
Basicresearch Studiesshould have complete experiment data,
high academic values, and innovative and origina findings.
Clinical research Studies should demonstrate randomization
of large samples, safety and efficiency, double-blind and
double-simulation, comparison between multi-center control
groups and clinical experiments.

Brief reports should present innovative and original phase
outcomes.

Casereports should have some instructional significanceto
clinical practitioners.

MANUSCRIPT MANAGEMENT

In an effort to speed up the computerization and electronization
of WJG manuscript management, improve the journal quality,
standardize editing procedures, and increase the work
efficiency, the WJG Publishing Manuscript Management
System was successfully established on April 15, 2003. It
enables the automation and electronization of submission
registration, submission acknowledgment, preliminary
evaluation, second evaluation, evaluation results, final decision,
acceptance/rejection notification, editing processing, data
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exchange, and Internet submission inquiry. Authors can follow-
up the status of their submitted papers at the WJG website, by
typing in user name (first author’ s name) and password
(manuscript number). Information regarding serial number,
journal name, title, author, date of receipt, editing date,
acceptance/rejection date, official invoice number, date of
publication, issue (volume) and pages will be provided.

PUBLICATION FREQUENCY

From January 2004, thejournd will be published twice monthly.
Thus, the submission-publication lag period is expected to be
controlled as short as between 1 to 4 months. Thisjourna has
been included in the famous international search systems such
as the Science Citation Index —-Expanded and Index Medicus/
MEDLINE, in the hope of demonstrating the world leading
position of Chineseresearchersin gastroenterology. For instance,
the paper “ Different approaches to caudate lobectomy with
“ curettage and aspiration” technique using aspecial instrument
PMOD: A report of 76 cases’ written by Shu-Y ou Peng, Jiang-
Tao Li, Yi-Ping Mou, Ying-Bin Liu, Yu-Lian Wu, He-Qing
Fang, Li-Ping Cao, Li Chen,Xiu-Jun Cai, Cheng-Hong Peng,
Department of Surgery, 2nd Affiliated Hospital, School of
Medicine, Zhgjiang University and published in volume 10 of
2003 is of international standards. The submission-publication
lag time of this paper was only 45 days.

TYPESETTING AND PRINTING

The WJG uses a uniform font and format from the top margin
of book, column, title, author, position of authors, fund and
grants, contact address, e-mail address, telephone numbers,
fax numbers, date of receipt, acceptance date, abstract,
reference format, class 1 heading font, class 2 heading font,
graph, chart, to references. No subsequent papers are followed
after the end of each paper, thus, papers can be used in the
abstract database, ASP, SML, or PDF format. WJG uses the
PageMaker publishing software, hence files can be
automatically converted to ASP, XML or PDF format.

The printing filmsfor WJG areimported films. Heildelberg
color printing is used for the monochrome and color printing.
In addition, the three-sided knife is used for trimming. Actual
printing work is contracted by the Beijing KH Printing
Company. The printing service covers the full-length
production work from filming, design drafting, pre-binding
sample, to full delivery to the magazine office for approval.
Printing follows after every aspect has been approved.

ELECTRONIC VERSION

WJG website (http://www.wjgnet.com/1007-9327/index.asp)
went online on April 15, 2003, and as of December 21, 2003,
the site has been visited 678 857 times. The electronic version
of the WJG has the following seven columns.

Journal introduces Editorial Board, Board member briefs,
indexing services by which the WJG is abstracted, and current
impact factor.

Published givesinformation about the publisher, copyright
and subscription.

Submission includes instructions to authors and details for
preparing review, origina manuscript, brief report and casereport.
News listsjournasindexed in Index Medicus (IM) and impact
factors by Journal Citation Reports (JCR).

Submission search allows authors to enter user name and
password to obtain full information (up to 28 features) on their
submissions.

E-journal allowssearch for current and previousissues (1995-
2003). The WJG E-journal offersoptions suchasHTM or PDF

files, abstracts, related studies, citation frequency, visiting
times, download counts, and comments.

Reference links WJG proofreads the entire reference and first
page to ensure accuracy of the author, title, year, volume, page
number, and PMID. Referenceis also linked with the PubMed
and http://www.wjgnet.com/1007-9327/index.asp abstractsand
documentsfor citation accuracy, thus providing readers with
an accessto the citation material and abstract.

CIRCULATION

In 2003, 973 WJG journals were circulated, that is 168 local
post office subscriptions within 27 Chinese administrative
regions, 105 international subscriptions from 56 countries
and regions, and 700 complimentary issues mailed to the
investigators in charge of National Project No. 973 and No.
863, as well as the project coordinators of China National
Natura Science Fundation. Weare providing with complimentary
copiesof the e-journa to the members of the American College
of Gastroenterology, the American Association for the Study
of Liver Diseases, and the American Association for Cancer
Research, hoping that more international experts in
gastroenterology read the papers published in the WJG.
Currently, circulation volume of the e-journal has reached
21 200 copies.

SUBMISSION SOURCES AND GRANT STATUS FOR

PUBLISHED PAPERS

The upgrade of our national scientific research standards has
gradually increased the quality of scientific papers. A higher
growth rate was noticed in the volume of papers coming from
the famous universities, research facilities (especially
laboratories with excellent scientific records), subject groups
and scientists. During the period from April 01 to October 01,
2003, we received atotal of 618 papers: 501 (81.06%) from
China, and 117 (18.93%) from the overseas. A total of 521
papers (21 reviews, 27 esophageal cancer, 54 gastric cancer,
65 liver cancer, 39 intestinal cancer, 46 viral hepatitis, 20
Helicobacter pylori, 115 basic studies, 62 clinical studies, 62
brief reports, 8 case reports, and 2 letters from readers) were
published in issues 1 to 10 in 2003, 450 (86.37%) were from
Chineseingtitutions, and 71 (13.62%) from the overseas. There
were 2 949 authors with 14.41% being from the overseas. The
authorswere from 34 nations and regionsincluding Argentina,
Australia, Pakistan, Brazil, Belgium, Poland, Denmark,
Germany, France, Finland, Korea, the Netherlands, Canada,
Croatia, United States, South Africa, Yugoslavia, Japan,
Sweden, Switzerland, Saudi Arabia, Thailand, Turkey, Spain,
Greece, Singapore, Hungary, Iran, Italy, India, United
Kingdom, the Mainland of China, Taiwan and Hong Kong.
Grant-funded papers accounted for 292 (56.04%) of the
published papers. Grant-funded case study papers accounted
for 440 (84.45%) papers, which were composed of 25 (4.79%)
international grant-funded , 180 (34.54%) National Project No.
973 and No. 863, and National Science Council funded , and
235 (45.10%) government (ministry or provincial office)
funded papers. In 2002, the WJG published 226 papers from
26 regions, 93.36% from China, and 6.63% from the oversess,
and 60.61% were grant-funded papers. In 2001, the WJG
published 173 papers from 20 regions and 112 institutions,
35% were from the overseas and 55% were grant-funded. In
2000, the WJG published 205 papers, and 50% were grant-
funded. In 1999, the WJG published 144 papers from 20
regionsand 100 ingtitutions, 23% were from overseas and 50%
were grant-funded. In 1998, the WJG published 183 papers
from 11 regions, 9.84% were from the overseas and 59.56%
were grant-funded.
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VISITING NUMBER AND DOWNLOAD COUNT

The WJG started producing dynamic web pages from issues 4
to 9in 2003 e-journal. Visiting number and download count
of the papers were recorded. A total of 322 papers were
published from issues 4 to 9, and 265 (82.29%) papers were
visited and downloaded. During the period from April 13 to
October 13, 2003, these 265 paperswere visited 35 745 times,
or an average of 134.89 times per paper. The highest visiting
number was 1 918 and the lowest one was 11. Of these papers
131 (49.43%) had visiting times exceeding 100, 123 (46.41%)
had 30-99 times and 11 (4.15%) had 11-29 times. The highest
download count was 1 087 and the lowest was 10. For instance,
in the review paper “ RNA interference: Antiviral weapon and
beyond. World JGastroenterol 2003; 9(8): 1657-1661" written
by Quan-Chu Wang, Qing-He Nie, Zhi-Hua Feng, The Center
of Diagnosisand Treatment for I nfectious Diseases of Chinese
PLA, Tangdu Hospital, Fourth Military Medical University
was visited 1 918 times and downloaded 1 087 times.

IMPACT FACTORS

Impact factor isan international journal evaluation index. Itis
a general quantification index reflecting the importance of a
journal. Usually a greater impact factor would mean that a
journal has a greater academic impact and effect. The total
journal citation frequency refers to the total number that the
entire paper content of ajournal has been abstracted from the
time the issue was published in the yearly statistics. It isa
highly objective and practical evaluation index capable of
showing the usage and degree of attention paid to the journal,
aswell asits effects and status in the science community. In
the Journal Citation Reports (JCR) of the Ingtitute for Scientific
Information (1S1), the impact factor of the WJG in 2002 was
rated 2.532 with a citation frequency of 1 535, which was
ranked thirteenth among 45 journals in the international
gastroenterology and liver disease fields, and ranked 797th
among the 5 876 international science journasregistered in
the SCI. The impact factor of the WJG in 2001 and 2000 was
1.445 and 0.993, respectively, with a citation frequency of 722
and 327, respectively. The complete electronic version (ASP,
PDF) of the papers published since 1998 has been linked to
the PubMed digest, hence worldwide readers can have a free
access to the papers published in the WJG using the PubMed
search engine. Authorsof thejourna are thus given worldwide
and immediate exposure. As aresult, the impact factor of the
journal has shown an annual growth, and more importantly,
the international influence of the journal continues to expand.

AWARDS FOR PUBLISHED PAPERS

A total of 15 paperswon the National, Ministerial, or Provincial
Science and Technology Progress Awards during the 1998-

2002 period. For example, the paper “ Pharmacokinetics of
traditional Chinese syndrome and recipe: A hypothesisand its
verification (1). World J Gastroenterol 2000; 6(3): 384-391"
written by Huang X, Ren P, Wen AD, Wang LL, Zhang L,
Gao F, won the second prize of the National Science &
Technology Progress Award.

COLLECTIONS OF INTERNATIONAL SEARCH SYSTEMS

Science Citation Index®Expanded (SCI-E) of the ISI isa
comprehensive search engine that collects over 5 876
authoritative scientific journals from different parts of the
world. It has a stringent journal selection standard, and is an
internationally recognized principal scientific statistics and
evaluation engine, thus making it an important citation in the
assessment of the value of ajournal and the academic standards
of its papers. The special citing and cited relations between
the author-to-author and paper-to-paper for SCI-E make SCI-
E become the most authoritative assessment system for
scientific research results internationally. The frequency of
scientific journals and papers that are collected or cited by
SCI-E in one country or region, will be considered as an index
of assessing the scientific research standards for that country
or region. Since 1998, the WJG has been successively collected
by (SCI-E, Research Alert®, Current Contents/Clinical
Medicine® Journal Citation Reports®, Clinical Medicine
Citation Index®), Index MedicusMEDLINE (US), Chemical
Abstracts, CA (US), EMBASE/Excerpta Medica, EM
(Netherlands), Abstract Journals, AJ (Russia).

HONORS

The WJG isnationally recognized as a core journal in national
natural science and an outstanding journal in science and
technology, with an honor of the 2™ National Journal Award,
and was listed as one of the 100 most important journalsin
China. In 2001, it was selected into the China Journal Square
consisting of “200” journals. It was awarded a specific project
grant for the key academic journals by the National Natural
Science Foundation in 2002 (project grant no.: 30224801).

Overadl, the WJG has dready developed to avaue-oriented
(quality and quantity) journal and functions pursuant to the
international standard requirements. In addition, the journal
has also completed the management marketation from
manuscript submission to publication. Fair and scientific
evaluation is applied to make acceptance/rejection decision
for each paper submitted . In terms of academic standards and
editorial quality, the WJG aims to become one of the best
international journals. With the strong support of the
authorities, authors, readers, the entire editorial board and the
community, the WJG will become one of the most influential
international academic journals of itsfield.

Edited by Xia HHX, Liu HX and Wang XL
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Abstract

AIM: The purpose of this review is to describe the various
aspects of primary gastric lymphoma and the treatment
options currently available.

METHODS: After a systematic search of Pubmed, Medscape
and MDconsult, we reviewed and retrieved literature regarding
gastric lymphoma.

RESULTS: Primary gastric lymphoma is rare however, the
incidence of this malignancy is increasing. Chronic gastritis
secondary to Helicobacter pylori (H pylori) infection has been
considered a major predisposing factor for MALT lymphoma.
Immune histochemical marker studies and molecular biology
utilizing polymerase chain reaction have facilitated appropriate
diagnosis and abolished the need for diagnostic surgical
resection. Advances in imaging techniques including Magnetic
Resonance Imaging (MRI) and Endoscopic Ultrasonography
(EUS) have helped evaluation of tumor extension and invasion.
The clinical course and prognosis of this disease is dependent
on histopathological sub-type and stage at the time of
diagnosis. Controversy remains regarding the best treatment
for early stages of this disease. Chemotherapy, surgery and
combination have been studied and shared almost comparable
results with survival rate of 70-90%. However, chemotherapy
possesses the advantage of preserving gastric anatomy.
Radiotherapy alone has been tried and showed good results.
Stage I1IE, IVE disease treatment is solely by chemotherapy
and surgical resection has been a remote consideration.

CONCLUSION: We conclude that methods of diagnosis and
staging of the primary gastric lymphoma have dramatically
improved. The modalities of treatment are many and probably
chemotherapy is superior because of high success rate,
preservation of stomach and tolerable complications.

Al-Akwaa AM, Siddiqui N, Al-Mofleh I1A. Primary gastric lymphoma.
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INTRODUCTION

Primary gastric lymphomais arare tumor, accounting for less
than 5% of primary gastric neoplasmg*®. However it is the
most common extranodal lymphoma, representing 4-20% of
all extranodal lymphomas®?. In the Middle East, tomach is
the most common gastrointestinal site, with an incidence rate

similar to that reported in the western literature®!. However
Turkish and Indian series suggested that intestinal lymphomas
have been more predominant than gastric lymphomain those
regiong23,

Gastric lymphomas are prevalent in patients aged more than
50 years, however it ftill hasbeen reported in the second decade
of life**, Reported median age is 60-65 years and males are
2-3 times more affected than femaled'8. Recently, several
studies have shown an increase in the incidence among HIV
infected and AIDS patients, affecting increasingly younger age
groupgt®24,

PATHOLOGY

Malignant lymphomas affect the stomach as a primary tumor
or as part of more wide spread disease process. Stomach isthe
most common site with secondary lymphoma?21, Generally
lymphomas are considered as“ primary” in the gastrointestinal
tract when the initial symptoms of the disease are in the
abdomen indicating a disturbance of the gastrointestinal
function, or when the bulk of the disease isin the stomach.

Most gastric lymphomas are thought to arise in the mucosa
or submucosa from the so-called mucosa-associated lymphoid
tissues(MALT), which usually develop after chronicinflammation
induced by H pylori infection!®2%, Histologically and
immunohistochemically MALT lymphomas are of the B-cell
non-Hodgkinstype (NHLs) and share many featuresin common,
therefore they are denoted as malignant lymphomas of MALT.
The association between H pylori chronic gastritisand MALT
lymphoma has been confirmed in large population based
studies where immunological evidence of H pylori infection
has been shown to be morein patients with gastric lymphomas
than in matched control§%+29, Other forms of gastric lymphomas
arenon-MALT type, although many may be initially MALT
tumors. Rare tumors may be T cell in origin2™39,

The histological classification may vary from low to high
grade. Grading has been classified into low, intermediate and
high grade. Other terminology of primary and secondary high-
grade lymphomas has been adopted?”. In the histology of
secondary high-grade lymphomas, there is evidence of low-
grade component. Various systems (Rappaport, Working
formulation and Modified Kiel) have frequently been utilized
for histological classification, Combination of two or three
classification systems have also been commonly used!*7:233031,

A majority of primary gastric lymphomas are histologically
of the diffuse histiocytic or large cell typel*>*2%3, Reports from
Saudi Arabia have shown a predominance of diffuse large B-
cell type™33, Gastric maltoma represents up to one half of
primary gastric lymphoma. In the last few years, the Revised
European American Lymphoma (REAL) classification of
lymphoid neoplasms has been widely used with the advantage
of high reproducibility and clinical relevance (Tables 1,2)5234,

Microscopically, low-grade lymphomas may not easily be
distinguished from pseudolymphomas, aterm used to describe
the lymphocytic infiltration of the gastric mucosa, which
may occur with chronic gastritis and peptic ulceration.
Pseudolymphomas may mimic clinically and endoscopically
gastric adenocarcinomas or lymphomas. Pathologists can
differentiate between pseudolymphomas and lymphomas based
on several histologica characteristics which indicate malignant
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changes, like prominent lymphoepithelial lesions (lymphoid
infiltration of glands or crypts with partial destruction),
Dutcher bodies and moderate cytologic atypia®. In cases
which can not be diagnosed with histological differentiation,
immunohistochemical marker studies or molecular biology
utilizing polymerase chain reaction (PCR) may facilitate
establishing an accurate diagnosi§%. However, recent studies
have indicated that the great majority of pseudolymphomas
are in fact true lymphomas of low-grade malignancy using
markers of clonality, and this term preferably has to be
abandoned".

Table 1 The REAL classification of non-Hodgkin’s Lymphomas

B-cell lymphomas

Precursor B-cell ymphomas:
B-lymphoblastic

Mature B-cell lymphomas:
B-cell CLL/small lymphocytic
Follicular
Marginal-zone-nodal
Extranodal marginal-zone (MALT)
Splenic marginal-zone
Lymphoplasmacytic
Mantle-cell
Diffuse large B-cell
Primary mediastinal large B-cell
Burkitt’s like
Burkitt’s

T-cell lymphomas

Precursor T-cell ymphomas:
T-lymphoblastic

Mature T-cell lymphomas:
Mycosis fungoides/sezary syndrome
Peripheral T-cell (many subtypes)
Anaplastic large T/null cell
Adult T-cell leukemia/lymphoma

Table 2 Histologic classification of gastrointestinal lymphomas

B-cell
Mucosa-associated lymphoid tissue (MALT)-type
(extranodal marginal-zone lymphoma):
Low-grade
High-grade, with or without a low-grade component
Immunoproliferative small intestinal disease (IPSID):
Low-grade
High-grade, with or without a low-grade component
Lymphomatous polyposis (mantle-cell lymphoma)
Burkitt”’s and Burkitt”s-like
Other types of low- or high-grade lymphoma corresponding
to lymph node equivalents
T-cell
Enteropathy-associated T-cell lymphoma (EATCL)
Other types not associated with enteropathy

Macroscopicaly, gastric lymphomas may appear as ulcerated
(single, multiple or diffuse), polypoid, granulonodular or
infiltrative lesiongd*?4%3, Ulcerative type alone or combined
with other lesions has been the most frequent endoscopic
presentation of primary tumors. Thelesion may vary from fine
nodularity or normally looking mucosato very advanced large
fungating ulcerated mass*®. Endoscopically, the differentiation
between lymphomas and adenocarcinomas may not be easy,
however early lymphomas tend to produce larger tumors than
adenocarcinomas and may be multifocal as welll*®, Gastric
lymphomas involve more frequently the antrum and corpus®.
In aseries, 46% of lesions are located at gastric body®!. Entire

gastric involvement has also been reported*®. |n advanced
diseases tumors may spread to extraintestinal siteslike central
nervous system, bone, liver, kidneys, ovary and lungs?.

CLINICAL PRESENTATION

Theinitial symptoms of upper abdominal pain and early satiety
may be vague and nonspecific, leading to adel ayed establishment
of diagnosis up to several yeard®. Symptoms and signs may
mimic that of other abdominal pathologies including peptic
ulcer disease, gall bladder, pancreatic or functional disorders
aswell asother gastric neoplasms*®. Other common symptoms
included weight loss, nausea, vomiting, abdominal fullnessand
indigestiont®*:1%, Weakness, night sweat, jaundice, fever and
dysphagia occur less frequently**%3%, Many patients came
down late with advanced disease and complications may
develop before diagnosis®. Twenty to thirty percent may present
with bleeding in the form of hematemesis or melena while,
gastric obstruction and perforation are |ess commont3”8,
Physical examination could be normal in 55%-60%",
Common signs include epigastric tenderness and palpable
mass. The tendernessis encountered in 20%-35% and masses
in 17%-25%!'52%31_ Other uncommon findings included fever,
hepatomegaly, splenomegaly, jaundice and lymphadenopathy.
In one series, lymphadenopathy is found in 12961243034, Signs
of malnutrition may also appear in advanced diseasg™.

DIAGNOSIS

Clinical presentation and radiological features are often
nonspecific. Esophagogastroduodenoscopy (EGD) and biopsy
are primary methods for diagnosig***, The diagnosis of low-
grade MALT lymphomaby forceps biopsy is often difficult in
early disease and reapeated endoscopies and biopsies may be
required before final diagnosisis achieved?.

Multiple and step biopsies are required because endoscopic
findings may vary from subtle mucosal changes to gross
lesions. These may include mucosal edema, friability, patchy
redness, irregular patchy gray or whitish granularity, contact
bleeding, superficial irregular erosions and ulcerations?,
Repeated endoscopic biopsies are mandatory in case of clinical
suspicion and negative or inconclusive histology. Furthermore,
endoscopic mucosal resection enhances the histological yieldi*.
Occasionally, rapid diagnosis by endoscopy can be made by
detection of monoclonality in immunoglobulin heavy chain
rearrangement of the lymphoproliferative disease by PCR*Z,
It is reccommended that biopsy specimens should undergo
histological, immunohistochemical and genotyping studiesto
make the diagnosis.

Radiological examinations can help establish diagnosis and
determine the extent of the lesions. Gastric wall thickening,
atypical ulcer deformities, obstruction and mass effect are
enhanced features suggestive, but not specific for gastric
lymphomal®=.%l, CT scan of the abdomen can identify the
gastric wall thickening or mass lesions in 85% of cases.
Sometimes it may show typical imaging features of more
homogenous and pronounced mural thickening that can help
differentiate lymphomas from adenocarcinomas*?*l. On CT
scan, three quarters of cases of low grade MALT lymphomas
may present with infiltrative form and polyploid form in the
remainder. Lymphadenopathy is detected in only 50%!“!,
Conventional sonographic examination can be of valuein
identification of gastrointestinal involvement as well as
abdominal lymph node enlargement in lymphoma staging. The
MRI features include irregularly thickened mucosal folds,
irregular submucosal infiltration, annular constricting lesion,
exophytic tumor growth, mesenteric masses and mesenteric/
retroperitoneal lymphadenopathy!*!. EUS is a valuable
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technique in assessing the extent and invasion of the lesion.
By EUS, infiltrative carcinomastend to show avertica growth
in the gastric wall, while lymphomas tend to show mainly a
horizontal extension®>49, |t is highly accurate in determining
the depth of lymphomatous infiltration and the presence of
perigastric lymph nodes, thus providing additional information
for therapeutic planning. It can differentiate between
lymphomas and carcinomas in early stages, but in advanced
stages both have similar appearances. With the devel opment
of the above diagnostic methods, open surgery israrely needed
to confirm the diagnosis.

STAGING

After establishing the diagnosis of primary gastric lymphoma,
staging is essential for planning treatment. It isalso important
to rule out systemic lymphoma with secondary involvement
of the stomach. The staging process starts with endoscopy and
step biopsy to rule out microscopic infiltration of nearby
structures like the duodenum. Chest radiography may show
grosslesionsin the lungs and mediastinum. CT scan of chest,
abdomen and pelvis permits assessment of nodal involvement
above and below the diaphragm, and extension of the tumor
outside the stomach. EUS may be employed for accurate
estimation of both the depth of invasion and involvement of
regional lymphnoded“+l, |t is superior to CT scan in false
negative cases. Bone marrow examination helps determine
presence or absence of tumor spread. Indirect laryngoscopy is
also helpful for excluding Waldeyer’ sring involvement, which
is reported to be associated with gastric lymphoma®.

Table 3 Staging classification according to Musshoff’s criteria

Stage Definition

IE Lymphoma limited to the stomach
IE, Involvement of stomach and contiguous lymph nodes
IE, Involvement of stomach and noncontiguous

subdiaphragmatic lymph nodes

I Involvement of stomach and lymph nodes on both
sides of diaphragm

v Hematogenous spread (stomach and one or more
extralymphatic organs or tissues)

The Following subscripts may be added E=extranodal,
S=splenic, A=asymptomatic, B=symptomatic.

Table 4 Modified Blackledge staging system for gastrointesti-
nal lymphomas

Stage | Tumor confined to gastrointestinal tract without
serosal penetration:

Single primary site

Multiple, non-contiguous lesions

Tumor extending into abdomen from primary site:
Nodal involvement
Il; Local (gastric/mesenteric)

11, Distant (paraaortic/paracaval)

Penetration of serosa to involve adjacent “structures’:
Enumerate actual site of involvement, e.g. stage Ile
(pancreas), stage Il (large intestine), stage Ile
(post-abdominal wall)

Perforation/peritonitis

Disseminated extranodal involvement or a

gastrointestinal-tract lesion with

supradiaphragmatic nodal involvement

Stage |1

Stage Il

Stage IV

Various staging systems have been used. The Ann Arbor
staging for primary lymphomas has been modified by

Musshoff, and utilized by several authors for staging gastric
lymphomas (Table 3)1!84748, Several aternative Saging systems
have been proposed, and the revised version of the Blackledge
staging system has been recommended for general use (Table
4)4341  Several authors have suggested that such staging
modification may be of prognostic significance/>515,

TREATMENT

The modalities of treatment for gastric lymphomas have been
a controversial subject, and the best regimen has not been
standardized. However, options of treatment depend on the
histologic classification and stage of the disease. Some centers
adopt surgery alone, while others advocate non-surgical
treatment with radiation, chemotherapy or both.

SURGERY

Traditionally, aggressive surgical resection has been the main
stay of treatment because it can collect definitive tissues for
pathologic examination, allow exploration of the abdomen,
reduce tumor burden and obviate the concern that gastric
hemorrhage or perforation would complicate medical treatment
of lymphomas. More recently, radical gastrectomy is disputed
and considered unnecessary. Lesser procedures are now
accepted where resection of the gross disease and involved
lymphnodes will provide adequate results®*52%, Several
reports have shown a superior outcomewhen surgical resection
is undertaken in the early stages of the disease with a 5-year
survival rate of 80%-93%6'%45%,

Kazayaet al advocated wide resection of early gastric tumor
and extensive lymph node dissection*®l. Other authors also
found surgery alone to be an adequate treatment for stage 1E
or pure MALT lymphomas with a survival rate of >95%,
provided staging is performed after radica gastrectomy!®. In
alarge series of patients treated according to H pylori status,
tumor grade and stage, surgical resection remained the treatment
of choicein patientswith stage I E, low-grade lymphoma and
non-responders of stage | E treated by eradication for H pylori,
however the author advised further studiesto compare surgical
with conservative treatment(®”,

A prospective study from France, has found that in stages
| Eand Il E, the complete response, survival rate and disease
free survival rates were similar to those who underwent
complete resection, partial or no surgery prior to administration
of chemotherapy. The survival rates of 60% with surgery alone
compared to 85% if adjuvant chemotherapy was given, were
reported®?). |n aretrospective study of 92 patients from Italy
in different stages who underwent surgical resection when it
was feasible, the ten-year actuarial survival rates were 100%
and 80% for stage |E and |1 E respectively compared with 21%
and O for stage |1 1E and IVE™.,

Surgical resection with clear marginsis advised in order
to maximize the chance of cure®%, On the contrary, other
reports have found no difference in survival, whether the
margin of resection was clear or not, aslong as post-operative
chemotherapy had been given(®®61,

The mortality and morbidity related to surgery were similar
if not more than those related to non-surgical treatment for
stage | and 1. Therefore, aggressive surgery is not indicated
due to increased morbidity which is outweighing the benefit
gained in terms of survival®%2 and gastrointestinal organ
preservation may provide substantial advantage for the quality
of life in these patients’®). Resectability rates ranged from
60%-88%, and the 5-year survival ranged from 50%-87%0/%6,
Debulking of advanced disease was associated with the high
morbidity and mortality and low response rates of 6%-40%0%,
Operative mortality was between 3%-25% with higher rates
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for paliative procedureswhich were performed for symptomatic
relief, removal of tumor mass and avoidance of hemorrhage
or perforation related to other mode of therapy!®®. In a
prospective study of 208 patients, there was no difference in
therapeutic outcome in surgically or conservatively treated
patients, even after complete resection, the authors concluded
that surgery favored by most authorsin treatment of primary
gastric lymphoma should be reassessed!®.

CHEMOTHERAPY

The effect of chemotherapy alone asasoletreatment for gastric
lymphomas is still debatable. The needs behind trying
chemotherapy were the considerable morbidity and mortality
associated with resection!®. Stomach conservation, and
avoidance of postoperative complications such as myocardial
infarction, gastrointestina bleeding, enterocutaneous fistula
and malabsorption syndrome were important factors that
obviated the choice of chemotherapy. Initial trial in a small
number of patientsin stage | E and Il E has shown excellent
results by combination of chemotherapy and radiotherapy
with asurvival rate of 70% and few complicationg®. Salvgnol
et al reported a survival rate of 71% in patients treated by
chemotherapy!™. Another recent study on aggressive
gastrointestinal lymphoma found primary chemotherapy with
or without radiotherapy useful and induced acomplete response
in 81% of patients, with fewer complications compared with
surgery including lessrisk of perforation or bleeding!®!. Other
reports showed no apparent difference in survival between
patientstreated by chemotherapy or surgery and chemotherapy
with survival rates of 67% and 60%, respectively. There has
been no report of serious adverse effects such as bleeding or
perforation in chemotherapy-treated patients of intermediate
and high grade non- Hodgkin lymphomad®. In a report from
Italy, 17 patients with resectable large cell lymphoma treated
primarily by chemotherapy with or without consolidation
radiotherapy, only two failed in the first line therapy and 15
were free of disease at 6 yearg®l. Consolidation radiotherapy
might improve the efficacy of chemotherapy. None of the
patients experienced acute treatment related morbidity or
mortality from local complicationg®!. In three recent trials
with variable chemotherapy regimens, the survival rates of
829%-88% in stage | E and |1 E, high grade lymphomawith only
few and manageable complications were found!®>578,

In other series, chemotherapy alone compared with surgical
resection done, has shown no significant differencein the matter
of survival. The overall 2-year surviva was 67% and 81%0/%% ™,

In patients with comorbid factors and increased risk of
surgery-related morbidity and mortality, chemotherapy offered
an effective or equally effective mode of treatment to surgical
resection 57% vs 58%"4.

The fear of chemotherapy-related complications, for
instance, bleeding and perforation, has been disputed, and less
significant compared with surgical resection!®¢-%, Some
authorsreported theincidence of chemotherapy-related bleeding
between zero and three percent and no perforation!® 72,
Therefore, chemotherapy has been suggested and adopted as
aprimary mode of trestment. Combined chemotherapy comprising
cyclophosphamide, doxurubicin, vincristine and prednisolone
(CHOP), hasbeen the preferable and the most effectiveregimen
for al tumor staged®%. Several other regimens have also been
used with almost similar efficacy and comparable toxicity™.
While cyclophoshamide, vincristine and prednisolone (COP)
were adopted for low grade lymphomas, high grade tumors
were treated with doxurubicin, teniposide, cyclophosphamide
and prednisolone (AVmCP). Thelatter two regimenscombined
with surgical resection have shown the survival rates of 80%
and 100%, respectively™,

COMBINED THERAPY

Multimodal therapy, combining resection with chemotherapy
and occasionally radiotherapy have been commonly and
widely accepted in many centers. It has significantly improved
the 5-year survivalll027.55596074  Combination of radical
surgery followed by chemotherapy has been associated with
a significantly improved outcome in comparison with
chemotherapy alonel™. Lin et al have compared surgery,
surgery with adjuvant chemotherapy and chemotherapy alone
and found the 5-year survival rates of 57%, 76% and 58%
compared with 0% in the untreated group. They recommended
surgery when feasible with adjuvant chemotherapy as the
mainstay of treatment for gastric lymphoma™. A Chinese study
has suggested that chemotherapy plays arole in improving
survival rates post-surgical resection. A prospective study
from Francein 1990 reported a 100% survival in patients with
high-grade tumors who underwent resection and adjuvant
chemotherapy. A recent series has shown the superiority of
combined surgery and chemotherapy to single mode with
survival rates between 86%-94% for stages IE and |1 E535069,
In these series the survival rates were higher for those who
had complete resection, resection was the most important
variable and major determinant of prolonged complete
remission’®%%, Survival was higher in low-grade lymphomas,
although the initial response might be superior in high grade
lymphomas®®. Combined radical surgery and chemotherapy
depending on the histol ogic grading were al so associated with
prolonged remission!™.

Resection of the tumor with clear marginsis thought to
have a better prognosis than with diseased marging®27471,
However, other authors have found insignificant difference
between the two procedures as long as post-operative
chemotherapy was administered, and the extent of the disease
at time of surgery, full thickness disease and lymph node
involvement were important determining factorg®.

On the contrary, other studies reported no significant
differencein outcomein groupstreated with single or combined
mode of treatment!®"6270.72],

The stage and histologic grade of the disease play arolein
the selection of the treatment modality, in addition to the
comorbid disease and age of the patients.

Early stages of the disease regardless of the histologica grade
may be controlled by chemotherapy or chemotherapy and
radiotherapy with the advantage of gastric conservation and
avoidance of post-operative mortality and morbidity!>62656765.74,
On the other hand, surgery is advocated as the first option
with adequate control of the disease® %Y, and occasionally
with the necessity of wide resection and extensive lymph node
dissection!*>, however, adjuvant chemotherapy is indicated
to control the local and distant disease if any™™,

In advanced stages of gastric lymphoma (stage I I1E, IVE)
the behaviour of the tumor has the same manner as other
advanced non-Hodgkin lymphomas, therefore combined
chemotherapy is considered the treatment of choice for locally
advanced or disseminated aggressive disease. |n a prospective
study of 700 patients with aggressive lymphoma treated with
intensive chemotherapy, no difference in outcome was observed
between patients with an advanced aggressive noda lymphoma
and the subset of patients (15%) in which the lymphomawas
deemed to occur in the gastrointestingl tract“?,

MALT lymphomas have aroused special interest because
regression of the tumor has been reported after H pylori
eradication. Standardization of therapy isnot yet available and
istill asubject of controversies. Theinitial resultswere shown
infive of six patientswith low grade MALT lymphomas who
had regression of the tumor after eradication of H pyloril’™,
Thiede and associates studied atotal of 120 patientswith early
gastric MALT lymphomas treated with amoxycillin and
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omeprazole, a complete remission rate of 81% was achieved
with partial responsein 9%47. Zuccaand colleagues, inalarge
multinational cooperative study, treated 233 patients with
antibiotics and randomized them to observation alone or
mai ntenance with chlorambucil. Complete remission was
documented in 62% and partial response in 12% with a 6-
month median time to lymphoma regression. At a 40-month
follow-up, atotal of 15 (13%) cases had relapse™. Manfred
reported regression of reactivelymphoid infiltrates after H pylori
eradication, without endoscopic or histolgical regression in
MALT lymphomas'®!. It is not yet known which stages of
MALT lymphomas respond to H pylori eradication. Although
it seems that eradication therapy is an adequate option of
treatment taking into consideration the utility of endosonography
in determining the invasion of the diseasg®.

Surgical resection, radiotherapy or chemotherapy and their
combination have proven to be effective treatment modalities.
Radiotherapy wastried asalocal form of treatment in a small
number of patients, resulting in asurvival rate of 93%. Surgery,
radiotherapy and antibiotics were compared and similar results
were found®.

Radiotherapy

In most instances, radiotherapy is used as an adjuvant to
surgery, chemotherapy or both. It has rarely been tried as a
single mode of therapy!®4. However, limited trials have
suggested that radiotherapy can be utilized as a primary mode
of treatment with reasonable outcome' ™84,

Radiotherapy has been studied in comparison with other
treatment modalities for stage |E and |1 E with comparable
outcome of 80%-89% survival*>38, Higher survival rates
(93%) have been reported in early stagesof MALT lymphomas
not responding to antibiotics®. Radiation was used post-
operatively in high- and low-grade lymphomas, for any residual
tumorsin stages | and Il to improve the disease free survival®*,
Combined chemotherapy might improve the chance of stomach
conservation which may approach 100%72. Total gastrectomy
has not improved the survival in patientsin whom radiotherapy
has been utilized asthe primary mode of therapy with asurvival
rate of 84%. Contradictory studies have found the combined
radiotherapy with either resection or chemotherapy to be of
no significant difference in both modalities with a survival
rate of 82%-88%01%84,

PROGNOSIS

The prognostic factors in early stages were evaluated and
defined in several studies. Good prognosis was associated with
low grade disease, age below 65 years, free surgical margins
in cases of resection, and achievement of initial complete
remissionl*%°53 |n advanced diseases, good prognosis was
found in low-grade histology, initial complete response, and
in general the prognosis is the same as non-gastrointestinal
lymphoma®. The grade of the disease also plays an important
rolein prognosiswith better survival inlow-grade diseaserather
than primary or secondary high-grade taking into consideration
the stagel*”). Five-year survival rates were reported to be 91%
for low-grade, 73% for secondary high-grade and 56% for
primary high-grade tumors*?. Debulking of the disease has
not significantly altered the prognosi 5053664,

CONCLUSION

Dueto the rarity of primary gastric lymphoma, many aspects
of this neoplasm are still controversia. The incidence of the
disease is increasing and HIV-infected people are more
vulnerable. Universally, gastric lymphoma is the commonest
gastrointestinal lymphoma except in a few countries where

small intestinal lymphoma has been reported to be more
common. On many occasions, patients present late, however
with the availability of sophisticated diagnostic tools, the
diagnosis can be made early and the classification and staging
can be assessed accurately. The REAL classification despite
being complex, has met a general agreement among
pathol ogists and facilitated reproducibility. Most of the gastric
lymphomas are primarily MALT type in origin. The best
treatment for primary gastric lymphoma has not yet been
exactly identified. It seemsthat for advanced diseasg, i.e., stage
Il and IV, combined chemotherapy and radiotherapy is
superior since surgery is associated with failure of complete
resection and significant morbidity and mortality. Most recent
reports have advocated conservative treatment for early stages
IE and |1 E with the advantage of stomach conservation. On
the other hand, many centers are still considering tumor
resection as a better option. H pylori eradication with close
observation has been considered adequate to treat early MALT
lymphoma. Randomized trials are still needed to clarify
whether conservative, surgical or combined treatment is more
appropriate for treatment of localized gastric lymphoma.
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Abstract

Hepatitis C is a major cause of liver-related morbidity and
mortality worldwide. In fact, chronic hepatitis C is considered
as one of the primary causes of chronic liver disease, cirrhosis
and hepatocellular carcinoma, and is the most common
reason for liver transplantation. The primary objectives for
the treatment of HCV-related chronic hepatitis is to eradicate
infection and prevent progression of the disease. The
treatment has evolved from the use of a-interferon (IFNa)
alone to the combination of IFNa plus ribavirin, with a
significant improvement in the overall efficacy, and to the
newer PEG-IFNs which have further increased the virological
response, used either alone or in combination with ribavirin.
Despite these positive results, in terms of efficacy, concerns
are related to the safety and adverse events. Many patients
must reduce the dose of PEG-IFN or ribavirin, others must
stop the treatment and a variable percentage of subjects
are not suitable owing to intolerance toward drugs. IFNb
represents a potential therapeutic alternative for the
treatment of chronic viral hepatitis and in some countries it
plays an important role in therapeutic protocols. Aim of the
present paper was to review available data on the safety of
IFNDb treatment in HCV-related chronic hepatitis.

The rates of treatment discontinuation and/or dose
modification due to the appearance of severe side effects
during IFNb are generally low and in several clinical studies
no requirements for treatment discontinuation and/or dose
modifications have been reported. The most frequent side
effects experienced during IFNb treatment are flu-like
syndromes, fever, fatigue and injection-site reactions. No
differences in terms of side-effect frequency and severity
between responders and non-responders have been reported.
A more recent study, performed to compare IFNb alone or in
combination with ribavirin, confirmed the good safety profile
of both treatments. Similar trends of adverse event frequency
have been observed in subpopulations such as patients with
genotype-1b HCV hepatitis unresponsive to IFNa treatment
or with HCV-related cirrhosis and patients with acute viral
hepatitis. If further studies will confirm the efficacy of combined
IFNb and ribavirin treatment, this regimen could represent a
safe and alternative therapeutic option in selected patients.

Festi D, Sandri L, Mazzella G, Roda E, Sacco T, Staniscia T,
Capodicasa S, Vestito A, Colecchia A. Safety of interferon b
treatment for chronic HCV hepatitis. World J Gastroenterol 2004;
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INTRODUCTION
Hepatitis C is a major cause of liver-related morbidity and
mortality worldwide and represents a significant public health
problem!¥. In fact, chronic hepatitis C is considered as one of
the primary causes of chronic liver disease, cirrhosis and
hepatocellular carcinoma, and is the most common reason for
liver transplantation’?. Based on the increased knowledge
surrounding the natural history of the disease, the primary
objectivesfor the treatment of hepatitis C virus (HCV)-related
chronic hepatitis are to eradicate infection and prevent
progression to cirrhosis and thereby preventing complications
associated with end-stage liver disease®¥. The treatment of
HCV has evolved from the use of a single agent - mainly
interferon alpha (IFNa) to the combination of IFNa and
ribavirin treatment. Combination therapy can significantly
improvetheoveral trestment efficacy compared to monotherapy
(i.e., from 10%-15% of sustained viral clearance to 30%-40%)
and now representsthe standard treatment for chronic hepatitis.
Recently, new IFN preparations, such as pegylated |FNs
(PEG-IFNSs), have been introduced in clinical practice. Results
obtained from large, multicenter studies of combinated PEG-
IFN and ribavirin treatment have shown afurther increasein
treatment efficacy. In fact, HCV infection was eradicated in
47%-54% of patients treated with PEG-IFNa-2b®. Similar
results have been found with PEG-IFNa-2a treatment!®,
However, despite these positive results, several clinical
problems remain. Of primary significanceisthe large number
of patients treated with PEG-1FN (both a-2a and a-2b) and
ribavirin who discontinue treatment due to the occurrence of
adverse events associated with therapy. In fact, it has been
reported that 34%-42% of patientstreated with PEG-1FNa-2b
(high and low doses, respectively) required dose reductions
due to the appearance of adverse events and 13% stopped
treatment for safety reasons®. In another trial concerning the
efficacy of PEG-IFNa-2a, dose modifications due to adverse
events were required in 8% of patients and treatment
discontinuation was required in 19%9. In a pivotal trial of
IFNa-2b and ribavirin performed by McHutchison et al.[, dose
reductions dueto adverse eventswere needed in 13% and 17%
of patientstreated for 24 and 48 weeks, respectively. Treatment
discontinuation rates were 8% and 21% in patients treated for
24 and 48 weeks, respectively. Furthermore, it has been
recently documented that, due primarily to safety issues, the
number of HCV patients eligible for current treatments and
the rate of treatment completion were much lower in clinical
practicethanin clinical trialg®. These concernsare particularly
relevant considering that the primary goals of HCV treatment
arevira eradication and the dowing of disease progression®°
Since IFNsare afamily of glycoproteinswith abroad range
of antiviral effects, IFN beta (IFNb) represents a potential
therapeutic alternative for the treatment of chronic viral
hepatitis. In fact, in some countries, mainly in Japan, IFNb
already playsacentral rolein therapeutic protocols. Differences
have been reported between the physicochemical, biological
and pharmacological properties of IFNa and IFNb!***3, Three
forms of human IFNb are available:™@ 1) Natural human IFNb
(nIFNb) which is produced using human fibroblasts and is
currently used in Japan for the treatment of chronic hepatitis
C. 2) Recombinant human IFNb-1a (rhIFNb-1a), which is
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procured from mammalian cells and isidentical to IFNb that
occurs naturally in humans. 3) Escherichia coli-produced
recombinant human IFNb (IFNb-1b) which containsan altered
amino acid sequence with a serine subgtitution for the cysteine
at position 17. rhIFNb-1a appears to have advantages over the
other two formulations and, in particular, islessimmunogenic
and more potent'*!, The aim of the present paper wasto review
available dataon the safety of |FNb for the treatment of chronic
hepatitis C. Since IFNb has been widely used for the treatment
of multiple sclerosis (MS), studies referring to the safety of
IFNb in MS are reviewed briefly before discussing the results
of thistreatment in HCV-related chronic hepatitis.

IFNDb in multiple sclerosis

Recombinant IFNb is currently the gold standard for the
treatment of relapsing-remitting MS (RRMS). In MS, IFNb
treatment lasts several years and regimens require high doses
and frequent administration. Therefore, safety data on IFNb
therapy recorded in MS studies and clinical practice could
be useful for providing an overview of the drug’ s safety
characteristics.

In the PRISMS (prevention of relapses and disability by
interferon beta-1a subcutaneously in multiple sclerosis)
study™®!, 560 patients with RRMS received 2.2 ng or 4.4 ng
IFNDb or placebo subcutaneously (s c) thrice weekly (t.i.w.)
for 2 years (PRISMS-2) and then, the subjects completing
treatment (n=503) or study (n=533) were re-randomized to
receiveeither 2.2 g or 4.4 mg IFNb sc, t.i.w., for an additional
2 years (PRISMS-4)18, The adverse events reported during
the PRISMS-4 study were similar to those observed in the
PRISMS-2 trial and, in general, most adverse eventswere mild.
During the 4-year period of observation, the most frequent
events reported were injection-site inflammation, flu-like
symptoms, headache and fatigue, with similar rates in both
active treatment groups. In the 2.2- and 4.4 ng groups,
respectively, less frequent adverse events included laboratory
abnormalities such as lymphopenia (27% and 35%), elevated
ALT levels (24% and 30%), elevated AST levels (11% and
20%) and thrombocytopenia (3% and 8%). All cases of
thrombocytopenia were mild and only one patient over the 4
years (in the 44 ng group) stopped treatment due to
lymphopenia. Intwo other patients, treatment was discontinued
as aresult of elevated liver enzymes. In the SPECTRIMS
(secondary progressive efficacy trial of rebif [interferon beta-
1a] in multiple sclerosis) study!*” conducted in secondary
progressive MS (SPMS) patients using a treatment schedule
similar to that used in the PRISM S-2 study, the type, frequency
and severity of adverse events with IFNb-1a were similar to
those reported in the PRISMS study. Overall, IFNb-1a was
well tolerated. Of the 618 patients enrolled, 3 receiving placebo,
8 receiving 2.2 ng IFNb-1a and 7 receiving 4.4 ng IFNb-1a
discontinued treatment permanently. In general, liver function
test abnormalities were mild or moderate and either resolved
with treatment interruption or no treatment modification
whatsoever. The recent EVIDENCE (The evidence for
interferon dose-response: European North American
comparative efficacy) study!*® compared the safety and efficacy
of IFNb-1a, 4.4 ny, sc, t.i.w., to IFNb-1b, 3.0 ng, once weekly
by intramuscular (i m) injection, in 677 patients with RRMS
over 24 weeks. The most common adverse events recorded
were injection-site disorders, flu-like symptoms, headaches,
rhinitis and fatigue. The higher frequency of injection-site
disordersin the IFNb-1agroup wasrelated to the more frequent
administration of thisagent. However, injection-site disorders
were mild and no skin necrosiswas observed in over 20 000 s
c injections. Hepatic and hematol ogic laboratory abnormalities
were also more common on IFNb-1a but again, these
abnormalities were generally mild and responsive to dose

reductions (if required). In both treatment groups, severe
|aboratory abnormalities were rare (<1%).

IFNb pharmacokinetics

IFNb can be administered intravenoudly (i v), intramuscularly
(i m) and subcutaneously (s c). Pharmacokinetic and
pharmacodynamic studies?*?! have shown that the extent and
duration of the clinical and biologic effects of IFNb are
independent of the route of administration. Furthermore, studies
evaluating the most efficacious | FNb dosing regimen(??! have
shown that, in general, the highest doses have the greatest
efficacy. However, these higher doses are also associated with
agreater incidence of side effects (see below).

Evaluation of IFNb safety

Similar to the adverse events associated with IFNa therapy!?27,
thesdeeffectsof IFNb can be separated into different categories,
namely: @) common side effects (these range from mild-to-severe
in nature and do not require dose modification), b) mild-to-
moderate side effects which occur lessfrequently (i.e., lessthan
10% of treated patients) and may or may not require dose
modification, and c) severe or life-threatening side effects. Thus
far, no severe or life-threatening side effects have been reported
with IFNb use. Clinical IFNb data are based on the results of
clinical studiesinvolving 1096 patients®22¢52, Studies have
been performed on treatment-nai ve patients aswell as patients
who did not respond to previous treatment (generally with
IFNa), two other studieswere performed in specia populations
(i.e, cirrhotic patients and patients with renal failure)“6>4,

Discontinuation and dose modification during IFNb treatment
Therates of treatment discontinuation and/or dose modification
due to the appearance of severe side effects during IFNb are
generally low (Table 1). Furthermore, severa clinical studies
reported no requirements for treatment discontinuation and/or
dose modifications. Kiyosawa et al’®® found that in nai ve
patients treated with i v IFNb, dose modifications due to
leukocyte counts below 1x10%L were required in only 4.2%
of patients (1 of 12 patients). In astudy by Villaet al’® 5.3%
of patients (1 of 19) did not complete the trial. Reasons for
discontinuation were not specified. A comparison study of i v
recombinant IFNb and IFNa-2b plusribavirin in patients who
did not respond to previous |FNa treatment found that 12% of
patients in the IFNa-2b plus ribavirin group (12 of 100)
withdrew from treatment due to side effects such as flu-like
symptoms. In the IFNb group, the corresponding frequency
was 9% (9 of 100 patients)®

Table 1 Frequency of treatment discontinuation and dose
modifications during therapy with IFNb

Number of cases References
Discontinuation
Adverse events 14 25,28,29,30
Laboratory abnormalities 2 31
Dose modifications
Adverse events -
Laboratory abnormalities 1 43

In acomparative study of two different doses (9 MU and
12 MU) of rhIFNb produced using Chinese hamster ovaries,
Habersetzer et al® observed a treatment discontinuation rate
of 18.2% (2 of 11 patientsin the lower dose group) in nai ve
patients due to the occurrence of side effects such as mild
depression and cutaneous ulcers at the injection site. A
treatment discontinuation rate of 18.2% (2 of 11 patients) was
aso found in astudy™ comparing the effects of different IFNb
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administration regimens (i v 6 MU once daily versus 3 MU
twice daily), two patients who discontinued treatment were
using IFNb twice daily. Liver enzyme alterations (serum
ALT/AST levels >700 1U/1) and severe proteinuria (urinary
protein excretion >40 g/L and serum albumin level <30 g/L)
werethe causes of discontinuation. In conclusion, thefrequency
of treatment discontinuation and dose modificationsthat occur
during IFNDb therapy islow.

Frequency of side effects during IFNb treatment
The frequency of side effects experienced during IFNb
treatment is reported in Table 2.

Table 2 Frequency of side effects with IFNb therapy

Side effects Frequency (range) (%) References
Flu-like syndrome 10-100 25,30,32,33,35,
36, 37, 39, 46
Fever 67-100 28,43,40
Fatigue 16-74 24, 33, 39,46
Local reactions 43-76 25,34,37
(at the injection site)
Headaches 8-47 33,39, 46
Malaise 50 39
Arthro-myalgias 21-42 39,40,46
Weight loss 6-42 39,40
Gastrointestinal symptoms 20-26 25,37, 38
Anxiety, insomnia, irritability 10-25 32, 39, 38
Depression 10-21 25, 38,46
Alopecia 8-16 33,39
Proteinuria 46-73 22,51
Reduced platelet count 13-44 22, 32,51
Reduced white-cell count 13-20 32,38

Flu-like syndromes, fever, fatigue and injection-site
reactions are the most frequently observed side effects of IFNDb
therapy. No differencesin terms of the frequency and severity
of side effects between therapeutic responders and non-
responders have been reported. In order to better evaluate the
clinical significance of these side effects, results have been
analysed with reference to the type of study.

Clinical studies evaluating the safety of IFNb

In a study of 8 nai ve patients, Chemello et al’® found that
treatment with i v natural human fibroblast IFNb was well
tolerated, the predominant side effect was a mild form of a
flu-like syndrome, which lasted between 3 and 23 days after
theinitiation of therapy. No hematologic toxicity was observed
and reductionsin white-blood-cell and platelet counts occurred
in only one patient. A low side-effect rate was also observed
in a study of 90 nai ve patients treated with i m IFNb for 6
months®¥ . In fact, mild flu-like syndromes appeared in less
than 10% of treated patients and astheniain 16% of patients.
The frequency of other side effects was less than 10%. The
same investigatord*! obtained similar resultsin another study
of nal ve patients treated with s c IFNb. A good safety profile
with mild, transient flu-like syndromes as the predominant side
effect was documented in two Italian studies®3 performed
in patients previoudy unresponsiveto |FNa and subsequently
treated with i v IFNb. Pellicano et al’*" treated 30 patients who
did not respond to a standard course of IFNa therapy with
rhiIFNb-1a (12 MU s.c., t.i.w.) for 3 months. The observed
rate of flu-like symptoms, inflammation at the injection site,
abdominal symptoms and psychiatric disturbances were 63%,
43%, 26% and 13%, respectively.

Clinical studies comparing different doses of IFNb
In astudy of 92 nal ve patients, Fesce et al'®! compared two

different doses of i m natural human fibroblast IFNb: 3 MU
and 6 MU t.i.w. for 12 months. Compared to the low-dose
group, an increased frequency of flu-like syndromes (17% vs
9%), weakness (73% vs 57%), headache (48% vs 30%) and
irritability (23% vs 11%) was documented in the high-dose
group. However, these differences were not statistically
significant. Habersetzer et al'® compared two different doses
of recombinant IFNb-1a administered s ¢ for 24 weeksin 21
nai ve patients: 9 MU t.i.w. and 12 MU t.i.w. No differences
were found between the two groups with regards to individual
side effects. In a study aimed at comparing i v IFNb 3 MU
twice daily vs 6 MU once daily in genotype-1b HCV-infected
patients with high virustitres®, side effects were found to be
more prevalent in the 3-MU group, particularly proteinuria
(56% vs 30%) and thrombocytopenia (44% vs 20%).

Clinical studies comparing the safety of IFNb to IFNa
Several studies comparing the safety of IFNb and IFNa have
been performed!?530.38-42],

Frosi et al® compared IFNa and IFNb in 20 nal ve patients
treated for 6 months and did not observe any significant
differences between the two treatment groups in terms of the
frequency of adverse events. In another study!®, flu-like
syndromes and hair losswereless frequent in the IFNb group
(16% and 16%, respectively) compared to the IFNa group
(86% and 57%, respectively), the frequency of other adverse
events were similar between the two groups. Cecere et al“”
evaluated the efficacy and tolerability of the following types
of IFN in 150 patients: lymphoblastoid IFNa, leukocytic
IFNa and natural IFNb. The frequency of side effects was
lower in the IFNb group than in the other treatment groups.
In the IFNb, the frequency of lymphoblastoid IFNa and
leukocytic IFNa, respectively, fever was present in 66.8%,
83.9% and 73.4%, the frequency of bone and muscle pains
in 33%, 72.5% and 46.3%, fatigue in 21%, 52% and 31%,
and the frequency of weight loss in 6%, 21% and 15%.
Barbaro et al® found no significant differences in the rates
of side effects and treatment discontinuation between |FNb-
treated and recombinant IFNa-2b plus ribavirin-treated
patients (n=200) who were non-respondersto previous |FNa-
2b therapy.

Clinical studies evaluating combination therapy (IFNb plus
ribavirin)

Kakumu et al'*® compared the efficacy of ribavirin alone, IFNb
alone and combined ribavirin/IFNb therapy. The combined
therapy was found to significantly reduce red-blood-cell count
and hemoglobin concentrations. A significant reduction in
white-blood-cell count was documented in the IFNb and
combined trestment groups. Despite these findings, al enrolled
patients completed the study. More recently, a multicenter,
randomised and controlled study has been performed*! to
compare rhIFNb alone or in combination with ribavirin. One
hundred and two nal ve patientswith chronic hepatitis C were
randomized to receive either rhiIFNb-1a alone (6 MU, sc,
everyday) or in combination with ribavirin for 6 weeks. All
patientsin the IFNb-alone group completed the study, while 3
of 51 patientsin the combined trestment group stopped therapy
due to adverse events. Overal, both treatment regimens were
well tolerated, hematological and hematochemical parameters
remained unchanged by the end of the study period (except
for asignificant decrease in hemoglobin levelsin the combined
treatment group).

Clinical studies in sub-populations of patients
Vezzoli et al'® evaluated the efficacy and safety of IFNb in
10 patients with genotype-1b HCV hepatitis who were
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unresponsive to a previous cycle of IFNa treatment, no
reference to side effects was reported. Bernardinello et al*®
examined the safety and tolerability of natural i m IFNb in 61
patients with HCV-related cirrhosis and found that the
treatment was well tolerated, the most frequent side effects
were fatigue (24%), irritability or depression (21%), arthro-
myalgias (21%), headache (21%) and flu-like symptoms
(16%). The frequency of these adverse events are similar to
those found in chronic hepatitis patients without cirrhosisusing
IFNDb. Interestingly, in this study, the probability of developing
clinically significant liver-related events during the follow-up
period was not significantly different in untrested versustresated
patients (the cumulative probability of decompensation at
60 months was 24% in treated patients and 35% in untreated
ones). Although a recent Cochrane review!*” states that there
is no definitive conclusion about the safety of IFNb in acute
hepatitis, IFNb has been used in patients with acute hepatitis
without causing significant side effects“#%%, Takano et al*
studied the effects of six different IFNb treatment schedules
in 97 patients with acute non-A, non-B hepatitis. The authors
did not report data regarding the safety of IFNb, however, all
enrolled patients completed the study. A pharmacokinetic
study™ has been performed in patients with end-stage renal
failure, i vinfusion of naturd human IFNb wasfound to be sefe.

CONCLUSION

HCV infectionisamajor health problem and efforts have been
madeto identify drugs able to eradicate the disease and, thereby
reducing HCV-related morbidity and mortality. According to
recent consensus conference reports®¢, treatment of IFNa
in combination with ribavirin represents the standard therapy
for HCV-related chronic hepatitis. However, the use of high
treatment doses for long periods, which is often required in
subgroups of patients (i.e., those with genotype 1 disease) to
reach acceptable levels of efficacy, increasestherisk of side
effects and as a result, can reduce patient compliance to
treatment. In these cases, the search for further treatment
strategies could be useful. IFNb has been proposed asapossible
therapy for chronic hepatitis. Studiesexamining the use of IFNb
in hepatitis originated in Japan™? but, in recent years, studies
have also been performed in Europgl?52930:32:38:40,44-46.53]
According to the available data, the treatment of chronic
hepatitis C with IFND is associated with a good safety and
tolerability profile. In fact, in most clinical studies, the
frequency of side effectsis lower, or at least similar, to that
reported with |FNa therapy. Furthermore, the rate of dropouts
in controlled clinical studies as well as the need for dose
reductions or treatment discontinuation are very low. IFNb
has also been shown to be well tolerated and has an excellent
safety profilein special patient populations, such asthose with
acute hepatitig*®, cirrhosid*, and renal insufficiency™.

The goals of treatment strategies for HCV -related chronic
hepatitis are to eradicate HCV infection and to reduce disease
progression. The availability of different therapeutic choices
is critical in achieving these goals, particularly in patients
unresponsive to a standard course of antiviral therapy. Dueto
itsgood safety profile, IFNb may represent a possible second-
linetherapy if additional clinical studies can confirmthisdrug’ s
efficacy, mainly in combination with ribavirin.

The eradication of HCV and the prevention or slowing of
disease progression are clinical challengesthat require a careful
cost/benefit analysis. In order to expand the population of
patients eligible for therapy and to treat subjects who cannot
tolerate first-line treatments, new therapeutic options should
be evaluated. If further studies will confirm the efficacy of
combined IFNb and ribavirin treatment, this regimen can
represent a safe, alternative therapeutic option.
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Abstract

AIM: Disruption of cell cycle regulation is a critical event in
carcinogenesis, and alteration of the retinoblastoma (pRb)
tumour suppressor pathway is frequent. The aim of this
study was to compare alterations in this pathway in proximal
and distal gastric carcinogenesis in an effort to explain the
observed striking epidemiological differences.

METHODS: Immunohistochemistry was performed to
investigate expression of p16 and pRb in the following
groups of both proximal (cardia) and distal (antral) tissue
samples: (a) biopsies showing normal mucosa, (b) biopsies
showing intestinal metaplasia and, (c) gastric cancer
resection specimens including uninvolved mucosa and
tumour.

RESULTS: In the antrum there were highly significant
trends for increased p16 expression with concomitant (and
in the group of carcinomas inversely proportional)
decreased pRb expression from normal mucosa to intestinal
metaplasia to uninvolved mucosa (from cancer resections)
to carcinoma. In the cardia, there were no differences in
p16 expression between the various types of tissue samples
whereas pRb expression was higher in normal mucosa
compared with intestinal metaplasia and tissue from
cancer resections.

CONCLUSION: Alterations in the pRb pathway appear to
play a more significant role in distal gastric carcinogenesis.
It may be an early event in the former location since the
trend towards p16 overexpression with concomitant pRb
underexpression was seen as early as between normal
mucosa and intestinal metaplasia. Importantly, the marked
differences in expression of pRb and p16 between the
cardia and antrum strongly support the hypothesis that
tumours of the two locations are genetically different which
may account for some of the observed epidemiological
differences.

Gulmann C, Hegarty H, Grace A, Leader M, Patchett S, Kay E.
Differences in proximal (cardia) versus distal (antral) gastric
carcinogenesis via retinoblastoma pathway. World J Gastroenterol
2004; 10(1): 17-21
http://www.wjgnet.com/1007-9327/10/17.asp

INTRODUCTION

In the last decades the pattern of incidence of gastric cancer in
the Western world has changed. Distal (corpus and antrum)
cancers have decreased slightly whereas proximal (cardia/
gastro-oesophageal) cancers have increased more than any other
cancer*2, The tumours are morphologically indistinguishable
and intestinal metaplasia (IM) appearsto be an important step
in carcinogenesisin both sites®#. The observed epidemiological
differences are likely to be due to differences in the genetic
pathways of carcinogenesis. However, so far they are poorly
evauated+f.,

Abnormal regulation of the cell cycleis afeature of many
neoplasmg™. Regulation of the G1/S checkpoint is critical
and is controlled by the retinoblastoma protein (pRb).
Phosphorylated pRb rel eases E2F transcription factors which
activate genes involved in DNA synthesis and cause G1/S
transition. Phosphorylation of pRb is stimulated by the cyclin
dependent kinase (CDK) 4-cyclin D complex. p16 specificaly
binds CDK4 which displacesit from cyclin D and thus actsto
maintain pRb in an underphosphorylated state which causes G1
arrest!®, Disruption of this so-called ‘ Rb pathway’ isacritical
event in many tumours. It isresulted from primary inactivation
of Rb function, by overexpression of CDKSs, or through loss of
p16! which has a similar effect of G1/S progression. Several
studies have shown areciprocal expression of p16 and pRb7,
The role of the pRb pathway in gastric carcinogenesisis
the subject of many papers. In distal gastric cancersit may
be that disruption of p16 is an early event!*¥ and a recent
immunohistochemical study!*2 has shown a progressive
decrease in expression from gastritis to atrophy and dysplasia.
Lessinformation is available on the role of pRb expression.

The aim of the present study wasto compare the role of the
pRb pathway in proximal and distal gastric cancers. p16 and
pRb immunoexpression was investigated in the following
groups of both proximal (cardia) and distal (antral) tissue
samples: (a) biopsies showing normal mucosa, (b) biopsies
showing intestinal metaplasia and, (c) gastric cancer resection
specimens including uninvolved mucosa and tumour.

MATERIALS AND METHODS

Patient and specimen data
Six groups were included in this cross sectional study on
archival, paraffin embedded tissues. The material wasretrieved
from the files in Beaumont Hospital, Dublin, Ireland and the
local ethics committee approved the study. Tissue samplesfrom
the gastric cardia included endoscopic biopsies showing
histologically norma mucosa(n=56) or IM (n=49) and material
from gastric cancer resection specimens (n=39). Non-involved
mucosaaswell astumour wereinvestigatedin the latter specimens.
Tissue samples from the gastric antrum included the same
groups: Normal (n=52), IM (n=50) as well as non-involved
mucosaand tumour from cancer resections (n=78). All patients
were Caucasians. Clinical details are shown in Table 1.
Endoscopic biopsy material was obtained from patients
who had presented to the endoscopy service with avariety of
upper gastrointestinal symptoms. Biopsies of the cardiawere
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Table 1 Clinical data

Proximal Distal
Biopsies normal Biopsies IM Cancer resections Biopsies normal Biopsies IM Cancer resections

Number of subjects 56 49 39 52 50 78
Gender{F/M} 28728 22/27 13726 30/22 29/21 34/44
Age, years 50 (16) 58 (16)a 67 (11)s 52 (18) 59 (14)c 69 (10)p
Mean and (SD)
Tumour type 30 Intestinal 42 Intestinal

9 Diffuse 36 Diffuse
TNM-stage, T3.1(0.6) T3.0(1.1)
mean and (SD) N 1.0 (0.8) N 1.0 (0.8)

There was a significant stepwise increase in patient age between patients with biopsies showing normal mucosa to patients with
biopsies showing IM to patients with gastric cancer resections in both proximal and distal locations. A-D, P<0.0001.

SD=Standard deviation.

only included when clearly labelled as such on the original
reguest form without any endoscopic suspicion of Barrett’ s
oesophagus or any prior or subsequent oesophageal biopsies
showing Barrett’ s metaplasia. The distinction between
proximal and distal gastric cancers was made on the basis of
the clinical data as well as macroscopic description of the
resection specimens on the pathology report. A case was
labelled as proximal gastric cancer if it straddled the gastro-
oesophagesdl junction with approximately equal amountsinthe
oesophagus and stomach and no histological evidence of
Barrett’ smucosain the oesophagus. Distal gastric cancerswere
labelled as such when thetumour was clinicaly, macroscopically
and higtologically (i.e. at no point adjacent to sqguamous mucosa)
confined to the more distal stomach. Tumours were classified
according to the Lauren classification!*¥ as diffuse or intetinal.

Methods

Initially, 4 um sections were cut from all blocks and stained
with haematoxylin and eosin. Tissue microarrays (TMAS) were
congtructed. The technique involves taking cylindrical core
biopsiesfrom * donor’ blocks with subsequent precise arraying
intoanew  recipient’ paraffin block using aprecisioninstrument
(Beecher Instruments, Silver Spring, MD, USA)*. Two
different types of TMAswere constructed. Endoscopic biopsy
fragmentsfrom wax blockswere arrayed using 2 mm punches.
This size punch covers most endoscopic fragmentsin toto and
all individual fragmentsfrom a donor wax block were sampled
in separate cores (in this study 1-8 cores per donor block).
Therefore, al thetissuefrom an original donor block containing
endoscopic biopsy material was arrayed into the TMA block.
Each ‘ biopsy-TMA’ could hold up to 40 2 mm cores (i.e. up
to 40 donor blocks depending on numbers of tissue fragments
per original donor block). In the cancer resection specimensa
different type of TMA was constructed due to the large size of
tissue piecesin each block. Thewhole-section glass-dideswere
evaluated and areas of tumour as well as uninvolved mucosa
were marked on the glass slides and identified in the
corresponding wax blocks. Four 0.6 mm core biopsies were
taken from each area. In 31 cases tumour and uninvolved
mucosa were not present in the same wax block and two
separate blocks were used. In this fashion, atotal of 8 cores
were taken per case (4 from tumour and 4 from uninvolved
mucosa) with 35-40 cases (atotal of 280-320 cores) fitted on
to each TMA-block. Using TMAs the total number of TMA-
blocks constructed was twenty-one.

Immunohistochemistry

Monoclonal mouse antibodies directed against p16 (1:100.
Clone G175-405, PharMingen, USA) and pRb (1:300. Clone
M7131, DAKO, Denmark) were used. Immunostaining was

performed using standard procedures. Heat mediated antigen
retrieval using a pressure cooker was required to unmask the
antigen sites. Antibody binding was detected using the Vectagtain
universal elite ABC-peroxidase kit (Vector LaboratoriesInc.,
Burlingame, CA, USA). The positive p16 control was a case
of severe uterine cervical dysplasiawhich strongly expressed
pl16 indysplastic foci. The positive control for pRb wasamulti-
tissue block including tonsil.

Immunohistochemical interpretation

pl6 Positive staining was defined as nuclear staining whereas
cytoplasmic stai ning was considered non-specific and ignored.
Extent was scored semi-quantitatively as negative (0) if <5%
of cells stained, 1 if 5-25% of cells stained, 2 if 26-50% of
cells stained and 3 if >50% cells stained. In cancer resections
the average score was cal culated from each of the four 0.6 mm
TMA cores of either carcinoma or non-involved mucosa. The
average score of each of the four decided the overall positivity/
negativity.

pRb Nuclear staining was considered positive. Extent was
scored semi-quantitatively as negative (0) if <5% of cells
stained, 1if 5-25% of cellsstained, 2 if 26-50% of cells stained
and 3 if >50% cells stained. In cancer resections the average
score was calcul ated from each of the four 0.6 mm TMA cores
of either carcinomaor non-involved mucosa. The average score
of each of the four decided the overall positivity/negativity.

Statistical analysis

Statistical significance was defined as P<0.05. Chi-square test
was used for comparison between groups. Logistic regression
analysis on the actual numbers of positive caseswas used to test
trends between tissue typeswithin the proximal and distal groups.

RESULTS

Comparisons of p16 expression between different histological
subsets within proximal and distal locations

In mucosa from biopsies (i.e. not associated with carcinoma)
with and without intestinal metaplasiathere wasalow level of
expression in both proximal and distal locations, mainly within
the neck regions of the glands and absent in superficial
epithelium. In distal tissue samples there was a statistically
significant stepwise increase from normal mucosato intestinal
metaplasia to non-involved mucosa from cancer resections to
carcinoma (P<0.0001, Table 2). In proximal tissue samples
no such trend was noted and there were no differences between
the different tissue samples (Figure 4). No differencesin p16
expression were noted between tumour types in either of the
two locations and there were no correlations between p16
expression and stage of tumour or any clinical parameters.
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Figure 1 Antral biopsy showing focal intestinal metaplasia. This composite figure shows the H&E appearance, negative p16
staining (with some positive inflammatory cells in the background) and positive pRb staining limited to the neck region of the
glands. Original magnification 200x.

Figure 2 Gastric antral carcinoma of intestinal type. The same 0.6 mm TMA core is shown stained with H&E, p16 and pRb. The
latter is negative whereas p16 shows strong nuclear and cytoplasmic staining. The cytoplasmic staining was ignored for the
scoring. Original magnification 200x.

Figure 3 Gastric antral carcinoma of intestinal type. The same 0.6 mm TMA core is shown stained with H&E, p16 and pRb. The
latter shows strong and crisp nuclear staining whereas p16 is negative. Original magnification 200x.

Table 2 Percentage of cases staining for and extent scores of p16 and pRb

Proximal Distal

Biopsies Biopsies Resections Resections Biopsies Biopsies Resections Resections

normal | UM cancer normal IM UM cancer
Number and (%) of cases 12 (21%) 13 (27%) 8 (21%) 13 (33%) 4 (8%) 13 (26%) 37 (47%) 42 (54%)
positive for p16
Mean (and SD) of extent 0.21(0.41) 0.27(0.45) 0.23(0.48) 0.41(0.68) 0.077 (0.27) 0.26 (0.44) 0.49 (0.53) 0.69 (0.79)
scores for p16
Number and (%) of cases 52 (93%) 37 (76%) 31 (80%) 30 (77%) 46 (88%) 35 (70%) 51 (65%) 38 (49%)
positive for pRb
Mean (and SD) of extent 0.41 (0.5) 0.34(0.48) 0.33(0.48) 0.5(0.51) 0.42 (0.5) 0.24 (0.43) 0.17(0.38)  0.28 (0.45)

scores for pRb

SD: Standard deviation. UM: Uninvolved mucosa from cancer resections.
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Comparisons of pRb expression between different histological
subsets within proximal and distal locations

pRb was highly expressed in nhormal epithelium and intestinal
metaplasia, mainly in the more proliferative areas, i.e. the neck
region within the glandular epithelium. In both proximal and
distal stomach there was a statistically significant trend for
decreased pRb expression from normal mucosa to intestinal
metaplasia to non-involved mucosa from cancer resectionsto
carcinoma. It was more pronounced in the distal tissue samples
(P<0.0001) than in the proximal tissue samples (P=0.035) and
in the latter location it was mainly a function of the high
expression in normal mucosa compared with the other
histological subsetswhich showed very similar expression rates
(Figure 5). No differences in pRb expression were noted
between tumour types in the two locations and there were no
correlations between pRb expression and stage of tumour or
any clinical parameters.
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Figure 4 Graph showing percentage of p16 positive cases as
pairs of proximal (empty columns, left hand sides) and distal
(black columns, right hand sides) tissue samples. N: Biopsies
showing normal mucosa, IM: Biopsies showing intestinal
metaplasia, NT: Non-involved mucosa from gastric cancer
resection specimens, T: Tumour from gastric cancer resection
specimens. There was a significant stepwise increase in expres-
sion from normal mucosa—intestinal metaplasia—non-
involved mucosa from cancer resections — carcinoma in the
distal stomach only. ®There was a significantly lower p16 ex-
pression in distal normal mucosa than in proximal normal
mucosa, P=0.0045. and ¢ There was a significantly higher p16
expression in both non-involved as well as carcinoma from
cancer resections from distal compared with proximal stomach,
®P=0.0048 and °P=0.036.
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Figure 5 Graph showing percentage of pRb positive cases as
pairs of proximal (empty columns, left hand side) and distal
(black columns, right hand side) tissue samples. N: Biopsies
showing normal mucosa, IM: Biopsies showing intestinal
metaplasia, NT: Non-involved mucosa from gastric cancer re-
section specimens, T: Tumour from gastric cancer resection
specimens. There was a significant stepwise decrease in ex-
pression from normal mucosa—intestinal metaplasia—non-in-
volved mucosa from cancer resections—carcinoma in both the

distal and proximal stomach although in the latter location it
was most likely due to the high expression in normal mucosa
compared with the other types of tissues. *There was a signifi-
cantly lower pRb expression in distal than in proximal
carcinomas, P=0.0047.

Comparison of p16 and pRb expressions between similar
histological subsets in proximal versus distal location

In cancer resection specimensthere was a significantly lower
expression of pl16 in proximal than distal location, both in
uninvolved mucosa (P=0.0048) and carcinoma (P=0.0036)
whereas the opposite was seen in normal mucosa (P=0.0045)
(Figure 4). pRb expression was significantly higher in proximal
carcinomas (P=0.0047) (Figure 5).

Correlations between pRb and p16
Indigtd carcinomasthere wasasignificantly negative association
between expressons of the two molecules (P=0.043) (Table 3).

Table 3 p16 versus pRb staining in distal gastric carcinomas

pRb

+

p16 + 16 26
- 22 14

This distribution was significant, P=0.043.

DISCUSSION

Disruption of cell cycle regulation is a critical event in
carcinogenesis. Alteration of the retinoblastoma (pRb) tumour
suppressor pathway, which controlsthe G1/S checkpoint, isa
common event in many neoplasms and typically implicates
abnormal expression of both pRb and p16 although other
molecules may be involved.

The current study aimed to compare alterations in this
pathway in proximal and distal gastric carcinogenesisin an
effort to explain the observed epidemiological differences
between the two sites. Immunohistochemistry was performed
to investigate expression of p16 and pRb in various histological
stages from normal mucosa to carcinoma in both proximal
(cardia) and distal (antral) tissue samples.

Theresults of this study showed highly significant trends
for increasein pl6 expression with a concomitant decreasein
pRb expression in distal tissue samples from normal mucosa
to intestinal metaplasia to uninvolved mucosa from cancer
resections to carcinoma. This suggests that the pRb pathway
plays adefinite rolein distal gastric carcinogenesis. It may be
an early event since the trend towards p16 overexpression and
pRb underexpression was seen even between normal mucosa
and intestinal metaplasia. In the proximal stomach no
differencesin p16 expression were seen between the various
stages whereas pRb expression decreased dightly from normal
mucosa to carcinoma. This seemed to be mainly an effect of a
higher expression of pRb in normal mucosa compared with
any of the other tissue samples. Furthermore, the trend for
decreasing pRb was not matched by an increase in p16
expression and there was no inverse relationship between the
two moleculesin the group of carcinomas. Taken together this
argues against the pRb pathway asimportant in proximal gastric
carcinogenesis.

Other studieson (distal) gastric carcinogenesis have shown
asimilar p16 ‘ overexpression’ in gastric carcinomass?with
weak staining in non-involved mucosa. However, a recent
immunohistochemical study found a progressive p16 decrease
and a pRb increase from gastritis to dysplasia*? in samples
fromthecardia. Thisissurprising in view of the oppositetrend
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in distal gastric samples seen here and also by otherd*”. The
reason for thisdiscrepancy isuncertain. In the above-mentioned
study patientswere from an areain Chinawith ahigh incidence
of gastric carcinoma and compared with the current study,
different entities (chronic gadtritis, dysplasia) wereinvestigated.
Also, racia differencesmay play arole since all the patiensin
this study were Caucasians.

A study on p16 expression in normal tissues*® showed
some staining in gastric antral glands. The following scenario
istherefore likely: p16 is expressed with alow frequency in
the normal state, which may be related to arelatively low
proliferative status. In support of thisisthe limited expression
inglandular (proliferative area) rather than surface epithelium
(quiescent area) seen here and also noted by otherg"#, |n
tumours there may be loss of negative feedback through
decrease in pRb expression which causes p16 overexpression
and other studies have also shown an inverse relationship
between expression of the two moleculed®'?, The current study
showed mainly cases of distal gastric cancer resections with
gain of p16 expression in cancers compared with non-involved
mucosa. However, loss of p16 expression in cancers compared
with uninvolved mucosa was also seen in some cases and it is
entirely possible that, whereas most cancerslose pRb function/
expression, some preferentially lose p16 expression.

This study did not entirely rule out arole for the pRb
pathway in proximal gastric carcinogenesis since other
molecules participate in this complex cell cycle control
mechanism. It is unlikely, however, since altered expression
of p16 and pRb would be expected if abnormal feedback from
other molecules in this pathway existed.

In conclusion this study strongly suggests that alterations
in the pRb pathway are significant in distal, but not proximal,
gastric carcinogenesis. In the former location it may be an
early event. Importantly, this study therefore supports the
hypothesis that tumours of the two locations are genetically
different which may account for some of the observed
epidemiological differences.
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Abstract

AlIM: To study the effect of NF-kB, survivin, Bcl-2 and Caspase3
on tumor necrosis factors related apoptosis inducing ligand
(TRAIL) induced apoptosis of gastric cancer cells.

METHODS: Gastric cancer cells of SGC-7901, MKN28,
MKNA45 and AGS lines were cultured in PRMI-1640 medium
and the apoptosis rates of the cells of 4 lines were observed
after treatment of tumor necrosis factors related apoptosis
inducing ligand (TRAIL) with a flow cytometer. The expression
of NF-kB, survivin, Bcl-2 and Caspase3 in gastric cancer
cells of 4 lines was analyzed with Western blot.

RESULTS: After the gastric cancer cells were exposed to
TRAIL 300 ng/ml for 24 hours, the apoptosis rate was
36.05%, 20.27%, 16.50% and 11.80% in MKN28, MKN45,
AGS and SGC-7901cells respectively. Western blot revealed
that the expressions of NF-kB and survivin were lower in
MKN28 cells than in MKN45, AGS and SGC-7901 cells. In
contrast, the expression of Caspase3 was higher in MKN28
cells than in MKN45, AGS and SGC-7901 cells.

CONCLUSION: There is a selectivity of TRAIL potency to
induce apoptosis in gastric cancer cells of different cell lines.
The anticancer potency of TRAIL is associated with the
decreased expression of NF-kB and survivin and increased
expression of Caspase3 of gastric cancer cells.

Yang LQ, Fang DC, Wang RQ, Yang SM. Effect of NF-kB, survivin,
Bcl-2 and Caspase3 on apoptosis of gastric cancer cells induced
by tumor necrosis factor related apoptosis inducing ligand. World
J Gastroenterol 2004; 10(1): 22-25

http://www.wjgnet.com/1007-9327/10/22.asp

INTRODUCTION

Tumor necrosis factors related apoptosis inducing ligand
(TRAIL) isone of the members of TNF family. TRAIL, also
known as APO-2L[*3, js highly homologousto FasL. TRAIL
is capable of inducing apoptosis of many kinds of cancer cells
but nontoxic to normal cellg**¥, It has been found that cells of
different cancers and even different types of cells of a cancer

exhibit significantly different sensitivity to TRAILP#7,

Nuclear transcript factor (NF-kB), survivin and Bcl-2 are
apoptosisinhibitors and play a key role in the mechanism of
anti-apoptosis of tumorg*®2, If the activity of these factorsis
suppressed, tumor cells can undergo apoptosis and stop
growing®*®Y, Various modulation elements of cell apoptosis
exert their action through Caspase enzyme system. Among
them, Caspase 3 (also known as CPP32, YAMA, or apopain) is
probably the one that so far best correlates with apoptosig33,
Furthermore, Caspase 3 expression could be detected in several
human maignancies such as non-small cell lung carcinoma®,
esophageal squamous cell carcinoma®! and gastric cancert®d.
Theinhibition of cell apoptosisisclosely related to the onset,
development and sensitivity to chemotherapy of malignant
tumors. Consequently, we studied the relationship of the
sensitivity of the cells of 4 gastric cancer cell linesto TRAIL
with the expression of NF-kB, survivin, Bcl-2 and Caspase3
in order to clarify why and how gastric cancer cells were
resistant to TRAIL.

MATERIALS AND METHODS

SGC-7901 line of gastric cancer cells was preserved in our
laboratory. MKN28, MKN45 and AGS cdll lineswere donated
by our colleagues of the Fourth Military Medical University.
NC membrane and mouse antihuman survivin monoclonal
antibody were bought from Santa Cruz Biotech Company.
Mouse antihuman NF-kB (p65) monoclonal antibody, mouse
antihuman Bcl-2 monoclonal antibody, mouse antihuman
Caspase3 monoclonal antibody and peroxidase-conjugated
rabbit anti-mouse 1gG were from the Zhongshan Company in
Beijing, and ECL chemofluerescent agent kit was from
DingguoBiotech Center in Beijing. TRAIL protein was prepared
by ourselves®.

Gastric cancer cells of SGC-7901, MKN28, MKN45 and
AGS lines were incubated in PRMI-1640 medium and 10%
inactivated calf serum. Penicillin and streptomycin were added
to afinal concentration of 100 u/ml. Generation transition of
the cells was achieved every 3 to 5 days through the adoption
of 0.25% pancreatic enzyme and 0.02% EDTA.

Gadtric cancer cellsin the logarithmic proliferation stage
were studied. The culture medium of every cell line was
distubated into 5 bottles (100 ml in each). TRAIL was added
to the 5 bottles of every cell line with afinal concentration of
0 ng/ml, 50 ng/ml, 100 ng/ml, 200 ng/ml and 300 ng/ml
respectively. All the bottles were incubated under 37 C,
5%CO, and saturated humidity for 24 hours.

The apoptosis rate of gastric cancer cells was determined
with aflow cytometer. All the cells were collected, digested
and washed twice in PBS, and the floating cells were
precipitated with 0.1 ml PBS. After the cells were fixed in
70% precooled ethanol for 24 hours, they were stained with Pl
and examined.

Western blot was used to determine the expression of NF-
kB, survivin, Bcl-2 and Caspase3. The gastric cancer cellswere
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ruptured with lysozyme and protein concentration of cellswas
measured with Lowry method. The protein concentration was
unified with PBS. In order to denature the protein, the samples
were heated with middle molecular weight protein Marker to
100 C for 3 minutes. The protein, after being separated with
SDS-PAGE electrophoresis, was transferred to a piece of
nitrocellulose membrane with moisture transfer technique at
100v for 2 hours. The membrane was stained with ponceau-S
to confirm whether the protein transfer was successful. Five
percent of defat milk powder-PBS solution was used to block
the unspecific antibody binding site for one hour. Then the
membrane waswashed 3 timesin PBS-T solution, 15 minutes
each time. Monoclonal antibody solution (1:1 000) of mouse
antihuman NF-kB, survivin, Bcl-2 and Caspase3 wasincubated
with the membrane for 1 hour respectively. Again, each piece
of membrane was washed 3 times in PBS-T solution, 15
minutes each time. Then, all the membranes were incubated
with rabbit antimouse 1gG solution (1:1 000) for one hour.
The membranes were washed 3 timesin PBS-T solution, 15
minutes each time. Eventually, the membranes were incubated
with chemofluorescent agent for 5 minutes, and then were
exposed to X-ray filmsin adark room. The X-ray filmswere
developed and examined.

SPSS gtatistic soft package was used to undergo single factor
Chi square analysis and t test. P<0.05 was considered as
significant.

RESULTS

TRAIL exerted a considerable apoptosis-inducing effect on
the 4 line gastric cancer cells and the effect was in a dosage
dependent manner. Figure 1 shows that the gastric cancer cells
of the 4 lines had a different sensitivity to TRAIL. After the
action of 300 ng/ml TRAIL for 24 hours, the apoptosis rate
was 36.05% in MKN28, 20.27% in MKN45, 16.50% in AGS
and 11.80% in SGC-7901 lines. The apoptosis rate was
significantly higher in MKN28 than in other 3 kinds of cells
(P<0.05), but there was no significant difference among the
other 3 lines of gastric cancer cells. SGC-7901 cells were
resistant to TRAIL.
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Figure 1 Changes of apoptosis rate in 4 gastric cancer cell lines
after 24 hours action of different dosage of TRAIL.

The expression of NF-kB (p65) in the 4 lines of gastric
cancer cellsisshownin Figure 2. NF-kB expression waslower
in MKN28 than in SGC-7901 cells, but no significant difference
was found between MKN45 and AGS cells.

Before administration of TRAIL, Western blot revealed
that the expression of survivin was significantly lower in
MKN28 than in SGC-7901 cells, and no significant difference
was found between MKN45 and AGS cells (Figure 3).

Before administration of TRAIL, Western blot revealed that
the expression of Bcl-2 had no significant differencein the 4
line gastric cancer cells (Figure 4).

Before administration of TRAIL, Western blot showed that
the expression of Caspase 3 waslower in SGC-7901 and highest
in MKN28 cells. The expression in AGS and MKNA45 cells
was in the middle range (Figure 5).

MKN45  SGC-7901 MKN28 AGS

Figure 2 Expression of NF-kB in 4 lines of gastric cancer cells.

MKN45

MKN28 SGC-7901 AGS

Figure 3 Expression of survivin in 4 lines of gastric cancer cells.

MKN28 MKN45 SGC-7901 AGS

Figure 4 Expression of Bcl-2 in 4 lines of gastric cancer cells.

AGS MKN45

MKN28

SGC-7901

Figure 5 Expression of Caspase 3 in 4 lines of gastric cancer cells.

DISCUSSION

TRAIL isarecently discovered apoptosisinducing molecule.
It has aroused great interest in the medical circle because it
can selectively induce cancer cells, transform cells and virus-
infected cells to undergo apoptosis with no toxicity to normal
cells. In this study, anticancer effect of TRAIL on the 4 lines
of gastric cancer cells was observed. We found that TRAIL
exerted a certain degree of apoptosis inducing action on the
gadtric cancer cdlls and the action potency was dosage dependent.
Twenty-four hours after administration of 300 ng/ml TRAIL,
the apoptosis rate was 36.05% in MKN28, 20.27% in MKN45,
16.50% in AGS and 11.80% in SGC-7901 cells. Thisimplies
that the sensitivity to apoptosis inducing action of TRAIL
varied among the 4 lines of gastric cancer cells.
Apoptosisisacdlular suicida action. This processisunder
the combined modulation of apoptosis promoting factors
including p53, Fas and others and apoptosisinhibiting factors
including Bcl-2, CIAP, survivin and others. Survivin is an
inhibitor of apoptosis protein (IAP), which has been found to
be crucial for mitosis and cell cycle progression'®!. Survivin
could act directly on Caspases and mainly suppress the
activity of Caspase 3 and Caspase7!®. Disruption of survivin-
microtubule interactions could result in loss of survivin® santi-
apoptosis function and increase caspase-3 activity, amechanism
involved in cell death during mitosis“?. In addition, it has
been found that deficiency of survivin in transgenic mice
could exacerbate Fas-induced apoptosis via mitochondrial
pathways*Y, In the present study, we found that the difference
of sensitivity to TRAIL among the 4 lines of gastric cancer
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cellswas related to the expression of survivin and Caspase of
the cells. SGC-7901 cellswith high expression of survivin and
low expression of Caspase 3 were resistant to TRAIL, but
MKN28 cells with low expression of survivin and high
expression of Caspase 3 were sensitive to TRAIL. So, the
determination of the expression level of survivin and Caspase
3in gastric cancer cellsis helpful to determine whether the
cells are sensitive to TRAIL. To suppress the expression of
survivin and increase the expression of Caspase 3 could
strengthen the sensitivity of gastric cancer cellsto TRAIL,

The transcription factor NF-kB isakey regulator of immune
responses and inflammation operating through the induction
of numerous genes, including those coding for cytokines,
chemokines and adhesion moleculed*>*. NF-kB suppresses
apoptosis by inducing expression of anumber of genes whose
products inhibit apoptosis, including inhibitors of apoptosis
(1APs), Caspase 8-FADD-like IL-1b-converting enzyme
(Caspase 8-FLICE) inhibitory protein (cFLI1P), A1 (also known
as Bfl1), TNF receptor associated factor 1 (TRAF1) and
TRAF2. These anti-apoptotic proteins have been found to
work in a coordinated fashion to block apoptosis at multiple
steps along the apoptotic cascade or to regulate other pro- or
anti-apoptotic pathways“!. NF-kB could also regulate the
expression of several members of the Bcl-2 family®*”. In this
study, we found that the sensitivity of the 4 line gastric cancer
cellsto TRAIL was related to the expression of NF-kB. SGC-
7901 cells showed arelatively high expression of NF-kB and
were resistant to TRAIL. On the contrary, MKN28 cells with
alow expression of NF-kB were sensitive to TRAIL. Itis
considered that suppression of the expression of NF-kB in
gastric cancer cells can increase their sensitivity to TRAIL.

Bcl-2 isaproto-oncogene and can suppress apoptosis. Bcl-
2 has been found to be closely related to the onset and drug
resistance of many kinds of malignant tumord“®%2. Previous
studies have confirmed that overexpression of Bcl-2 in the
cells of various malignant tumors could result in resistance
againgt cell apoptosisinduced by chemotherapeutic agentssuch
as cisplatin®* and arsenic trioxide®. If Bcl-2 expression is
suppressed, tumors are impelled to undergo apoptosis. We
found that the sensitivity difference among the 4 lines of gastric
cancer cells was not related with Bcl-2 expression, but the
sensitivity difference to TRAIL did occur among them. This
finding was in agreement with the recently published data on
breast cancer!®,

To sum up, TRAIL possesses the characteristics of
selectively inducing apoptosis of tumor cells. TRAIL-resistant
tumor cells may be related to the expression of apoptosis-
inhibitor survivin and NF-kB. Suppression of the expression
of survivin and NF-kB, and reinforcement of Caspase 3
expression would increase the sensitivity of gastric cancer cells
to TRAIL. Further study isimperativeto clarify the mechanism
of the apoptosis-inducing action of TRAIL.
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Abstract

AlIM: To construct and identify the recombinant vectors
carrying herpes simplex virus thymidine kinase (HSV-TK) and
tumor necrosis factor alpha (TNF-a) or interleukin-2 (IL-2)
genes expressed in gastric carcinoma cell line SGC7901.

METHODS: The fragments of HSV-TK, internal ribosome
entry sites (IRES) and TNF-a or IL-2 genes were inserted in
a TK-IRES-TNF-a or TK-IRES-IL-2 order into pEGFP-N; and
pLXSN to generate the therapeutic vectors pEGFP-TT,
PEGFP-TI, pL(TT)SN and pL(TI)SN respectively, which were
structurally confirmed by the digestion analysis of restriction
endonuclease. The former two plasmids were used for the
transient expression of recombinant proteins in the target
cells while pL(TT)SN and pL(TI)SN were transfected into
SGC7901 cells by lipofectamine for the stable expression of
objective genes through G418 selection. The protein products
expressed transiently and stably in SGC7901 cells by the
constructed vectors were confirmed by fluorescent microscopy
and Western blot respectively.

RESULTS: The inserted fragments in all constructed plasmids
were structurally confirmed to be consistent with that of the
published data. In the transient expression, both pEGFP-TT
and pEGFP-TI were shown expressed in nearly 50% of the
transfected SGC7901 cells. Similarly, the G418 selected
vectors PL(TT)SN and PL(TI)SN were confirmed to be
successful in the stable expression of the objective proteins
in the target cells.

CONCLUSION: The constructed recombinant vectors in the
present study that can express the suicide gene TK in
combination with cytokines genes may serve as the potential
tools to perform more effective investigations in future for
the gene therapy of gastric carcinoma.

Zhang JH, Wan MX, Yuan JY, Pan BR. Construction and identification
of recombinant vectors carrying herpes simplex virus thymidine
kinase and cytokine genes expressed in gastric carcinoma cell
line SGC7901. World J Gastroenterol 2004; 10(1): 26-30
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INTRODUCTION

Gastric cancer is one of the most common malignancies both
in Chinaand abroad*". Despite the improvementsin surgical
techniques, radiation and chemotherapeutic regimens, the
diseaseremains agreat chalenge. Most patients still diefinally
of their disease, even after apparent “ curative resection”. In
recent years, the promising conception of gene therapy has
been advocated in a hope to deal with the malignant diseases
more effectively. One of the landmark discoveries for this
therapeutic strategy is the transfer of suicide genes, such as
HSV-TK, into the tumor cells, which has been shown to exert
antitumor efficacy on a variety of cancer cells®. The
expressed HSV-TK/ganciclovir (GCV) system can not only
inhibit the DNA synthesis of the target cells but also produce
abystander effect against tumorg*>%¢, However, these effects
have been found to be unstable in some of the transfected cells,
which may result in adecreased efficiency in the treatment of
malignancies. The use of tissue-specific vectorsto deliver genes
and combination of TK with cytokine genes may improve the
efficacy of the antitumor effectd* 2, |n the present study,
therefore, we tried to construct and identify the recombinant
vectorscontaining HSV-TK, IRESin combination with cytokine
genes, TNF-a or IL-2, in an attempt to establish more effective
recombinants for the gene therapy of gastric malignancies.

MATERIALS AND METHODS

Materials

Reagents Restriction enzymes (EcoR |, Hpa I, Xho | and
BamHI), T,DNA ligase and Tag DNA polymerase were
purchased from Gibco Co., USA. Lipofectamine was supplied
by Boeringer Mannheim Co., Mannheim, Germany. Monoclonal
antibodies of mouse anti-IL-2 and anti-TNF-a proteins and
horseradi sh peroxidate-conjugated antimouse immunoglobulin
were purchased from Zhongshan Co., Shanghai, China.

PCR primers The primer sequences used in the study were
designed according to that of the individual genes (Table 1)
with the modification of adding the recognition site sequences
for the corresponding restriction enzymes (EcoR |, Hpal, Xho
| and BamH 1), and synthesized by Shanghai GeneCore Bio
Technologies Co.

Plasmidsand cell lines Plasmid pBluescript-TK was provided
by Shanghai Ingtitute of Biochemistry. plRZA 1neo with 585 bp
| RES sequence®? was purchased from Invitrogen Co., USA.
The plasmid PT,-TNF-a, pEGFP-N; carrying green fluorescent
protein (GFP) gene, pGEM-T-Easy vector and E.coli IM 109
were provided by Orthopedic Oncology Institute of PLA,
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Table 1 Primer sequences of amplified genes

Genes Primer sequences Fragment length
TK Forward: 5’-GC GAA TTC ATG GCT TCG TAC CCC TGC CAT C-3” 1128 bp
Reverse: 57-GC GTT AAC TTA AGC CTC CCC CATCTC CCG G-3
IL-2 Forward: 5”-GC CTC GAG ATG TAC AGG ATG CAACTC CTG-3” 456 bp
Reverse: 5°-GC GGA TTC TTA AGT CAG TGT TGA GAT GAT GC-3~
TNF-a Forward: 5”-GC CTC GAG ATG GTC AGATCATCT TCT CGA AC -3° 474 bp
Reverse: 5’-GC GGA TCC TTA CAG GGC AAT GAT CCC AAA -G-3”
IRES Forward: 5”-GC GTT AAC AAT TCC GCC CCT CTC CCT Cccc CcC-3” 585 bp
Reverse: 57-GC CTC GAG AAT AGT AGC ACA AAA AGTTTCC-3”
EcoR1
EcoR1 TK
Hpal
Xhol Hpal
BamH1
EcoR1 ‘
EcoR1 _TK
pixsy T HPal = —— Hpal
Xhol T |
EcoR1
TNF-a
TK
BamH1
Hpal
| Ecor1
EcoR1 K
col
T Xhol INF-a  pgamH1 Hpal  IRES
IRES PLXSN-TK Hpal —2— Xhol
4 TNF-a Xhol
PLXSN-TK- BamH1 | |
IRES-TNFa EcoR1 I EcoR1
TK W, 7K
PLXSN-TK- XIEEIS ) IRES
IRES ° Xhol
BamH1

Figure 1 Diagram of the construction of the expression vector PL(TT)SN.

Xi" an, China. The retroviral expressing vector pLXSN was
provided by Dr. Yu Bing from Fourth Military Medical
University, Xi’ an, China. IL-2 cDNA was made from human
peripheral blood by RT-PCR.

The gastric carcinoma cell line SGC7901 was provided by
Shanghai Institute of Biochemistry. Virus packaging cell
PA317 and NIH3T3 cell lineswere provided by Dr. Yu Bing.
Cellswere maintained in RPMI 1640 medium supplemented
with 10% FBS (Hangzhou, Sijiging Biotech Company), 2 mM
L-glutamine, 100 units/ml penicillin and 100 ng/ml streptomycin.
The PA317 was used as the packaging cell and the NIH 3T3
cells were used to assay the virustitre. The cell cultures were
maintained at 37 'C in ahumidified atmosphere with 5% CO,.

Methods

Construction of the recombinant vectors The recombinant
vectors were constructed with routine molecular cloning
techniques®?!, The DNA fragments of HSV-TK, IRES, TNF-
a and IL-2 were obtained by PCR amplification with specific
primers from their corresponding templates. For the transient

expression of the recombinant genes, the fragments of HSV-
TK, IRES, TNF-a and the fragments of HSV-TK, IRES, IL-2
were cloned into pEGFP-N; to generate pEGFP-TT and
pPEGFP-TI respectively. Similarly, those fragments were
separately inserted into pLXSN to generate plasmid PL (TT)
SN and PL (T1) SN as shown in Figure 1 for the selection of
the stable expression vectors. The structure of all these
constructed vectors was confirmed by the digestion analysis
of restriction endonuclease.

Transent expression Thetrangent expression of recombinants
was performed according to the literature®. The constructed
vectors pEGFP-TT and pEGFP-TI, and the control plasmid
were transfected into SGC7901 cells with a routine protocol
by lipofectamine. Twenty hours after the transfection, cells
were harvested and the expressed marker protein GFP fused
with the objective genes were detected under a fluorescent
microscope.

Stable expression The plasmids pL(TT)SN, pL(TI)SN and
pL(TK)SN were transfected respectively into PA317 cells
with lipofectamine (Gibco) according to the manufacturer’ s
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instruction. After 48 h of transfection, G418 (Promega) was
added to the culture media at a concentration of 500 mg- L to
select G418-resistant colonies. After 2-weeks' culture with the
changing of the G418-containing media every 3 days, the
supernatant of G418-resistant colony was collected and diluted
to different concentrationsto infect NIH3T3 cells, which was
further undergone the G418 selection for 2w when the G418-
resistant NIH3T3 colonies were counted for the determination
of viral titre. The viral titer of pL(TT)SN, pL(TI)SN, pL(TK)
SN and empty plasmid pLXSN were 5x108CFU/L, 6x10° CFUIL,
1x10° CFU/L and 1x10° CFU/L respectively.

For the stable expression of recombinants, a total number
of 5x10° SGC7901 cells were incubated in a 6-well plate for
24 h, then rinsed with serum-free RPM| 1640 medium twice
and incubated with 100 m supermatant of G418-resistant
PA317 colony for 3 h. After 4-weeks cultivation, the G418-
resistant colonies designated as SGC/TK-TNF-a, SGC/TK-
IL-2, SGC/TK and SGC/0 respectively were used to confirm
the objective gene expression by Western blot analysis.
Western blotting analysis The SGC/TT and SGC/TI cells
were incubated respectively in the six-well plates at adensity
of 2.5x10°cells'well for 24 h, followed by afurther cultivation
of 48 h with the culture medium replaced with 1 ml of serum-
free RPMI 1640. Then the serum-free medium was totally
collected, concentrated in a microconcentrator to 20 m and
subjected to electrophoresis on a 120 g- Lt SDS/PAGE gel.
Proteins were transferred to a nitrocellulose membrane and
incubated overnight in 50 ml- L fat freemilk in PBSat 4 C.
After washed in 10 ml- L fat free milk, the membrane was
incubated with monoclonal antibody of mouse anti-rhiL-2 or
anti-TNF-a, followed by incubation with horseradish
peroxidate-conjugated antimouse immunoglobulin. Proteins
were detected by using the ECL kit according to the
manufacturer’ s protocol (Amersham).

RESULTS

Identification of constructed vectors

The segment analysis by restriction endonuclease digestion
confirmed that the inserted gene sequences in all of the
constructed plasmids were structurally consistent with that of
the published data. The inserted fragments in pEGFP-TI and
PEGFP-TT were identified as shown in Figure 2.

1 2 3 4 5 6 7

Figure 2 Segment analyses of pEGFP-TI and pEGFP-TT by
restriction endonuclease digestion. Lane 1: DNA marker (from
top to bottom: 1 543, 994, 697, 515 and 337 bp); Lane 2: pEGFP-
TI/EcoR | and Hpa | (TK gene 1 128 bp); Lane 3: pEGFP-TI/
EcoRI and Xhol (TK+IRES 1.71kb); Lane 4: pEGFP-TI1/Xhol and
BamH I (IL-2 gene 456 bp); Lane 5: pEGFP-TT/EcoRI and Hpal
(TK gene 1 128 bp); Lane 6: pEGFP-TT/EcoRI and Xhol
(TK+IRES 1.71 kb); Lane 7: pEGFP-TT/Xhol and BamHI (TNF-
a gene 474 bp).

Transient expressions of GFP-TT and GFP-TI protein
Twenty hours after the transfection, the GFP fluorescence was
detected under fluorescent microscope in nearly 50% of the

total cells transfected with pEGFP-TT or pEGFP-TI. The
fluorescence was gradually increased with time and peaked at
72 h, which indicated that the TK-IRES-IL-2 and TK-IRES-
TNF-a were transiently expressed in SGC7901 cells (Figure
3 A and B).

Figure 3 Transient expression of the recombinant genes in
SGC7901 cells. A: Transient expression of pEGFP-TT in
SGC7901 cellsx100. B: Transient expression of pEGFP-TI in
SGC7901 cells x100.

Expressions of stable transfectants

The stable expression of recombinant proteinsin SGC7901
cellswas confirmed by Western blotting, in which two distinct
bands of 15ku and 17ku were observed on the nitrocellulose
membrane, corresponding to the fragment sizes of IL-2 and
TNF-a respectively (Figure 4).

1 2

Figure 4 Stably expressed recombinant protein in transduced
SGC7901 cells confirmed by Western blot. Lane 1: IL-2 (15ku)
expressed in SGC/TI cells; Lane 2: TNF-a (17ku) expressed in
SGC/TT cells.

DISCUSSION

Genetherapy has becomeapromising strategy for the treatment
of gastric cancer?”U, in which the transfer of suicide genes
into tumor cells has emerged as an attractive modality for the
selective elimination of cancer celld*4163031, The suicide genes
encode non-mammalian enzymes that can convert nontoxic
prodrugsinto cellular toxic metabolites. The most widely used
suicide gene is the HSV-TK/ganciclovir (GCV) system that
can convert prodrug GCV into GCV monophosphate. The
latter isfurther phosphorated by cellular kinase to form GCV
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triphosphate, a toxic substance that can inhibit cellular DNA
synthesisand lead to cell death. Besides, the “ bystander effect”
induced by TK gene can also enhance the tumor-killing
capacity of the HSV-TK/GCV system!'620%2, Because of the
antitumor properties exerted by certain cytokines such as|L-2
and TNF-a, it is believed that the gene therapy combining
cytokine with TK suicide gene would be more beneficial and
effectivefor the treatment of cancers, which has been strongly
supported by some of the recently published literatures®.
However, there are fewer reports of this therapeutic strategy
applied to the antitumor study of gastric malignancy.

Condtruction of abicigtronic retroviral vector with aninternal
ribosome entry site (IRES)** allows the simultaneous
expression of two genesfrom asingletranscript, which hasbeen
demongtrated to be efficient. However, the expressive levels of
the objective protein are found lower in some circumstance.
Five different genes, including human IL-2, IL-4, granulocyte
macrophage stimulating factor, HSV-TK and hepatitis C virus
core gene, have been tested using the modified vector for the
gene transfert®=7, The new bicistronic vector, modified by
abolishing thefunctional viral gag initiation codon and keeping
itbeforethe5’ endto thefirst initiation codon of the transduced
gene, has made the protein expression greatly increased
compared with the original vector. As the RNA levels and
splicing patterns of these two vectors remain similar, the
improvement was most likely at the trandation level. Thus,
the incorporation of the internal ribosome entry sitesegquence
into a proper location of the retroviral vector for gene therapy
represents a promising strategy to facilitate the simultaneous
and efficient expression of several genes from the same
promotert?- 22,

In the present study, we employed the strategy to construct
our expression vectors, in which the IRES gene was cloned in
TK-IRES-TNF-a or TK-IRES-IL-2 order and the recombinants
were constructed in combination with TK and cytokine genes.
In the transient expression, the constructed vectors pEGFP-
TT and pEGFP-TI were shown to be effectively expressed in
vitro as demonstrated by the appearance of the fusing
fluorescent protein GFP?3! in nearly 50% of the transfected
SGC7901 cells. Similarly, inthe experiment of stable expression,
the G418 selected vectors PL(TT)SN and PL(TI)SN were also
confirmed to be successful in both of the transfection into the
target cellsand the expression of the objective proteins. All of
these results indicate that the expressive vectors constructed
in the present study may serve asthe potential toolsto perform
more effective investigations for the gene therapy of gastric
carcinoma in future. Further studies are therefore needed to
elucidate and characterize the antitumor effects of these
constructed vectors on the transfected SGC7901 cells.
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Abstract

AlM: This study was to investigate whether surgery could
increase cancer dissemination and postoperative recurrence
in patients with hepatocellular carcinoma (HCC) by detection
of human a-fetoprotein messenger RNA (hAFP mRNA). hAFP
mRNA in the peripheral blood of patients with HCC has been
considered as a surrogate marker for circulating tumor cells.

METHODS: Eighty-one consecutive patients who underwent
curative resection for HCC entered this prospective cohort
study. We examined hAFP mRNA from the peripheral blood
obtained preoperatively, perioperatively, and postoperatively
to correlate the prognosis after curative resections from HCC
patients and from the control subjects. Detection of hAFP
mRNA by reverse transcriptase and polymerase chain reaction
amplification (RT-PCR) was performed with primers
specifically. The relations between the clinical variables (age,
sex, associated liver cirrhosis, hepatitis B virus infection,
hepatitis C virus infection, serum a-fetoprotein and Child-
Pugh class), the histological variables (size, capsule, vascular
permeation, grade of differentiation, and daughter nodules),
hAFP mRNA in peripheral blood of 3 different sessions, and
postoperative course (recurrence, and recurrence related
death) were analysed.

RESULTS: No hAFP mRNA was detected in control group
subjects. Twenty-two (27%), 24 (30%) and 19 (23%) of 81
HCC patients had hAFP mRNA positivity in the preoperative,
perioperative and postoperative peripheral blood. The
preoperative presence did not influence the risk of HCC
recurrence (55% vs 41%, P=0.280). In contrast, patients
with postoperative presence had a significantly higher
recurrence (90% vs 31%, P<0.001; odds ratio 19.2; 95%
confidence interval: 4.0-91.7). In the multivariate analysis
by COX proportional hazards model, postoperative positivity

had a significant influence on recurrence (P=0.067) and
recurrence related mortality (P=0.017). Whereas, the
perioperative positivity of hAFP mRNA did not increase HCC
recurrence (58% vs.39%, P=0.093). The correlation between
perioperative hAFP mRNA positivity and recurrence related
mortality had no statistical significance (P=0.836).

CONCLUSION: From our study, perioperative detection of
hAFP mRNA in peripheral blood of patients has no clinical
relevance and significant role in the prediction of HCC
recurrence. Surgical resection itself may not accelerate cancer
dissemination and does not increase postoperative
recurrence significantly either.

Sheen 1S, Jeng KS, Shih SC, Wang PC, Chang WH, Wang HY,
Shyung LR, Lin SC, Kao CR, Tsai YC, Wu TY. Does surgical
resection of hepatocellular carcinoma accelerate cancer
dissemination? World J Gastroenterol 2004; 10(1): 31-36

http://www.wjgnet.com/1007-9327/10/31.asp

INTRODUCTION

Hepatocellular carcinoma (HCC) is the leading malignancy
with a poor prognosis in areas of high hepatitis B and C
prevalencel*4. After curative resections of HCC, a lage
proportion of patients develop tumor recurrence within thefirst
3 years. Whether intraoperative manipulation contributes to
cancer dissemination remains a debating subject.

How to detect these disseminated cancer cells in the
perioperative period is a problem. The isolation and
identification of tumor cells in a small blood sample by
conventional methods is very difficult because the number of
malignant cellsin the circulation may be extremely small®8l,
Recently, it has become possible and sensitive to identify
tumor-specific gene transcripts (messenger RNA/circular
DNA) by means of polymerase chain reaction (PCR). With
the use of PCR-based method which permits detection of 1
tumor cell among 107 normal peripheral, mononuclear blood
cells, the blood-borne dispersion of tumor cells during surgical
manipulation has been reported in humans with prostatic
carcinoma, melanoma, breast carcinoma and pancreatic
carcinoma®*2.

For detecting HCC cellsin circulation, reverse transcriptase
(RT) PCR targeting human alphafetoprotein (hAFP)
messenger RNA (mRNA) or human albumin mRNA has been
proposed™*?2, ack of the specificity of albumin mRNA has
been emphasized®22, Human AFP mRNA has been accepted
as a liver specific and cancer-specific marker®241, Many
clinical studies have suggested that hAFP mRNA in peripheral
blood can be used as a surrogate marker of circulating HCC
cells and as a prognostic indicator in patients treated with
ethanol injection and/or arterial embolization(*®.

In an attempt to elucidate whether surgical resection of
HCC accelerated cancer dissemination, we designed this
prospective study.
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MATERIALS AND METHODS
Study population

From August 1995 to July 1999, 81 consecutive patients [42 men
and 39 women, with amean age of 52+13 years (range: 16 to 79
years)] with HCC undergoing curative hepatic resection a Mackay
Memorial Hospital, Taipei, Taiwan, China, were enrolled in this
prospective study (Table 1). Patients who had previously or
smultaneoudy other malignant disorders, and who had previoudy
received hepatectomy, intraoperative blood transfusion,
preoperative and postoperative hepatic arterid chemoembolization
(TACE) or neoadjuvant ethanol injection were all excluded.

Table 1 Demographic data including clinical and tumor vari-
ables of patients with HCC undergoing curative resection (n=81)

Variables No. of patients (%)
Age (mean, years) 52+13
Male 42 (52)
Cirrhosis 56 (69)
Child- Pugh’s class A 70 (86)
HBsAg (+) 62 (77)
Anti-HCV (+) 31(38)
Serum AFP <20 ng/ml 29 (36)
20-10° ng/ml 29 (36)
>10° ng/ml 23 (28)
Size of HCC <3cm 25 (30)
3-10cm 28 (35)
>10cm 28 (35)
Complete capsule 28 (35)
Daughter nodules 32 (40)
Vascular permeation 37 (46)
Edmondson-Steiner”s grade | 6 (7)
grade Il 36 (44)
grade I1I 26 (32)
grade IV 13 (16)

AFP: serum alpha fetoprotein, HBsAg(+): positive hepatitis B
surface antigen, Anti-HCV(+): positive hepatitis C virus
antibody, Edmondson and Steiner grade: differentiation grades
I, 1, 1, and IV.

The hepatectomy procedure was selected according to the
patient’ sliver function and cancer location. Prior to resection,
intraoperative ultrasonography to scan the entire hepatic field
was performed in every patient. Surgery was defined ascurative
when al gross lesions were removed with an over 1 cm free
resection margin which was proven tumor-free histologically.
The surgical procedures included 62 major resections (6
extended right lobectomies, 18 right lobectomies, 14 left
lobectomies, and 24 double segmentectomies) and 19 minor
resections (11 segmentectomies, 5 subsegmentectomies, and
3 wedge resections).

Peripheral blood samples for detection of hAFP mRNA
were obtained from all study patients from forearm one day
prior to surgery (preoperation), immediately (i.e., within 12
hours) after liver resection (perioperation), and 90 days after
surgery (postoperation) from all 81 patients.

After discharge, al the patients were followed up at our
outpatient clinic and received regular clinical assessmentsto
detect tumor recurrence including periodic abdominal
ultrasonography (every 2-3 months during the first 5 years,
then every 4-6 months thereafter), and serum AFP and liver
biochemistry (every 2 months during the first 2 years, then
every 4 months during the following 3 years, and every 6
months thereafter). Abdominal computed tomography scans
(CT) were also done (every 6 months during the first 5 years,
then every year). Hepatic arteriography was obtained if there
was a suspicion of cancer recurrence from ultrasonography or

CT scan, or serum AFP. Chest X ray to detect pulmonary
metastasiswas done every 6 months. Bone scan to detect osseous
metastasis was undertaken every 6 months. Detection of tumor
on any imagimg studies was defined as “ clinical recurrence”.

Parameters analyzed for recurrence included sex (male vs.
female), age, the presence of liver cirrhosis, Child-Pugh class
of liver functional reserve (A vs. B), hepatitis B virusinfection
(hepatitis B surface antigen), hepatitis C virus infection (anti-
hepatitis C virus antibody), serum AFP level (<20 ng/ml vs.
20-1 000 ng/ml vs. >1 000 ng/ml), tumor size (<3 cmvs. 3-10cm
vs. >10 cm), tumor encapsulation (complete vs. incomplete or
absent), presence of daughter nodules, and vascular permeation
(including vascular invasion and/or tumor thrombi, in either
the portal vein or hepatic vein), and cell differentiation
(Edmondson and Steiner grades|, 11, [11 and IV)(Tablel).

A control group included 30 healthy volunteers without
liver disease and 20 patientswith chronic liver disease without
evidence of HCC. They also received hAFP mRNA detection
from peripheral blood.

Detection of hAFP mRNA

We used human hepatocytes to determine the sensitivity of
the assay. Using tetradecytrimethyl- ammonium bromide,
nucleated cellswereisolated from peripheral blood. Total RNA
was extracted from cryopreserved liver tissues. The sequences
of the sense primerswere 5’ -ACT GAA TCCAGA ACA CTG
CAT AG-3 (external-sense) and 5’ -TGC AGT CAA TGC
ATC TTT CAC CA-3' (internal-sense) and those of the
antisense primers 5’ -TGG AAT AGC TTC CAT ATT GGA
TTC- 3 (externa-antisense) and5' -AAGTGG CTT CTT GAA
CAA ACT GG- 3 (internal-antisense). The sizes of the
amplified products of hAFP mRNA were 176 and 101 base
pairs by external and internal primer pairs, respectively.

A Hep G2 (hepatoblastoma) cell line served as positive
control for hAFP mRNA expression. For negative controls,
we used EDTA treated water (filtered and vaporized). With
cDNA derived from Hep G2, specific bands for hAFP (101 bp)
were observed. In contrast, the cell linesthat served as negative
controls did not yield these bands. It was aso impossible to
detect free RNA extracted from 5 ml aiquots of control blood,
in which Hep G2 cells were suspended. The sensitivity of our
assay, determined in a dilution experiment using freshly
isolated human hepatocytes (10° to 10%) in 1 ml whole blood
before RNA extraction, was approximately 1 hepatocyte for
every 10° peripheral mononuclear cells.

Ethylenediamine tetraacetic acid (EDTA)-treated whole
blood was centrifuged and the plasma fraction was removed.
The cellular fraction was enriched for mononuclear cells
(MNC) or possible tumor cells according to the method
described by Oppenheim. Total cellular RNA was then
extracted with PUREscript RNA isolation kits TRI-Zol (Life
Technologies Inc., Gaithersburg, USA), from 5 ng of which
cDNA was synthesized. The reverse transcription reaction
solution contained 6 m of 5xfirst strand buffer, 10 mM
dithiothreitol, 125 mM each of dCTP, dATP, dGTPand dTTP,
0.3 ng of random hexamers, and 200 units of superscriptasel|
moloney murine leukemia virus reverse transcriptase (Life
Technologies Inc.). The RNA solution wasincubated at 95 “C
for 10 minutes, quickly chilled on ice, then mixed with the
reverse transcription reaction solution (total volume 20 ni),
and incubated at 37 °C for 60 minutes. The first PCR reaction
solution contained 5 m of the synthesized cDNA solution,
10 m of 10X polymerase reaction buffer, 500 mM each of
dCTP, dATP, dGTPand dTTP, 15 pmol of each external primer
(EX-sense and EX-antisense), 4 units of Thermus Brockiamus
Prozyme DNA polymerase (PROtech Technology Ent. Co.,
Ltd. Taipei, Taiwan, China), and water. The PCR cycleswere:
denaturing at 94 °C for 1 minute, anneding at 52 °C for 1 minute,
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and primer extension at 72 °C for 1 minute. The cycles were
repeated 40 times. The PCR product was reamplified with
internal primers for nested PCR to obtain a higher sensitivity.
The first and second PCR components were the same, but for
the primer pairs (IN-sense and I N-antisense), the final product
was electrophoresed on 2 % agarose gel and stained with
ethidium bromide for the specific band of 101 base pairs.

Statistical analysis

A statistical software (SPSS for Windows, version 8.0,
Chicago, Illinois) wasused, with Student’ st-test for continuous
variables, ctest or Fisher’ sexact test for categorical variables.
Stepwised logistic regression and COX proportiona hazards
model were used for multivariate stepwise analysis to identify
independently significant factorsin predicting recurrence and
mortality. A P value <0.05 was defined as significant.

RESULTS

No hAFP mRNA was detected in peripheral blood of all patients
in control group

In patients with HCC, hAFP mRNA in peripheral blood was
detected in 27% (22/81), 30% (24/81), and 23% (19/81)
preoperatively, perioperatively and postoperatively,
respectively. According to hAFP mRNA status, we classified
patientsinto 8 groups. For example, in group 1, hAFP mRNA
was consistently positive preoperatively, perioperatively,and
postoperatively; in group 2, positive preoperatively and
perioperatively but negative postoperatively; and in group 8,
consistently negative preoperatively, perioperatively, and
postoperatively, etc (Table 2).

Thirty-six patients (44.4%) had clinically detectable
recurrence during the follow-up period (median 3 years, range
2-5 years), of whom 25 died. The presence of hAFP mRNA
preoperétively did not correlate with the risk of recurrence (55%
vs. 41%, P=0.280) and recurrence related mortdity (P=0.7283)
(Tables 3 and 4). In contragt, patients with postoperative hAFP
MRNA had a significantly higher recurrence rate (90% vs. 31%,
P<0.001), with an oddsratio of 19.2 (95% confidence interva
[CI]: 4.0-91.7), which was a so significantly associated with
recurrencerelated mortality (P=0.017) (inthemultivariateanaysis
by COX proportional hazards model) (Tables 3 and 4). The
presence of hAFP mRNA perioperatively did not significantly
correlate with therisk of recurrence (58% vs. 39%, P=0.093) and
the recurrence related mortality (P=0.836) (Tables 3 and 4).

On multivariate analysis, the significant predictors of
recurrence included vascular premeation (P=0.023), grade of
cdlular differentiation (P=0.007) and postoperative hAFP mRNA
paositivity (P<0.001 by univariate; P=0.067 by multivariate, weak
significance) (Table 3). The significant parameters correlating
with mortality after recurrence consisted of grade of cellular
differentiation (P=0.057, weak significance) and postoperative
hAFP mRNA (P=0.017) (Table 4).

Table 3 Predictors of HCC recurrence

P values

Variables

uv MV
Sex 0.274 -
Age 0.842 -
Liver cirrhosis 0.019 -
HBsAg (+) 0.505 -
Anti-HCV (+) 0.622 -
Serum AFP <0.001 -
Child-Pugh class 0.087 -
Size (<3 cm, >10 cm) 0.140 -
Capsule <0.001 n.s.
Daughter nodules <0.001 n.s.
Vascular permeation <0.001 0.023
Edmondson Steiner grade <0.001 0.007
Preoperative hAFP mRNA(+) 0.280 -

Preioperative hAFP mMRNA(+) 0.093 -
Postoperative hAFP mMRNA(+) <0.001 0.067

UV: univariate analysis, MV: multivariate analysis, AFP: se-
rum alpha fetoprotein, HBsAg(+): positive hepatitis B surface
antigen, Anti-HCV(+): positive hepatitis C virus antibody,
Edmondson and Steiner grade: differentiation grades I, Il vs.
11, 1V, n.s.: not significant.

Table 4 Correlation between variables and recurrence related
mortality

P values

Variables

uv MV
Sex 0.815 -
Age 0.930 -
Liver cirrhosis 0.039 n.s.
HBsAg (+) 0.835 -
Anti-HCV (+) 0.548 -
Serum AFP <0.000 -
Child-Pugh class 0.092 -
Size (<3 cm, >10 cm) 0.274 -
Capsule 0.004 n.s.
Daughter nodules 0.004 n.s.
Vascular permeation <0.001 n.s.
Edmondson Steiner grade <0.001 0.057
Preoperative hAFP mRNA (+) 0.728 -
Perioperative hAFP mRNA (+) 0.835 -
Postoperative hAFP mRNA (+) <0.001 0.017

UV: univariate analysis, MV: multivariate analysis, AFP: se-
rum alpha fetoprotein, HBsAg (+): positive hepatitis B surface
antigen, Anti-HCV(+): positive hepatitis C virus antibody,
Edmondson Steiner grade: differentiation grades I, 1l vs 111, 1V,
n.s. :not significant.

Table 2 Correlation among timing of blood sample collection and circulating tumor cell status and postoperative recurrence

Group Preoperation Perioperation (within Postoperation Number Patient number
(baseline) 12 hours after surgery) (90 days after surgery) of patients of recurrence (%)

1. Positive Positive Positive 9 8 (88.9)

2. Positive Positive Negative 3 2 (66.7)

3. Positive Negative Positive 2 2 (100)

4. Positive Negative Negative 8 0(0)

5. Negative Positive Positive 5 4 (80)

6. Negative Positive Negative 7 0(0)

7. Negative Negative Positive 3 3(100)

8. Negative Negative Negative 44 17 (38.6)

Overall 81 36 (44.4)
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DISCUSSION

Surgical dissemination of tumor cells has been observed in
various solid cancers and manipulation per se has been regarded
asthe main cause. According to Nishizaki, using inoculation
of VX2 carcinomainto rabbit liver, manual manipulation of a
tumor might well enhance metastasig®!. According to Liotta,
tumor massage resulted in at least a 10-fold rise over theinitial
concentration of tumor cells, aswell as a higher proportion of
large clumps?., Y amanakaet al. demonstrated alarge quantity
of HCC cellsin the portal vein during hepatic resectioni?”. In
our series, 30% of patients had the presence of hAFP mRNA
perioperatively. The detection rate seemed higher than that of
preoperation (27%), and postoperation (23%), but the
difference had no statistical significance among them. In
addition, this increase did not correlate with postresection
recurrence. Further more, from individual group point of view,
we found the alteration from preoperative negativity to
perioperative positivity in groups 5 and 6 (Table 2). Whereas
the postoperative recurrence varied greatly (80% vs 0%)
between them. Statistically, perioperative detection did not
contribute to cancer dissemination (Table 3).

The interpretation of detection of hAFP mRNA remains
controversial. From our study, among 3 different sessions of
blood sampling, only postoperative detection of hAFP mRNA
correlated significantly with postresection recurrence related
mortality. We proposed that some possible factors contributed
to the different significance among the three different blood
sampling times.

The detection before surgery may be attributed to the cells
released spontaneoudy from primary tumor in situ. HCC tissue
is surrounded by a vascular space analogous to the hepatic
sinusoids. Because of this anatomic structure, tumor cells
might easily be released into the sinusoids spontaneously.
Thereafter, they might migrate into the portal or hepatic vein
and finally enter the systemic circulation. However, from our
study, these preoperative circulating HCC cells had no
prognostic significance.

Molecular methods now permit usto detect asmall number
of cancer cellsin the blood by use of RT-PCR targeting a cell-
specific gene. Studiesin animal models have indicated that at
least 10 circulating tumor cells are required for metastasis to
develop. To date, however, the absolute number of cells
required for metastasisin the human circulation is unclear and
evenif cancer cellsaredetected inthecirculation, their potential
to develop metastatic foci is unknown. When malignant cells
were released into the circulation, avariety of host and tumor
cell factors could determine their distribution and fatel?-33,
Most circulating HCC cells may rapidly die in the blood by
various host immune and non-immune defenses, and are
destroyed by mechanical forces, including turbulence and the
trauma associated with vascular adhesion and transcapillary
passage, or lysed by lymphocytes, monocytes, and natural killer
(NK) cells. Some tumor cells are nonspecifically trapped or
specifically arrested in the first capillary bed encountered.
Circulating tumor cells trapped in a given location could then
recirculate and arrest at other locations, then grow into tumor
colonieg?=,

Okuda et al® and Komeda et al™® could not detect any
hAFP gene transcripts in patients with liver metastases or in
healthy persons. ljichi et al considered this RT-PCR assay
targeting hAFP mRNA as a sensitive and specific method for
detecting HCC cellsin the circulation in vivo and in vitro
experiments, and no positivity was found in any healthy
control§%. From our study, hAFP mRNA could not be detected
from all the 50 controls. However, some authors suggested
that AFP gene wass not hepatoma-specific, but rather aliver-
q)eCIfl c marker[13,15,17,18,36,37] .

Surgery itself may increase the release of liver cells, not
only HCC cells but also normal hepatocytes. Both kinds of
cellsmay contributeto the positivity of hAFP mRNA. According
toLouhaM, not only liver surgery but also nonsurgical invasive
managements such as needle liver biopsy or intervention
therapies such as TACE, chemotherapy and ethanol ablation
therapy, the increased shedding of either HCC cells or normal
hepatocytes into circulation might contribute to the increase
of detection rate of hAFP mRNAE, Thiswas also the reason
why we excluded those who had received these intervention
therapies from the current study.

It hasbecomeafact that RT-PCR based testsloseits specificity
for HCC cell detection when they are performed on samples
obtained immediately after surgical or nonsurgical invasive
procedures. This pitfall may aso account for the gap between
the frequency of cell detection after surgery and the expected
tumor recurrence rate. A consensus existed that hRAFP mRNA
might not be regarded as specific markersof HCC cellsif blood
samples were taken during liver surgery®,

Secondly, the different site of blood sampling might
contribute to the discrepancy. Central venousblood in Kienle' s
study was drawn before it passed through any capillary bed,
with only a short distance after leaving the liver, the cells
expressing hAFP might not undergo apoptosis or were not
filtered out in capillary beds, therefore possibly accounting
for the high detection rate (46%) during surgery®7. Another
factor influencing the detection of hAFP mRNA in
intraoperative central venous blood samples might be by a
“dilution effect” following intraoperative blood transfusion®.
Thiswasthe reason why we excluded those receiving transfusion
from our study.

Thirdly, the different blood sampling time might contribute
to the discrepancy. Similarly, from the literature, in
intraoperative detection of other tumors, thisfactor also existed.
Brown et al sampled blood at the time of maximum tumor
manipulation and postoperative 24 hours in those with breast
cancer™, Eschwege P obtained blood samples 5 minutes after
prostate carcinoma removal'®. Warr RP obtained blood
samples at 2 different sessions and 24 hours postoperatively
in those with malignant melanoma*”. According to Hayashi
N, the blood samples were obtained through a catheter in the
portal vein before, during, and after manipulation of colorectal
cancer!*?,

Lemonie obtained peripheral blood samples at two different
intervals: thefirst, during the exploratory phase and the second,
after hepatectomy was completed“t. Witzigmarn obtained
blood samples before and during the operation (after
mobilization of the liver), and on the second postoperative
day™®. Louha obtained peripheral blood samples before
treatment, 1 hour and 24 hours after percutaneous ethanol
injection or TACE treatment!®®, Witzigmann obtained blood
samples on the second day after TACER?,

Louhafound unexpectedly that liver cells began spreading
at an early stage during surgery, i.e., after liver mobilization
and rotation, before liver parenchyma transection. This was
probably related to the sponge-like structure of the liver and
to the stretching and compression of the organ during liver
mobilization!“?, Surgery-related liver cell spreading also
occurred more frequently, compared with that induced by
needle liver biopsy. This difference of cell number was
probably related to the different degree of manipulation on
the liver between resection and biopsy.

In the present study, we selected the sampling time within
the first 12 hours after hepatectomy because of two reasons.
First, the so-called “ maximal manipulation” during surgery
was usually difficult to define. The degrees of manipulation
among the mobilization of theliver, or the division of important
vessels and ducts of the segment or lobe, and the dissection of
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hepatic parenchyma, were difficult to quantitate. In addition,
the detailed procedure among individual patients varied.
Second, we believed that within 12 hours after resection, the
released cells, if present, might still remain. Funaki, Okuda,
and ljichi thought destruction of circulating HCC cells
transiently liberated during surgery needed 7 dayd*534%1,

From prognostic point of view, in literature, whether the
shedding of cancer cells during intraoperative manipulation
contributed to cancer dissemination and postoperative
recurrence has remained debatabe™!.

Witzigmanni®¥ and Lemonie“! did not find any correlation
between postresection recurrence of HCC and the presence of
hAFP mRNA irrespective of whether it was measured before,
during, or after surgery. Lemonie mentioned that his result
concurred with other experimental and clinical data, suggesting
that release of abnormal cells in the circulation, either
spontaneously or secondary to surgical manipulation, was an
intermittent and transient phenomenoni*!, Okuda found that
most patients whose hAFP mRNA was not detected in
peripheral blood perioperatively were diagnosed as free of
intrahepatic recurrence or distant metastasis within 9 months
after the operationf®¥.

In contrast, Ijichi et al. suggested that surgical dissemination
might actually cause HCC recurrence within a short period®!.
Thefact that ateration from negative to positive hAFP mRNA
throughout the perioperative time might indicate a high risk
of recurrence has been emphasized by Okuda®. Funaki et al
reported that hAFP mRNA positive 2-3 days after the operation
might be thought of as a high risk indicator of recurrence!®®.
Ferrisfound HCC recurred in 28% of patients with HCC after
orthotopic liver transplantation!®®. Ferris inferred that
circulating HCC cellswere present in the peripheral blood even
after removal of the diseased liver, and that theseresidual tumor
cells formed intra-and extra-hepatic metastatic foci after
transplantation. To decrease cancer dissemination, we suggest
that forceful mobilization or manipulation of the liver has to
be avoided.

In addition, some studies have proposed anesthesia and
unrelated surgery promote the spread of malignant disease®.
Itisanother chalenging issuewhether surgery per se, or general
anesthesia per se, or both, may change the immune system of
the host perioperatively and increase the opportunity of
postoperative cancer spread.

Based on S0’ sanima studies, during an operation, operative
trauma was generally considered to have a greater role than
anaesthesia in altering immune responses. The immune
responsesto major surgery, and operative complicationsresulting
in massive mediator release might place the patient at risk!*.

Recent investigations have suggested that general anesthesia
may cause an unregulated activation of the process of apoptosis
leading to lymphocytopenia and immune suppression resulting
in different response in B-lymphocytes (but not in T-
lymphocytes), natural killer cell activity or antibody-dependent
cellular cytotoxicity 3-4 days after surgery™“. Thetrue trigger
mechanisms are still unclear. However, lymphocytopeniawas
not found in our patients, and it might not have significant
contribution to recurrence. The association between transfusion-
induced immunosuppression and poorer prognosisin patients
with cancer has also been mentioned!“d.. It was al so the reason
why we excluded those receiving intraoperative transfusion
from this study.

The postoperative presence of circulating HCC cells may
therefore represent surviving malignancy that can continue the
metastatic process. The possible explanations are as follows.
A proportion of cancer cells released from the resected tumor
(s) survivein the circulation for a long time without being
destroyed, or the presence of unresected occult metastases are
undetectable at the time of surgery, or a newly developing

malignant focus is too small to be detected by conventional
follow-up studies.

Perioperative detection of hAFP mRNA has no relevant
and significant rolein the prediction of prognosis. We suggest
surgical resection itself accelerate cancer dissemination and
does not increase postoperative recurrence significantly either.
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Abstract

AlIM: To study the effect of Ginkgo biloba extract (EGb 761)
containing 22-27% flavonoids (ginkgo-flavone glycosides)
and 5-7% terpenoids (ginkgolides and bilobalides) on cell
proliferation and cytotoxicity in human hepatocellular
carcinoma (HCC) cells.

METHODS: Human HCC cell lines (HepG2 and Hep3B) were
incubated with various concentrations (0-1 000 mg/L) of
EGb 761 solution. After 24 h incubation, cell proliferation and
cytotoxicity were determined by 3-(4,5-dimethylthiazol-2-
y)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) assay and lactate dehydrogenase (LDH)
release, respectively. After 48 h incubation, the expression
of proliferating cell nuclear antigen (PCNA) and p53 protein
was measured by Western blotting.

RESULTS: The results showed that EGb 761 (50-1 000 mg/L)
significantly suppressed cell proliferation and increased LDH
release (P<0.05) in HepG2 and Hep3B cells compared with
the control group. The cell proliferation of HepG2 and Hep3B
cells treated with EGb 761 (1 000 mg/L) was 45% and 39%
of the control group (P<0.05), respectively. LDH release of
HepG2 cells without and with EGb 761 (1 000 mg/L) treatment
was 6.7% and 37.7%, respectively, and that of Hep3B cells
without and with EGb 761 (1 000 mg/L) treatment was 7.2%
and 40.3%, respectively. The expression of PCNA and p53
protein in HepG2 cells treated with EGb 761 (1 000 mg/L)
was 85% and 174% of the control group, respectively.

CONCL US ON: Ginkgo biloba extract significantly can suppress
proliferation and increase cytotoxicity in HepG2 and Hep3B
cells. Additionally, Ginkgo biloba extract can decrease PCNA
and increase p53 expression in HepG2 cells.

Chao JCJ, Chu CC. Effects of Ginkgo biloba extract on cell
proliferation and cytotoxicity in human hepatocellular carcinoma
cells. World J Gastroenterol 2004; 10(1): 37-41

http://www.wjgnet.com/1007-9327/10/37.asp

INTRODUCTION

Extract from the leaves of Ginkgo biloba (maidenhair tree)
has been used therapeutically in China and Western countries
for centuries. The liquid extract was made from dried leaves
with an extraction ratio of 1:501%. Standard Ginkgo biloba

extract, EGb 761 (commercid name), contains22-27%flavonoids
(ginkgo-flavone glycosides) and 5-7% terpenoids (ginkgolides
and bilobalides), which are the most important active substances
in the extract. The most important flavonoids are glycosides
of kaempferol, quercetin, and isorhamnetin with glucose or
rhamnose. Ginkgolides, not found in any other living species
and only present in Ginkgo biloba extract, can be divided into
types A, B, C, and avery small quantity of J, which are only
different in the number and position of hydroxyl groups.

Ginkgo biloba extract has been mentioned in the traditional
Chinese pharmacopoeia, and used for the treatment of asthma
and bronchitig¥. Ginkgo biloba extract is well known for its
antioxidant property, which may result from its ability to
scavenge free radical§%, and to neutralize ferryl ion-induced
peroxidationt®. Several studies have reported that the
antioxidant activity of Ginkgo biloba extract could be helpful
in the prevention and therapy of diseases and degenerative
processes associated with oxidative stress*®. However, there
have been very limited studies on the anti-proliferative activity
of Ginkgo biloba extract. Ginkgetin or isoginkgetin, a
biflavonoid from Ginkgo biloba extract, at 10 mmol/L showed
asuppressive activity against lymphocyte proliferation induced
by concanavalin A (ConA) or lipopolysaccharides (L PS)®.
Additionally, Su et al.l*¥ found that ginkgetin selectively
inhibited the proliferation of human ovarian carcinoma
OV CAR-3 cells via the induction of apoptosisin a dose-
dependent manner. So far, no study hasinvestigated the effect
of Ginkgo biloba extract on hepatocellular carcinoma (HCC),
which isthe most common malignant tumor occurred in men
in Taiwan. It is reasonably hypothesized that Ginkgo biloba
extract may be helpful for the therapy of HCC through
regulating cell proliferation and/or cell death. Therefore, the
purpose of this study was to investigate the cytotoxic effect of
Ginkgo biloba extract on HCC.

MATERIALS AND METHODS

Cell culture and treatments

Human hepatocellular carcinoma cell lines, HepG2 (BCRC
No. 60025) and Hep3B2.1-7 (Hep3B, BCRC No. 60434) were
purchased from the Bioresources Collection and Research
Center (BCRC) of the Food Industry Research and Devel opment
Institute (Hsinchu, Taiwan). Cells were grown in 900 mL/L
minimum essential medium (MEM, GIBCO™, Invitrogen
Corp., Carlshad, CA) containing 100 mL/L feta bovine serum
(GIBCO™) at 37 C in ahumidified atmosphere of 950 mL/L
air and 50 mL/L CO,. Prior to addition of the treatment, the
cellswere grown to 80-90% confluency and synchronized by
incubating in the basal medium (100% MEM) for 24 h. The
cells were then incubated with various concentrations (0-1 000
mg/L) of standard Ginkgo biloba extract solution (EGb 761,
Cerenin?, Dr. Willmar Schwabe GmbH and Co., Karlsruhe,
Germany) for 24 or 48 h. Ginkgo biloba extract contained
22-27% flavonoids and 5-7% terpenoids in 10 mL/L ethanol
and 10 mL/L sorbitol solution. Cellswithout addition of Ginkgo
biloba extract asthe control group wereincubated with 10 mL/L
ethanol and 10 mL/L sorbitol solution. The cells and medium
were collected. Protein contents in cells and medium were
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measured by the modified method of Lowry et al.[*¥ using a
Bio-Rad DC protein kit (Bio-Rad Laboratories, Hercules, CA).

Cell proliferation assay

Cell viability was colorimetrically determined at 490 nm
using a commercial proliferation assay kit (CellTiter 962
AQueasss Promega Corp., Madison, WI). After incubation with
various concentrations of EGb 761 for 24 h, the cells (n=8)
in a 96-well plate were incubated with 333 mg/L 3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS) and 25 mmol/L phenazine
methosulfate solution for 3hat 37 “C inahumidified, 50 mL/L
CO, atmospherel*?, The absorbance of soluble formazan
produced by cellular reduction of MTS was measured at
490 nm using an ELISA reader (Multiskan RC, Labsystems,
Helsinki, Finland).

Cell cytotoxicity assay

Lactate dehydrogenase (L DH) release from cellswas determined
as an index of cytotoxicity or necrosis. The quantity of LDH
released by the cells into the medium was measured by the
decrease in the absorbance at 340 nm for NADH disappearance
within 5 min®3, After incubation with various concentrations
of EGb 761 for 24 h, the cell culture supernatant and medium
(100 L) were mixed with 900 . of modified Krebs-Henseleit
buffer (118 mmol/L NaCl, 4.8 mmol/L KCI, 1 mmol/L KH,PO,,
24 mmol/L NaHCO;, 3 mmol/L CaCl,, 0.8 mmol/L MgPO,, pH
7.4), 0.2 mmol/L NADH, 1.36 mmol/L sodium pyruvate, and
20 mg/L bovine serum abumin (BSA). Percentage of LDH
release (N=3) was equal to LDH activity in medium divided by
that in both cell culture supernatant and medium x100%.

Analysis of proliferating cell nuclear antigen (PCNA) and p53
protein

After incubation with various concentrations of EGb 761 for
48 h, cell suspension (15 ng and 50 ny protein for PCNA and
p53) pooled from 6 independent experiments (n=6) was
mixed with an equal volume of 2xSDS-PAGE sample buffer
(0.125 mol/L Tris-HCI, pH 6.8/40 mg/L SDS/200 mL/L
glycerol/100 mL/L 2-mercaptoethanol)i*, denatured at 100 C
for 3 min, and applied to SDS-PAGE (Bio-Rad Mini-
PROTEAN 3 Cell, Bio-Rad Laboratories). Proteins were
separated by 12.5% resolving gel, with 4% stacking gel in the
running buffer (25 mmol/L Tris, pH 8.3/192 mmol/L glycine/
1 mg/L SDS) at 100 V for 1.5 h. After that, the proteins were
transferred onto nitrocellulose membrane (0.45 mm) using a
semi-dry transfer unit (Hoefer Semiphor TE 70, Amersham
Biosciences Corp., San Francisco, CA) in Towbin buffer (25
mmol/L Trig/192 mmol/L glycine/1.3 mmol/L SDS/100 mL/L
methanol) at 200 mA for 1.5 h*, The membrane was washed
briefly with PBS, and incubated with a blocking buffer (50
mg/L skim milk/1 mL/L Tween-20 in PBS) for 1 h. Then the
membrane was incubated with 0.4 mg/L mouse anti-human
PCNA (PC-10, 0.2 mg/L), p53 (DO-1, 0.4 mg/L ), or a-tubulin
(TU-02, 1 mg/L) mAb (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA) at room temperature for 1 h. Alpha-tubulin was as
an internal control. The membrane was washed 3 times with
the wash buffer (1 mL/L Tween-20 in PBS), and incubated
with 0.2 mg/L goat anti-mouse 1gG-horseradish peroxide
conjugate (Santa Cruz Biotechnology, Inc.) for 1.5 h. The blot
waswashed 3 times again with the wash buffer, incubated with
luminol reagent (Santa Cruz Biotechnology, Inc.) for 1 min,
and exposed to an X-ray film (Eastman Kodak Co., Rochester,
NY) for 5-10 s. The bands were quantitated by an image
anaysissystem (Gel analysissystem, EverGene Biotechnology,
Taipei, Taiwan) and Phoretix 1D Lite software (version 4.0,
Phoretix International Ltd., Newcastle upon Tyne, UK).

Statistical analysis

Data are expressed as xts. Data were analyzed by one-way
ANOVA to determine the treatment effect using SAS (version
8.2, SAS Ingtitute Inc., Cary, NC). Fisher’ sleast significant
difference test was used to make post-hoc comparisonsif the
treatment effect was demonstrated. Differences were
considered significant when P<0.05.

RESULTS

Cell proliferation assay

After 24 hincubation, EGb 761 (25-1 000 mg/L) significantly
inhibited cell growth (P<0.05) in HepG2 cells compared with
the control group in a dose-dependent manner determined by
MTSassay (Figure1). EGb 761 at 750 and 1 000 mg/L inhibited
cell growth to 50% and 45% of the control, respectively, in
HepG2 cells. Similarly, EGb 761 (50-1 000 mg/L) dose-
dependently inhibited cell growth (P<0.05) in Hep3B cells
compared with the control group. EGb 761 at 750 and 1 000
mg/L inhibited cell growth to 48% and 39% of the control,
respectively, in Hep3B cells.
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Figure 1 Effects of EGb 761 on cell growth in HepG2 and Hep3B
cells measured by MTS assay. Data are expressed as xts (n=8).
Values not sharing the same letter differed significantly (P<0.05)
in the same cell line by Fisher”s least significant difference test.
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Figure 2 Effects of EGb 761 on cell cytotoxicity in HepG2 and
Hep3B cells determined by lactate dehydrogenase (LDH)
release. Data are expressed as x+s (n=3). Values not sharing
the same letter differed significantly (P<0.05) in the same cell
line by Fisher’s least significant difference test.

Cell cytotoxicity assay

Cdll cytotoxicity wasdirectly measured by LDH release. After
24 h incubation, EGb 761 (50-1 000 mg/L) significantly
increased cell cytotoxicity (P<0.05) in both HepG2 and Hep3B
cells compared with the control group (6.7% and 7.2% in
HepG2 and Hep3B cells) (Figure 2). EGb 761 at a dose of
250 mg/L significantly increased LDH release to 36.6% and
31.2% (P<0.05), respectively, in HepG2 and Hep3B cells
compared with EGb 761 at a dose of 50 mg/L (18.9% and
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17.5% in HepG2 and Hep3B cells). However, EGb 761 at the
dose of 250-1 000 mg/L did not dose-dependently increase
cell cytotoxicity in both HepG2 (35.2-41.3% LDH release)
and Hep3B (31.2-40.3% LDH release) cells.

Analysis of proliferating cell nuclear antigen (PCNA) and p53
protein

After 48 h incubation with EGb 761, the expression of PCNA
and p53 protein in HepG2 cells was analyzed by SDS-PAGE
and Western blotting. EGb 761 at the dose of 500, 750, and
1 000 mg/L decreased PCNA expression to 90%, 84%, and
85% of the control, respectively (Figure 3). However, EGb
761 at the dose of 500, 750, and 1 000 mg/L increased p53
expression to 135%, 152%, and 174% of the control,
respectively (Figure 4).
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Figure 3 Expression of proliferating cell nuclear antigen
(PCNA) with the molecular weight of 36 kDa which was visu-
alized by Western blotting (A) and quantitated by an image
analysis system (B) after HepG2 cells were incubated with
0-1 000 mg/L EGb 761 for 48 h. Samples were pooled from 6
independent experiments (n = 6). Alpha-tubulin (55 kDa) was
as an internal control.
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Figure 4 Expression of p53 protein with the molecular weight
of 53 kDa which was visualized by Western blotting (A) and
guantitated by an image analysis system (B) after HepG2 cells
were incubated with 0-1 000 mg/L EGb 761 for 48 h. Samples
were pooled from 6 independent experiments (n=6). Alpha-
tubulin (55 kDa) was as an internal control.

DISCUSSION
Ginkgo biloba extract (EGb 761) at the dose of 50-1 000 mg/L
significantly decreased cell proliferation measured by MTS
assay in a dose-dependent manner in both HepG2 and Hep3B
cells with 50% inhibition at approximately 750 mg/L.
Similarly, EGb 761 and ginkgolide B were found to inhibit
cell proliferation in highly aggressive human breast cancer
MDA-231 cells in a dose-dependent manner(*®l. Another
Ginkgo biloba extract, IPS200 devoid of proanthocyanidins,
at 200 mg/L decreased cell proliferation of Hep3B celld*.
EGb 761 a so showed an inhibitory effect on cell proliferation
of cultured vascular smooth muscle cellsin a dose-dependent
pattern in vitro and significantly decreased the percentage of
proliferating cellsin the balloon-injured abdominal aorta of
cholesterol-fed rabbitsin vivo™. Additionally, EGb 761 given
orally at 50 or 100 mg/kg- d or superoxide dismutase injected
intravenoudy at 15 000 U/kg- dinhibited preretind proliferation
in pigmented rabbits, suggesting that antioxidants might
efficiently prevent preretinal proliferation”. The biflavonoids
of Ginkgo biloba extract, ginkgetin and isoginkgetin at
10 nmol/L, inhibited lymphocyte proliferation induced by
Con A or LPS?. Ginkgetin was also found to dose-dependently
inhibit the growth of human ovarian adenocarcinoma
OV CAR-3 cellswith 50% inhibition at 1.8 mg/L. Quercetin,
an important flavonoid of Ginkgo biloba extract, significantly
inhibited cell proliferation of HCC cell lines BEL-7402,
HuH-7, and HLE with a peak inhibition at 50 mmol/L™!. The
inhibitory effect of EGb 761 on cell proliferation may be
attributed to its antioxidation capacity, however, other
congtituents of EGb 761 may contribute to its cytotoxic action.
Recently, Ginkgo biloba extract has been reported to affect
gene expression related to cell growth™. EGb 761 dramatically
reduced, in aconsistent manner, the expression of a-fetoprotein
in Hep3B cells using fluorescence and membrane DNA
microarrays, inwhich proteinispresent at very low concentration
in adults but is increased in hepatoma patients. Moreover,
IPS200 inhibited 40-50% mRNA levels of peripheral-type
benzodiazepine receptor, positively correlated with cell
proliferation and metastasis in MDA-231, Hep3B, and U87
(human glioblastoma) cells using quantitative RT-PCR and
Northern blot analysis. In contrast to our study, a previous
study demonstrated that the components of Ginkgo biloba
extract, such asquercetin, kaempferol, sciadopitysin, ginkgetin,
and isoginkgetin, enhanced cell proliferation of normal human
skin fibroblastsin vitro?2. The various effects of Ginkgo biloba
extract on cell proliferation may result from different cell lines,
cell morphology (normal vs malignant), and the dosage of
Ginkgo biloba extract or the individual constituents.
Besidestheinhibitory effect of EGb 761 on cell proliferation,
EGb 761 at higher doses (50-1 000 mg/L) significantly
increased cytotoxicity determined by LDH release in both
HepG2 and Hep3B cells. However, the cytotoxic effect of EGb
761 reached the plateau at the dose over 250 mg/L. The
cytotoxic effect of EGb 761 could be attributed to necrosis
and/or apoptosis. Our result revealed increased LDH release
as an index of necrosisin EGb 761-treated cells, indicating
that EGb 761 could enhance necrosis. Although we did not
directly measure apoptosis, the expression of p53 protein, as
an inducer of apoptosisin human HCC cell§%!, wasincreased
in EGb 761-treated groups. There may exist the possibility
that apoptosis contributes to the cytotoxic effect of EGb 761.
The cytotoxic activity of EGb 761 has been suspected to derive
from ginkgolic acids?*?® and ginkgetin*® through their
induction of apoptosis. Ginkgolic acidsrestricted in EGb 761
at less than 5 ng/g have been recognized as hazardous
compounds with suspected cytotoxic, allergenic, mutagenic,
and carcinogenic properties®?!, Ginkgolic acids caused death
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of cultured chick embryonic neurons in a dose-dependent
manner, and ginkgolic acid-induced death showed both signs
of apoptosis and necrosis possibly viathe mediation of protein
phosphatase 2C*4, Additionally, increased apoptotic cellsfrom
6% (control) to nearly 80% were found in human keratinocyte
cell line HaCaT incubated with ginkgolic acids at the
concentration of more than 30 mg/L, which was primarily
regulated by transformation of mitochondria probably induced
by uncoupling of oxidative phosphorylationi®!. Ginkgetin
(5 mg/L) increased intracellular levels of hydrogen peroxide
and induced apoptosisin OV CAR-3 cells, which was mediated
mainly through the activation of caspase (s) by the generation
of hydrogen peroxide perhaps through autooxidation of
ginkgetin*®. However, some constituents of EGb 761 have
been reported to possess anti-apoptotic capacity!®27. EGb 761
(100 mg/L), ginkgolide J (100 nmol/L), and ginkgolide B
(10 nmol/L) reduced apoptosis from 74% in staurosporine-
induced apoptotic chick embryonic neurons to 24%, 62%, and
31%, respectively!®. Furthermore, EGb 761 (100 mg/L) and
bilobalide (100 nmol/L) rescued rat neurons from apoptosis
induced by serum deprivation. A previous study also found
that the total flavonoids of EGb 761, two pure flavonoid
components (rutin and quercetin), and amixture of flavonoids
and terpenes protected cerebellar granule cells from oxidative
stress and apoptosisinduced by hydroxyl radical§21. However,
total terpenes of EGb 761 neither protected against apoptosis
nor had a synergistic effect, suggesting that terpenes did not
scavenge hydroxyl radicals directly to suppress apoptosis. The
apoptosis-stimulatory and anti-apoptotic properties of EGb 761
might depend on the target cells, the dosage, and its constituents.

Both cell proliferation and apoptosis were involved in
HCC7, The expression of PCNA and p53 proteins has been
regarded as cell proliferation and apoptosis biomarkers,
respectively, for the malignant phenotype of HCC, and was
associated with prognosis and therapeutic outcome?34. Cell
proliferation wasincreased asHCC progressed to become more
poorly differentiated?=?, Apoptotic HCC cancer cells were
congistently negative for PCNA, and p53-positive cancer cells
showed apoptosis?. Consistent with the result of MTS assay
that EGb 761 suppressed cell proliferation of HCC cells, EGb
761 at the dose of 500-1 000 mg/L decreased the expression of
PCNA by 10-16%. Additionally, the expression of p53 protein,
measured in HepG2 cells expressing endogenous p53, while
not in Hep3B cellslacking endogenous p53 expressiont®, was
increased by 35-74% in EGb 761-treated groups (500-1 000
mg/L). It suggested that EGb 761 might be potentially useful
for the prevention of HCC progression. Ginkgo biloba extract
or its congtituent has been considered as an anti-cancer agent.
A previous study showed that EGb 761 ameliorated the
deleterious effects on the forestomach and liver in mice with
benzo(a)pyrene-induced gastric carcinomal®. Furthermore,
combined quercetin and a recombinant adenovirus vector
expressing human p53, granulocyte-macrophage colony-
stimulating factor (GM-CSF), and B7-1 (CD80) genes, as a
combined anti-cancer agent, synergetically inhibited cell
proliferation and induced apoptosis of HCC cellg?.

In conclusion, Ginkgo biloba extract at the concentration
above 50 mg/L can significantly suppress cell proliferation and
increase cell cytotoxicity in human hepatocellular carcinoma
cell lines. Additionally, Ginkgo biloba extract can decrease
PCNA and increase p53 protein expression in HepG2 cells,
suggesting that Ginkgo biloba extract may regulate not only
cell proliferation but also apoptosis of HCC cells. Therefore,
Ginkgo biloba extract may have therapeutic potential for HCC.
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Abstract

AlIM: The heptadecapeptide nociceptin alias orphanin FQ is
the endogenous agonist of opioid receptor-likel receptor.
It is involved in modulation of pain and cognition. High blood
level was reported in patients with acute and chronic pain,
and in Wilson disease. An accidental observation led us to
investigate nociceptin in hepatocellular carcinoma.

METHODS: Plasma nociceptin level was measured by
radioimmunoassay, aprotinin was used as protease inhibitor.
Hepatocellular carcinoma was diagnosed by laboratory,
ultrasound, other imaging, and confirmed by fine needle
biopsy. Results were compared to healthy controls and
patients with other chronic liver diseases.

RESULTS: Although nociceptin levels were elevated in
patients with Wilson disease (14.0+2.7 pg/mL, n=26),
primary biliary cirrhosis (12.1+3.2 pg/mL, n=21) and liver
cirrhosis (12.8+4.0 pg/mL, n=15) compared to the healthy
controls (9.241.8 pg/mL, n=29, P<0.001 for each), in patients
with hepatocellular carcinoma a ten-fold increase was found
(105.9+14.4 pg/mL, n=29, P<0.0001). High plasma levels
were found in each hepatocellular carcinoma patient
including those with normal alpha fetoprotein and those with
pain (104.9+14.9 pg/mL, n=12) and without (107.7+14.5
pg/mL, n=6).

CONCLUSION: A very high nociceptin plasma level seems
to be an indicator for hepatocellular carcinoma. Further
research is needed to clarify the mechanism and clinical
significance of this novel finding.

Szalay F, Hantos MB, Horvath A, Lakatos PL, Folhoffer A, Dunkel
K, Hegedus D, Tekes K. Increased nociceptin/orphanin FQ
plasma levels in hepatocellular carcinoma. World J Gastroenterol
2004; 10(1): 42-45
http://www.wjgnet.com/1007-9327/10/42.asp

INTRODUCTION

The heptadecapeptide nociceptin (N/OFQ), alias orphanin FQ,
is the endogenous agonist ligand of a G-protein-coupled,

naloxon insensitive opioid receptor-like 1 receptor (ORL1),
recently named as NOP. Although N/OFQ is structurally
related to opioid peptides, especially to dynorphin A, it does
not interact with m d and k receptors. The nociceptin/NOP
system represents a new peptide-based signalling pathway.
Nociceptinisinvolved in anumber of pharmacological actions
in the centra nervous system (CNS), including modulation of
pain and cognition. However, numerous studies investigating
the functional role of nociceptin in physiology have failed to
provide coherent view, and its exact physiological roleremains
to be determined®3. Although N/OFQ is produced by some
brain structure and peripheral neurons, it ispresent in the liquor
and blood™, and recent data prove that nociceptin transcripts
are expressed in human immune cells as well'®. NOP mRNA
is expressed not only in nervous system, but in immune cells
and other organsincluding the liver'®®. High nociceptin blood
level was shown in patients with acute and chronic paing?,
and Wilson disease®.

An accidental observation led us to investigate plasma
nociceptin level in patients with hepatocellular carcinoma
(HCC). While measuring plasma nociceptin in patients with
Wilson disease, we noticed that in one patient the nociceptin
level was extremely high compared both with the controls and
other Wilson patients. This patient had liver cirrhosis and
primary hepatocellular carcinoma without any pain. This
observation prompted us to study N/OFQ in patients with
hepatocellular carcinoma and other liver diseases. Striking
differences were found.

MATERIALS AND METHODS

Patients

Plasma nociceptin level was measured in 26 patients with
Wilson disease (aged from 14-55 years, 11 with hepatic, and
15 with neurological symptoms, each D-penicillaminetreated),
21 patients with primary biliary cirrhosis (age ranged from
36-72 years; each woman with AMA M2 positive,
histologically proven and treated with ursodeoxycholic acid,;
mean disease duration: 9.4 years), 18 patients with chronic
hepatitis (14 HCV positive, 1 HBV positive and 3 autoimmune,
each proved by liver biopsy), 15 patients with liver cirrhosis
(9 acoholic, 6 HCV positive), and 18 patients with primary
hepatocellular carcinoma (8 with alcoholic cirrhosis, 6 HCV
cirrhosis, 1 HBV cirrhosis, 1 Wilson disease, 1 PBC, and 1
patient without any underlying liver disease) from the
Hepatological Unit, the 1% Department of Medicine, the
Semmelweis University, Budapest. The diagnosis of HCC was
based on clinical laboratory tests, US, CT, MRI findings and
was confirmed by fine needle aspiration cytology, and
histology, in which 3 cases underwent surgery, and one case
by autopsy. Serum alpha fetoprotein (AFP) was elevated in
11 out of 18 HCC patients. The size of the tumour ranged
from 2.5 cmto 12 cmin diameter. It was smaller than 5 cmin
5 patients, and larger than 5 cm in 13 patients. No metastasis
was found outside the liver. In the HCC group 12 patients had
temporary pain treated with non-opioid analgetics and 6
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patients were without any pain.

Two scoring systems were used for characterisation of
patients with HCC. The distribution of patients according to
the Barcelona Clinic Liver Cancer (BCLC) classification!Y,
which includes the performance status, single or multifocal
appearance of thetumor, vascular invasion, portal hypertension,
Okuda stage and Child-Pugh classification: Stage A1 (n=5),
stage A4 (n=6), stage B (n=3) and stage D (n=4). Ranking of
patients according to the Cancer of the Liver Italian Program
group (CLIP) criterid®, which includes Child-Pugh stage,
tumor morphology and extent, presence of portal vein
thrombosisand serum level of alphafetoprotein: CLIP 0 (n=2),
CLIP 1 (n=5), CLIP 2 (n=5), CLIP 3 (n=4), CLIP 4 (n=1),
CLIP5 (n=1). Demographics, clinical dataand ranking of HCC
patients according to the BCLC and CLIP classification are
shownin Table 1.

Twenty-nine healthy personsincluding blood donors and
members of the medical staff served as control group. The study
was approved by the Local Regional Committee of Science
and Research Ethics. Written informed consent was obtained.

Methods

Blood drawn from fasting subjects between 08:00 and 10:00
AM was collected in vacutainer tubes containing K-EDTA as
anticoagulant. Aprotinin was added immediately as protease
inhibitor. Plasmasampleswere stored at minus80 ‘C . Nociceptin
was measured by radioimmunoassay (*?°I-Nociceptin Kit,
Phoenix Pharmaceuticals, Phoenix, CA, USA) with minimum
sensitivity of 1 pg/mL., as described beforel®. Comparison of
the plasmaN/OFQ concentration in groupswas made using Mann-
Whitney U Test. Correlation between N/OFQ level and liver
function test resultswas eval uated by Spearmann RO correlation.

RESULTS

Results are shown in Figure 1. Although nociceptin levels
were elevated in patientswith Wilson disease (14.0+2.7 pg/mL),
in patients with PBC (12.1+3.2 pg/mL) and liver cirrhosis
(12.844.0 pg/mL) compared to the healthy controls (9.2+1.8

Table 1 Profile of patients with HCC and plasma N/OFQ levels

pg/mL, P<0.001 for each), more than ten-fold higher values
were found (105.9+14.4 pg/mL, P<0.0001) in patients with
HCC. In patients with chronic hepatitis the N/OFQ level was
10.2+3.6, but the difference was not significant compared to
the healthy controls. The clinical data, chemical laboratory
findings, AFP and N/OFQ levels of patients with HCC are
individualy indicated in Table 1.

140+
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(n=29) (n=26) (n=21) (n=18) (n=15) (n=18)

Figure 1 Plasma nociceptin level (pg/mL+SD) in healthy con-
trols (Control) and in patients with Wilson disease (Wilson),
primary biliary cirrhosis (PBC), chronic hepatitis (CH), cirrho-
sis and hepatocellular carcinoma (HCC). 2P<0.001 vs control,
bP<0.0001 vs control and each other group.

We did not find any correlation between nociceptin level
and liver chemical laboratory testsincluding AFPin any group
of patients with liver disease. Nociceptin was elevated in each
HCC patient including those with normal AFP. The N/OFQ
level did not show correlation with the presence and severity
of the pain. High levels were found in subgroups of patients
with pain (104.9+£14.9 pg/mL, n=12) and without pain
(107.7+14.5 pg/mL, n=6). Therewas no differencein nociceptin
level between groups with tumor size smaller than 5 cm and
larger than 5 cm (109.44£16.5, n=5 and 115.2+12.7, n=13,

Age Gender Aetiology AFP  Tumor size Uni- Multi- BCLC CLIP Bi ALP GGT Ascites C-P N/OFQ
y (ng/mL) in UH nod. nod. stcl. cl. (mg/dL) (U/L) (U/L) (pg/mL)
1 80 M Alcoholic 937 15x11 cm + A4 3 1.72 306 102 - A 108.39
2 64 M Alcoholic 13859 5x7x6cm + Al 1 1.92 242 107 - A 95.02
3 60 M Alcoholic 89 5-15mmand 3cm + B 2 1.07 2169 1000 - B 96.05
4 62 M Alcoholic 91 1-1.5cmand 3.5cm + B 2 112 2038 995 - B 104.17
5 80 M Alcoholic 937 15x11 cm + Al 3 1.71 306 102 - A 111.59
6 70 M Alcoholic 459 7x6 cm + Al 2 0.78 192 68 - A 111.51
7 59 M Alcoholic 7.7 23mm + D 2 8.32 44.3 97 - C 128
8 66 M Alcoholic 2 1.5cm + Al 0 1.25 192 24 - A 81.6
9 48 F HCV 15 6x6 cm + A4 1 5.75 1766 253 - B 90.41
10 66 M HCV 171 two, 2x2 cm lesion + A4 1 2.55 460 232 - A 89.81
11 76 M HCV 9 6x7 cm + 5x4 cm + D 4 13.91 834 276 + C 114.65
12 78 M HCV 350 5%6 cm + Al 0 0.68 270 37 - A 114.7
13 48 F HCV 13 21x20 mm + B 1 1.36 474 1060 - A 128
and 16x21 mm
14 81 M HCV 1050 8x10 cm + A4 3 3 569 517 - A 98.31
15 66 M HBV 6 4x4.5 cm + D 2 3.35 442 199 + C 106.03
16 45 F WD 5 60%46 mm + A4 1 0.42 910 212 + B 128
17 68 F PBC 3480 11x7.5cm + D 5 4.79 1856 960 + C 172.2
18 32 F Unknown 1050 100x85x180 mm + A4 3 0.34 233 24 - - 85.5

AFP=alpha fetoprotein, BCLC st. cl.=Barcelona Clinic Liver Cancer (BCLC) staging classification, CLIP cl.=Cancer of the Liver
Italian Program Group (CLIP) scoring system, Bi=Serum total bilirubin, ALP=alkaline phosphatase, GGT=gamma glutamy!|
transferase, C-P=Child-Pugh score, N/OFQ=nociceptin/orphanin FQ.
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respectively) or between single nodular and multinodular HCC
groups, and even symptomatic or asymptomatic tumors. No
difference wasfound in the N/OFQ level between any subgroup
of patients with different BCLC and CLIP score values.

Repeated nociceptin measurements were done in one
patient before and after non-surgical ablation treatment of
HCC. The high nociceptin level did not decrease significantly
at least within 10 days following ethanol injection treatment
of thetumor, since vaueswere 116 pg/mL before, and 110, 108,
112, 103 pg/mL after trestment at 1, 3, 7, and 10 days, repectively.

However, progressive and significant elevation in plasma
nociceptin level parallel with theincrease of AFP was observed
in aPBC patient with HCC during the follow up. This 67 year
old patient was monitored and treated with ursodeoxycholic
acid throughout 18 years when her liver tumor was detected
by yearly regular ultrasound check up. Fine needle aspiration
cytology proved HCC, and she died within two years.
Nociceptin was measured in blood samples collected from
other reason. The AFP level was normal throughout the years,
but elevated at the time of the diagnosis of HCC (426 ng/mL)
and rose up to 3 480 ng/ml. The plasmanociceptin (10.6 pg/mL)
was within the normal range (9.2+1.8 pg/mL) in the tumor
free stage, ten-fold higher (103.7 pg/mL) when the tumor was
diagnosed and reached 172.2 pg/mL before the death. Sixteen-
fold higher nociceptin content was measured in the tumor tissue
(0.16 pg/mg) compared to the tumor-free liver tissue sample
(0.01 pg/mg) taken during the autopsy. Detailed presentation
of this case is published in this issue of World Journal of
Gastroenterology (Horvath et al World J Gastroenterol 2004,
10: 152-154)

DISCUSSION

Shortly after cloning of the three known opioid receptors a
fourth member of the subfamily of G protein-coupled receptors
was identified. In a search for additional opioid receptor
subtypes, a sequence of an opioid-like receptor, termed ORL 1
was found, which, however, did not bind any of the known
natural opioid ligands. Therefore ORL 1 represented an “ orphan”
receptor. Later two working groups simultaneoudy reported the
isolation of the natural ligand for ORL1, a 17 aminoacid
polypeptide and named it orphanin FQ or nociceptini*+*,

Anatomic studies have revealed high levels of expression
of N/OFQ messenger RNS in brain structures involved in
sensory, emotional and cognitive processing. Like all other
neuropeptides, the heptadecapeptid N/OFQ is synthesized as
apart of alarger precursor named prepro-nociceptin, a 176
aminoacid polypeptide in human, from which N/OFQ and
nocistatin are cleaved in brain cells and periphera neurong®61,
Although nociceptin is present in the brain, the liquor and
blood, human immune cells and polymorphonuclear cells, the
gastrointestinal tract and other organs, there are no data on
N/OFQ or its receptor in malignant diseases with exception of
human neuroblastoma cell lined*®9. This s the first report
focusing on nociceptin in hepatocellular carcinomaand other
liver diseases.

The novel finding of this study is the striking elevation in
plasmaN/OFQ level in patients with hepatocellular carcinoma.
Although nociceptin was elevated in patients with Wilson
disease, primary biliary cirrhosisand liver cirrhosis, very high
levels over ten-fold increase compared with healthy controls
wasfound in HCC. Since nociceptin level was extremely high
in each patient with HCC, and the difference anong HCC
patients and groups of patients with other liver diseases was
highly significant (P<0.0001), the very high plasmalevel of
nociceptin seems to be an indicator for HCC. It isremarkable
that nociceptin level wasvery high in even those patients with
normal level of alpha-fetoprotein?”?. The size of HCC is an

important element of prognostic assessment!?l. However,
nociceptin level was equally very high in patients with tumor
size smaller and larger than 5 cm in diameter.

Further research is needed to clarify the mechanism and
clinical significance of the highly elevated nociceptin level in
HCC. Increased production or decreased catabolism of
nociceptin may be the cause of elevation in plasmalevel. Itis
to be determined whether the tumor produces nociceptin or it
gives signal for brain cells or peripheral neurons to increase
the secretion of N/OFQ. We had the opportunity to determine
the tissue nociceptin content in one PBC patient with HCC.
Although more than 15-fold higher nociceptin content was
measured in the carcinoma tissue than in the tumor-free liver
tissue samplestaken during autopsy, it did not necessarily mean
that nociceptin was produced by the tumor. It is also possible
that the tumor simply accumulates nociceptin via binding it
by NOP receptors. This possibility could be supported by the
fact that ORL1/NOP receptor mRNA has been detected in the
liver!?2, although no study is yet available on nociceptin or its
receptor MRNA expression in hepatocel lular carcinomartissue.

Nociceptin isinvolved in the processing of pain signals,
and it modulates the pain perception?*24, However, we did
not find differencein N/OFQ level between patients with pain
and without. There was no correlation between the plasma N/
OFQ level and the severity of pain.

Whether a very high plasma N/OFQ level is a specific
marker of HCC should beinvestigated and subjected to further
study. Since nociceptin transcripts are expressed in immune
celld®, it has also been shown that polymorphonuclear cells
express nociceptin receptors and N/OFQ stimulates neutrophil
chemotaxisand recruitment'®!. The high nociceptin level could
also be an indicator of altered reaction of the body including
immunological, cytokine and other mechanisms. The bacterial
endotoxin (LPS) and proinflammatory cytokines including
TNF-apha, commonly increased in maignancies, induce N/OFQ
MRNS in astrocytes. It may suggest a role for nociceptin in
neural-glial communication and in inflammatory responses?!,

In humans, the N/OFQ gene has been mapped to the
chromosomal location 8p21!2". Transcription of this gene was
shown to be enhanced by cytokines, neurotrophic factors?,
also by estrogen'®. This cAM P-dependent transcription could
be blocked by glucocorticoidg®®. Our patients in this study
have not received glucocorticoid treatment, and only one PBC
patient used transdermal estrogen hormone replacement for
osteoporosis prevention.

Elevated N/OFQ level might partly represent a
compensatory mechanism in the nociceptin/NOP system to
modulate pain perception in the central nervous system. That
mechanism might explain why some patients with avery high
plasma N/OFQ level did not have any pain despite advanced
stage of the malignant liver tumor. It is remarkable that
nociceptin in HCC patients was 3-fold higher than the
highest values reported in patients with chronic pain without
malignant diseases'®. We believe that our results could
stimulate further investigation.
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Abstract

AlIM: Inactivation of p53 gene is one of the most frequent
genetic alterations in carcinogenesis. The mutation status
of p53 gene was analyzed, in order to understand the
effect of p53 mutation on chemical hepatocarcinogenesis
of rats.

METHODS: During hepatocarcinogenesis of rats induced
by 3”-methyl-4- dimethylaminoazobenzene (3”-Me-DAB),
prehepatocarcinoma and hepatocarcinoma foci were
collected by laser capture microdissection (LCM), and
guantitatively analyzed for levels of p53 mRNA by
LightCycler™ real-time RT-PCR and for mutations in p53 gene
exons 5-8 by direct sequencing.

RESULTS: Samples consisting of 44 precancerous foci and
24 cancerous foci were collected by LCM. A guantitative
analysis of p53 mRNA showed that p53 mRNA peaked at an
early stage (week 6) in the prehepatocarcinoma lesion, more
than ten times that of adjacent normal tissue, and gradually
decreased from week 6 to week 24. The expression of p53
mRNA in adjacent normal tissue was significantly lower than
that in prehepatocarcinoma. Similar to prehepatocarcinoma,
p53 MRNA in cancer was markedly higher than that in
adjacent normal tissue at week 12, and was closer to normal
at week 24. Direct p53 gene sequencing showed that 35.3%
(24/68) (9 precancer, 15 cancer) LCM samples exhibited
point mutations, 20.5% of prehepatocarcinoma LCM samples
presented missense mutations at exon 6/7 or/and 8, and
was markedly lower than 62.5% of hepatocarcinoma ones
(P<0.01). Mutation of p53 gene formed the mutant hot spots
at 5 codons. Positive immunostaining for p53 protein could
be seen in prehepatocarcinoma and hepatocarcinoma foci
at 24 weeks.

CONCLUSION: p53 gene mutation is present in initial
chemical hepatocarcinogenesis, and the mutation of p53
gene induced by 3”-Me-DAB is an important factor of
hepatocarcinogenesis.

Deng WG, Fu Y, Li YL, Sugiyama T. Potential role of p53 mutation
in chemical hepatocarcinogenesis of rats. World J Gastroenterol
2004; 10(1): 46-52
http://www.wjgnet.com/1007-9327/10/46.asp

INTRODUCTION

Abnormalities of some tumor suppressor genes and oncogenes
play important roles in the development and progression of
hepatoma*?. Gene abnormalitiesin precancerousliver lesions
(adenomatous hyperplasia and atypical adenomatous
hyperplasia) and early hepatocellular carcinoma have been
reported®®!, p53 tumor suppressor protein plays an important
role in preventing malignant development, and p53 function
islost or compromised in most human cancers®®. One of the
principal functions of p53 isto inhibit cell growth, and p53
shows astrong cell cycle arrest and apoptotic activitied®'?. As
aresult, cell proliferation is suppressed and/or programmed
cell death isinduced***2, In cells with DNA injury, p53 can
stop the cell cyclethrough p21 protein and then promote DNA
repair. When DNA is seriously damaged, p53 can induce the
cell to undergo programmed cell death to maintain the stability
of genome and cells. Loss of p53 function activates oncogenes
and inactivates cancer suppressor genes, playing an essential
role in multistage carcinogenesig**4. Some study has shown
that mutation and loss of p53 gene are closely related to the
conversion of adenomato early colorectal cancer, and so are
thosein liver™, When cancer cell differentiation islow and the
tumor becomes large, p53 gene mutation frequently arisesin
hepatocarcinoma, making p53 gene most closaly concerned with
the progress of hepatocarcinoma®®. It is not yet clear which of
these gene alterations is responsible for hepatocarcinogenesis,
especially in a prehepatocarcinoma lesion.

3’ -methyl-4-dimethylaminoazobenzene (3’ -Me-DAB)
could produce prehepato- carcinomatous lesions (altered focus
and neoplastic nodules) in rats. Our study showed that mutation
of p53 gene, in precancerous and cancerous foci of the F344
rat liver induced by 3' -Me-DAB, was successfully detected by
integrating LCM, LightCycler RT-PCR with direct sequencing.

MATERIALS AND METHODS

Animals

Thirty-nine male F344 rats at 10 weeks of age werekept in a
room with a 12h light and dark cycle and maintained at 22 °C.
They were provided with a diet containing 0.06% 3’ -Me-
DAB!™ and tap water ad libitum for 6 weeks, 12 weeks, and
24 weeks, respectively. After the last day of each experimental
period, the animals were anesthetized with ether and
hepatectomized. The cavum thoracis and abdominal cavity
were opened immediately with asterilized scalpel, and part of
the liver was quickly dissected out, placed in a cryomold,
covered with Tissue-Tek O. C. T compound before being
frozen in liquid nitrogen, and preserved at -80 C until use.
The remaining liver was perfused with 30% PBS-buffered
sucrose before being removed and fixed in 10% neutral
formalin, and then embedded in paraffin.
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LCM of sample

Theliver preserved a -80 ‘C was sequentially diced into twenty
10 mm thick sections, in a cryostat, which were mounted on
clean microscope dides. The sections were stored at -80 C.
Of the 10 successive dide sections, three were stained chemicaly
with H& E and immunohistochemically with glutathione S
transferase placenta (GST-P) and AFP polyclonal antibody
using Elite ABC kit (Funakoshi Co. Ltd., Tokyo, Japan).
Prehepatocarcinomaand hepatocarcinomafoci were diagnosed
by Pathologistsand their positionswere identified on the dides.
Other dlide sections underwent quick H& E staining based on
the LCM manufacturer’ s protocols, and were then cleaned in
xylene for over 1 min. Once air-dried, slides were ready for
LCM. Based on the position of GST-P (+) or AFP (+) foci
from immunostai ned slide sections and the cancer pathology
on the H& E section, a LCM cap was placed over the target
area of the dide section®¥, Target foci in the same position
as GST-P (+) or AFP (+) foci were then microdissected.

Extraction of DNA of LCM samples

After microdissection, the LCM cap was inserted into an
Eppendorf tube containing 50 m of digestion buffer of 0.04%
proteinase K, 10 mM Tris-HCI pH 8.0, 1 mM EDTA, and 1%
Tween-20. The tube was then placed upside down overnight
at 37 °C. Following ethanol precipitation, DNA was extracted
by the phenol/chloroform/isopropanol method and used
directly asatemplate for PCR.

Extraction of total RNA of LCM samples

After laser transfer, the LCM cap was gently placed on the
Eppendorf tube containing 200 ni of reaction mixture. The
tube was inverted back and shaken several timesfor over two
minutes to digest the tissue on the cap. The digestive solution
was removed from the Eppendorf tube and placed into a 1.5 ml
sturdy tube, extraction and purification of total RNA were
conducted according to conventional methods. The pellet of
total RNA was then resuspended in H,O, and stored at -80 C.

Primers for RT-PCR, direct sequencing of p53

Wedesigned upstream PCR primers P1, P2, and P3intheregion
corresponding to introns 4, 5, and 7 (Figure 1 and Table 1).
They were used in combination with downstream primers P4,
P5, and P6 within the region corresponding to introns 5, 7 and
8 of p53 gene (Figure 1 and Table 1), to specifically amplify
exons 5, 6/7, and 8 of the functional p53 gene without p53
pseudo-gene. The primers Pmu and Pmd for RT-PCR were
located on exons 7 and 8 (Figure 1 and Table 1).

Quantitative analysis of mMRNA

RNAs extracted from prehepatocarcinomaand hepatocarcinoma
foci captured by LCM were reverse-transcripted into first strand
cDNA at 42 °C for 50 min and at 99 C for 5 min using Olig-
dT-adaptor-primer of an RNA PCR kit (Takara, Co. Ltd., Japan)
asthe primer. A 1 m aliquot of first-strand cDNA or H,O (asa
negative control) was put into LightCycler capillary, together
with 1 mi of 20 pM primer (Table 1) for target DNA and 18 mi
of mixture of LightCycler-DNA Master SYBR Green |
mixture. V arious concentrations of standard samplecDNA were
also used to construct a standard curve. After instantaneous
centrifugation, capillaries were loaded onto a LightCycler
instrument. Quantitative analysis of mRNA was conducted
under PCR conditions in Table 1. The standard curve was
shown as agtraight line of linear regression with cycle number
versus log-concentration of standard samples. This standard
curve, in turn, was used to estimate the concentration of each
sample. Since the expression of b-actin mMRNA is constant in
all types of cells, it was used to calibrate the original
concentration of MRNA, i.e., the concentration unit of mMRNA
in tissue was defined astheratio of target mMRNA copies versus
b-actin mRNA copies?®!.

Mutation screening of p53 exons 5, 6/7, and 8

DNAs from the same LCM samples were amplified by PCR
under the conditionsin Table 1. PCR products were refined by
aMicrocon-100 kit (Takara, Co. Ltd., Japan). The sense strand

P1 pd  p2 p5 p3 pé

1 2 4l p |5 |q p| 67 |4 > 8 « 9 10 11
> <
Pmu Pmd

Exons, |:| Introns, P Up primers, <4 Down primers

Figure 1 Strategy of primers. To avoid p53 pseudogene co-amplification, the upstream PCR primers P1, P2, and P3 in the region
corresponding to introns 4, 5, and 7 were used in combination with downstream primers P4, P5, and P6 within the region corre-
sponding to introns 5, 7, and 8 of p53 gene. Primers Pmu and Pmd for RT-PCR located in exons 7 and 8, respectively.

Table 1 Primer sequences and PCR conditions used in sequencing DNA of p53 gene and RT-PCR

Exons Primer Primer sequences of p53 Conditions

5 P1 GACCTTTGATTCTTTCTCCTCTCC 94 °C, 3 min (94 °C, 30 sec; 56 'C, 30 sec; 72 C, 30 sec)x30
P4 GGGAGACCCTGGACAACCAG

6/7 P2 GCCTCTGACTTATTCTTGCTC 94 °C, 3 min (94 °C, 30 sec; 56 C, 30 sec; 72 'C, 30 sec)x30
P5 CCCAACCTGGCACACAGCTTC

8 P3 CTGTGCCTCCTCTTGTCCCG 94 °C, 3 min (94 C, 30 sec; 56 C, 30 sec; 72 'C, 30 sec)x30
P6 CCACCTTCTTTGTCCTGCCTG

P53 Pu GTCGGCTCCGACTATACCACTATC 95 C, 2 min (95 C, 0 sec; 56 ‘C, 5 sec; 72 C, 11 sec)x30

mRNA Pd CTCTCTTTGCACTCCCTGGGGG

GST-P Pu ATCGTCCACGCAGCTTTGA 95 °C, 2 min (95 C, 0 sec; 57 C, 5 sec; 72 C, 13 sec)x30

MRNA Pd AGCCTCCTTCTGGTCTTTC

b-actin Pu ACCACCATGTACCCAGGCAT 95 °C, 2 min (95 C, 0 sec; 56 C, 5 sec; 72 C, 10 sec)x30

mRNA Pd CCGGACTCATCGTACTCCTG
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of PCR products was sequenced using a cycler sequencing
ready reaction kit (ABI, Perkin-Elmer Corp., USA) and
analyzed onan ABI Prism™ 310 genetic analyzer (ABI, Perkin-
Elmer Corp., USA).

Immunohistochemical staining

Immunohistochemical staining was conducted using the avidin-
biotin-peroxidase complex technique (Vectastain Elite ABC
Kit, Funakoshi Co. Ltd., Tokyo, Japan)!?. Paraffin-embedded
or frozen rat liver specimenswere sectioned at 5 mm and placed
on a precleaned glass microscope dide. After deparaffination
and blocking of endogenous biotin activity, the sectionswere
incubated with primary antibodies (anti-GST-P IgG diluted at
1:500, anti-AFP IgG diluted at 1:200 (polyclonal antibody)
and anti-p53 monoclonal antibody Abl (Oncogene Science,
Inc., USA) diluted at 1:100) for 90 min at 30 °C, then incubated
with biotinylated anti-rabbit (for polyclonal antibody) or
anti-mouse (for monoclonal antibody) secondary antibody for
30 min at 30 'C. The dides were incubated for 30 min with
avidin-peroxidase conjugates. Finally, the sections were
reacted with 3’ 3-diaminobenzidine tetrahydrochloride and
hydrogen peroxidefor 3 min followed by counter-staining with
hematoxylin. For anegative control, pre-immune seruminstead
of primary antibody was used.

Statistical methods
Student-t test was used to identify the differences of mMRNA
concentration in normal tissue, precancerous and cancerousfoci.

RESULTS

Hepatocarcinogenesis

Prehepatocarcinoma foci could be found in all (13) the livers
of rats treated with 3' -Me-DAB for 12 weeks, which were
intensely stained by GST-P (Figure 2, B). By H& E staining,
the size of prehepatocarcinoma cells was similar to that of
normal hepatocytes, but the cytoplasm of precancer cells

was clearer. Under low power magnification, the edge of
prehepatocarcinoma focus was distinct and bright (Figure 2,
A). Hepatocarcinoma foci were seen in 6 liver sections. By
H& E staining, the sizes of nuclei were different, the cytoplasm
was alittle basophilic and alot of fat vescles were present
in cytoplasm of hepatocarcinoma cells (Figure 2, C).
Immunohistochemically staining for AFP was intensive in
hepatocarcinomafoci. At week 24 (Figure 2, D), al (13) the
livers exhibited hepatocarcinoma foci and some showed
prehepatocarcinoma foci simultaneously. The diameter of
precancerousfoci was 0.5 mm-1.0 mm a week 6, 1.2 mm-1.5mm
at week 12 and >2.5 mm at week 23. Forty-four precancerous
and 24 cancerous samples were obtained for DNA sequencing
analysis and quantitative analysis of p53 mRNA.

Expression of p53 and GST-P mRNA

Thetime course of p53 gene expression showed that the mRNA
levels peaked at week 6 in prehepatocarcinoma foci and at
week 12 in hepatocarcinoma foci, although they declined
significantly by week 24 (P<0.01, Figure 3). The relative
concentration of p53 MRNA in adjacent normal tissueremained
significantly lower than in prehepatocarcinoma and
hepatocarcinoma foci. In hepatocarcinoma foci, the relative
concentration of p53 mRNA was 10 odd times higher than in
adjacent normal tissue at week 6 of the experiment (P=5.6x107°)
and 4 times as high at week 12 (P=4.8x10°). p53 mRNA
concentration was also significantly higher in cancer than
in adjacent normal tissue at week 12 (P=0.028). However, at
week 24, p53 mRNA of both prehepatocarcinoma and
hepatocarcinoma foci was obviously elevated. Relative p53
mRNA concentration was the highest in prehepatocarcinoma
foci and the lowest in adjacent normal tissue among the three
tissues examined (Figure 3).

Moreover, the expression of GST-P mRNA was low in
adjacent normal tissue from week 6 to week 24, and was
significantly higher in prehepatocarcinoma foci than in
adjacent normal tissue and hepatocarcinomafoci (P<0.001),

Figure 2 Hepatocarcinogenesis. A: Prehepatocarcinoma foci were stained by H&E, morphology of prehepatocarcinoma cells was
similar to that of normal hepatocytes, and the edge of prehepatocarcinoma focus was distinct and bright. B: Prehepatocarcinoma
focus was as intensely stained by GST-P as A. C: Hepatocarcinoma foci by H&E staining showed a lot of foam cells. D: Immuno-
histochemical staining for AFP was intense in hepatocarcinoma foci.
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and higher in hepatocarcinoma foci than in adjacent normal
tissue (Figure 4).
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Figure 3 Quantitative analysis of p53 mRNA. After rats were
treated with 3”-Me-DAB for 6, 12 and 24 weeks, the expressions
of p53 mMRNA were markedly higher in prehepatocarcinoma
than in hepatocarcinoma and adjacent normal tissue, P<0.001.
The time course of p53 MRNA showed that MRNA levels peaked
at week 6, and gradually decreased to minimum at week 24.
Normal=adjacent normal tissue, Precar=prehepatocarcinoma,
Car=hepatocarcinoma.
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Figure 4 Quantitative analysis of GST-P mRNA. After rats were
treated with 3”-Me-DAB for 6, 12 and 24 weeks, the expressions
of GST-P mRNA were markedly higher in prehepatocarcinoma
than that in hepatocarcinoma and adjacent normal tissue,
P<0.001, and also higher in hepatocarcinoma than that in
adjacent normal tissue, P<0.001. GST-P mRNA levels were
expressed on a logarithmic scale. Normal=adjacent normal
tissue, Precar=prehepatocarcinoma, Car=hepatocarcinoma.

Direct sequencing analysis of p53 mutation
Direct sequencing analysis of genomic DNA from 24 LCM
samples showed 39 mutations at 18 codons of exons 6/7 and
8in p53 gene (Figure 5, A, C, E). Of these 39 mutations, 10
transition mutations (L A:T—G:C, 9 G:C—A:T) (Figure 5,
A,C) and 29 transversion mutations (9 G:C—~C:G, 9G:C—
T:A,5C.:G—~A:T,2C:G—~G:C,2A:T—C.G, 1 T:A—~AT
and 1 A:T—T:A) (Figure 5, E) were identified. A base
inserting mutation following the first base substitution, G—TA,
in codon 283 of exon 7 resulted in a putative substitution
“end” for glutamic acid in p53 protein. Interestingly, four
LCM samples had triple mutations and eight LCM samples
had double mutations in exons 6/7 or/and 8 simultaneousdly.
One LCM sample with triple mutations and 3 with double
mutations were prehepatocarcinomafoci, and 3 other samples
with triple mutations and 5 with double mutations were
hepatocarcinomafoci.

In brief, 24/68 (35.3%) of LCM samples had mutations of
p53 gene. No mutation in exon 5wasfound by direct sequencing.

Incidence of p53 gene mutation in hepatocarcinogenesis
20.5% precancerous foci samples expressed point mutation or

inserting mutation in exons 6/7 and 8, and the incidence of
mutation was markedly higher than that of cancerous samples
(c%=12.02, P<0.01). At 12 weeks, the incidence of mutation
was significantly higher in hepatocarcinoma samples than in
prehepatocarcinoma samples, P=0.034 by Fisher’ s exact
probabilities (Figure 6). At 24 weeks, the incidence of
mutation was not different between prehepatocarcinoma and
hepatocarcinoma foci samples.

GTATGCTAAGTAT TATGCTGAGTATCT
50 50

3

ATCTGGACAACAG ATCTGGACGACAGG
70 60

E

GCTGCCCCCATGGAG CTGCCCCCAGGGAG
110 120 120

"

Figure 5 Direct sequencing of p53 exons 6/7 and 8. A: GAG to
AAG transition mutation (red box) at codon 202 of exon 6/7
was seen in prehepatocarcinoma foci at 6 weeks. C: Four
hepatocarcinoma foci with GAC to AAC transition mutation (red
box) at codon 206 formed one of the mutation hot spots. E: GGG
to TGG transversion mutation (red box) at codon 300 of exon 8
in hepatocarcinoma foci. B, D and F were normal sequence.
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Figure 6 Mutation ratio of p53 exons 6/7 and 8 in prehepatoca-
rcinoma (precar) and hepatocarcinoma foci (car).

Hot spot of mutation

Among the 34 mutation codons of p53 exons 6/7 and 8, 9
were at codon 233, 5 at codons 278 and 279, respectively, 4 at
codon 206 (Figure 5,C), and 3 mutations were at codon 212.
These mutational codons formed the mutational hot spots of
precancerous and cancerousfoci in this study, and were located
in highly conservative DNA binding domain of p53 protein.
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Figure 7 Mutant p53 protein expressions in prehepatocancer and hepatocancer. A: Normal tissue. B: Nuclei of prehepatocarcinoma
cells immunostained by anti-p53 Abl. C: Nuclei of hepatocellular carcinoma cells stained by anti-p53 Abl. D: Nuclei of
adenohepatoma cells stained by anti-p53 Abl. Enlarged nuclei intensely stained for Abl were seen in cells. Original

maghnification 400x.

Expression of p53 protein in cells

As shown in Figure 7, paraffin-embedded or frozen liver
sections from rats treated with 3' -Me-DAB for 24 weeks
exhibited intensive immunostaining of p53 protein in at
least 30% cells of prehepatocarcinoma (Figure 7B) and
hepatocarcinoma foci (Figure 7, C, D). Staining was
predominantly limited to enlarged nuclei with intensive staining
for the anti-p53 antibody. In contrast, no liver sections from
rats treated with 3' -Me-DAB for 6 or 12 weeks demonstrated
immunostaining for p53 protein (Figure 7, A).

DISCUSSION

Researchers are used to studying human tumors by obtaining
human hepatocarcinoma tissue after hepatectomy, but it is
difficult to obtain pre-hepatocarcinomafoci in cases without
clinical symptoms. We and other investigators were therefore
constrained to using rats as the animal model for ng the
effects of p53 gene mutations on hepatocarcinogenesis®?#, It
has been found that rat p53 gene differs from human p53 gene,
in that it processes pseudogenes in its genome®29, Pitfalls
associated with p53 pseudogene co-amplification from
genomic DNA could be avoided, however, by designing PCR
primers based on the intron sequence!?2,

Carcinogenesis is a complex process characterized by the
cumulative activation of various oncogenesand theinactivation
of suppressor genes. About 30-40% of human hepatocarcinomas
and 20-60% of rat experimental tumorsdemonstrated mutations
of p53 gene?2®, Chemically induced rat liver cancer proceeds
through multiple, distinct initiation-promotion-progression
stages and mutation of the suppressor p53 gene has been found
inrelatively early preneoplastic lesionsin the rat liver.

We used quantification of p53 mRNA expression to detect
genetic dterationsat RNA level inthe present study. Theresults
showed that in precancerous foci of therat liver, p53 mRNA
rose quickly and peaked at week 6 of 3' -Me-DAB treatment.
It then gradually decreased from week 12 and fell to aminimum

at week 24 of the experiment. Similar resultswere also seenin
cancer foci. The time course of mMRNA expression differed
from that of p53 protein accumulation in nuclei. GST-Pisone
of the detoxification enzymes involved in the metabolism of
3 -Me-DAB aswell as other carcinogens and playsaprotective
role during chemical hepatocarcinogenesis. It is considered as
an early marker of preneoplastic lesion. When GST-P played
aprotective role, mRNA transcript increased coincidentally
with positive GST-P immunostaining in prehepatocancerous
foci of therats at al experimental time points tested (data not
shown). GST-P overexpression was not consistent with an
aberration in p53 protein expressiontsY,

In this paper, 20.5% of precancerous foci occurring after
week 6, week 12, and week 24 exhibited missense mutations
of p53 exons6/7 or/and 8, with double or triple codon mutations
found in the same sample by direct sequencing. Of the
hepatocancerous foci, 58.3% and 66.7%had mutations in p53
gene at week 12 and week 24 of 3' -Me-DAB treatment,
respectively. Mutations were distributed widely throughout
exons 6/7and 8, but not in exon 5. p53 mutation rate increased
from week 6 to week 24, suggesting that p53 gene mutation is
closely associated with hepatocarcinoma development and
progression. It is possible that p53 mutation ran through the
initiative, intermediate, and | ate stages of hepatocarcinogenesis,
and was hot an event occurring only at the advanced stage of
liver cancer. Therefore, mutant p53 molecules have been
thought to have some unique properties that are important in
carcinogenesisin rats®.

A tetramer of p53 molecules has been assembled through
carboxyterminal oligomerization domains. This allows the
central domains to interact directly with a consensus DNA
element. As a consequence, aminoterminal transactivation
domains could interact with basal transcription factors,
resulting in increased gene expression!®3*4, Among the 39
mutation codons of p53 exons 6/7 and 8, 9 were at codon 233,
5 at codons 278 and 279, respectively, 4 at codon 206, and 3
mutationswere at codon 212. These mutational codonsformed
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mutational hot spots of precancerous and cancerous foci in
this study, and were located in the highly conservative DNA
binding domain of p53 protein®,

Over 90% of mutations are missensed, causing the
substitution of amino acids. It has been found that mutation
hot spots were dispersed in three exons of p53 gene, and three
hotspots fell within two evolutionarily highly conserved
regions’®®!  suggesting no single spot is responsible for
maintaining p53 tumor suppressor function. In fact, acertain
oncogenic agent could act on only one or more spots of the
p53 gene DNA sequence. The effect of the hotspots is yet
uncertain, because a certain oncogenic agent has made different
mutational hotspots of p53 gene in different specied®-“ and
tl $Je§28.39,40] .

Amino acid residues 278 and 279 of the p53 protein have
been found to belocated in helix H, of loop-sheet-helix fitting
in the major groove of DNA, allowing them to contact edges
of the bases, and to play acentral rolein DNA recognitioniY,
so mutation occurring in this area may cause p53 to lose its
growth regulation.

Positive immunostaining of p53 was only found in sections
of LCM samplestreated with 3' -Me-DAB for 24 weeks, not
in those treated for 6 or 12 weeks, demonstrating that p53
protein accumul ates rel atively late during hepatocarcinogeness.
Positive immunostaining of p53 was consistent with the
increased half-life of mutant p53 protein compared to wild-
type p53i%®4241, Asthe half-life of wild-type p53 protein is
short, it is usually too difficult to detect it in normal tissue
with Western blotting or immunohistochemical staining.
Mutant p53 protein could competitively inhibit the function
of wild p53 protein, promoting hyperplasia of cells and
leading to tumor devel opment!“, A few studieshave reported
that accumulation of p53 protein in nuclei in late chemical
hepatocarcinogenesis was not synchronized with the increased
expression of p53 MRNA[246471 The rise of p53 mMRNA
markedly preceded the rise of the expression quantity of p53
proteinito48l,

We showed that mutation of p53 gene occurred in early
precancerous and cancerous foci of F344 rats treated with
3’ -Me-DAB and mutation increased progressively from week
6 to week 24, but the expression of p53 mRNA decreased
progressively from week 6 to week 24. The detection of p53
gene mutation may benefit the early diagnosis of tumors*?,
and also may aid in understanding the mechanism behind
hepatocarcinogenesis.
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Abstract

AIM: To construct an eukaryotic superantigen gene expression
vector containing the recombinant gene of SEA and CD80
molecule transmembrane region (CD80TM), and to express
staphylococcus enterotoxin A (SEA) on the membrane of
hepatocellular carcinoma (HCC) cell to form a superantigen
gene modified tumor vaccine for HCC.

METHODS: SEA and linker-CD80TM gene were amplified
through PCR from plasmid containing cDNA of SEA and CD80.
Gene fragments were then subcloned into the multiple
cloning sites of retroviral vector pLXSN. Recombinant plasmid
was transferred into HepG2 cells mediated with lipofectamine,
positive clones were selected in culture medium containing
G418. RT-PCR and indirect immunofluorescence studies
confirmed that SEA was expressed specifically on HCC cell
membrane. INFg-ELISPOT study demonstrated that SEA
protein was expressed on the membrane of HCC cells.
Cytotoxicity of HepG2-SEA primed CTLs (SEA-T) was
analyzed by %!Cr release assay. T cells cultured with rhIL-2
(IL-2-T) were used as control.

RESULTS: Restriction digestion and sequence analyses
confirmed the correctness of length, position and orientation
of inserted fusion genes. SEA was expressed on the surface
of HepG2 cells, HepG2-SEA had strong stimulating effect on
production of HepG2 specific CTL (P<0.001). SEA-T had
enhanced cytotoxicity to HepG2 cells (P<0.05).

CONCL USION: Tumor cell membrane expressed superantigen
can be used to reinforce the immune effect of tumor cell
vaccine for HCC, which provides a new method of the
enhanced active immunotherapy for HCC.

Lu SY, Sui YF, Li ZS, Ye J, Dong HL, Qu P, Zhang XM, Wang WY,
Li YS. Superantigen-SEA gene modified tumor vaccine for
hepatocellular carcinoma: An in vitro study. World J Gastroenterol
2004; 10(1): 53-57
http://www.wjgnet.com/1007-9327/10/53.asp

INTRODUCTION
Autologous and allogeneic tumor cellshave been used astumor

vaccines in clinic for a long time*2. The tumor cell-based
vaccines possess the entire rel evant tumor antigens recognized
by the immune system and can be produced even without
knowing the gene sequence of specific antigens. To identify
the tumor specific antigen is time consuming, only few tumor
specific antigens have been identified until now. But tumor
cell-based immunization could not always elicit anti-tumor
responses in sufficient magnitude to cause regression of
established tumors due to scarcity of stimulatory surface
molecules such as MHC-I, MHC-Il or CD80!,

Superantigensare afamily of bacterial and viral proteins
that bind to MHC class || molecules as unprocessed proteins
and activate alarge number of T cellsbearing T cell receptor
variable region beta chain (TCR Vb)“%, These T cells
proliferate, and secrete cytokines (e.g. IFN-g, TNF-a, IL-2,
and IL-12), induce strong cytolytic activity, and mediate tumor
regression'®!2, SEA is an important member of superantigen
family. Anchoring SEA onto MHC-II negative tumor cells
through monoclonal antibody has been demonstrated to direct
T cell-mediated cytotoxicity against these tumorg*34, Other
studies suggeted that artificially anchoring a recombinant
superantigen-transmembraneregion chimera (SAg-TM) onto
atumor cell surface could substitute for the effect of MHC-II
presentation(®®,

In the present study we sought to construct an eukaryotic
expression vector containing recombinant gene of SEA and
transmembrane region sequence of CD80 molecule (CD80TM).
Recombinant gene was transfected into HCC cells, chimera
protein (SEA-CD80TM) was expressed on the membrane of
living cells. SEA gene modified cellswereirradiated and used
as a superantigen enhanced tumor cell-based vaccine for HCC,
which was capable of inducing antitumor immunity in vitro.

MATERIALS AND METHODS

Reagents

EX Tag DNA polymerase, T4 DNA ligation kit Ver.2.0, and
restriction endonuclease were obtained from TakaRa
Biotechnology (Dalian). DNA isolation and purification kit
was purchased from Shanghai ShunHua Biotechnology.
Lipofectamine™ 2000 were from Invitrogen. IPTG, X-gal,
DNA maker and FITC labeled sheep anti mouse |gG were from
Sino-American Biotechnology. Dulbecco’ s modified Eagle
media, Trizol and G418 were from GibcoBRL. Access RT-
PCR system was from Promega. Human INF-gELISPOT assay
kit was from Diaclone, Recombinant human interleukin-2
(rhiL-2) and BD TriTEST antibody CD4 FITC/ CD8 PE/
CD3 PerCP were from BD Biosciences. Mouse anti-SEA
monoclonal antibody was provided by the Department of
Immunology, Fourth Military Medical University, P. R. China.

Plasmids

PBluescript I KS (+) plasmids containing cDNA of SEA and
CD80wereconstructed by Li et all*®. Retroviral vector pLXSN
was preserved in our laboratory.

Cell culture
Human HCC céll linesHepG2 and SMMC-7721 were cultured
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in DMEM containing 10% heat-inactivated fetal calf serum,
100 unitsml penicillin, 100 pg/ml streptomycin, 0.292 mg/ml
glutamine. The cell lines were incubated in a humidified 5%
CO; incubator at 37 °C.

Polymerase chain reaction (PCR) and vector construction

The primers used for cloning SEA (774 bp) and CD80TM
(147 bp) were asfollows. SEA, forward: GCGAATTCGCAT
GAAAAAAACAGCATTTAC, reverse:CGGGATCCACTT
GTATATAAATATATATCAAT. CD80TM, forwardl: GGT
GGCTCTGGCGGTGGCGGATCGGATAACCTGCTCCCATCC,
forward2: CGGGATCCGGTGGAGGCGGTTCAGGCGG
AGGTGGCTCTGGCGGT, reversee CCGCTCGAGTTATAC
AGGGCGTACACT. Linker (GGGGSGGGGSGGGGS) was
introduced into the upstream of CD80TM using two forward
primers. PCR was performed in a 50 pl reaction system
consisting of 1 pM each primer, 200 uM each dNTP, 5 pL
10xpolymerase reaction buffer, and 1.25U EX Tag DNA
polymerase with 1 pL SEA or CD80 gene vector. Samples
were heated to 94 °C for 5 min followed by 30 cyclesat 94 C
for 30 s,at 50 C for 50 s, and at 68 C for 1 min. The final
extenson wasdoneat 72 °C for 7 min. Then 10 pl of each PCR
product was electrophoresed on 1 % agarose gel containing
0.5 pg/mL EB, and PCR products were then purified from
agarose gel according to the protocol of DNA purification kit.
DNA fragments of SEA (S) and linker-CD80TM (LC) were
subcloned into pBluescript 11 ks(+). The positive clones were
selected from the transfected DH5a by the method described
by Sambrook et al™*”!. The constructed plasmids (designated
asks-S, ks-L C) wereidentified by restriction enzyme analysis.
DNA sequenceswere verified in DNA seguencing core facility
in Bioasia Biotechnology (Shanghai, China). Gene fragments
were cut with EcoRI-BamHI, BamHI-Xhol, and inserted
into the EcoRI-Xhol siteof pLXSN to construct SAg gene
expression vector pLXSN-SLC. The recombinant gene was
verified by digestion with restriction endonuclease (Figure 1).

EcorRl BamHl  xhol 1200
| | | — ]
— —p -
S’LR SEA-CD80tm  Neo’ Amp*

PLXCN-SLC(6 839 bp)

Figure 1 Gene map of expression vector.

In vitro transfection of pLXSN-SLC

pLXSN-SLC was transfected into HepG2 cells using
Lipofectamine™ 2000 reagent according to the manufacturer’ s
instructions. Briefly, 2x10° HepG2 cells were seeded into 12-
well culture plates and cultured for 18 hours until 90% to 95%
confluence of the cells, transfection was performed with 1 pg
of DNA per dish. Forty eight h after transfection, cells were
passaged at 1:4 dilution into a fresh medium. The next day,
(G418 400 pg/mL was added into culture medium for the
screening of stably transfected cells. The cellswerethen grown
in G418 culture medium for 4 weeks and cloned by limiting
dilution. Mock cell line transfected with empty pLX SN vector
was selected in G418, and used as control (HepG2-pL X SN).

Detection of SEA expression in transfected cells

Expression of SEA in screened monoclones was detected by
RT-PCR. Total RNA was extracted from the tumor cells
(HepG2 cells and SEA gene transfected or mock transfected
HepG2 cells) using Trizol reagent. RNA (1.5 pg) wasused to

synthesizecDNA in 20 pl reaction mixturesfollowing standard
protocol of Access RT-PCR system. PCR was carried out with
5 Wl of RT productsin 50 pl PCR reaction buffer containing Tf1
polymerase, 1 mM MgCl,, annealingtemperature was 50 C.
SEA cDNA was used as positive control in PCR. Indirect
immunofluorescence was performed to locate the expressed
SEA. Briefly, 2x10° SEA transfected HepG2 cells (HepG2-
SEA) were plated into 12-well culture plates. At the bottom of
each well a sterilized coverdip was placed in advance. HepG2
cells were plated as control. When the plated cells were 95-
100% confluence, the coverslips were washed twice in cold
PBS (0.01M) and fixed with 4% paraformaldehyde for 30 min
a room temperature. Cellswere stained following the standard
protocol of indirect immunofluorescence. First antibody was
1:100 diluted mouse anti-SEA monoclonal antibody in PBS,
irrelevant sheep anti-mouse 1gG was used as control. Second
antibody was 1:500 diluted FITC labeled sheep anti-mouse
1gG in 0.1%evan blue. Coverdlips were then mounted directly
onto aglass slide with atiny drop of 50% glycerol in PBS
(9.1 mM NaHPO,/1.7mM NaH,PO,/50 mM NaCl, pH 7.4).
Fluorescent images were captured at 490 nm using a Nikon
Eclipse E1000 microscope attached to a MicroMax camera
(Princeton Instruments, Trenton, NJ).

Preparation of T cell lines

Human peripheral blood mononuclear cells (PBMC) were
isolated from hedthy volunteersby routine density centrifugation,
and stimulated with HepG2-SEA to establish SEA-reactive T-
cell line (SEA-T). The T cell line was stimulated repeatedly
by exposureto irradiated (4 000 rad) HepG2-SEA and rhiL-2
(200 U/mL) in complete medium for 2 weeks, and then stored
in frozen. These cells were thawed 1 week before use. T-cell
lines stimulated by HepG2-pLXSN (pLXSN-T), HepG2
(HepG2-T) or just maintained with rhiL-2 (IL-2-T) were also
prepared and used as control. Cell phenotypes of T cell lines
were analyzed using BD TriTEST ™antibody by FACS.

Elispot assay

PVDF 96-well plates were incubated with 100 pl of 70%
ethanol for 10 min at room temperature, and washed threetimes
in 100 pl of PBS. Capture antibody was added and incubated
at 4 °C overnight. After washed in 100 pl of PBS, each well
was added 100 pl of 2% skimmed dry milk in PBS, and
incubated for 2 hours at room temperature. Wellswere emptied
and tapped on absorbent paper, 5x10* effector cells (including
SEA- T, pLXSN-T, HepG2-T, IL-2-T) and 1x10* target cells
(irradiated HepG?2) were seeded to each well and incubated
for 20 h in RPMI -1640 medium without IL-2 and serum.
Plates were then washed and incubated with detection antibody
in PBS-1% BSA for 1 hour and 30 min at 37 °C, and with
streptavidin-alkalinephosphatasefor 1 hat 37 °C. Afterwashed,
substrate (5-bromo-4-chloro-3-indolyl phosphate/nitroblue
tetrazolium) was added and incubated for 5-20 min. After the
final washing, dark-violet spots on plate membranes were
counted under microscope.

Cytotoxicity of HepG2-SEA stimulated T cell line

Cytotoxicity was measured in a standard 4-hour 5!Cr-release
assay and expressed in formula: (%)specific lysis=100x
(experimental - background cpm/maximal background cpm).
Target cells (HepG2, SMMC-7721) were labeled for 2 hours
with Na*'CrO, (*!Cr, New England Nuclear, Boston, MA),
250 pCi/1x10° cells. The cells were then washed twice and
5x10° cells per well were seeded in triplicate in v-bottomed
microtiter plates. Effector cells (SEA-T, HepG2-T and IL-2-
T) were added at an effector-to-target (E:T) cell ratio of 40:1,
25:1,10:1, 5:1 and 3:1, respectively. The plateswereincubated
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at 37 °'C and 5% CO,for 4 h, supernatants were collected, and
the released *'Cr was measured with a gamma counter (LK B-
Wallac 1 282; Stockholm, Sweden). Spontaneous release was
estimated by incubation of target cellsin medium alone, and
maximum release by resuspending the wellswith 0.1% Tween
20. Spontaneous release was typically less than 30% of
maximum release.

Statistical analysis
All experiments were performed in triplicate, datawere
presented asthemean + SD andanalyzed using Student’ st test.

RESULTS

Insertion of SEA and linker-CD80TM into MCS of pLXSN

PCR products were subcloned into a pBluescript |1 ks (+)
vector. DNA sequencing confirmed the correct sequence of
both fragments. SEA gene was cloned into the EcoR 1/Xho |
site of pLXSN with linker-CD80TM. Recombinant gene SEA-
linker-CD80TM was 1.0 kb with EcoR | and Xho | restriction
site on each side, the size of pLXSN was 5.9 kb. Expressing
vector pLXSN-SLC was digested by EcoR I/Xho |, 1.0 kb and
5.9 kb DNA fragments were appeared as expected (Figure 2).

bp
21 226
2027

947
564

Figure 2 Enzyme digestion analysis of expression vector. A.
Lambda DNA (EcoRlI, HindllIl); B. pLXSN (EcoRl, xhol); C.
pPLXSN-SLC (EcoRl, xhol).

A B C D E F

bp

2 000
1000
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200

Figure 3 RT-PCR detected the transcription of SEA gene. A. 200
bp DNA marker; B. HepG2; C. HepG2 transfected with pLXSN-
SLC; D. HepG2 transfected with pLXSN; E. Positive control; F.
b-actin (RNA of C).

SEA expressed on the membrane of HepG2

HepG2 was transfected with plasmid pLX SN-SLC and empty
pLXSN vector, respectively. The expression of SEA was
detected in HepG2 cells transfected with pLXSN-SLC only
by RT-PCR (Figure 3). Indirect immunofluorescence test
confirmed that most of the expressed SEA appeared to be
located on the HepG2 cells membrane (Figure4). SEA
expression was detected in 5-10 percent of cells screened with
G418. Irradiated HepG2-SEA cells were used as T cell
stimulator in following experiments.

Increased HepG2 reactive T cells with HepG2-SEA
Interferon-g (IFN-g) ELISPOT assay was used to detect the

specificity of HepG2 CD8* T cells quantitatively. Cellstested
included unstimulated PBMC (IL-2-T) and polyclonal T-
lymphocyte lines stimul ated by HepG2-SEA, HepG2-pL X SN
or HepG2. After ashort term of culturein vitro, the percentage
of positive cells was more than 90% for CD3*, 80% to 90%
for CD8", and 5% to 10% for CD4* (Figure 5). The number of
HepG2 reactive CTL in the SEA-T cell line was much higher
than that of HepG2-T (155.67+7.22 vs 38.03+8.18, t=18.67,
P<0.0001), pLXSN-T (39.50+6.26, t=21.06, P<0.0001) or
IL-2-T (32.00+4.26, t=25.56, P<0.0001) (Figure 6). Both the
size and density of spotsin SEA-T group were greater than
those of controls (data not shown). The difference of spot
number between HepG2-T and IL-2-T cell lines was not
significant (t=-1.13, P=0.321).

Figure 4 SEA expressed on the membrane of HepG2 (indirect
immunofluorescence). HepG2-SEA cells were stained accord-
ing to the standard protocol of indirect immunofluorescence.
First antibody is mouse anti-SEA IgG and second antibody is
FITC labeled sheep anti-mouse 1gG diluted in 0.1%, evan blue.
Positive signal is green while the background is red. SEA was
located on the membrane of HepG2. Untransfected HepG2 cells
did not express SEA (data not show).
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Figure 5 Lymphocyte phenotype analysis. 1x10° SEA-T cells
were stained with BD TriTEST™ antibody CD4 FITC/CD8 PE/

CD3 PerCP, and assayed by FACS. CD3%90.75%, CD8%84.46%,
CD4%6.29%.
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Figure 6 HepG2-SEA increased the number of hepG2 specific
CTL in T lymphocyte line. Each bar represents average of spots
in triplicate wells.
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Enhanced cytotoxicity elicited by membrane expressed SEA
Cytotoxicity of the SEA-T effector cell line against HepG2,
and SMMC-7721 target cellswas measured (Figure 7). HepG2-
T and IL-2-T cells were used as control. In contrast, SEA-T
was highly efficient in directing specific lysis of HepG2 cells
when compared with HepG2-T (51.55+5 051% vs 33.16+4.54,
t=4.47, P=0.011). Thetwo T cdll lineshad effective cytotoxicity
to SMMC-7721 célls.
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Figure 7 Membrane expressed SEA enhanced specific lysis on
autologous tumor cells. Cytotoxicity was measured in a stan-
dard 4-hour *'Cr-release assay. Target cells (HepG2, SMMC-
7721) were seeded in triplicate in v-bottomed microtiter plates
at a concentration of 5x10° cells per well. Effector cells were
added at an effector-to-target (E:T) cell ratio 0f40:1, 25:1, 10:1,
5:1 and 3:1 respectively. A: SEA-T was highly efficient in di-
recting specific lysis of HepG2 cells (squares), HepG2-T has
moderate cytotoxicity on HepG2 (cross) cells (P<0.001). B: None
of T cell line has killing effect on SMMC-7721 cells.

DISCUSSION

T cells have been found to possess various potent antitumor
effects through releasing cytotoxic effector molecules such as
perforin or growth-suppressive cytokines | FN-gand TNF-al*#24,
However, the frequency of tumor-specific T cells could is
generally too low and insufficient to interfere with progressive
tumor growth. The goal of this experiment was to examine the
possibility of developing a new experimental vaccine from
irradiated HepG2 cells that were transfected to express
superantigen-SEA on membrane (designed as HepG2-SEA) to
augment cellular and humoral anti-tumor immune responses.
Superantigen is the most effective T cell activator. Upon
stimulation by superantigens, nai ve T cells could respond and
then become quickly anergized and/or deleted, while mature T
cells could not become anergized!?>?4, Characteristis of
superantigens can thus be exploited to enhance specific antigen
responses. Because superantigens can cause anergy and/or
deletion of potentialy competing nai ve T cellsbearing the same
Vb element (s), thus thereisless* competition” for cytokines
and the desired specific immune response can be amplified.
HCC cells do not induce an effective immunological
rejection process because of their weak antigenicity, the
abnormal expression of MHC molecules as well as the

deletion or deficiency of costimulatory molecules. In the
present study, the expressed superantigen-SEA on the
membrane of HepG2 cells was confirmed by RT-PCR and
indirect immunofluorescence assays. When HepG2-SEA cells
were used as avaccine, two stimulating signals would present
to T cellssimultaneoudly, one was SEA, the other was tumor-
associated antigens expressed on the surface of HepG2 cells,
which facilitated the occurrence of specific anti-tumor
immune reaction.

IFN-g ELISPOT (enzyme-linked immunospot) assay was
used for the quantitative detection of HepG2-specific CD8* T
cells. Thistechnigue could detect T cellsthat secrete agiven
cytokine (e.g., IFN-g)in response to an antigenic stimulation®,
The size and density of spots represented the quantity of 1FN-
gsecreted by single CTL, The results showed that the number
of HepG2 cell specific CTLsin repeatedly stimulated T cell
line (SEA-T) with new vaccines was significantly increased
than that of HepG2 cell-based vaccines (P<0.001). Cytotoxic
assay demonstrated that SEA-T washighly efficient indirecting
specific lysis of HepG2 cells other than SMMC-7721 cells.
When compared with HepG2-T, the difference induced by new
vaccines had gtatigtical significance (P=0.011). So we conclude
that tumor cell membrane expressed SEA can stimulate the
proliferation of tumor specific CTL and enhance the specific
lysis on autologous tumor cells.

This superantigen modified tumor cell-based vaccine has
an advantage over ordinary tumor cell-based vaccinesin three
aspects. Firg, this vaccine could make up for the disadvantage
of low-level expression of class I MHC molecule on the
surface of most tumor cell§?. It has been found that T cell
activation by SEA superantigen could occurr in the absence
or presence of MHC class 111%%729 and artificially anchoring
a superantigen onto a cell surface through transmembrane
protein could substitute for MHC-I1 presentation!*®, Second,
although most immunotherapeutic strategies have focused on
activating tumor-specific CD8" T cells, optimal antitumor
activity could be achieved if both CD4* and CD8* tumor
specific T cellswereinduced®Y, Likewise, if tumor immunity
playsarolein limiting the recurrence of primary tumor or the
future onset of metastatic diseases, then CD4* and CD8"*
immunological memory should be optimized. Both CD4* and
CD8' T cellscan beactivated by bacterial superantigens. Third,
superantigens could preferentially direct cytotoxicity against
MHC-11-positive cell§%234, in vivo administration of intact
superantigensin sufficiently therapeutic amount could produce
unwanted cytotoxicity to normal cells. Anchoring of
superantigen and other TM fusion proteins on the surface of
tumor cells would offer a novel strategy for the use of
superantigens as immunostimulatory molecules. This method
can confine the effect of SEA within the tumor, thus decreasing
the side effects of treatment.

As presented above, irradiated HepG2-SEA cells could be
used as an effective tumor cell-based vaccine in vitro. The
superantigen enhanced vaccine is superior to tumor cell alone
on the prime of tumor cell specific T cdls, which providesanew
strategy for the addition of superantigen asimmunostimulatory
moleculesin tumor therapy. In vivo studies are currently under
way to evaluate the effectiveness of these superantigen based
vaccines for cancer therapy.
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Abstract

AIM: To explore the feasibility of computed tomography
(CT)-guided percutaneous ethanol injection (PEI) using a
disposable curved needle for treatment of malignant liver
neoplasms and their metastases in retroperitoneal lymph
nodes.

METHODS: CT-guided PEI was conducted using a disposable
curved needle in 26 malignant liver tumors smaller than 5 cm
in diameter and 5 lymph node metastases of liver cancer in
the retroperitoneal space. The disposable curved needle was
composed of a straight trocar (21G) and stylet, a disposable
curved tip (25 G) and a fine stylet. For the tumors found in
deep sites and difficult to reach, or for hepatic masses
inaccessible to the injection using a straight needle because
of portal vein and bile ducts, the straight trocar was used at
first to reach the side of the tumor. Then, the disposable
curved needle was used via the trocar. When the needle
reached the tumor center, appropriate amount of ethanol
was injected. For relatively large malignant liver tumors,
multi-point injection was carried out for a better distribution
of the ethanol injected throughout the masses. The curved
needle was also used for treatment of the metastasis in
retroperitoneal lymph nodes blocked by blood vessels and
inaccessible by the straight needle.

RESULTS: All of the 26 liver tumors received 2 or more times
of successful PEI, through which ethanol was distributed
throughout the whole tumor mass. Effect of the treatment
was monitored by contrast-enhanced multi-phase CT and
magnetic resonance imaging (MRI) examinations three
months later. Of the 18 lesions whose diameters were smaller
than 3 cm, the necrotic change across the whole mass and
that in most areas were observed in 15 and 3 tumors,
respectively. Among the 8 tumors sizing up to 5 cm, 5 were
completely necrotic and 3 largely necrotic. Levels of tumor
seromarkers were significantly reduced in some of the cases.
In 5 patients with metastases of liver cancer in retroperitoneal
lymph nodes who received 1 to 3 times of PEI, all the foci
treated were completely necrotic and smaller demonstrated
by dynamic contrast-enhanced CT or MRI 3 months later.

CONCLUSION: CT-guided PEI using a disposable curved
needle is effective, time-saving and convenient, providing
an alternative therapy for the treatment of malignant liver
tumors and their retroperitoneal lymph node metastases.

Zuo CJ, Wang PJ, Shao CW, Wang MJ, Tian JM, Xiao Y, Ren FY,
Hao XY, Yuan M. CT-guided percutaneous ethanol injection with
disposable curved needle for treatment of malignant liver
neoplasms and their metastases in retroperitoneal lymph nodes.
World J Gastroenterol 2004; 10(1): 58-61
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INTRODUCTION

Percutaneous ethanol injection (PEI) is a common procedure
for the treatment of malignant liver neoplasms. But in the
treatment of small or deep foci with CT-guided PEI, repeated
punctures are necessary for the needle tip to reach an
appropriate position. This may result in prolongation of the
operation time and an increase of the risk for complications.
Thisarticle reported our recent experiencein PEI treatment of
liver tumors using a disposable curved needle.

MATERIALS AND METHODS

Clinical data

Thirty-one patients (22 males, 9 females; 37 to 72 years old,
mean 48.9 years) were included in this study. Of them, 19 had
primary liver cancer and 7 had metastatic liver tumors,
including asinglefocusin 15 patients and multiplefoci (= two
tumors) in 11 patients. Twenty-six foci in 26 patients were
treated by PEI using adisposable curved needle, including 18
smaller than 3 cmin diameter and 8 sizing from 3cmto 5 cm.
Metastases in retroperitoneal lymph nodes were found in 5
patients, with asingle node involved in 3, 2 nodesin one and
3 nodes in the other. All of the five patients received PEI
treatment, one lesion for each. Every patient was informed of
possible complications and the consent was obtained before
operation. The procedurewas approved by the EthicsCommission
of the hospital.

Instruments

PQ 5000 V helical CT machine (Picker International INC,
Cleveland, Ohio, USA) was used to guide the puncture. The
disposable curved needle set (DCHNS, COOK, Bloomington,
USA) iscomposed of atip (25 G), afine stylet, astraight trocar
(21 G) and atrocar stylet. Volume Zoom multi-slice helical
CT scanner (Siemens AG, Forchheim,Germany) and Symphony
1.5T MRI machine (Siemens AG, Munchen, Germany) were
used to evaluate the post-operative lesions.

Procedures
The location, morphology and size of the focus were
determined by enhanced CT or MRI. Prothrombin time, blood
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routine, liver function and tumor markers were evaluated. The
patients were fasted for four hours and notified of precautions
before the procedure. Sedativeswere administered for patients
with mental stress.

An appropriate posture was selected and the skin surface
was marked. Thefocal areawas scanned by 5-10 mm thickness
to determinethe optimal puncture point, angle and depth. L ocal
sterilization, draping and local anesthesia with 2% lidocaine
were conducted. The patients were advised to hold breath at
rest, when the needle was inserted into the focus according to
the preplanned angle. The needle was adjusted under CT
guidancein case of any deviation. The disposable curved needle
was used in the following cases: 1) foci too small in size or too
deep in location for the straight needle, 2) the way to the tumor
center blocked by the portal vessel or bile dust, 3) large foci
with multiple-siteinjections of ethanol by one puncture. When
the straight trocar of the disposable curved needle reached the
proximity of the tumor, stylet was withdrawn and the 25 G
curved needlewasinserted. The needletip was90° tothe needle
body in anatural state. When thetip traveled out of the trocar,
it was bent by its own elasticity. The next step was to direct
thetip to the focus and insert into it the tumor. Then, the stylet
was removed and ethanol wasinjected. For the larger foci, the
trocar was inserted, through which ethanol was injected from
superficial to deeper areas. After that, the flexible needle was
inserted, through which ethanol was injected into the areas
around the trocar. Before injecting ethanol, atest withdrawal
was done to make sure that the needle was not misled to the
blood vessel or biliary duct. Ethanol injection should be
sufficient to diffuse to all or most parts of the tumor. The total
volume of ethanol injected each time should not exceed 40 ml.
Asabsolute alcohol is of low density, it could be mixed with a
small amount of contrast medium to increase its density so
that the diffusion of ethanol could be more visible. A small
amount of the anesthetic was administered while the needle
was being withdrawn. When the needle was removed, acheck-
up was necessary to see whether the ethanol was well
distributed within the tumor, whether there was ethanol reflex,
or whether passage of the needle through the pulmonary region
caused pneumothorax.

Postoperative treatment included fluid replacement,
analgesic and liver protection therapies, and re-examination
of liver function and tumor markers. A second treatment was
given at aninterval of 5to 7 days.

Outcome evaluation

Multi-dicehelical CT scan or contrast-enhanced MRI wasdone
three months after PEI to eval uate the outcome by the necrotic
areaof thefoci, changes of the tumor marker level and clinical
manifestations.

RESULTS

All of the 26 tumors received 2 or more times of CT-guided
PEI. Single-point or multi-point injections were performed for
foci smaller than 3 cm, and multi-point injectionsfor all of the
foci larger than 3 cmin diameter. The ethanol distribution was
found to cover the whole tumor areas in all these 26 cases
(Figures 1-4). CT or MRI images showed that, of the 18 foci
smaller than 3 cm, 15 were completely necrotic (Figure 5) and
the remaining three were mostly necrotic. Of the 8 foci larger
than 3 cm, 5 were completely necrotic and the other three
were mostly necrotic. In four patients who were found to
have residue nodules, CT-guided PEI was performed again,
and AFPlevel declined markedly and the symptomsimproved
insome of these patients. Apart from abdominal pain of varying
degrees during the procedure, no other severe complication
was observed.

Figure 1 A tumor in the right lobe of liver (2.2 cmx2.0 cm). A
small amount of high-density iodipin could be seen in some
areas of the tumor receiving TACE.

Figure 2 When a deeply embedded tumor is difficult for a
straight needle to reach the appropriate point within it, a
straight trocar (21G) is used to reach the tumor side.

& <

Figure 3 Insertion of the 25-G disposable curved needle into
the tumor through the straight trocar. The tip position is ad-
justed to the target by changing the direction of the curved
needle. Ethanol can be injected at multiple points within the
tumor by changing the direction of the curved needle.

L N

Figure 4 Distribution of elhanol in the whole tumor.



60 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

January 1, 2004 Volume 10 Number 1

Figure 5 A complete necrotic change of the tumor found at
enhanced MRI check-up three months after the PEI.

DISCUSSION

The common treatments for malignant liver tumors include
surgery, transcatheter arterial chemoembolization (TACE),
PEI, radiofrequency thermal ablation, microwave coagulation,
laser thermal ablation therapy!*“. Although surgery isthe most
radical treatment, it is not indicative for patients with severe
cirrhosis or in cases where tumors are very close to the major
vessels. Surgery was not usually preferable if there were
multiple foci within the liver®. TACE is a good alternative,
but it causes severe damage to the liver. The outcome of TACE
isusually poor for tumors with insufficient blood supply. PEI
isabetter alternative approach for treatment of malignant liver
tumors, asit has proved to be effective and to cause minimal
trauma®%. According to Ryu et al., PEl was the choice of
treatment for clinical stage Il patients with tumors smaller than
3 cm. For clinical stage | patients with such small tumors,
selective PEI or surgical resection should be considered™. In
these cases, the outcomes of PEI and surgery were similar but
better than TACE. Therefore, PEI should be selected according
to the conditions of individual patients*?. Combination of PEI
and TACE and other treatment was sometimes used to achieve
optimal outcomes***®, Moreover, PEI is more convenient and
safer than radiofrequency thermal ablation and microwave
coagulation therapy. PEI has become a preferable approach
for lesions adjacent to main biliary ducts or to intestinal loops
and for well-differentiated hepatocellular carcinomal**24,

Chemotherapy, radiotherapy and surgery have become the
routine treatmentsfor retroperitoneal metastases of liver cancer
and other malignant tumorg?21, but some of the lesions are
not sensitive to radiotherapy and chemotherapy. In addition,
radiotherapy and chemotherapy are more traumatic and
expensive. Dissection of metastatic lymph nodes usually results
in more traumas and complications. Some patients whose
general conditions are poor can not tolerate chemotherapy,
radiotherapy or surgery. While CT-guided PEI ismoreeffective
for the treatment of lymph node metastasesin the retroperitones
space and abdominal cavity with less trauma and lower cost.
Following CT-guided PEI, appropriate chemotherapy and
radiotherapy still can be considered.

Clear visualization of tumor location and ethanol distribution
during CT-guided PEI for malignant liver tumors makes it
possible to inject sufficient ethanol for a better outcome. It is
especially suitable for foci that could be clearly detected on
ultrasound®®. For the CT-guided PEI, it isakey step to insert
the needle accurately into the target. Using the needle with a
disposable curved tip, it is convenient to reach thefoci and to
avoid disadvantages of routine PEI procedure. What you need
to do isto insert the trocar to the edge of the tumor and the
disposable curved needle tip into the tumor through the trocar.
It savestime and reduces complications. The disposable curved

tip can easily reach a deeply embedded tumor and avoid
possible damages to the surrounding vessels or bile ducts. For
tumors larger than 3 cm, multiple injections are necessary. By
the procedure described here, a straight trocar is used at first
to inject ethanol, and then the disposable curved needletip is
inserted through the trocar to inject ethanol into areasthat the
straight trocar cannot reach, so that ethanol can diffuse to the
whole tumor. Retroperitoneal lymph nodes are usually deep
and adjacent to abdominal aorta and inferior vena cava, PEI is
usually done under CT guidance because CT guidance is
accurate and the distribution of ethanol within the metastatic
lymph node can be clearly visuaized. The disposable curved
needle can be used for metastatic lymph nodesin way to which
is blocked by vessels. For larger metastatic lymph nodes,
multiple-site injections of ethanol by one puncture can be done
using a disposable curved needle and the procedure is more
convenient than that using a routine straight needle.

Aswe know, thisisthe first report describing the use of a
disposable curved puncture needle in CT-guided PEI for
malignant liver tumors and retroperitoneal lymph node
metastases. This procedure could also be used in CT-guided
acetic acid injection for liver tumorg®*, ethanol injection for
adrenal tumorg®3, and thymus ethanal injection for myasthenia
gravig®,
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Abstract

AIM: To explore the cooperative effects of antisense
oligonucleotide (ASON) of cell adhesion molecules and
cimetidine on the expression of E-selectin and ICAM-1 in
endothelial cells and their adhesion to tumor cells.

METHODS: After treatment of endothelial cells with ASON
and/or cimetidine and induction with TNF-a, the protein
and mRNA changes of E-selectin and ICAM-1 in endothelial
cells were examined by flow cytometry and RT-PCR,
respectively. The adhesion rates of endothelial cells to tumor
cells were measured by cell adhesion experiment.

RESULTS: In comparison with TNF-a inducing group, lipo-
ASON and lipo-ASON/cimetidine could significantly decrease
the protein and mRNA levels of E-selectin and ICAM-1 in
endothelial cells, and lipo-ASON/cimetidine had most
significant inhibitory effect on E-selectin expression (from
36.37+1.56% to 14.23+1.07%, P<0.001). Meanwhile,
cimetidine alone could inhibit the expression of E-selectin
(36.37£1.56% vs 27.2+1.31%, P<0.001), but not ICAM-1
(69.34+2.50% vs 68.07+2.10%,P>0.05)and the two kinds of
mMRNA, either. Compared with TNF-a inducing group, the rate
of adhesion was markedly decreased in lipo-E-selectin ASON
and lipo-E-selectin ASON/cimetidine treated groups(P<0.05),
and lipo-E-selectin ASON/cimetidine worked better than
lipo-E-selectin ASON alone except for HepG2/ECV304 group
(P<0.05). However, the decrease of adhesion was not
significant in lipo-ICAM-1 ASON and lipo-ICAM-1 ASON/cimetidine
treated groups except for HepG2/ECV304 group (P >0.05).

CONCLUSION: These data demonstrate that ASON in
combination with cimetidine in vitro can significantly reduce
the adhesion between endothelial cells and hepatic or
colorectal cancer cells, which is stronger than ASON or
cimetidine alone. This study provides some useful proofs
for gene therapy of antiadhesion.

Tang NH, Chen YL, Wang XQ, Li XJ, Yin FZ, Wang XZ. Cooperative
inhibitory effects of antisense oligonucleotide of cell adhesion
molecules and cimetidine on cancer cell adhesion. World J
Gastroenterol 2004; 10(1): 62-66

http://www.wjgnet.com/1007-9327/10/62.asp

INTRODUCTION

Previous researches have shown that recurrence and metastasis
of cancer are closely related to the adhesion between tumor
cellsand endothelia cells. A variety of cell adhesion molecules
(CAM) induced by cytokinessuch asIL-b and TNF-a released
by tumor cells, promote the adhesion. Therefore, how to inhibit
the adhesion is worth of study.

Antisense oligonucleotide (ASON) technique is a new
alternative of gene therapy. ASONS are short synthetic
oligonucleotides (10 to 25 basesin length) designed to hybridize
to RNA (sense strand) that encodes the protein of interest. On
binding to an MRNA, the oligonucleotide may inhibit the
expression of target protein by multiple mechanisms,
exhibiting an important significance in antivirus and cancer
treatment researched®“. Phosphorothioate oligonucleotides
have a sulfur substituting for one of the nonbridging oxygens
in the phosphate backbone, markedly enhancing the stability
aganist cellular and serum nucleases®®. E-selectin, an early
expressed CAM, and intercellular adhesion molecule-1
(ICAM-1), alate expressed CAM, are important proteins that
mediate cell adhesion. Relevant studies on antiinflammation
or antiadhesion using ASON have aroused increasing
attention'™,

Cimetidine, akind of H2R antagonist, has been shown to
improve the survival of patients with colorectal cancer,
melanoma, and renal cell cancer. Other H2R antagonists
including ranitidine and famotidine did not have such an
effect*®1Y indicating that cimetidine may exert its effect by
enhancing the host immune response against tumor cells*? or
by blocking the cell growth-promoting activity of histamine®3,
but not directly via histamine antagonism.

The key of anti-metastatic therapy lies in the complete
inhibition of metastasis, because even if one metastatic colony
is formed in an organ, it may result in death of the host
eventually. Combined treatment may be an effective way to
reach the goal. On the basis of previous work, we investigated
the combined inhibitory effects of E-selectinor ICAM-1 ASON
and cimetidine on tumor cell adhesion to provide data for
further animal experiment and potential clinical application.

MATERIALS AND METHODS

Materials

Human endothelial cell line ECV 304, hepatic cancer cell lines
HepG2 and BEL 7404 and colorectal cancer cell line Ls-174-t
were purchased from the Cellular Biology | nstitute of Chinese
Academy of Sciencesand grownin DF medium (DMEM: Ham' s
F12=3:1) containing 100 mL- L*fetal calf serum, penicillin
1x10°U- L"*and streptomycin 100 mg- L. Transfection kit
TransFast™ liposome, Tag enzyme, RT-PCR kit and marker
were from Promega. Mouse anti-human ICAM-1 mAb and E-
selectin mAb were from Lab Vision. RNA extract (Trizol) was
purchased from GIBCO BRL. Human recombinant TNF-a was
purchased from Jingmei Biological Engineering Co., Shenzhen.
*H-TdR was purchased from the Atomic Energy Institute of
Shanghai. Cimetidinewasthe product of Smithkline d Beecham
Pharmaceutical Co., Germany.
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ASON and primers

Asprevioudy described™*, phosphorothioate oligoribonudeotides
of ICAM-1, E-selectin and control ASON were synthesized by
Shenggong Bio-Engineering Company, Shanghai. The sequences
of ICAM-1, E-selectin and control ASON, and the primers for
ICAM-1, E-selectin and b-actin are shown in Table 1.

Table 1 Sequences of ASON and primers

Name Sequence Length

ASON
E-selectin
ICAM-1
Control

5”-TTCCCCAGATGCACCTGTTT-3”
57-CCCCCACCACTTCCCCTCTC-3”
57-GCCGAGGTCCATGTCGTACGC-3”

primer

E-selectin Forward: 5’-AAAATGTTCAAGCCTGGCAGTTCC-3”

Reverse: 5”-GTGGTGATGGGTGTTGCGGTTTCA-3” 509 bp
Forward: 5°-CACAAGCCACGCCTCCCTGAACCTA-3’

Reverse: 5’-TGTGGGCCTTTGTGTTTTGATGCTA-3* 458 bp
Forward: 5”-CTGTCTGGCGGCACCACCAT-3”

Reverse: 5’-GCAACTAAGTCATAGTCCGC-3” 250 bp

ICAM-1

b-actin

Methods
Preparation of lipo-ASON In order to improve the efficiency
of ASON uptake of cells and prevent degradation in cultured
cells and human serum, we used a commercial liposome that
was comprised of synthetic cationic lipid and neutral lipid. It
enhanced ASON’ s biofunction by improving its merging with
cell membrane of eukaryatic cells and entering cell plasmato
combine with mRNAI8, At alower final concentration of
1/10 the nude ASON, lipo-ASON worked more effectively
on inhibition in our previous report. According to the
manufacturer’ s protocol of TransFast™ liposome, 200 i of
serum-free medium per well should contain 3.6 m(1.5 ng)
ASON and 4.4 n liposome. So 10 minutes before the experiment,
ASON wasfirst mixed with serum-free medium, then liposome
was added to make lipo-ASON medium (1 mmol/L) at room
temperature.
Treatment of endothelial cells A total of 5x10* ECV 304
endothelial cells (3 to 6 generations) per well were put into a
24-well plate and incubated at 37 °C in 5 mL/L CO, humidified
atmosphere for 48 hours, when cells grew to a confluence of
80%. E-selectin and ICAM-1 were divided into 5 groups
according to the following different treatments, respectively.
Groupl (Basal): Treatment with TNF-a without lipo-ASON
or cimetidine, and the cultivation timewasidentical to the other
groups. Group I (TNF-a): After cultivation for 48 hours, the
supernatants were discarded, endothelial cells were washed
with PBS and replaced with 200 m of serum-free medium.
Group Il (cimetidine): After cultivation for 24 hours, 200 m
of serum-free medium containing cimetidine (10®M) was
added and cultured for another 24 hours, then the supernatants
were discarded, cells were washed with PBS and replaced with
200 m of serum-free medium. Group IV (lipo-ASON): After
cultivation for 48 hours, the supernatants were discarded, cells
were washed with PBS and replaced with 200 m of serum-
free medium containing lipo-ASON. Group V (lipo-ASON/
cimetidine): After cultivation for 24 hours, 200 m of serum-
free medium containing cimetidine (10®M) was added and
cultured for another 24 hours, then the supernatants were
discarded, cells were washed with PBS and replaced with
200 m of serum-free medium containing lipo-ASON.
Groups |1 to V were cultured for 4 hours at 37 °C. For E-
selectin expression groups, the supernatants were discarded,
200 mi medium containing 5 ng TNF-a was added and
continuously cultured for 4 hours at 37 °C. For ICAM-1
expression groups, the supernatants were discarded, 200 m

medium was added and continuously cultured for 4 hours at
37 °C, then 5 ng TNF-a was added and cultured for 16 hours.
Flow cytometry Endothelial cells, treated with ASON or
cimetidine and TNF-a as described above, were removed from
the plate by brief trypsinization with 0.25% trypsin. Cellswere
washed with DEME plus 10% FCS, stained with primary mAb
(2 my/m) diluted in D-PBS containing 2% BSA and 0.2% sodium
azide, followed by fluorescein-conjugated goat anti-mouse 1gG.
Each step was performed at 4 °C. Cellswere analyzed by flow
cytometry using a Bryte HSFACScan (BID-RAD, US).
RT-PCR 2.5x10° of ECV 304 endothelial cells per well were
placed into a 6-well plate and then performed as described
above. Total cellular RNAs were extracted and quantitated by
aspectrophotometer. 2 ng of RNA was used to perform reverse
transcription as recommended by the supplier. E-selectin gene
was amplified 30 cycles by half-quantitation under the
following conditions: denaturation at 94 “C for 5 min followed
by at 94 °C for 30s, at 64 'C for 45sand at 72 C for 45 s, then
extension at 72 ‘C for 7 min. ICAM-1 gene was amplified 30
cycles by half-quantitation under the following conditions:
denaturation at 94 °C for 5 min followed by at 94 °C for 30 s,
at 60 C for45sandat 72 C for 45 s, then extension at 72 'C
for 7 minutes. For analysis, 10 pL of the amplified product
was tested in 20 g/L agarose gel with ethidium bromide
staining, then photographed and scan-analysed. The ratio of
average integrated density value (IDV) of E-selectin and
ICAM-1 to IDV of b-actin was expressed as the relative
intensity of E-selectin and ICAM-1, respectively.

Monolayer cell adhesion assays 1x10* ECV 304 endothelial
cells per well were placed into a 96-well plate and then
performed as described above. Human hepatic cancer cell lines
HepG2 and BEL 7404 and colorectal cancer cell line Ls-174-t
were subcultured for 24 hours, then incubated with medium
containing *H-TdR(9 nCi/ml)for 12 hoursat 37 ‘C. The three
kinds of cdlls (2.5x10°) were added to ECV 304 monolayer in
afinal volume of 0.1 ml respectively, and incubated for 1 h at
37 C. Nonadherent cellswere removed from the plate by gentle
washing with warm PBS. By brief trypsinization with 0.25%
trypsin, theadherent cellswereremoved onto apiece of fiberglass
paper (49#), washed with 5% trichorolacetic acid and dried at
80 C. The number of adherent cells was determined by
measuring flash value using a flash-detecting device (Tri-Carb
2300TR, Packard Co Lit).

Statistics analysis

Data were presented with x+s, statistical analysis was
performed using ANOVA. Differences were judged to be
statistically significant when the P value was less than 0.05.

RESULTS

Effect of ASON and/or cimetidine on expression of E-selectin
and ICAM-1

Using cytofluorometry, we examined the effect of lipo-ASON
or cimetidine on the level of E-selectin and ICAM-1 protein
in ECV 304 cells stimulated by TNF-a (Figure 1). Maximum
expression of E-selectin or ICAM-1 was observed in TNF-a
inducing group with no other trestments. Compared with TNF-
a inducing group, the expression of E-selectin in all treated
groups was differently decreased (P<0.001), most markedly
in lipo-ASON/cimetidine treated group (P<0.001, vs lipo-
ASON aone group), showing that lipo-ASON in combination
with cimetidine had a better inhibitory effect. Similarly, the
expresson of ICAM-1inlipo-ASON and lipo-ASON/cimetidine
treated groups decreased significantly (P<0.001), but the
change of ICAM-1 expression in cimetidine treated group was
not significant (P=0.296), suggesting that cimetidine did not
affect ICAM-1 expression in endothelial cells.
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Figure 1 Effect of ASON on expression of E-selectin and ICAM-1 in endothelial cells (*P<0.01, vs group II, n=5). I: Basal, 1I: TNF-
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Figure 2 Agarose gel electrophoresis of RT-PCR products. M:Marker, 1: E/basal, 2: E/TNF-a, 3: E/cimetidine, 4: E/lipo-ASON,
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Agarose gel electrophoresis of RT-PCR products

To investigate the effects of lipo-ASON and/or cimetidine on
the level of E-sdlectin and ICAM-1 mRNA, RT-PCR analysis
was carried out. As shown in Figures 2 and 3, TNF-a could
induce E-selectin and ICAM-1 gene expression. Lipo-ASON
or lipo-ASON/cimetidine could significantly reduce the level
of E-selectin and ICAM-1 mRNA, but cimetidine did not.

1.0 -
0.9F
0.8F
0.7+ o
0.6+ O
051 ]

=]
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| |
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E-selectin ICAM-1

IDV ratio

0.2+
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Figure 3 Relative expression value of ICAM-1 and E-selectin
to b-actin by RT-PCR. I: Basal, II: TNF-a, IlI: Cimetidine, 1V:
Lipo-ASON, V: Lipo-ASON/Cimetidine.

Effect of ASON and/or cimetidine on adhesion

To examine the effects of lipo-ASON and/or cimetidine on
the adhesion between tumor cells and ECV304 cells, a
monolayer cell adhesion assay was carried out. As shown in
Table 2, the adhesions of HepG2, BEL 7404 and Ls-174-t cells
to ECV 304 cells were strongly induced by stimulation with
TNF-a. Compared with TNF-a inducing group, the rate of
adhesion was markedly decreased in lipo-E-selectin ASON
and lipo-E-selectin ASON/cimetidine treated groups (P<0.05),
and lipo-E-selectin ASON/cimetidine worked better than lipo-
E-selectin ASON alone except for HepG2/ECV 304 group
(P<0.05). However, the decrease of adhesion was not significant
in lipo-ICAM-1 ASON and lipo-l CAM-1 ASON/cimetidine
treated groups except for HepG2/ECV 304 group (P>0.05).

Table 2 Adhesion rate of endothelial cells transfected by E-
selectin and ICAM-1 ASON to tumor cells (x£5)%

Group | 1 11 v \%

E-selectin/HepG2 17.7+0.9* 80.4+6.2 58.9£2.7  38.0#5.0° 24.1#1.5%
E-selectin/BEL7404  8.1+#1.0° 75.9+0.6 52.2#2.4* 26.7+1.6° 17.4+1.1%"
E-selectin/Ls-174-t  16.0+1.6° 77.94¢5.7 53.9+2.6° 43.1#1.7* 29.5+2.6*"
ICAM-1/HepG2 5.0+1.3* 71.0+£24 68.6+1.8 69.0+1.4  67.3£2.2°
ICAM-1/BEL7404 3.00.9° 65.9+4.1 63.6#5.0 63.5+4.0 64.7£1.7
ICAM-1/Ls-174-t 5.840.82 63.02.0 63.4%1.2 64.5+1.8 62.8£1.3

(1) I: Basal, I:-TNF-a, IlI: Cimetidine, 1V: Lipo-ASON, V: Lipo-
ASON/Cimetidine. (2) ?P<0.05, vs groupll; ®°P<0.05, group V
vs group V.

DISCUSSION

ICAM-1 cDNA with 2.98 Kb inlength consstsof 5 -untrand ated
region, 57 bp, a continuous open reading frame, 1 598 bp, and
3’ -untrandated region, 1 330 bp. E-selectin cDNA with 3.85
Kb in length consists of 5" -untranslated region, 116 bp, a
continuous open reading frame, 1 830 bp, and 3’ -untranslated
region, 1 898 bp. Bennett’ s research** showed that among all
the designed ASONs, ASONSs hybridized to 3’ -untranslated
region were more potent than those hybridized to AUG
transcription-initiation site or 5" -untranslated region. In our
previous experiment, we found that each selected ASON of
ICAM-1 and E-selectin hybridized to 3’ -untranslated region

could reduce the expression of objective gene by nearly 40%
respectively, demonstrating that their effects were sequence
specific. ThislossinmRNA might be dueto the ASON targeted
objective pre-mRNA in the nucleus, which resulted in activation
of endogenous RNase H or a related enzyme and mediated
hydrolysis of mMRNA-ODN at the hybridization sitel*"18,

With the presence of cytokines such as|L-1b and TNF-a
secreted by tumor cells, vascular endothelial cells can produce
different adhesive molecules at different times. After
stimulation of cytokines, E-selectin showsiits featuresin 4 to
5 hours, which mediate the early adhesion, and ICAM-1 shows
itsfeaturesin 12 to 48 hours, which mediate the late adhesion.
In thisarticle, through the treatment with E-selectin or ICAM-
1 ASON before the induction by TNF-a, the expressions of
objective molecules were blocked, but the adhesion between
endothelial cells and tumor cells was only significantly
inhibited by E-selectin ASON. The reasons were as follows:
1) Hepatic and colorectal cancer cells could highly express
slex Agit¥, the ligand of E-selectin. It isthe major molecule
that mediates the adhesion to endothelial cells directly. 2)
|CAM-1 also appeared in the membrane of hepatic or colorectal
cancer cells. The adhesion between cancer cells and vascular
endothelial cellsin vitro resorted to LFA-11%, the ligand of
ICAM-1, which expresses on the membrane of white blood
cells. However, there were no white blood cellsto bridge in
vivo. 3) Hepatic or colorectal cancer cells like HepG2 could
also express affluent integrin a.b;, which directly mediated
the adhesion between tumor cells and endothelial cellg®. Itis
thiskind of moleculesthat work inICAM-1 ASON treated group.

Cimetidine, akind of H2 receptor antagonist, has been used
to inhibit the secretion of gastric acid in clinic. It has also been
used to prolong the survival of patients with various forms of
cancer in recent yeard?-?3, Even at the highest noncytotoxic
concentration (10“M), cimetidine has been shown not to
influence the expression of ICAM-1 protein, ICAM-1 mRNA
and E-selectin mRNA, but could obviously reduce the
expression of E-selectin proteinl?>2%l, We proposed that
cimetidine’ s inhibitory action on metastasis was due to
blocking the adhesion between endothelial cells and tumor
cells, especially colorectal cellswith higher expression of de
Ag?4, Since other H2 receptor antagonists, such as ranitidine
and famotidine, did not play the same role under the same
experimental conditiong??, it has become obvious that the
mechanism of cimetidine’ sinhibiting function isinvolved in
astep after transcription. p38 MAPK!?, for instance, might
be the regulatory molecule that activates the expression, of a
number of genes at the level of posttranscription!?%-29,

Our research demonstrated that E-selectin played aprimary
role in initiating the adhesion of cancer cells to vascular
endothelial cellsthrough itsinteraction with its specific ligand,
siayl Lewisantigend®®, Lipo-E-selectin ASON in combination
with cimetidine could inhibit the expression of E-selectin more
effectively and reduce the adhesive rate of endothelial cellsto
tumor cellsin early stage, reaching the goal of double benefits
from outside and inside of cells. It not only guarantees the
major aim of inhibiting adhesion, but also lowers the negative
influence of cells subjected to drug ab extra. In short, this study
provides some useful proofsfor gene therapy of antiadhesion,
which would become a new therapeutic alternative to inhibit
high recurrence and metastasis of hepatic or colorectal cancer.
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Abstract

AIM: To investigate the correlation of enhancement features
of hepatocellular carcinoma (HCC) revealed by single-level
dynamic spiral CT scanning (DSCT) with tumor microvessel
density (MVD), and to determine the validity of DSCT in
assessing in vivo tumor angiogenic activity of HCC.

METHODS: Twenty six HCC patients were diagnosed
histopathologically. DSCT was performed for all patients
according to standard scanning protocol. Time-density curves
were generated, relevant curve parameters were measured,
and gross enhancement morphology was analyzed. Operation
was performed to remove HCC lesions 1 to 2 weeks following
CT scan. Histopathological slides were carefully prepared for
the standard FgRA immunohistochemical staining and tumor
microvessel counting. Enhancement imaging features of HCC
lesions were correlatively studied with tumor MVD and its
intra-tumor distribution characteristics.

RESULTS: On DSCT images of HCC lesions, three patterns
of time-density curve and three types of gross enhancement
morphology were recognized. Histomorphologically, the
distribution of positively stained tumor endothelial cells within
tumor was categorized into 3 types. Curve parameters such
as peak enhancement value and contrast enhancement ratio
were significantly correlated with tumor tissue MVD (r=0.508
and r=0.423, P<0.01 and P<0.05 respectively). Both the
pattern of time-density curve and the gross enhancement
morphology of HCC lesions were also correlated with tumor
MVD, and reflected the distributive features of tumor
microvessels within HCC lesions. Correlation between the
likelihood of intrahepatic metastasis of HCC lesions with
densely enhanced pseudocapsules and rich pseudocapsular
tumor MVD was found.

CONCLUSION: Enhancement imaging features of HCC
lesions on DSCT scanning are correlated with tumor MVD,
and reflect the intra-tumor distribution characteristics of

tumor microvessels. DSCT is valuable in assessing the
angiogenic activity and tumor neovascularity of HCC patients
in vivo.
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INTRODUCTION

Tumor angiogenesis plays a fundamental role in the
pathogenesis of tumor growth and metastasis*®, and
significantly influences the biological behaviors of tumor and
prognosis of patients®®. The inhibition or blockade of this
angiogenic activity, on the other hand, can slow down the tumor
growth rate and positively affect the outcome of patients™.
Although a single standardized and thoroughly validated
method to evaluate the structure and function of tumor
angiogenesis is not available, some histomorphological
markers, such as microvessel density (MVD) and vascular
endothelial growth factor, have been used asindicators of tumor
angiogenic activity currently®%2 However, these markers
were studied immunohistochemically in vitro on biopsy or
surgicd tissues, and could not provideinformeation of functional
status of tumor angiogenesis, and were hardly to repeat for
patients in follow-up. An ideal test should be non-invasive,
fast, easy to perform, repeatable and reproducible, and most
importantly, it should provide accurate and comprehensive
information on the structure and biological characteristics of
tumorsin vivo.

Modern medical imaging modalities can depict the blood
flow or reflect the hemodynamic changes. Recent studies
using Doppler Sonography!**1¢ or MRX-2 or CT2% to assess
tumor angiogenesis and neovascularity have yielded
encouraging resultsin differential diagnosisand the correlation
of aggressiveness and metastasis of tumor with the prognosis
of patients. Correlation of enhanced imaging features of
hepatocellular carcinoma (HCC) with tumor MVD was
investigated to determine the validity of single-level dynamic
spiral CT scanning (DSCT) in vivo for assessment of tumor
angiogenic activity and neovascularity.

MATERIALS AND METHODS

Study subjects

From June 1997 to January 1999, 26 HCC patients were
histopathologically proved and used for the study, and all the
patients met the criteria for DSCT scanning and for
histopathological specimen sampling and slides preparation.
There were 23 males and 3 females with a mean age of 43.5
years (27 to 72 years). None of them had anti-tumor therapies
prior to CT examination, and 1-2 weeks after CT, surgery was
performed on all HCC patients to remove the lesions.
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DSCT protocol

A Somatom Plus4 VA spiral CT scanner (Siemens, Erlangen,
Germany) was used for the study, 2 mi/kg of 65% angiografin
or ultravist-300 (Schering, Germany) was used as intravenous
contrast agent and injected via the antecubital route on the
constant rate of 3 ml/sec. Before the start of CT scanning, the
patients were educated and trained on how to cooperate for
CT examination. The whole scanning procedure included 3
steps. First, all the liver was scanned without enhancement,
then dynamic scanning at the selected target dicelevel (single-
dlice dynamic scanning) was followed, and finally the portal
venous phase spiral CT acquisition of the entire liver was
obtained. Thetarget dlice was selected based on the abnormal
findings on the initial scanning. Only the central slice with the
smallest area of tumor necrosis was chosen as the target for
dynamic scanning. The dynamic scanning was performed 18
seconds after intravenous administration of contrast agent. For
the dynamic scanning the sequence scan mode was employed
with the cycle time of 2.3 seconds. A total of 18 slices were
generated. The spiral scan mode was used for the initial scan
and acquisition data on the final portal venous phase. Seven
mm was used for calibration, table feed and slice thickness
(pitch=1/1), and the scan delay timefor the portal venous phase
was 65 seconds.

Image data processing

Generation of time-density (T-D) curve Any visible blood
vessel, necrotic foci and hypodense septum were avoided in
selection of theregion of interest (ROI) for HCC lesions. For
the abdominal aorta, ROl was placed in its cross sectional
center. The size of ROl was restricted to around 1 cm in
diameter. With the built-in software program, the T-D curves
of both HCC lesions and abdominal aortawere generated on
the basis of the selected ROIs.

T-D curve parameters Several curve parameters were
defined for the T-D curve of HCC lesions. (a) The peak
enhancement value (PV) of the abdominal aorta was defined
asthe CT attenuation number at the junction between the up-
dope portion with the steepest rise and the portion with gradual
or flat rise. The corresponding time was referred to asthe peak
enhancement time (PT). (b) The PV for HCC lesion was the
result of maximum enhancement CT attenuation number minus
the baseline CT attenuation number on plain CT scan, and the
time to reach the maximum CT attenuation number after
enhancement was the PT. (c) The contrast enhancement ratio
(CER) was defined as the percentage of the PV of HCC lesion
divided by the PV of the abdominal aorta. Patterns of T-D
curves were analyzed and the related curve parameters (PV,
PT, and CER) were calculated.

Image interpretation All the CT images were jointly
analyzed with standardized criteria by two senior radiologists
experienced in liver imaging. Special attention was paid to the
morphologica enhancement patterns of HCC lesionsand other
associated imaging findings, such as pseudocapsules, daughter
foci, and invasion of the portal venous system.

Histomorphological analysis of tissue specimen

Great care was taken to ensure that the matching of tissue
sampling sites of surgically resected gross HCC tumor
specimen with the correspondingly selected ROIs on DSCT
images was on one-to-one basis. The obtained tissue specimens
were processed by standard macro- and micro-dide techniques
to verify the histomorphological tumor extension. Then
slides of 5 pm thickness were stained with the standard
immunoperoxidase method using factor V1I1-related antigen
(FsRA stain)?. Criteria for positive stain and microvessel
counting were those established by Weidner et al’>%. Two

independent experienced pathologists counted each ROI
separately, and consensus counting was done for dispute. The
counting wasfirst proceeded at 100 x magnification for * hot spot”
representing the area of the highest microvessel density (MVD),
then switched to 200 x magnification for clear depiction and
better counting. For each didethree“ hot spots’ were counted,
and the mean count represented thefinal MV D. Thedistribution
of “hot spots” within tumor lesions was also recorded.

Statistical analysis

Pearson’ s correlation analysis and variance analysis were
performed to test the strength of association between CT
imaging features and the histomorphological marker, P<0.05
was considered statistically significant.

RESULTS

Dynamic CT scan

Patterns of T-D curve Some distinctively different patterns of
T-D curves of HCC lesions were observed and categorized
into three types. Type |, theinitial rise of T-D curve was very
fast and steep, then abruptly changed to amore flat and steady
gradual risetill the plateau phase. This curve pattern occurred
in 7 patients. In type Il curve, the up-rise of the curve slope
was obvious, yet relatively smooth, no abrupt turn in the
configuration of the curve up-slope. Thirteen patients
demonstrated T-D curve pattern of typell. Typelll curvein 6
patients was characterized by slow and flat rise of the initial
curve up-dope with low amplitude. These three patterns of T-
D curves of HCC lesions are depicted in Figure 1, and the
calculated curve parameters are summarized in Table 1. PV
and CER of type Il patients were obvioudy lower than those
of type | and type Il patients, and the differences were
statistically significant (P<0.05). On the other hand, the
differences of PV and CER between type | and type |l patients
were not statistically significant. There was atrend for PT to
increase gradually from type | to type 11, but the differences
among the three types were not statistically significant.
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Figure 1 Three patterns (I, Il, 111) of time-density curve ob-
served in HCC patients. The transverse axis represents the time
and the Y-axis represents the peak enhancement value in
Hounsfield units.

Table 1 HCC time-density curve patterns

Curve parameters Type | Type Il Type I
Number of patients 7 13 6

PV (Hu) 53.6+7.8 47.9+12.6 20.6+7.22
PT (Sec) 43.8£9.5 52.2+7.7 57.948.3
CER (%) 25.0+7.2 22.5+6.5 8.243.42

aThe differences of PV and CER between type Ill and those of
type | and Il were statistically significant (P<0.05).
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Figure 2 Three types of enhancement morphology depicted in
HCC patients. A: Type A. Marked and homogeneous enhance-
ment of the entire HCC lesion in the posterosuperior segment
of right hepatic lobe (black arrow). B: Type B. Bright periph-
eral ring-like enhancement of HCC lesion on arterial phase
image in the right posterosuperior segment (black arrow), and
the dilated right hepatic artery (black arrow). C: Portal venous
image at the same slice level as in (B). HCC lesion remained
hypodense despite obvious enhancement of normal liver pa-
renchyma elsewhere. D: Type C. Inhomogeneous patchy en-
hancement of HCC lesion in right lower hepatic lobe from ar-
terial phase image. Bright dots and linear shadows represent
enhanced tumor vessels within the lesion.

Morphological enhancement patterns of HCC The gross
morphological enhancement manifestations of HCC lesions
could also be grouped into 3 types (Figure 2). Type A was
seen in 7 patients, the HCC lesions were densely enhanced in
a homogeneous pattern (Figure 2A). The mean transverse
diameter of lesionswas 3.1 cm. Type B wasin 5 patients, the

lesions demonstrated complete or partial rim-like peripheral
enhancement, without or with only few dots of enhanced
tumor vessels within the lesion center (Figure 2B, 2C). Mean
diameter was 5.7 cm. Type C was seen in 14 patients, HCC
lesions were inhomogeneously enhanced in a patchy fashion.
Many small round-shaped, linear or reticular shadows
representing enhanced tumor vessels were clearly visible,
along with many hypodense necrotic foci and fibrous septa
within the lesions (Figure 2D). The mean transverse diameter
in this group of patients was 8.5 cm. The differencesin the
transverse diameter of tumor lesions among the three groups
were statistically significant.

Immunohistochemical findings
FsRA staining revealed a great variation in the distribution of
positively stained tumor vascular endothelial cellswithin HCC
lesions. Such adistribution variability in our patient could be
roughly grouped into three patterns (Figure 3). (1) Twelve
patients exhibited very rich blood sinusoids but scanty tumor
microvesselsin theintergtitium. In 9 patients, positively stained
sinusoidal endothelial cells were abundant and distributed
inhomogeneously in a patchy fashion (Figure 3A). But in the
rest 3 patients, sinusoidal endothelial cells had no positive
staining. (2) Eleven patients had both rich sinusoids and
interstitial microvessels, alarge number of positively stained
endothelial cells were distributed in both sinusoids and
interstitium (Figure 3B). (3) Three patients had rich
interstitium, with few interstitial microvessels and scanty
sinusoids, and positively stained endothelial cells were very
scarce (Figure 3C).

The MVD of HCC tumor tissue varied greatly from 6 to
91 among patients.

Correlation of DSCT features and tumor MVD

(1) T-D curve parametersand MV D A statistically significant
positive correlation was demonstrated between tumor MVD
and both PV and CER of corresponding HCC lesions. The
correlation coefficients (r) were 0.508 (P<0.01) and 0.423
(P<0.05) respectively. However, MVD had no positive
correlation with PT.

(2) Curve patterns, enhancement morphology and MV D
The relationships between tumor MV D and T-D curve patterns
and the three gross enhancement morphological types of HCC
lesions are summarized in Table 2. The tumor MVDs of T-D
curvetype Il and the gross enhancement morphology type B
were significantly lower than those of curve typel and Il
(P<0.05), and gross morphology type A and C (P<0.05),
respectively. The differences of MVDs between types |, |1 of
T-D curve and the enhancement morphological patterns (type
A, C) were not statistically significant.

Table 2 HCC time-density curve patterns, types of gross en-
hancement morphology and tumor MVD

Typel Typell Typelll Type A TypeB TypeC

Patient No 7 13 6 7 5 14
MVD 41.8+16.7 48.0+18.2 23.0+7.4% 49.7£14.2 15.645.7° 44.0+19.7

aThe differences of MVDs between type Il and type I, type Il
were statistically significant (P<0.05). *The differences of MVDs
between types B, A, C were statistically significant (P<0.05).

(3) Curve patterns, enhancement morphol ogy and distribution
of MVD The intratumoral distribution characteristics of tumor
MV D and their relationshipswith T-D curve patternsand gross
morphological enhancement types of HCC lesions are listed
in Table 3.
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Table 3 HCC time-density curve patterns, types of gross en-
hancement morphology and intratumoral MVD distribution

Typel Typell Typelll Type A TypeB TypeC

Rich S 0 10 2 4 2 6
Rich S & | MVD 7 3 1 3 0 8
Scanty S& IMVD 0 0 3 0 3 0

S-tumor blood sinusoids, I-tumor interstitium.

(4) Other DSCT signs and related histomorphological
changes Eleven patients demonstrated intrahepatic metastatic
foci or daughter lesions. 7 of the 11 patients had prominent
pseudocapsulesthat were hyperdense on DSCT images (Figure
4). In 1 patient the pseudocapsule remained to be hypodense
throughout the entire scanning period, and no discrete
pseudocapsule was discernible in the other 3 patients.
Immunohistochemical FsRA stain reveal ed abundant positively
stained tumor endothelial cellsin connectivetissue of the tumor
pseudocapsule in 8 patients. In the remaining 3 patients,
judgement could not be made as whether or not the tumor
pseudocapsul e was present on the histopathological dides, due
to improper tissue sampling, which missed the border region
between HCC lesion and the neighboring normd liver tissue.

Figure 3 Three patterns of intratumoral MVD distribution
revealed by FsRA immunohistochemical staining. A: Pattern
I. Markedly dilated and abundant blood sinusoids with very
rich positively stained sinusoidal endothelial cells and scanty
tumor interstitium. B: Pattern Il. Sinusoids and interstitium

abundant and rich in positively stained endothelial cells (black
arrow). C: Pattern Il1. Rich tumor interstitium with few posi-
tively stained endothelial cells (white arrow) and scanty blood
sinusoids.

# =

Figure 4 Enhancement of HCC pseudocapsules and
pseudocapsular MVD. A: Marked enhancement of HCC
pseudocapsule (hyperdensity) in the medial segment of left
hepatic lobe shown by DSCT. Note the similar enhancement
pattern of the satellite or daughter lesion in the anterior seg-
ment of right hepatic lobe. B: FsRA staining Rich positively
stained endothelial cells within tumor pseudocapsule (black
arrow) revealed by FsRA staining.

DISCUSSION

MVD, one of the histomorphological markers, is currently
regarded as the best available means to represent tumor
angiogenesis, and has been widely used to characterize tumor
angiogenic activity in vitro. However, it may not be an ideal
method for clinical purposes, as it isinvasive and hard to
perform and to repeat. Clearly, from the clinical perspective,
it isof great clinical importance to look for a noninvasive
method, which can provide in vivo overall functional
information about tumor angiogenesis, besides accurate
morphological information. We designed this dynamic spiral
CT study to investigate the correlation of enhancement patterns
of HCC lesions with the histomorphological marker of tumor
angiogenesis — tumor MV D, and to determine the validity of
DSCT in assessing angiogenic activity and neovascularity of
HCC lesions.

Our study showed that the curve parameters generated
from T-D curves of HCC lesions, such as PV and CER, were
positively corrdated to tumor MV D with dtatistical sgnificance.
AsT-D curve parameterswere representative of the hemodynamic
characteristics of tumor microvasculature, this observation
indicated that the degree of tumor enhancement on DSCT was
affected by tumor MV D. The tumor enhancement degree could
also truly reflect the distribution characteristics of tumor
microvessels within atumor mass, asthe areawith the greatest
enhancement was often associated with the highest MV D. Higher
tumor MV D was shown to be associated with worse degree of
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malignancy and more potential of metastases*!?, thusit is
possible to estimate the biological behaviors of HCC in terms
of aggressiveness and metastasis by calculating the parameters
of HCC T-D curve through dynamic spiral CT scanning.

The patterns of T-D curves of HCC lesions also provided
invivo cluesto the hisomorphol ogical distribution characteritics
of tumor microvesselswithin atumor mass. Type | curve was
often histologically associated with rich blood sinusoids and
microvesselsin theinterstitium, both demonstrating abundant
positively stained tumor vascular endothelial cells. Such a
histomorphological feature of microvessel-rich tumor
interstitium might well explain the early rapid rise of the up-
slope and the high amplitude of this type of T-D curves
observed in this subset of HCC patients. As more and more
contrast agents reached the sinusoids where the rate of blood
flow was sluggish, alteration of the rise pace resulted in an
abrupt turn of the curve up-slope configuration. Abundant,
often dilated and tortuous sinusoids with positively stained
tumor endothelial cellsresulted intype Il curve. Sluggish blood
flow with prolonged accumulation of contrast agent in Snusoids
might cause the slow and steady rise of the up-slope of T-D
curvein this group of HCC patients. However, in 3 patients
with typel curve, both sinusoids and interstitium showed rich
positively stained endothelial cells. Two reasons might be
implicated for this discrepancy between T-D curve pattern and
histomorphological marker. First, the hemodynamic effect of
rich blood sinusoids might overrun that of microvessel-rich
interstitium in these 3 HCC patients, causing the distribution
of contrast-containing blood within the tumor mass to be
relatively slower. Misrepresentation due to sampling error
was another possible reason. Asthe selected area of ROl was
1 cm, much larger than what could be represented on a
histological dlide, it was possible that the selected ROI's might
actually contain many more sinusoids than what was shown
on the corresponding histological slides in these 3 HCC
patients. Type Il curve was histologically characterized either
by rich interstitium but with scanty interstitial microvessels
and scanty blood sinusoids, or by rich sinusoids which were
devoid of positively stained endothelial cells. These tumor
sinusoids had structural and functional resemblance to those
of normal liver sinusoids, therefore, the rise of the up-slopein
thistype of T-D curve was quite slow and flat in the hepatic
arterial phase. In the patient with type Il curve, both rich
sinusoids and interstitial microvessels with positively stained
endothelial cellswere observed. We speculated that the cause
might be the mismatch of selected ROI with the sampling site
for histomorphological measurement, and the variation in
tumor angiogenic activity within atumor lesion, which could
lead to the misrepresentation by MVD.

The study also found that the gross enhancement
morphology of HCC lesions was related to the distribution of
tumor microvessels within atumor mass. As shown in Table
3, type A enhancement morphology was mainly seen in
relatively small HCC lesions, while type C enhancement
morphology wasfound in larger lesions. However, both types
were histomorphologically characterized by rich blood
sinusoids or coexistence of microvessel-rich interstitium, both
of witch had abundant positively stained endothelial cells. Such
findings might suggest that when ahypervascular HCC lesion
was small, the distribution of tumor microvessels within it
tended to be homogeneous, giving rise to the homogeneous
enhancement appearance on DSCT scan. With the tumor
became larger, intratumoral necrosis, fibrous septation and
granulation formation occurred. The original homogeneity of
tumor microvessels distribution was altered and distorted, so
did the gross morphological enhancement patterns on CT
images. Type B enhancement morphology showed that tumor
interstitium was abundant in quantity, but either with scanty

interdtitial microvesselsand few sinusoids, or with rich sinusoids
that were devoid of positively stained endothelial cells. In sharp
contrast, tumor microvesselswith positively stained endothelial
cellswererich in pseudocapsules of thistype of HCC patients.
Thus the gross morphological enhancement pattern could well
reflect the underlying histomorphological characteristics of
tumor microvesselsin this group of HCC patients. Therefore,
by analyzing the enhancement morphology of HCC lesions
on dynamic spiral CT scan, it was possible to estimate both
the in vivo tumor angiogenic activity and the distribution
characteristics of tumor neovascularity. Compared to the
measurement of histomorphological markers, dynamic spiral
CT was able to maximally avoid the possibility of sampling
errors and offered a comprehensive overview of the gross
enhancement morphology of HCC lesions.

Our another interesting finding wasthat most of HCC lesions
with intrahepatic metastases or daughter foci demonstrated
characteristic hyperdense pseudocapsules on dynamic CT
images corresponding to hepatic arterial phase. These
pseudocapsul es were histomorphologically characterized by
very rich positively stained endothelial cells diffusely
distributed in the connective tissues of pseudocapsules. Such
an association indicated that hypervascularized tumor
pseudocapsul es with abundant interstitial structurally defective
tumor microvessel§38 might facilitate intrahepatic metastasis
or homogeneous spreading of HCC.

Though the close positive correlation of enhancement
imaging features of HCC lesionsrevealed by DSCT with tumor
MVD was demonstrated, several other factors, such as
perfusion rate, microvessel permeability, and size or volume
of extracellular space, might also influence the uptake rate of
contrast agent by tumor tissue, thus affecting the configurations
of T-D curve. Little has been known about major contributors
for the difference in the contrast agent uptake rate'*%2. We
suspect that the differences might depend on the type or even
subtype of tumors, and further studies are required to clarify
thisissue.

In conclusion, the characteristics of T-D curve of HCC
revealed by DSCT scanning are closely related to tumor MVD.
The grass enhancement morphology of HCC lesionson DSCT
images can reflect the features of histomorphological
distribution of tumor microvessels within atumor. DSCT is
valid for the in vivo assessment of tumor angiogenic activity
and neovascul arity of HCC lesions, which is very important
in making differential diagnosis, eval uating tumor malignancy
and aggressiveness, monitoring therapeutic effects, and
determining the final outcome of HCC patients.
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Abstract

AIM: Ischemic preconditioning (IP) is a brief ischemic episode,
which confers a state of protection against the subsequent
long-term ischemia-reperfusion injuries. However, little is known
regarding the use of IP before the sustained cold storage
and liver transplantation. The present study was designed to
evaluate the protective effect of IP on the long-term preservation
of liver graft and the prolonged anhepatic-phase injury.

METHODS: Male Sprague-Dawley rats were used as donors
and recipients of orthotopic liver transplantation. All livers
underwent 10 min of ischemia followed by 10 min of
reperfusion before harvest. Rat liver transplantation was
performed with the portal vein clamped for 25 min. Tolerance
of transplanted liver to the reperfusion injury and liver
damage were investigated. The changes in adenosine
concentration in hepatic tissue and those of nitric oxide (NO)
and tumor necrosis factor (TNF) in serum were also assessed.

RESULTS: Recipients with IP significantly improved their
one-week survival rate and liver function, they had increased
levels of circulating NO and hepatic adenosine, and a reduced
level of serum TNF, as compared to controls. Histological
changes indicating hepatic injuries appeared improved in the
IP group compared with those in control group. The protective
effect of IP was also obtained by administration of adenosine,
while blockage of the NO pathway using Nw-nitro-L-arginine
methyl ester abolished the protective effect of IP.

CONCLUSION: IP appears to have a protective effect on
the long-term preservation of liver graft and the prolonged
anhepatic-phase injuries. NO may be involved in this process.

Gong JP, Tu B, Wang W, Peng Y, Li SB, Yan LN. Protective
effect of nitric oxide induced by ischemic preconditioning on
reperfusion injury of rat liver graft. World J Gastroenterol 2004;
10(1): 73-76
http://www.wjgnet.com/1007-9327/10/73.asp

INTRODUCTION
Liver transplantation is an accepted therapy for patients with

end-stage liver diseased¥. Hepatic ischemia-reperfusion (I/R)
injury associated with liver transplantation is an unresolved
problem inthe clinical practice. Primary non-function of liver
graft remains one of the most severe complications of liver
transplantation, and poor initial graft function also occursin
one third of cases after liver transplantation. To deal with
these complications, no effective treatment can be used but
retransplantation?®l. Evidently, approaches need to be
established to handle or even to avoid these complications.

The underlying mechanisms of cold I/R injuries are still
poorly understood. Long-term ischemia of liver graft leadsto
impairment of liver function and reduction in survival rate of
the recipientd. On the other hand, anhepatic phaseisthe most
important parameter for orthotopic rat liver transplantation
(ORLT), because prolonged anhepatic phase can be associated
with an endotoxin-like syndrome caused by the warm intestinal
ischemiaand is not related to the cold ischemiainjuries of the
liver®, The hepatic reticulo-endothelial system plays a key
rolein the elimination of endotoxins. The detoxification system
is usually deficient in recipients due to liver failure and is
completely absent during the anhepatic phase of transplantation.
The endotoxin content has been proven to increase markedly
in the portal circulation of cirrhotic patients compared to that
in the peripheral blood®. The hypothermia may affect the
ability of Kupffer cellsto eliminate endotoxins and to release
cytokines, such as tumor-necrosis factor (TNF). It has been
shown that TNF is partly responsiblefor initiation of the lethal
toxicity of endotoxing™.

I schemic preconditioning (IP) is aprocess by which abrief
ischemic episode confers a state of protection against the
subsequent more sustained ischemic insult!®. Recent studies
have demonstrated that a brief ischemia treatment, followed
by an episode of reperfusion, can reduce the sustained I/R
injury!®9, These observations suggest a potential application
of IPinliver transplantation. In this study, the protective effect
of IP on the long-term preservation of liver grafts and the
prolonged anhepatic phase was observed.

MATERIALS AND METHODS

Materials

Male Sprague-Dawl ey rats weighing 200 to 230 g supplied by
the Center of Experimental Animal in Sichuan University, were
used as donors and recipients. Animals were bred in a
controlled environment with a12 hour light/dark cycle. Donor
rats were fasted for 12 hours with free access to water before
surgery, while the recipients had free accessto normal rat chow
and water before surgery. This study was approved by Sichuan
Bioethics Committee, and the procedures were carried out
according to the routine animal-care guidelines.

ORLT

Liver transplantation was performed according to Kamada' s
cuff-techniquel®™ under anesthesia with ether inhalation.
Briefly, the abdomen was opened through a midline incision
and the liver was freed from its ligaments with minimal
manipulation. The donor bile duct was transected, and a0.4 cm
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length of tube was insert into the lumen of the bile duct and
secured with acircumferential 5-0 silk suture. The animal was
injected intravenously with 50 U of heparin. The liver was
perfused through portal vein with an intravenous cannula
connected with asyringe with 36 U of heparin in 6 ml of cold
saline. Thedonor liver was placed in the saline bath at 4 °C for
100 min. The cuff preparation of portal vein and infrahepatic
vena cavawas performed a so in the saline-ice bath. After the
recipient liver was removed, the donor liver wasimplanted in
the orthotopic position by connecting the suprahepatic vena
cavawith arunning suture, inserting cuffsinto the infrahepatic
vena cava and the portal vein, and splint tube into the bile
duct. The anhepatic phase was estimated to be 25 min for all
recipients. ORLT was performed without artery reconstruction.

Experimental design

A total number of 128 rats were randomly divided into 4
groups, 32 for each. 1) Control group, the donor livers were
flushed through the portal veins with physiological saline
containing heparin only before harvested. 2) IP group, before
the donor livers were harvested, the portal vein and hepatic
artery were interrupted for 10 min, and the blood flow was
restored for 10 min, then the liver was treated as control group.
3) Adenosine group, the donor livers were flushed through
the portal vein with physiological saline containing heparin
and adenosine (10 mmol/L) only before harvested. 4) Nw-nitro-
L-arginine methyl ester (NAME) group, the donor liverswere
treated as | P group, but NAME (10 mmol/L), an NO synthesis
inhibitor, was included in flushing solution. For each group,
half of animalswere used to investigate the one-week survival
rate of recipients, and the remaining animals were for sample
collection of blood from infrahepatic vena cava and hepatic
tissue after 2 hours of reperfusion.

Determination of liver function and survival

Serum alanine transaminase (AL T) was measured using an
automated analyzer (BECKMAN CX7, Beckman Instruments,
Fullerton, CA). Survival of recipients was observed for 7 days
after operation.

Determination of serum NO

Values of circulating nitrate and nitrite were determined to
reflect serum NO level. Serum was separated by centrifugation
and stored at -70 ‘C before use. Nitrite was measured after
enzymatic conversion by nitrate reductase using the Griess
reaction, as described by Schmidt!*?. Values obtained
represented the sum of serum nitrite and nitrate.

Determination of serum TNF

Serum was separated by centrifugation, and concentration of
serum TNF was measured by radioimmunoassay. The TNF
standard (100 m, Sigma, ST. Louis, MO. USA) and the serum
samples (100 m) were added separately to appropriate tubes.
Two hundred pl of the 0 ng/ml TNF standard was added to
each non-specific binding tube. All tubes were added 100 pl
of |-TNF reagent (Sigma, ST. Louis, MO. USA). TNF
antiserum (100 m) was also added to each tube, except the
nonspecific binding tubes. Incubation was done at 4 °C for 24
hours following gentle agitation for 2-3 seconds. With 500 ul
of precipitating reagent added, the tubes were vortexed
immediately, and incubated for 20 minutes at room temperature
(-25 C). All the tubes were centrifuged at 1500xg for 25 min,
the suspension was dropped out. Radioactivity was read using
agamma counter (262 Factory, Xi’ an, Shaanxi, China).

Assay for adenosine from hepatic tissue
Adenosine standard was purchased from Sigma (St. Louis, MO,

USA). High-performance liquid chromatography (HPLC) was
performed using a Beckman Gold Nouveau system equipped
with a 168 photo-diode-array detector (210 nm; 262 Factory,
Xi" an, Shaanxi, China). Satisfactory separation of the marker
substances was obtained with a reversed-phase column and
eluted at aflow rate of 1 ml/min. Adenosine separation was
allowed to precede in a phosphate-buffer solution (331 mmol/L
KH,PO, pH 6.24) containing 3.5% CH;CN and 2.3 mmol/L t-
butylamine (TBA). Lyophilized liver tissue was homogeni zed
in 0.5 ml of 0.42 mol/L perchloric acid and incubated for 20
min at 4 ‘C. The supernatant was separated by centrifugation
at 3000 rpm for 10 min at 0.5 “C, and neutralized with 85 pl/
200 m NaOH. After 5 min of centrifugation at 3 000 rpm, 20
of the supernatant was subjected to HPLC.

Histopathologic examination

Liver samples were fixed in 10% neutral buffered formalin,
embedded in paraffin. Sections of 5 pum in thickness were
prepared, stained with hematoxylin and eosin, and observed
under alight microscope.

Statistics

All statistical computations were performed using SPSS
software (version 10.0 for Windows 98; SPSS, Inc., Chicago,
Illinois). The P values less than 0.05 were considered
statistically significant.

RESULTS

Animal survival

The survival rates of these four groups are shown in Figure 1.
Most of the recipients died within 3 days after liver
transplantation. The survival rate at day 7 was higher in IP
group (87.5%, 7 of 8) and adenosine group (87.5%, 7 of 8)
than that in control group (37.5%, 3 of 8) and NAME group
(25%, 2 of 8, P<0.05, Figurel).
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Figure 1 Survival of recipients in different groups. The donor
livers were treated respectively as described in Materials and
Methods, and the recipients were divided into control (Contr
group), IP-(IP group), adenosine-(Ade group), and NAME-
treated groups. The 7-day survival rate was 37.5% (3/8) and
25% (2/8), respectively, in the control group and NAME group,
compared with 87.5% (7/8) in both the IP group and adenos-
ine group (P<0.05). The survival curves were calculated using
Kaplan-meier “s methods.

Liver function

The serum ALT valuesin control group (588158 U/L) were
significantly higher as compared to thosein IP group (287182
U/L) (P<0.001). Meanwhile, administration of adenosine also
reduced the level of serum ALT (357193 U/L) as compared to
that in control group (P<0.001). However, with administration
of NAME, the response in ALT level to |P was abrogated
(634165 U/L, P>0.05, Figure 2).
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Figure 2 Values of serum ALT in different groups of recipi-
ents at 2 hours after ORLT. The ALT levels in control group
and NAME group increased significantly compared with IP
group and adenosine group. P and "P<0.001, °P>0.05 vs. con-
trol group. The values were expressed as means + SD.

Serum TNF and NO level

TNF concentration in serum was measured 2 hours after ORLT
as described previously™®. In IP group (1.15+0.23 ng/ml) and
adenosine group (1.1440.27 ng/ml), it was significantly lower
compared to that in control group (1.59+0.35 ng/ml, P<0.01).
The level in NAME group (1.71+0.23 ng/ml) was as high as
that in control group (P>0.05, Figure 3).

Concentrations of NO were shown to be 32.96+6.10 pmol/L,
29.1446.49 pmol/L in 1P and adenosine groups, respectively,
which were significantly higher than that in control group
(15.44+2.99 ymol/L, P<0.001). The value of the recipientsin
NAME group was 13.74+3.11 mmol/L, which was similar to
that in control group (P>0.05, Figure 4).
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Figure 3 Serum TNF levels measured at 2 hours after ORLT in
different recipient groups. In control and NAME groups, the
concentrations of serum TNF were elevated significantly as
compared to those in IP and adenosine groups. 2P and °P<0.01,
°P>0.05 vs. control group. Values were expressed as means + SD.
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Figure 4 NO levels in serum at 2 hours after ORLT. When the
donor livers were pretreated with IP or adenosine, the serum
NO levels were elevated significantly. When IP-treatment fol-
lowed by administration with NAME, the serum NO concen-
tration was as low as that in control group. ®P and ®P<0.001,
°P>0.05 vs. control group. Values were expressed as means + SD.

Adenosine in hepatic tissue

Figure 5 shows the levels of hepatic adenosine at 2 hours after
ORLT in liver grafts. Concentrations of tissue adenosine were
7.22+1.83 mol/g, 5.68+1.32 mol/g, and 5.56+1.19 mol/g in
liver grafts pretreated with 1P, adenosine and IP+NAME,
respectively, which were higher than that in the reference liver
grafts (3.69+0.54 umol per gram of dry liver tissue, P<0.05).
Animal survival and liver function were improved after
adenosine administration. The protective effect of IP was
abrogated in NAME group, though the content of adenosine
in the tissue also increased.
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Figure 5 Adenosine concentrations in liver tissues at 2 hours
after ORLT. When the donor livers were pretreated with IP or
adenosine, or even the IP-treatment followed NAME, the ad-
enosine levels in dry hepatic tissue were elevated as compared
to that in control group.®P, P and °P<0.05 vs. control group.
Results were expressed as means + SD.

Histopathologic examination

Hepatocyte swelling and ballooning were observed in tissues
from the control and NAME groups. No identifiable
morphological alterations or only minor changes were found
in 1P and adenosine groups (data not shown).

DISCUSSION

The ORLT model, established in 1973 by Lee et al.[*¥, has
received wide acceptance in the study of liver transplantation.
IPisaprocedure originally described during heart transplantation.
A brief ischemia treatment followed by reperfusion has been
shown to be able to decrease infarct size after subsequent
prolonged I/R8*%, | P has been found to be protective during
transplantation of several organsincluding brain, intestine and
skeletal muscle®®*8, |n liver, IP was found to reduce tissue
damages and mortality after warm ischemia and cold ischemic
storagel> 9,

In the present study, The harvested livers were preserved
in saline for 100 min at 4 'C and the anhepatic phase was
selected for 25 minutes, poor outcomes of recipientsin control
group were observed, and the survival rate 7 days after operation
was 37.5% (3/8). InIPgroup, ALT level wasreduced markedly
and the survival rate was significantly elevated (87.5%, 7 of 8).
The protective effect of 1P was further indicated by the
morphologic parameters presented.

The effects of along anhepatic phase on the graft were
associated with an endotoxin-like syndrome induced by the
prolonged congestion of internal organs. Endotoxemiahas been
shown to be one of the processes causative for early graft
dysfunction!?24, This was most probably associated with
Kupffer cell activation by splanchnic endotoxin accumulation
and release during intestinal congestion/reperfusionf?223,
During the ORLT with along anhepatic phase, Kupffer cells
were shown to be directly responsible for overproduction of
TNF, causing endotoxicosis-like syndrome®!. The cytotoxic
effects of TNF are associated with activation of phospholipase
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A,, release of ceramide, formation of reactive oxygen
intermediate (ROI) and promoation of cell apoptosis. However,
it is not known whether the protective effect of IPin this study
was associated with TNF.

The definite mechanism underlying IPis not clear, and there
are several explanations about its protective effects. According
to some authors, the protective effects were not attributed to
blood flow alterationg®?!. However, the | P protective effect
was associated to certain substances produced by ischemic
tissue againgt injury!™. On the contrary, another study indicated
that | P could improve blood flow, and decrease hepatic vascular
resistance of liver grafts preserved in cold storage!™®, and this
was probably related to some potential mediators such as NO
and adenosine.

NO was reported to exert a protective effect through
inhibiting endothelin synthesisi?”, and the upregulating
effect of adenosine NO release in endothelial cells was also
documented®!. During ischemia, adenosineis rapidly formed
from adenosine triphosphate and reaches high concentrations.
Enhanced adenosine level might in turn induce NO synthesis
through the activation of adenosine A,receptorsi??. The
functions of the two mediators might lead to an improvement
in graft blood flow and accordingly improve liver function.
Since the ROI s are known to cause cell injury by promoting
the peroxidation of lipids and proteinsin cell membranes, itis
possible that the antioxidant action of NO might also be
involved in the protective effect of IP.

In the present study, the concentrations of NO in serum
and adenosine in hepatic tissues of |P group were significantly
higher than thosein control group. In contragt, thelevel of serum
TNF was greatly reduced after | P treatment. Furthermore, the
protective effect of 1P was also achieved by administration of
adenosine before the donor livers were harvested. Our results
showed NAME had negative effects on the protective effect
of IP and suppressed NO synthesis, indicating that, in the
absence of NO, adenosine was unable to develop protective
effects. IP might exert its protective role by inducing the
production of NO.

In summary, the data presented suggest that an elevated
adenosine level can induce the generation of NO under P,
conferring protection to liver grafts and recipients. |P may be
an important approach to reduce the transplantation risk resulted
from preservation/reperfusioninjuries. Further studiesare needed
for further understanding of the underlying mechanisms.
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Abstract

AlIM: To observe the possible effects of transforming growth
factor (TGF) b, interleukin (IL)-6, tumor-necrosis factor
(TNF) a and IL-10 on experimental rat hepatic fibrosis.

METHODS: One hundred SD rats were divided randomly
into the three groups. Control group received intraperitoneal
injection of saline (2 ml-kg?), twice a week. Fibrogenesis
group was injected intraperitoneally with 50% carbon
tetrachloride (CCl,) (2 ml-kg?) twice a week. Fibrosis-
intervention group was given IL-10 at a dose of 4 ng-kg*
20 minutes before CCl, administration from the third week.
At the fifth, seventh, and ninth weeks, 7 to 10 rats in each
group were sacrificed to collect serum. Levels of TGF-by,
TNF-a, IL-6 and IL-10 were determined by enzyme-linked
immunosorbent assay (ELISA). The liver tissues were taken
for routine histological examination.

RESULTS: Hepatic fibrosis was developed with the injection
of CCl,. Values of the circulating TGFb,, TNFa, IL-6 and IL-
10 in the control group were 25.49+5.56 ng-L?, 15.18+3.83
ng-L*, 63.64+13.03 ng-L*! and 132.90+12.13 ng-L?,
respectively. Their levels in the CCl,-intoxication group were
31.13+6.41 ng-L?, 18.91+5.31 ng-L?, 89.08+25.39 ng-L* and
57.63+18.88 ng-L?, respectively, and those in the IL-10-
intervention group were 26.11+5.32 ng-L*,13.99+1.86 ng-L™,
74.71+£21.15 ng-L* and 88.19+20.81 ng-L™!, respectively. A
gradual increase was observed in the levels of TGFb;, TNFa
and IL-6 during hepatic fibrogenesis. These changes were
partially reversed by simultaneous administration of IL-10. The
histological parameters, characterized by CCl.,-intoxification,
also seemed to be improved with IL-10 treatment, the collagen
production was reduced at the ninth week and the histological
activity index was decreased from 7.9+1.2 to 4.740.9.

CONCLUSION: TGFb;, TNFa and IL-6 may play important
roles during CCl,-induced hepatic fibrogenesis, and IL-10
may counterbalance their effects.
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INTRODUCTION

Hepatic fibrosisis a common process of chronic liver injuries,
characterized by increased deposition and atered composition
of extracellular matrix (ECM)*3, Itsfinal stageis cirrhosis,
with the liver architecture distorted by collagen bands and
formation of islands of regenerating parenchymal cellg*®.
Advanced fibrosis and cirrhosis are generally considered
irreversible conditions. Many of the cellular mechanisms have
been associated to hepatic fibrosis. Cytokines are soluble
autocrine and paracrine mediators®. Expression of several
cytokines has been described in human liver diseases and
experimental liver injuries. Carbon tetrachloride (CCl,) isa
hepatotoxin, causing liver necrosis, fibrosisand cirrhosiswhen
administered sequentially. Hepatotoxicity isthought to involve
two phased”. First, CCl, is metabolized by cytochrome P450
in hepatocytes, giving rise to highly reactive trichloromethyl
radicals. Second, inflammatory responses caused by CCl, play
an important role. In the latter process, some hepatic cells,
including Kupffer cells (KCs), hepatic stellate cells (HSCs)
and sinusoidal endothelial cells (SECs), are activated to secrete
cytokines which mediate the liver fibrogenesis. Several
functions have been attributed to cytokines, including
activation of HSCs, modulating expression and deposition of
matrix proteins and regul ating the regeneration of hepatocytes.
Therefore, resolution of liver fibrosis could be associated with
the downregulation of inflammatory responses mediated by
cytokines®9. Among the cytokines, transforming growth factor
(TGF) b, is associated to the activation of HSC and the
following production of ECM™®, Tumor-necrosisfactor (TNF)
a and interleukin (IL)-6 are considered major hepatotoxicity
mediatorsin several experimental models of liver injuries®Y,
IL-10 can modulate the inflammatory response and alleviate
hepatotoxicity!*?. In the present study, levels of circulating
TGFb;, TNF-a, IL-6 and 1L-10 were measured to investigate
their possible roles during CCl,-induced hepatic fibrogenesis
inrats.

MATERIALS AND METHODS

Animals

One hundred SD rats, weighing 140 to 180 g, were divided
randomly into control (n=24), fibrogenesis (n=40) and fibrosis-
intervention groups (n=36). All rats were bred under routine
conditions (room temperature, 22 C+2 C; humidity,
55%+5%; light, 12 hrs per day; drinking tap water and eating
in any time; animal feed was provided by BK Company in
Shanghai, China). Thecontrol ratswereinjected intraperitoneally
with saline at adose of 2 ml- kg, twice aweek. Theratsin the
other groups received intraperitoneal injection of 50% CCl,
(2 ml- kg™, twice aweek, asdescribed previoudy*¥. From the
third week, the rats in intervention group were given
intraperitonedly IL-10 (4 ng- kg, dissolved in sdling) 20 minutes
before CCl, administration, as proposed by Nelson et alt*4,
All injections were performed at Monday and Thursday, with
their body weights determined before each injection. In the
fifth week, 3 rats in the fibrogenesis group and 2 in the
intervention group died. In the seventh week, 8 and 4 animals
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in these two groups died. In the ninth week, 10 and 6 died. At
this time point, 3 rats in the control group also died. In the
fifth, seventh and ninth weeks, 7 to 10 ratsin each group were
sacrificed to collect plasma from the common carotid artery
and their liver samples.

Histological examination

The formalin-fixed liver tissues were embedded in paraffin.
Sections were stained with hemotoxylin and eosin (HE) and
examined under a light microscope independently by two
pathologists. Stages of fibrosis were assessed using a semi-
guantitative score method as described previoudy. Histological
activity index (HAI) was evaluated using a numerical system
proposed by Knodell et al®*®l.

Enzyme-linked immunosorbent assay (ELISA)

Serum was collected by centrifugation at 4 °C and frozen till
use. The levels of TGF-b;, TNF-a, IL-6 and IL-10 were
measured by EL1SA using the kitsfollowing the manufacture’ s
instructions (Endogen Company, USA). Briefly, diluted serum
samples were added in duplicate to 96-well plates coated with
antibody and incubated at 37 °C for 2 hours. After each well
was washed five timeswith washing buffer, peroxidase-labeled
secondary antibody was added to each well and the plate was
incubated at 37 °C for 1 hour. After each well waswashed in a
similar manner, the plate was incubated with tetramethylbenzine
at room temperature for 20 minutes. The reaction was stopped
by adding 1 N sulfuric acid. Optical density was measured at
450 nm using aspectrophotometric reader. Sample concentration
was accessed by a standard curve.

Statistical analysis

All datawere expressed as x+s, t test was used for comparison
between groups. P values less than 0.05 were regarded as
statistically significance.

RESULTS

Animal model

Liver fibrosis, as shown histologically, became remarkable
during the treatment with CCl,. In the fifth week, steatosisand
ballooning degeneration were obvious. In the seventh week,
the collagen fibers increased and began to extend to the
parenchyma. In the ninth week, complete fibrous septa were
seen and psedolobular structures were also present
occasionaly. In the IL-10-intervention group, the CCl ,-caused
alterations as described above seemed to be markedly
alleviated, with no evident changes observed in the fifth week,
less profound steatosis and necrosis noted in the seventh week,
and only early-stage fibrosis found in the ninth week. HAI
decreased from 7.9+1.2 in the fibrogenesis group to 4.7+0.9
in the IL-10-intervention group (P<0.05) (Figures 1-5).

Figure 1 Liver of mormal rat (H-E staining, x100).

x100).

Figure 3 Liver of rats in group C (the seventh week, H-E
staining, x100).

Figure 4 Liver of rats in group C (the ninth week, H-E staining,
x100).

Figure 5 Liver of rats in group E (the ninth week, H-E staining,
x100).

Serum levels of TGFb,, TNF-a, IL-6 and IL-10

Asshown in Figure 6, the level of circulating IL-10 was lower
in fibrogenesis group than in the control group (P<0.05). The
levels of TGF-b;, TNF-a and IL-6 in were higher in
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fibrogenesis group than in the control group (P<0.05).
However, values of these three cytokines were significantly
reduced after the intervention treatment with IL-10 (P<0.05),
being similar to the levels in the control group (P>0.05).
Therefor, serum concentrations of TGF-b,, IL-6 and TNF-a
were increased during CCl,-caused hepatic fibrogenesis.

Table 1 Concentrations of TGF-b;, TNF-a, IL-6 and IL-10 in
sera from different groups (ng-L%)

Numbers TGF-b;
of rats

Groups TNF-a IL-6 IL-10

Control (N) 21 25.49+556 15.18+3.83 63.64+13.03 132.90+12.13%°
Fibrogenesis (C) 30 31.13#6.41 18.91#5.31 89.08+25.39 57.63+18.88
1L-10- 30 26.114#5.32 13.99+1.86 74.71+21.15 88.19+20.81°
intervention (E)

2P<0.05 vs. C, ®P<0.05 vs. E, °P>0.05 vs. C.
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Figure 6 Levels of TGF-b;, TNF-a, IL-6 and IL-10 in serum
from control, fibrogenesis and IL-10-intervention groups.

Asshown in Figures 7-10, concentrations of TGF-b,, TNF-

a and IL-6 weregradualy increased d ong with CCl-intoxification

(P<0.05). These changeswere partialy reversed by the treatment
with IL-10, particularly in the ninth week (P<0.05).
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Figure 7 Levels of TGF-b; in serum from control (-4 -),
fibrogenesis (-M-) and IL-10-intervention groups (-A-).
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Figure 8 Levels of TNF-a in serum from control (-4 -),
fibrogenesis (-M-) and IL-10-intervention groups (-A-).
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Figure 9 Levels of IL-6 in serum from control (-4-), fibrogenesis
(-m-) and IL-10-intervention groups (-A-).
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Figure 10 Levels of IL-10 in serum from control (-4 -),

fibrogenesis (-M-) and IL-10-intervention groups (-A-).

DISCUSSION

Previous data have shown that rats chronically exposed to
CCl, wereresistant to cirrhosis. In rats, exposed to CCl, for
8 to 12 weeks could result in localized fibrosis?®®. In the
present study, fully developed hepatic fibrosis was observed
in the rats after 9 weeks of CCl, intoxication. The contents of
cytokines in serum were found to vary during the process.
Cytokines constitute a complex network involved in the
regulation of inflammatory responses and homeostasis of organ
functions. Following liver injury, a wound healing process
evolves, including proliferation of surrounding hepatocytes,
proliferation and differentiation of stem cells, and conversion
of parasinusoidal cellsinto activated HSCs capable of driving
the accumulation of ECM. If the injuries were persistent or
the wound healing process was aberrant, the final phenotype
might be afibrotic, dysfunctional livert®. A number of cytokines
and growth factors could augment or inhibit the fibrotic
response to injuries®®, Accumulating dataindicate that HSCs
arethe major source of fibrillar and non-fibrillar matrix proteins
during hepatic fibrogenesis. When activated, HSCs could
proliferate and transform to a myofibroblast-like phenotype,
expressing a-smooth muscle actin (a-SMA) and collagen
types|, 111 and IV, fibronectin and proteoglycani®®. It has been
found several cytokines play roles by acting on HSC, and
among them, TGF-b; isone of the most important cytokines
involved in the fibrotic and cirrhotic transformation of the
liver221 After afibrogenic injury, expression of three forms
of TGF-b isgreatly upregulated in HSCs. It was reported that
administration of TGF-b, in vivo induced an inflammatory
reaction, and knock-out of TGF-b; generesulted in widespread
inflammatory diseases. Therefore, TGF-b; may have a pro-
inflammatory effect.

TNF-a was originally identified as a circulating factor that
resulted in remarkable hemorrhage and necrosis of tumorswhen
administered to tumor-bearing mice. It has been implicated in
a number of liver diseases and is an important mediator of
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many physiological conditions. Several evidences suggest that
TNF-a is among the most crucial components in the early
signaling pathways leading to regeneration. However, there
has been evidence that TNF-a is a primary endogenous factor
mediating acute inflammatory conditions such asendotoxic
shock. It appears that inhibition of the TNF-a effect might
have a broader clinical application value than expected
previously?, In several anima models of immune-mediated
liver injury or hepatotoxin sensitization, TNF-a administration
could lead to hepatocyte apoptosis and liver failure?”. Besides
its modulation effect on ECM production, TNF-a has been
considered a mediator of cell injuries in liver caused by
alcoholism, reperfusion, primary graft nonfunctional, graft
rejection and endotoxic insult®??1, TNF-a is expressed by both
infiltrating inflammatory cells and hepatocytesin chronic liver
injuries, and it has been proposed to play an important role
during tissue damage'®!. Our data provide afurther evidence
for the role during hepatic fibrosis.

Theroleof I1L-6 during chronic liver injuriesand fibrogenesis
remains to be clarified. Some reports provided evidences for
an important role of IL-6 in reducing CCl-induced acute and
chronic liver injury and fibrosig®*, However, some other data
showed that the serum level of 1L-6 was associated with hepatic
necroinflammatory activity in patients with chronic hepatitis
and cirrhosig®=, Our results support the latter view. Animal
experiments showed that 1L-6 was associated to activated HSCs
during acute and chronic injuries, indicating that IL-6 is a
responsive element to liver injuries. Moreover, CCl,-induced
expression of TGF-b; and hepatocyte growth factor in liver
was shown to be associated with the serum level of IL-6. Thus,
IL-6 might be vitally involved in fibrotic changes, partly by
modulating intrahepatic expression of other cytokines®=7,

Recent studies have suggested a protective role of 1L-10
during liver transplantation and experimental liver injuries
induced by galactosamine and lipopolysaccharide’®®. However,
the mechanism of the protective effectsis not fully understood.
IL-10 is a potent anti-inflammatory cytokine that inhibits the
synthesis of pro-inflammatory cytokines by T helper type 1
cells. It is produced locally in the liver and actsin an autocrine
or a paracrine manner. Previous reports indicated that IL-10
had some role in remodeling ECMB%4%, |L-10 was shown to
downregulate the synthesis of collagen type | and to upregulate
expression of metalloproteinase. It could also play an
antifibrogenic role by downregulating the profibrogenic
cytokines including TGF-b; and TNF-al*4, Nelson et al
treated 24 patients with chronic hepatitis C using 1L-10, and
found that IL-10 administration resulted in reduction of the
serum ALT level, partia resolution of the hepatic inflammation
and alleviation of the fibrosis*¥, IL-10 may be useful in the
treatment of chronic liver diseases regarding the prevention of
advanced fibrosis and cirrhosis*?.
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Abstract

AlIM: To evaluate the covalently closed circle DNA (cccDNA)
level of hepatitis B virus (HBV) in patients” liver and sera.

METHODS: HBV DNA was isolated from patients” liver
biopsies and sera. A sensitive real-time PCR method, which
is capable of differentiation of HBV viral genomic DNA and
cccDNA, was used to quantify the total HBV cccDNA. The
total HBV viral DNA was quantitated by real-time PCR using
a HBV diagnostic kit (PG Biotech, LTD, Shenzhen, China)
described previously.

RESULTS: For the first time, we measured the level of HBV
DNA and cccDNA isolated from ten HBV patients” liver biopsies
and sera. In the liver biopsies, cccDNA was detected from alll
the biopsy samples. The copy number of cccDNA ranged from
from 0.03 to 173.1 per cell, the copy number of total HBV
DNA ranged from 0.08 to 3 717 per cell. The ratio of total
HBV DNA to cccDNA ranged from 1 to 3 406. In the sera,
cccDNA was only detected from six samples whereas HBV
viral DNA was detected from all ten samples. The ratio of
cccDNA to total HBV DNA ranged from 0 to 1.77%. To further
investigate the reason why cccDNA could only be detected in
some patients” sera, we performed longitudinal studies. The
cccDNA was detected from the patients” sera with HBV
reactivation but not from the patients” sera without HBV
reactivation. The level of cccDNA in the sera was correlated
with ALT and viral load in the HBV reactivation patients.

CONCLUSION: HBV cccDNA is actively transcribed and
replicated in some patients” hepatocytes, which is reflected
by a high ratio of HBV total DNA vs cccDNA. Detection of
cccDNA in the liver biopsy will provide an end-point for the
anti-HBV therapy. The occurrence of cccDNA in the sera is
an early signal of liver damage, which may be another
important clinical parameter.

Chen Y, Sze J, He ML. HBV cccDNA in patients” sera as an
indicator for HBV reactivation and an early signal of liver damage.
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INTRODUCTION
Chronic hepatitis B Virus (HBV) infection is one of the most

common diseases leading to a high morbidity and mortality
due to the development of liver failure, liver cirrhosis (LC)
and hepatocellular carcinomas (HCC)!*%, There are over 300
million people suffering from HBV infection worldwide, and
more than 10% of Chinese are HBV carrierd®>, Infection by
hepatitis B virus causes complicated biochemical, immunological
and histological changes in host!"-9111618232427 \/jrg| kinetic
studies have shown that the viral load goes through a complex
series of stages during anti-HBV chemotherapy?-22-31, The
HBV reactivation often occurs after cessation of anti-HBV
treatment!?2433 which is reflected by the increases of hepatitis
B e antigen (HBeAg) and DNA levelsin serum. Clinically,
this may manifest as hepatitis, hepatic failure, and even death.
Despite its clinical importance, there are few data on the
incidence and risk factors of hepatitis dueto HBV reactivation
after chemotherapy. In particular, the relationship of various
HBYV virological parametersand HBV reactivation isunclear.

HBV covalently closed circular (ccc) DNA is a critical
intracellular replicative intermediate, which acts asthe template
for transcription of viral RNASs serving either as viral
pregenome RNAs, or asmRNAs coding for the multifunctional
polymerase, core, X and envelope (S) proteingd®29, All the
HBYV proteins play crucial rolesin HBV gene transcription,
replication, viral packaging and recycling. Due to lack of
proofreading functions of polymerase, HBV goes through a
fast mutagenesis and creates drug resistant straing1317:19.24262832),
which contributesto the viral cccDNA pool. Because cccDNA
of HBV isresource of new HBV viruses and resistance to drug
treatment, it is believed that cccDNA is the major reason for
HBV reactivation after stopping the anti-HBV therapy!-242°,
Monitoring of HBV viral load, antigenes, mutations and
cccDNA levelswill therefore provide a direct indication of
HBYV activity in the body!!213.1517-21,28-52]

We previously developed a sensitive method to quantify
HBV cccDNA, which has been successfully used to determine
the amount of HBV cccDNA isolated from liver biopsy!. Here
we report that HBV cccDNA can be detected both in liver
biopsy and in patients' sera. The sera cccDNA level is
correlated with ALT and viral load in HBV reactivation
patients, but cannot be detected in patients’ serawithout HBV
reactivation. Our resultsindicate that the occurrence of cccDNA
is an early signal of liver damage, which may be another
important clinical parameter.

MATERIALS AND METHODS

cccDNA standard® ?

A plasmid containing Chinese HBV genome (pHBV-adr) was
a gift from Professor Yuan Wang. The supercoid plasmid
(cccDNA) was isolated by CsCl purification. The cccDNA
concentration was determined by measurement of OD260 and
verified by agarose gel e ectrophoresis. The copy number was
determined by its molecular weight.

HBV viral DNA preparationt!
HBV viral DNA was extracted from either 200 ul of patients
seraor weighed liver biopsiesusing a QlAamp DNA blood or
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tissue mini kit (QIAGEN, Hilden, Germany) according to the
manufacturer’ sinstructions.

Quantification of HBV cccDNA using real-time PCR

HBV cccDNA gquantification was performed as described
previously*, with minor modifications. Briefly, a pair of
primers(forward primer: 5 -ACTCTTGGACTCBCAGCAATG-
3 reverseprimer: 5 -CTTTATACGGGTCAATGTCCA-3'),
which can specifically amplify a DNA fragment from HBV
cccDNA but not viral genomic DNA by PCR, were used for
real-time PCR. In atypical real-time PCR reaction, 250 nM
of the probe (5’ -FAM-CTTTTTCACCTCTGCCTAATCAT
CTCWTGTTCA-TAMRA-3') and 900 nM of the two PCR
primers were used. For total HBV quantification, PCR
amplification was performed with an HBV DNA diagnostic kit
(PG Biotech. Ltd, China) using ABI 7900HT sequence detection
system. The PCR program consisted of aninitial denaturing step
at 95 °C for 10 min, followed by 40 amplification cycles at
95 °C for 15 secand at 61.5 °C for 1 min.

Patient samples

The patients were treated with chemotherapy at Queen Mary
Hospital, Hong Kong, from January 2000 to May 2002. In
accordance with the standard protocols, all the patients who
received chemotherapy were screened for HBsAg, HBSAD,
human immunodeficiency virus antibody (HIV Ab), and HBV
DNA by PCR and hepatitis C antibody (anti-HCV), with
commercially-available enzyme immunoassays (Abbott
Laboratories, Chicago, IL, USA). HBcAb wastested by RIA
(Corab; Abbott). For all HBsAg positive patients, further
serological testing for hepatitis B e antigen (HBeAQ), hepatitis
B e antibody (HBeAb) and serum HBV DNA was performed
by PCR, and chemotherapy was administered with
lamivudine. All HbsAg-positive recipients were tested at 2-
week intervals for liver function (including serum alanine
aminotransferase, serum albumin and bilirubin) and serum
HBV DNA during chemotherapy. Hepatitis serology (HBsAQ,
HBeAg, HBeAb, HBV DNA by PCR, and HCV RNA by RT-
PCR) was performed on the serum collected preceding and
during the events whenever there was any clinical suspicion
of liver damage due to hepatitis B infection. The occurrences
of hepatic events (acute hepatitis, chronic hepatitis, anicteric
and icteric hepatitis, hepatic failure) were recorded. Hepatitis
was defined as a more than three-fold elevation of serum
aminotransferase above the upper limit of normal, on two
consecutive determinations at least five days apart. HBV
reactivation was defined to occur when preceded or
accompanied by an elevation of serum HBV DNA to more

Table 1 HBV cccDNA in patients” hepatocytes and sera

than ten times that of the pre-exacerbation baseline, or when
the serum HBV DNA turned from negativeto positive, or when
the HBsAg became positive and remained so for two
consecutive readings five days apart.

All serum and biopsy samples were stored at -70 C. All
patientswho devel oped post-chemotherapy hepatitisdueto HBV
reactivation were treated with lamivudine 100 mg once daily.

RESULTS

HBV cccDNA existed in all patients” hepatocytes but only in
a subset of patients” sera

To ducidate the cccDNA statusin HBV patients, we quantified
the cccDNA and total HBV DNA levd intheliver biopsies. The
tota DNA wasisolated from weighed liver biopsiesand quantified
withan HBV diagnogtic kit by real-time PCR. TheHBV cccDNA
wasaso measured by red-time PCR. HBV cccDNA was detected
in al the HBV patients' liver biopsies. The copy number of
cccDNA in patients hepatocytesranged from 0.05 to 168 copies
per cell, which is consistent with the estimates from Southern
blot data™®. The copy number of total HBV DNA in patients
hepatocytes ranged from 0.08 to over 3 000 copies per cell. The
ratio of cccDNA to total HBV DNA ranged from 1 to 3 406
(Table 1), indicating that cccDNA in patients hepatocytes had
active replication and relative silent status.

To investigate whether cccDNA could be released into
seradue to liver inflammation and necrosis, viral DNA was
isolated from patients' seraand quantified by real-time PCR.
Interestingly, cccDNA could only be detected in a subset of
patients' sera, while HBV DNA was detected in all the
patients’ sera. The copy number of viral load ranged from
5.4x10° to 1.8x10" per ml while the copy number of cccDNA
ranged from undetectable level (lessthan 1 000 copies/mit¥)
t0 3.1x10" per ml. Theratio of cccDNA tototal vira DNA ranged
from 0 to 1.77%. There was no correlation between the copy
number of cccDNA and total viral DNA in the randomized
patients (Table 1).

cccDNA is an early signal of liver damage

To investigate the medical significance of cccDNA in sera,
longitudinal studies were performed. Patients with or without
HBV reactivation during lamivudine treatment were chosen
for this study. The patients' sera were collected every two
weeks and HBV DNA wasisolated for quantification of HBV
cccDNA and total HBV DNA. According to our results, HBV
cccDNA was not detectable by sensitive real-time PCR in
patients without HBV reactivation (data not shown), but
was detectable in patients with HBV reactivation (Figures

HBV DNA in the Biopsies (copy/cell)
Patients

HBV DNA in the sera (copy/ml)

cccDNA HBV DNA? HBV/ccc® cccDNA HBV DNA¢ ccc/HBVH
1 2.05 195.5 98.7 3.4x10° 4.8x10%° 0.01%
2 0.03 0.17 5.8 UN 6.6x107 - -
3 173.1 799.5 4.6 3.1x10° 6.0x10%° 0.001%
4 0.16 8.13 51.7 UN 1.9x107 - -
5 0.03 0.08 2.8 UN 5.4x10° - -
6 16.02 17.4 11 2.4x10° 5.3x108 0.46%
7 18.03 3717 206 3.1x107 1.8x10% 0.02%
8 0.79 13.1 16.5 UN 2.4x10%0 - -
9 0.05 153.3 3406 2.8x10° 3.0x10° 0.01%
10 2.06 16.4 8 2.7x10°8 7.5%108 1.77%

aThe total HBV copies per cell in the patients” liver biopsies; "The ratio of total HBV DNA to cccDNA in the patients” liver biopsy;
“The total HBV copies per ml of the patients” sera; “The ratio of cccDNA to total HBV DNA in the patients” sera. UN, untedectable.



84 ISSN 1007-9327 CN 14-1219/ R

World J Gastroenterol

January 1, 2004 Volume 10 Number 1

1A and 1B). The cccDNA level was correlated with viral load
(Figures 1A and 1B), which occurred earlier than ALT. Before
the ALT value increased, both the cccDNA level and viral
load rose to a high level. Oncethe ALT value increased, the
cccDNA level dropped rapidly. These results suggest that
patients whose sera contain cccDNA are at a high risk of HBV
reactivation, and that HBV cccDNA developsin the seraearlier
than ALT elevation.

Our results suggest that serum cccDNA level may be an
important parameter for anti-HBV treatment, and that a low
level of cccDNA in hepatocytes should be an end point of
anti-HBV treatment.

Viral load (lg) Patient 1 ALT
8.0
ok * 300
’ 250
6.0
5.0r 200
401 150
8.0r 100
2.0F
1.0 50
0.0 0
0 2 4 6 8 10 12 14 16 week A
Viral load (lg) Patient 2 ALT
10.0 3000
8.0 7 2500
-1 2000
6.0
y1 1 500
4.0
-1 000
2.01- - 500
0.0 . A 0

0 2 4 68 10 121416 18 2022 24week B

Figure 1 Kinetics of cccDNA in HBV reactivation patients. The
copy humbers of total HBV and cccDNA were determined by
real-time PCR. The cccDNA level was parallel to the total viral
load both in the patients 1 and 2; the cccDNA level increased
before ALT rose. Diamond: HBV viral load, dot: cccDNA,
triangle: ALT.

DISCUSSION

Little information is available about HBV cccDNA and its
activitiesin vivo dueto the difficulty of differentiation of HBV
cccDNA and viral genomic DNA, although alot of work has
been done on the HBV viral kineticgd®22>31, |n the hepatitis
B viruslife cycle, cccDNA serves as templates for viral gene
transcription and replicationin hepatocytes?#, It has been
shown that cccDNA is the mgjor reason for HBV reactivation
after cessation of anti-HBV treatment!?#?!, Therefore,
quantification of HBV cccDNA will provide useful information
for the end-point of anti-HBV therapy.

In this paper, we first report the quantitative data on HBV
cccDNA in patients' liver biopsy and sera. We previously
established a quantitative real-time PCR method which can
specifically differentiate HBV viral genomic DNA and
cccDNAM, This sensitive method provided us an opportunity
to investigate HBV cccDNA status in the liver biopsy and
patients sera. Our dataindicated that cccDNA in the patients
liver might have two status: active and relative silent status.
Thiswasreflected by theratio of viral total DNA to cccDNA.
To our surprising, HBV cccDNA was also detected in a part
of patients sera. The release of cccDNA of hepatitis B virus
to the sera might be the consequence of liver damages, such as

liver inflammation, necrosis. Longitudinal studies revealed
that the release of cccDNA to the serawas an early signal of
liver damage, which is correlated with ALT and viral load in
HBV reactivated patients. Therefore, measurement of the
cccDNA level in the liver may provide an end-point of anti-
HBYV therapy, and detection of the cccDNA level in the sera
may provide a better guidance to protect patients from HBV
reactivation.

Because this is the first time to provide the quantitative
data on HBV cccDNA status, and the limitation of patient
samples, more clinic studies on the cccDNA kinetics are
required to better understand HBV biology and provide abetter
guidance for the anti-HBV treatment.
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Abstract

AlM: To investigate the location and expression of TIMP-1
and TIMP-2 in the liver of normal and experimental hepatic
fibrosis in rats.

METHODS: The rat models of experimental immunity
hepatic fibrosis (n=20) were prepared by the means of
immunologic attacking with human serum albumin (HSA),
and normal rats (n=10) served as control group. Both
immunohistochemistry and in situ hybridization methods
were respectively used to detect the TIMP-1 and TIMP-2
mMRNA and related antigens in liver. The liver tissue was
detected to find out the gene expression of TIMP-1 and
TIMP-2 with RT-PCR.

RESULTS: The TIMP-1 and TIMP-2 related antigens in livers
of experimental group were expressed in myofibroblasts and
fibroblasts (TIMP-1: 482165 vs 60+20; TIMP-2: 33648 vs
50419, P<0.001). This was the most obvious in portal area
and fibrous septum. The positive signals were located in
cytoplasm, not in nucleus. Such distribution and location were
confirmed by situ hybridization (TIMP-1/b-actin: 1.86+0.47
vs 0.36+0.08; TIMP-2/b-actin: 1.06+0.22 vs 0.36+0.08,
P<0.001). The expression of TIMP-1 and TIMP-2 was seen
in the liver of normal rats, but the expression level was very
low. However, the expression of TIMP-1 and TIMP-2 in the
liver of experimental group was obviously high.

CONCLUSION: In the process of hepatic fibrosis, fibroblasts
and myofibroblasts are the major cells that express TIMPs.
The more serious the hepatic fibrosis is in the injured liver,
the higher the level of TIMP-1 and TIMP-2 gene expression.

Nie QH, Duan GR, Luo XD, Xie YM, Luo H, Zhou YX, Pan BR.
Expression of TIMP-1 and TIMP-2 in rats with hepatic fibrosis.
World J Gastroenterol 2004; 10(1): 86-90
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INTRODUCTION

Chronic viral hepatitis, alcoholism and schistosomiasisare the
most common diseases in Chinal*®. At present, two main
strategies for the treatment of chronic liver diseases are anti-

viral therapies and anti-fibrotic therapiesd'®4. Hepatic fibrosis
isamain pathologic basis of chronic liver diseases, particularly
caused by viral hepatitis, and cirrhosis as a severe outcome is
the end stage of various chronic liver diseases with increased
synthesis and/or inhibition of matrix degradation. Although
important progressin hepatic fibrosi s has been achieved in the
last decades, its mechanism is still debated at present. The
formation of hepatic fibrosisis a response to inflammation,
but it is interesting that hepatic fibrosisis not found in acute
liver injury. It has been proved by the experiment in vitro that
apoptosis could not be found in inactive hepatic stellate cells
(HSC). This may imply that the mechanism of hepatic fibrosis
is complicated, and many questions are being explored>2,

Hepatic fibrossisapathological processwith the overlapped
extracel lular matrix (ECM) protein. The latest evidence suggests
that the change of ECM mainly isregulated by metalloproteinases
(MMPs). Hepatic fibrosisisformed because the specific tissue
inhibitors of metalloproteinases (TIMPs) inhibit ECM
degradation'?2, Which cells can express and produce TIMPs?
Until now, there till are different views on the involvement
of TIMPs in normal liver tissue and experimental hepatic
fibrosis rats. The expression and location of TIMPs antigens
and TIMP mRNA are measured in rat livers with mAb and
cDNA probes of TIMP-1 and TIMP-2 by immunohi stochemical
staining, and gene expression of TIMP-1 and TIMP-2 is
observed by PCR technique.

MATERIALS AND METHODS

Animal experiments

Forty adult female Wistar rats, weighing 120-150 g (provided
by Experimental Animal Centre of Fourth Military Medical
University) were employed in the study. Theratswere randomly
divided into 2 groups. A rat model of hepatic fibrosis was
produced by immunological attacking with human serum
albumin (HSA), using the method introduced by Wang et al®.
Anti-mouse monoclonal antibody 1gG was purchased from
Coulter Co.(France). Twenty healthy female Wistar rats were
regarded as control group. Animals survived from the
experimental attack were randomly allocated as follows. All
rats were injected with 0.5 mL HSA diluted with normal
saline (0.5 mL equalsto 4 mg HSA) and same quantity of an
incomplete Freund’ s adjuvant (Sigma), once every 14 days
for the first two times, then once every 10 days, 2 times. Ten
days after the last injection, serum antibody was measured.
Positive rats were chosen for experiment through coccygeal
vein injection of HSA, twice aweek, 2.5 mg for each at the
first week, and then gradually 0.5 mg- increase once for each
to 4.5 mg, and this dose was maintained for 2 months. All
animals were sacrificed under narcosis, and their livers were
immediately excised. Part of liver specimen was frozen in
liquid nitrogen, part fixed in 40 g/L formaldehyde, the rest
was fixed with glutaraldehyde, and investigated with electron
microscope.

Immunohistochemical staining of TIMP-1 and TIMP-2

According to the methods previously described!®¥, the serial
paraffin sections of liver samples at 4 mm thickness were
performed for SPimmune staining described by streptomycin
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Table 1 Sequences of TIMP-1, TIMP-2 and b-actin primers

Primer Nucleic acid sections Position (bp)
TIMP-1 Positive strand 5°-TTCGTGGGGACACCAGAAGTC-3”

Antisence strand 5°-TATCTGGGACCGCAGGGACTG-3” 482
b-actin Positive strand 5’-GGAGAAGATGACCCAGATCA-3”

Antisence strand 5°-GATCTTCATGAGGTAGTCAG-3” 234
TIMP-2 Positive strand 5°-GTTTTGCAATGCAGATGTAG-3”

Antisence strand 5°-ATGTCGAGAAACTCCTGCTT-3” 540
b-actin Positive strand 5’-ACCCCCACTGAAAAA-3”

Antisence strand

5’-ATCTTCAAACCTCCATGATG-3” 120

avidin-peroxidaseimmunohistochemistcal kit (Maxim Biological
Technology Company, USA). Anti-mouse monoclonal
antibodies of TIMP-1 and TIMP-2 were also obtained from
Maxim.The sections were deparaffinizd and rehydrated. After
retrieval of the antigens, nonspecific binding sites were blocked
with 100 mL/L normal serum for 20 min.The sections were
incubated with monoclonal antibody against TIMP-1 or TIMP-
2 at 4 °C overnight, and then with secondary antibody at 37 ‘C
for 30-40 min, avidin-peroxidase at 37 'C for 20 min, and
finaly with DAB to be colorated for 10 min, and counterstained
with hematoxylin, dehydrated with ethanol, rinsed in xylene,
and mounted with gum for microscopic examination and
photography. To ensurethereliability of the experiment, rabbit
serum and phosphate buffer were used instead of monoclonal
antibody and secondary antibody, respectively. In addition,
10 hedlthy liver tissues were selected for control group. The
background density of positive cellsfrom 5 microscopic fields
at random was measured, and its mean value was used for
statigtical analysis with SPSS10.0

In situ hybridization

The experiment was performed as previously described!®34
using in situ hybridization kit (Boshide Biologica Technology
Limited Company, Wuhan, China, No MK 1549). Briefly, the
seria paraffin sections (thickness 4 mm) were dried at 80 C,
then deparaffinizd by xylene and rehydrated in graded ethanol,
acidified in 1 mol/L HCI for 30 min, and blocked in 30 ml/L
H,O, 3 mL for 10 min before digestion with proteinase K for
30 min, and then dehydrated with graded ethanol. After
prehybridization at 37-40 °C for 2 h, the labeled cDNA probes
were denatured at 95 ‘C for 10 min, then at -20°C for 10 min,
added onto liver tissue sections which had been prehybridized
at 37 ‘C overnight. The sections were washed with 2xSSC,
1xSSC, and 0.2xSSC respectively. Buffer | was added, and
then blocking solution was added at room temperature for
20 min, and then rabbit anti-digoxin at 37 ‘C for 60 min,
biotinylated goat anti-rabbit at 37 “C for 30 min, SABC at 37 'C
for 30 min, finally DAB was added to develop color. After
several washings, the sections were counter-stained with
hematoxylin, dehydrated with ethanol, rinsed in xylene, and
mounted with gum for microscopic examination and
photography. Blank control: TIMP-1 and TIMP-2 cDNA
probes for positive hepatic tissues were replaced by pre-
hybridization solution. Negative control: in situ hybridization
was performed in 10 normal liver tissues. Semi-quantitative
results were determined by in situ hybridization. (-) as no
positive cells, (+) as positive cells <1/3 of all hepatic cells,
(++) aspositive cells between 1/3-2/3 of dl hepatic cells, (+++)
as positive cells >2/3 of all hepatic cellsin alobule.

PCR amplification

PCR primersof TIMP-1 were designed according to the whole
TIMP-1 cDNA sequenceof ratd®!. The PCR primersof TIMP-
land TIMP-2 arelisted in Table 1.

Total RNA of the liver was extracted with an isolation
system (Promega). PCR was performedin 20 . reaction volume
containing 2 nL cDNA, 2 nL 10xbuffer, 2 nL (2 mmol/L)
AxdNTP, 10 mmol/L primer (2 mL TIMP-1, 2 ni. b-actin and
2L TIMP-1, 2 L b-actin, respectively) and 1U Tag DNA
polymerase. The samples were subjected to 30 thermal cycles,
each consisting of 2 min at 97 °C for predenaturation, 30 s at
94 °C for denaturing, 30 sat 56 ‘C for annealing, 50 sat 72 'C
for extension and 7 min at 72 °C for final extension after the
last cycle. Ten nl sample of PCR product was subjected to
electrophoresisin 20 g/L agarose gel with TAE buffer at 50 V
for 1 h. After stained with ethidium bromide, quantitative
analysis was performed. The ratios of TIMP-1/b-actin and
TIMP-2/b-actin were regarded as the expression levels of
TIMP-1and TIMP-2.

Pathologic observation

Some liver sections were stained with hematoxylin and eosin,
while other sections for Von Gieson and Masson special
staining. Theliver sampleswere also fixed with glutaraldehyde,
and examined with electron microscope.

Statistical analysis
Was performed with SPSS 10.0.

RESULTS

Pathologic findings
In liver tissues from rats with hepatic fibrosis, hyperplasia of
the lattice fibers and collagenous fibers was observed in portal
area and extended outwards. Hyperplasia surrounding the
central vein observed was distributed along hepatic sinus and
connected each other. The hepatic lobules were encysted and
separated by collagen bundles. The normal structure of lobules
was destroyed, and pseudolobules formed. Infiltration of
inflammatory cellswasfound around the portal areaand central
vein. The structure of liver tissues was normal in control.
Under electron microscopy, proliferation of activated
hepatic stellate cells (HSC) surrounded by collagen fiberswas
found in early stage, in which abundant rough endoplamic
reticulum and lipids were present. Eventually, with the
deposition of collagen bundles, myofibroblasts formed in
portal area, and the deposition of collagens produced a wide
compartment. Lots of collagen fibrils resided within the space
of Disse. A vast amount of swelling mitochondria and some
lipids were detectable in degenerative hepatocytes.

TIMP-1 and TIMP-2 expression and localization

TIMP-1 and TIMP-2 antigens in the liver from experimental
rats were detected in myofibroblasts, fibroblasts and vascular
endothelial cells predominantly in the portal area and fibrous
septum. Expression of TIMP-1 and TIM P-2 exhibited asbrown
particlesin cytoplasm. No positive expression was found in
nucleus. There was only amild positive expression in vascular
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endothelial cells of the normal rat liver. Image pattern analysis
showed that the expression in the experimenta group wasmuch
stronger than that in the control group (Table 2, Figure 1), so
did thein situ hybridization (Figure 2). In order to confirm the
specificity of immunohistochemical experiment, the first
antibody and second antibody were replaced by at serum and
buffer, respectively. Negative results were found in controls,
with specific confirming experiment for in situ hybridization,
and no positive result was found.

Table 2 Expression of TIMP-1 and TIMP-2 related antigens in
rat liver

Group n TIMP-1 TIMP-2

482.50+65.00
59.8420.31

336.50+48.32
49.86+18.54

Experimental group 20
Normal group 10

P<0.001.

Figure 1 Expression of TIMP-1-related antigens in liver tissue
from rats with experimental fibrosis (Immunohistochemical
staining x400).
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Figure 2 Expression of TIMP-1 mRNA in liver tissue from rats
with experimental fibrosis (in situ hybridization x400).

TIMP-1 and TIMP-2 gene expression

The expression of TIMP-1 in the liver of normal rats was
strikingly low, whileits expression in experimental group was
significantly higher than that in the normal group (Table 3).

Table 3 Gene expression of TIMP-1 and TIMP-2 in rat liver

Group n TIMP-1/b-actin TIMP-2/b-actin
Experimental group 20 1.86+0.47 1.06£0.22
Normal group 10 0.36+0.08 0.36+0.08
P<0.001.

DISCUSSION

It is necessary to establish and develop an ideal animal model

of hepatic fibrosis, so as to investigate the etiology or
pathogensis, to explore the effective diagnosis or treatment
and to select or evaluate anti-fibrotic medicines. An ideal
animal model should be very similar to the characteristics of
human disease, with distinct stages of disease and a low
mortality. The model should be economically and easily
established without difficulty to get the animals.

Researchers began to establish the hepatic fibrosis model
of rats with carbon tetrachloride (CCL,) in 1936, which was
an early study on animal model of hepatic fibrosisand cirrhosis.
Since it was repeatedly improved, the experimental model has
been widely employed. People gradually established various
models, such asrat model by bile duct ligation (Zimmermann,
1992), rabbit model with schistosomiasis (Dunn, 1994), rat
mode by thioacetamide (Okanoue, 1954), etc. However, these
models with various characteristics are not very ideal to the
animal experiment because of their common shortcomings
that the hepatic fibrosis lasted shortly and was absorbed
spontaneously soon.

In 1966, Paronetto and Popper®® have proved that an
immune response could induce liver injury. The animals
injected repeatedly with the globulin or swine albumin or the
serum from swine, bovine or horse developed hepatic fibrosis
after 5 weeks, and cirrhosis after 10 weeks. However, the model
had a high mortality because of allergic reaction. We studied
various models and improved the model devel oped by Wang
et al™®, The survival rate of rats obviously increased and the
fibrosis lasted for more than 363 days when the rats were
injected with a small quantity of dexamethasone through its
caudal vein soon after thefirst or secondary attack. Thefibrosis
was proved pathologically and the formation of fibrosis
belonged to the type |11 allergic reaction induced by the
immunocomplex of abumin. Under electron microscopy it was
proved that the pathological process stimulated the proliferation
of hepatic stellate cells (HSC), which would transform to the
myofibroblasts and secrete alarge amount of collagens.

At present, it was found that TIMP-1 in the injured liver
increased early and obviously, and many researchers thought
that TIMP-1 was a very important promoting factor in the
process of hepatic fibrosig?#2%7, and that it could inhibit MM Ps
(such as MM P-1) to deposit ECM. Up to now, only TIMP-1
and TIMP-2 were found in liver and TIMP-1 increased more
obviously than TIMP-2, and strong expression of TIMP-1
reflected the severity of hepatic fibrosis. With the method of
immunohistochemistry, we found that TIMP-1 and TIMP-2
were expressed obvioudly only in myofibroblasts or fibroblasts
of livers from experimental group, mostly in portal area and
fibrous septum, while very mildly in vascular endothelia cells
of liversfrom control group. Such adistribution was also shown
in the results of in situ hybridization.

The results of in situ hybridization demonstrated that
TIMP-1 mRNA was expressed in hepatocytes and in almost
all mesenchymal cells, especially strong in lipocytes of
inflammation area of the liver induced by CCL, or bile duct
ligation model®®. Our results indicated that it was strongly
expressed only in myofibroblasts, fibroblasts and vascular
endothelial cells, mainly in portal area and fibrous septum.
The results of immunohistochemistry were similar. Whether
the expression difference is due to various models or other
causesis till unknown.

From the gene expression levels of TIMP-1 and TIMP-2
we suggested that the more severe the hepatic fibrosis was,
the higher the gene expression levels of TIMP-1 and TIMP-2
were, and that the strong expression of TIMP-1 inhibited the
degeneration of collagen by MMP-1 and pro MMP-9, and that
the expression of TIMP-2 inhibited MMP-2, MMP-9, etc. to
promote the deposition of ECM. The continuous deposition
of collagen fibersin theliver finally resulted in hepatic fibrosis.
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The concentrations of TIMP-1 and TIMP-2 in peripheral blood
indicated their gene expression levels. Iredale et al™ isolated
hepatocytes, HSC and Kupffer cells from the liver of
experimental hepatic fibrosis model, but failed to find TIMP-
1 mRNA in hepatocytes with Northern hybridization in 1997.
We detected the expression of TIMP-1 in hepatocytes, HSC
and Kupffer cells with PCR technique, and the expression of
TIMP-1 was mild in normal rat liver, but strong in fibrotic rat
liver. Therefore, further experiments might prove no expression
of TIMP-1 in hepatocytes. The strong expression of TIMP-1
in fibroblasts and myofibroblasts of fibrotic liver probably
resulted from the activation of HSC. In fact, hepatic fibrosis
was essentially a“repair” reaction to chronic liver damage
because of the cell-cell interaction mediated by cytokines and
theactivation of HSC induced by the interaction of mesenchymal
cells. The persistence of HSC activation was induced by
repeated liver damage. Thus, the activation of HSC was mainly
in the pathologic process of hepatic fibrosig*2!,

Although TIMP-1 and TIMP-2 were closely related to
hepatic fibrosis, study on TIMPs has just begun. Thusfar, the
mechanism of strong expression of TIMP-1 and TIMP-2 in
fibrotic liver is still unknown, and other characteristics of
TIMPs are being studied**. To enhance the study on TIMPs
has become very important for the diagnosis, treatment and
pathogensis of hepatic fibrosig*++7,
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Abstract

AIM: To better clarify the main target organs of dimethylarsinic
acid toxicity and the role of metallothionein (MTs) in
modifying dimethylarsinic acid (DMAA) toxicity.

METHODS: MT-I/11 null (MT) mice and the corresponding
wild-type mice (MT**), six in each group, were exposed to
DMAA (0-750 mg/kg body weight) by a single oral injection.
Twenty four hours later, the lungs, livers and kidneys were
collected and undergone pathological analysis, induction of
apoptotic cells as determined by TUNEL and MT concentration
was detected by radio-immunoassay.

RESULTS: Remarkable pathological lesions were observed
at the doses ranging from 350 to 750 mg/kg body weight in
the lungs, livers and kidneys and MT** mice exhibited a
relatively slight destruction when compared with that in dose
matched MT”- mice. The number of apoptotic cells was
increased in a dose dependent manner in the lungs and livers
in both types of mice. DMAA produced more necrotic cells
rather than apoptotic cells at the highest dose of 750 mg/kg,
however, no significant increase was observed in the kidney.
Hepatic MT level in MT** mice was significantly increased by
DMAA in a dose-dependent manner and there was no
detectable amount of hepatic MT in untreated MT"- mice.

CONCLUSION: DMAA treatment can lead to the induction
of apoptosis and pathological damage in both types of mice.
MT exhibits a protective effect against DMAA toxicity.

Jia G, Gu YQ, Chen KT, Lu YY, Yan L, Wang JL, Su YP, Wu JCG.
Protective role of metallothionein (I/11) against pathological
damage and apoptosis induced by dimethylarsinic acid. World J
Gastroenterol 2003; 10(1): 91-95
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INTRODUCTION
Arsenic isametalloid that naturally occursin soil, water, and

air. Arsenicals are also non-biodegradable by-products
during production of copper, lead, and other ores and coal
consumption. Exposure to arsenic by food, drinking water,
soil and air containing arsenic iswidely existed in the world.
Inorganic arsenicals are well known human carcinogens,
specifically for the lung, liver, kidney, skin, bladder and other
internal organg*?. Dimethylarsinic acid (DMAA) is amajor
form of organic arsenic in the environment and the main
metabolite of ingested inorganic arsenicalsin most mammals,
including humang?4. DMAA itself can be used as herbicide
and pesticide and also naturally existsin some seafood. Recent
studies have revealed that DMAA is a genotoxic, multi-site
promoter of carcinogenesis as well as a complete carcinogen
in rodents™7, which provides a novel clue to investigate the
mechanism of arsenicalsin carcinogenesis.

Arsenicals, including DMAA, are moderately effective
inducers of MT in mice and rats®%. MTs, thiol-rich metal
binding proteins, have been shown to be easily induced by
oxidative stress and heavy metas and play an important rolein
homeostasis of essential metals, detoxication of heavy metals,
scavenging reactive oxygen intermediates and preventing
carcinogenesis as an endogenous defensive factor(0-19,
Especially to be mentioned, its capacity of scavenging hydroxy!
and superoxide radicalsis much more efficient than GSH, an
established antioxidant!*. Among the four major isoforms of
identified MTs, MT-l and MT-II existing in all tissues
examined, are the predominant formsin the livers. Recently
Liu et al* reported that MT-1/11 null mice were more sensitive
than wild type mice to hepatotoxic and nephrotoxic effects of
oral or injected inorganic arsenicals. Sakurai et all*” reported
that DMAA could induce apoptosis by reducing glutathione
(GSH) in vitro. However, the effect of MT on induction of
apoptosis and the main organic toxicity by DMAA in vivo
remain elusive.

MT-I/1l null (MT”) mice have been proved to be a good
tool for studying MT’ snormal function and the consequences
of its deficiency!®®., In the present study, MT-I/I1 null (MT™)
mice and the corresponding wild-type mice (MT**) were
exposed to DMAA by oral injection, we investigated the
pathological lesions and apoptosis in main target organs
including the liver, lung and kidney of the mice, to elucidate
the toxicity of DMAA and the ability of MT to modify
DMAA toxicity.

MATERIALS AND METHODS

Chemicals
Dimethylarsinic acid (purity 100 %) was purchased from Wako
Pure Chemical Co. (Osaka, Japan). An in situ apoptosis
detection kit (ApopTag™) was purchased from Intergen Co.
NY, USA.

Animals and treatment

MT null (MT”) mice whose MT-1 and Il genes had null
mutation and wild type (MT**) mice provided kindly by Dr.
A. Choo (Murdoch Institute for Research into Birth Defects,
Royal Children’ s Hospital, Australia), were of a mixed
genetic background of 129 Ola and C57BL/6 strains. F1
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hybrid mice were mated with C57BL/6 mice, and their
offsprings were back-crossed to C57BL/6 for six generations.
MT" and MT** mice were obtained by mating of those
heterozygous (MT**) mice.

MT" and MT** mice were routinely bred in the vivarium
of the National Institute for Environmental Studies (NIES,
Japan). Micrabiological and viral examinationswere performed
with regular quarantine procedures for more than one year,
and we did not find either pathogenic infections or significant
phenotypical abnormalities. Both strains of mice were housed
in cages in ventilated animal rooms with a controlled
temperature of 231 °C, arelative humidity of 55+10%, and a
12 h light/dark cycle. They were maintained on standard
laboratory chow and tap water ad lib, and received humane
care throughout the experiment according to the guidelines of
the NIES. Eight-week-old female MT"- and MT** mice were
assigned randomly in equal numbersto all groups (six mice
for each treatment group). Fresh DMAA solution was prepared
by dissolving it in sterilized water. The mice were administered
DMAA (0-750 mg/kg) by oral gavage.

Sample collection

At 24 h after administration of DMAA, the lung, liver and
kidney were collected from each mouse under diethy! ether
anesthesia. Portions of tissues were fixed in 10% neutral
formalin, processed by the standard histological techniques,
and stained with hematoxylin and eosin for light microscopic
examination. For TUNEL staining, sections (5 pm) were placed
on poly-L-lysine precoated dlides.

TUNEL for apoptosis

Apoptotic cells were detected with an apoptosis detection kit
according to the manufacturer’ s instructions. Briefly, the
samples were incubated with digoxigenin-labeled dNTP in
the presence of terminal deoxynucleotidyl transferase
followed by peroxidase-conjugated anti-digoxigenin
antibody. Nuclear stainingof apoptotic cellswas detected with
3", 3 -diaminobenzidine followed by counterstaining of nuclei
with methyl green. An apoptosis index (Al) was obtained by
dividing the number of positive cellsin the area observed!*?,

MT Concentration

MT (MT-1 and MT-II isoforms) concentration in the liver was
measured by radioimmunoassay using sheep anti-rat MT-I
antiserumi®, The detection limit of this method was 0.2 ug
MT/g of tissue.

Statistical analysis

ANOVA with subsequent post hoc’ stest was used asappropriae.
All values were expressed as x+s. Differences were considered
significant at P<0.05.

RESULTS

Histopathological observation
In untreated M T mice and the corresponding M T** mice, the
lung, liver and kidney showed normal morphology. Significant
lesions were observed at doses of DMAA ranging from 375 to
750 mg/kg body weight in both types of mice. However, the
pathological lesionsin M T*micewere more severely widespread
when compared to that in dose matched MT** mice.
Changes including congestion, atelectasis and mild to
moderate hemorrhagesin theaveoli of the lungswere observed
in MT" mice. Adequate air space in the alveoli was observed
more frequent in MT** mice compared to that of MT" mice.
Pulmonary capillary congestion could affect alveolar space,
resulting in severe acute impairment of respiratory function.

Capillary rupture led to leakage of red blood cells into the
interstitium, aswell asinto the alveoli (Figure 1).
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Figure 1 Typical HE staining. The bar is 100 nm. A, B: the
lungs from control of MT~-and MT**mice; C, D: the lungs from
750 mg/kg DMAA group of MT“-and MT** mice. Arrows in-
dicate atelectasis and hemorrhage.

At 24 h after DMAA treatment, severe liver damages
characterized by cellular cloudy swelling, paleness of cell
cytoplasm, vacuolization of hepatocytesand afew areasof foca
necrosswerefoundin MT* micewhilealimited degree of changes
was observed in dose matched MT** mice livers (Figure 2).
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Figure 2 Typical HE staining. The bar is 100 nm. A, B: the
livers from control of MT-and MT**mice; C, D: the livers from
750 mg/kg DMAA group of MT“-and MT*/* mice. The arrows
indicate necrosis.
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Histological changesin the kidney are shown in Figure 3.
Treatment with DMAA produced swelling of glomerulus and
its surrounding tubular tissue and urinary space compression
in both types of mice.

Figure 3 Typical HE staining. The bar is 100 nm. A, B: the
kidneys from control of MT/-and MT*/* mice; C, D: the kid-
neys from 750 mg/kg DMAA group of MT“-and MT** mice.
The arrows indicate the swelling of glomerulus and the sur-
rounding tubular tissue and urinary space compression.
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Figure 5 Apoptosis in livers of MT** and MT- mice detected
by TUNEL twenty-four hours after oral DMAA treatment. A:
Typical apoptotic cells in the liver of MT“ mice at a dose of

188 mg/kg body weight. Brown staining indicates apoptotic
cells. The bar is 20 nm. B. Al in the livers. All values were ex-
pressed as xts. ANOVA with subsequent post hoc’s test was
performed for comparison of Al. *®Significant difference at
P<0.05, P<0.01 when compared with the corresponding con-
trol group. “Significant difference at P<0.05, P<0.01 when com-
pared with the dose-matched MT~- mice group.
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Figure 4 Apoptosis in lungs of MT** and MT~" mice detected
by TUNEL twenty-four hours after oral DMAA treatment. A:
Typical apoptotic cells in alveolar area of MT- mice at a dose
of 188 mg/kg body weight. Brown staining indicates the
apoptotic cells. The bar is 20 nm. B: Typical apoptotic cells in
bronchial area of MT- mice at a dose of 188 mg/kg body weight.
Brown staining indicates apoptotic cells. The bar is 20 mm. C: Al
in alveolar area. D: Al in bronchial area. All the values were
expressed as Xxs. ANOVA with subsequent post hoc’s test
was performed for comparison of Al. **Significant difference at
P<0.05, P<0.01 when compared with the corresponding con-
trol group. *“Significant difference at P<0.05, P<0.01 when com-
pared with the dose-matched MT~- mice group.
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Induction of apoptotic cells detected in lungs, livers and
kidneys of MT* and MT** mice

High induction of apoptotic cellsin bronchial epithelial cells
was observed in MT* mice treated with DMAA at 375 mg/kg
body weight, however, the same changes were not observed
in dose matched MT** mice. At a high dose of 750 mg/kg
body weight, the coincident increase of apoptotic cells was
observed in both types of mice and no significant difference
was observed between them.

In control group, theincidence of apoptotic cellsin aveolar
epithelia cellsin MT** mice was significantly higher than that
in MT* mice, implying that MT** mice might have a stronger
ability to induce apoptosis than MT~ mice. A significant
increase of apoptotic cells occurred in MT” mice treated by
188 mg/lkg DMAA, arelative low dose when compared with
that in bronchia epithdial cdlls. However, no significant increase
was observed in MT** mice at the same dose of 188 mg/kg
DMAA. With theincrease of dose, high induction of apoptotic
cells was observed in both types of mice (Figure 4).

Figure 5 shows that in control group, the incidence of
apoptotic cells in MT** mice was 156.33+41.041/cm?,
significantly higher than that in MT* mice. The incidence of
apoptotic cellsin the livers rose with the increase of dosein
both types of mice. However, at the highest dose of 750 mg/kg,
DMAA produced more necrotic cellsrather than apoptotic cells
observed by HE staining (Figure 2).

DMAA failed to induce remarkable apoptotic cellsin the
kidneys from both types of mice (data not shown).

MT concentration in liver of MT** mice

MT concentration was determined in the liver of MT** mice
and MT” mice treated with DMAA (Figure 6). Hepatic MT
level in MT** micewas significantly increased by DMAA ina
dose-dependent manner. However, there was no detectable
amount of hepatic MT in untreated MT* mice, and it could
not be induced by DMAA.
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Figure 6 MT concentration in livers of MT*/* mice detected by
radio-immunoassay. All the values were expressed as X#s.
ANOVA with subsequent post hoc’s test was performed for
comparison of Al. *Significant difference at P<0.01 when com-
pared with the corresponding control group.

DISCUSSION

The present study demonstrated that DMAA could produce
pathological lesions in the lungs, livers and kidneys, and
induce apoptosisin the lungs and livers. Most importantly, it
isthefirst report to show that inability to produce MT-I/11 in
MT- mice caused an increased sensitivity to toxicity induced
by DMAA.

Treatment with DMAA caused severe and wide spread
lesionsin MT" mice, whereas, these changes were much less
severe in MT** mice. It indicates that MT"- mice were more

sensitiveto DMAA and MT played a protective role against
thetoxicitiesto main organs. Y amanaka™ reported that DMAA
in mice could be further metabolized and converted into
dimethylarsine radicals and dimethyl arsenic peroxy radicals.
Marked formation of 8-oxod G was observed in the lung and
liver, which are the target organs for arsenic carcinogenesis.
No increase in 8-oxod G levels was observed in the kidney.
Meanwhile, MT was capable of scavenging hydroxyl and
superoxide radicals and its capability of scavenging them was
much more efficient™2%9, |n our study, the expression of MT
(1/11) was induced by DMAA in a dose dependent manner in
the livers of MT** mice, no MT(I/11) was observed in MT™
mice. Thus the reduction of lesionsinduced by DMAA in the
main target organs of MT** mice could be explained at |east
partly by MT reduction induced by DMAA, and the toxicity
induced by DMAA could be explained partly by way of
oxidative stress participation.

After alethal damaging stimulation, two main structural
routes of cell death might occur: apoptosisand necrosis. It has
become apparent that the magnitude and type of injurious
stimuli could determine whether acell underwent death through
apoptosisor necrosis. Severe damaging stimuli tended to result
in necrosis, and lower grade damaged stimuli tended to cause
apoptosig#-3,

Recently, Sakurai et al reported that DMAA could induce
apoptosisby reducing glutathione (GSH) in vitroi*. However,
the effect of MT on the induction of apoptosis by DMAA in
vivo remains elusive. Furthermore, the perturbation of
apoptosis has been thought to contribute to carcinogenesis
either through enhanced initiation or progression'®3, |n this
study, the induction of apoptosis was detected by TUNEL in
the lungs, livers and kidneys from both types of mice. In the
lungs, a significant increase of apoptosis was observed in
alveolar cells of MT* mice at arelative low level compared
with that in bronchial cells, suggesting that alveolar cellswere
more sengitive than bronchial cellsand MT had some protective
role againgt the induction of apoptosisinduced by DMAA at a
relative low level. With the increase of dose, DMAA induced
high levels of apoptosisin both types of mice and at the highest
dose of 750 mg/kg, necrotic cells predominated over apoptosis
in the livers, revealing the serious toxicity of DMAA at this
dose. Sincethekidney isthe mgjor organ for arsenic elimination
and most of arsenicals could be rapidly eliminated through
the kidney™3, renal cells are thus exposed to a major portion
of the absorbed arsenical dose. However, the induction of
apoptosis was not affected by DMAA, the underlying
mechanism needs further investigations.

In conclusion, the present studies demonstrate that oral
administration of DMAA can produce toxic response of the
respiratory system, liver and kidney in both MT"and MT**
mice. The pathological effects are clearly pronounced in MT
mice. Intracellular MT appears to play an important role in
preventing the toxic effects of DMAA.
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Abstract

AIM: To study the change of intracellular calcium-magnesium
ATPase (Ca?*-Mg?*-ATPase) activity in pancreas, liver and
kidney tissues of rats with acute pancreatitis (AP), and to
investigate the effects of Qingyitang (QYT) (Decoction for
clearing the pancreas) and tetrandrine (Tet) and vitamin E
(VitE) on the activity of Ca?*-Mg?*-ATPase.

METHODS: One hundred and five Sprague-Dawley rats
were randomly divided into: normal control group, AP group,
treatment group with QYT (1 miI/100 g) or Tet (0.4 miI/100 g)
or VitE (100 mg/kg). AP model was prepared by a retrograde
injection of sodium taurocholate into the pancreatic duct.
Tissues of pancreas, liver and kidney of the animals were
taken at 1 h, 5 h, 10 h respectively after AP induction, and
the activity of Ca**-Mg?*-ATPase was studied using enzyme-
histochemistry staining. Meanwhile, the expression of Ca?*-
Mg?*-ATPase of the tissues was studied by RT-PCR.

RESULTS: The results showed that the positive rate of
Ca?*-Mg?*-ATPase in AP group (8.3%, 25%, 29.2%) was
lower than that in normal control group (100%) in all tissues
(P<0.01), the positive rate of Ca?*-Mg?*-ATPase in treatment
group with QYT (58.3%, 83.3%, 83.3%), Tet (50.0%,
70.8%, 75.0%) and VitE (54.2%, 75.0%, 79.2%) was higher
than that in AP group (8.3%, 25.0%, 29.2%) in all tissues
(P<0.01). RT-PCR results demonstrated that in treatment
groups Ca?*-Mg?*-ATPase gene expression in pancreas
tissue was higher than that in AP group at the observing
time points, and the expression at 5 h was higher than that
at 1 h. The expression of Ca?*-Mg?*-ATPase in liver tissue
was positive, but without significant difference between
different groups.

CONCLUSION: The activity and expression of intracellular
Ca?*-Mg**-ATPase decreased in rats with AP, suggesting that
Ca?*-Mg?*-ATPase may contribute to the occurrence and
development of cellular calcium overload in AP. QYT, Tet
and VitE can increase the activity and expression of Ca?*-
Mg?*-ATPase and may relieve intracellular calcium overload
to protect the tissue and cells from injuries.

Qiu Y, Li YY, Li SG, Song BG, Zhao GF. Effect of Qingyitang on

activity of intracellular Ca?*-Mg?*-ATPase in rats with acute
pancreatitis. World J Gastroenterol 2004; 10(1): 100-104
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INTRODUCTION

The pathogenesis of acute pancreatitis (AP) is complicated.
A number of theories have been proposed. It is generally
accepted that “ calcium overload” plays a key role in the
occurrence and progression of AP*3, However, the exact
mechanism of intracellular calcium overload in acute
pancreatitis is not clear yet. This study was designed to
explore the mechanism of intracellular calcium overload by
determining the activity of intracellular Ca?*-Mg* ATPase
in AP rats. The experiment al so investigated the therapeutic
mechanisms of some medicines, such as Chinese medicines
Qingyitang (QYT) and tetrandrine (Tet), and Vitamin E
(VItE) on APin rats.

MATERIALS AND METHODS

Animals

One hundred and five Sprague-Dowley (SD) rats including
male and female (1:1) were used. The animals, weighing 220-
250 g, were provided by the Animal Center of Chinese
Academy of Sciences, Shanghai, China.

Reagents

Sodium taurocholate from Sigma Co. was diluted with distilled
water to make a 4% solution for use. QY T was from Zunyi
Medical College, Tet from the Pharmaceutical | ngtitute of the
Second Military Medical University, VitE (emulsion, 2 mi/kg)
from Xinan Pharmaceutical Factory, ATP disodium salt from
Shanghai Institute of Biochemistry, Chinese Academy of
Sciences. Trizol, reverse transcriptase Superscript |1 RNase
H- were from Gib Co. (USA), hexamer from Promega (USA),
and Tag DNA polymerase, dNTP, RNAase inhibitor from
Takara Co. (Japan), diethyl pyrocarbonate (DEPC) from Serva
Co. (USA). Primers for Ca2*-Mg?*-AT Pase (upstream primer
-5 GAACATCCTGCAGACGGACA-3', downstream primer
-5 CAAAGCTATGGGAGTGGTGG-3') (790-1 241 bp) and
primersfor GAPDH (upper - 5 ACCACAGTCCATGCCAT
CAC-3 ,lower -5 TCCACCACCCTGTTGCTGTA-3' ) were
purchased from Takara Co. (Japan).

Animal model preparation and grouping

The rats were randomly divided into normal control group
(n=9), AP+ normal saline (NS) group (n=24), AP+QYT
group(n=24), AP+Tet group (n=24), AP+VitE group (n=24).
In normal control group the pancreas of rats were exposed.
In the other groups, the pancreas of rats was exposed and
sodium taurocholate was injected into the pancreatic duct
to induce AP, In AP+NS group, rats were injected with
NS (0.4 ml/100 g, ip) after APinduction. In AP+QY T group,
rats were infused with QYT (1 mI/100 g) by a nose-gastric
catheter, in AP+Tet group, rats were injected peritoneally
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with Tet (0.4 ml/100 g), and in AP+VitE group, rats were
given VitE (100 mg/kg) intravenously through mesenteric vein.

HE staining

At 1 h, 5 hor 10 h after operation, the tissue samples of
pancreas, liver and kidney were taken and fixed with formalin
solution. Some sections of the specimens were stained with
HE, and then observed under a light microscope.

Enzyme histochemistry

Some of thetissue blockswere used for enzyme histochemistry
staining. Four mm thick tissue slices were mounted to
polylysine-coated slides with a cryotome. Wachstein-Meisd
lead nitrate method®™ was used to conduct enzyme histochemistry
stain for intracellular Ca?*-Mg?-ATPase. The slides were
examined under a light microscope.

RT-PCR

Primers for Ca?*-Mg*-ATPase gene were designed based on
mRNA sequence of intracellular Ca?*-Mg?*-ATPase®. GAPDH
gene was used as internal housekeeping gene. Total RNA of
pancreas and liver were taken for RT-PCR at 1 h and 5 h after
APwasinduced. Total RNA wasextracted with Trizol reagents.
Quantity and purity of RNA were determined with an
ultraviolet spectrophotometer. RNA integrity was confirmed
by agar gel electrophoresis. The reverse transcription system
was 20 ml in volume, containg 2 ng total RNA, 1 i reverse
transcriptase, 1 mi dNTP (10 mmol/L), 2 m (100 ng/1 m)
hexamer, 4 m 5xbuffer, 2 M 0.1M DTT, 8 nl water. The
mixture was incubated at 37 °C for 1 hour and then at 70 C
for 15 minutes to inactivate reverse transcriptase. cDNA was
used as a template for subsequent PCR. PCR reaction was
performed in athermal cycler (PE480). PCR reaction solution
contained 1 mi cDNA, 2 m dNTP (2 mmol/L), 1 m primers,
2.5 m 10xbuffer, 2U Tag polymerase, 18 nm water. PCR process
wasat 94 °C for 5 minutes, followed by 35 cyclesat 94 °C for
1min,a 57 C for 1 min,and at 72 °C for 1 min. Final extension
was at 72 C for 10 minutes, 8 m of PCR products was
examined on 1% agar gel electrophoresis. The bands were
observed and photographed under Ultraviolet light.

Statistical analysis
Data were analyzed by c? test and P<0.01 was considered
significant.

RESULTS

Pathological findings in pancreas, liver and kidney tissues
of AP rats

Pancreas Large areas of hemorrhage werefound in pancreatic
tissue of AP+NS group. Acinar structure was obscure. There
were large areas of necrosis. Some nuclei were lysed and
disappeared. Apparently saponified spots were seen. A

number of inflammatory cell infiltrations were observed in
the peri-necrotic tissues. In AP+QY T, AP+Tet or AP+VitE
groups, the pancreas only slightly swelled with sporadic
bleeding and necrosis, and mild inflammatory infiltration in
the pancreatic tissue.

Liver In AP+NSgroup, degeneration and necrosis of the liver
cellswere found, and hepatocytes were disordered and some
hepatic cords disappeared. In AP+QY T, AP+Tet or AP+VitE
groups, hepatocytes were only degenerated and swelled with
dlight focal hemorrhagic necrosis.

Kidney In AP+NS group, epithelial cellsin the proximal
convoluted renal tubule were observed with degeneration
and necrosis. Hyperemia, swelling and inflammatory cell
infiltration were seenin renal glomeruli. Only edemawasfound
in proximal convoluted renal tubular epithelial cells in
AP+QYT, AP+Tet and AP+VitE groups (Figure 1).

Activity of intracellular Ca?-Mg#-ATPase in pancreas, liver
and kidney tissues of AP rats

Positive stains were diffusely distributed in cellular membrane
and cytoplasm of pancreatic acinar cells, hepatocytes, and
proximal renal tubule epithelial cells. Positive rate of Ca?*-
Mg*-ATPase stain in tissues of normal group was significantly
higher than that of other groups. The lowest positive rate was
found in AP+NS group (P<0.01). There was no significant
difference between groupsof AP+QY T, AP+Tet, and AP+VitE
(P>0.05) (Table 1, Figure 2).

Positive cellswere defined as cells with uneven chocolate
brown particles in cytoplasm under light microscope. The
darker the staining color was, the higher the activity was. The
cellswere classified into 4 levels based on color intensity and
number of positive cells. No staining or only a small number
of light brown particlesin cellular membrane and cytoplasm,
and more than 25% of stained cells were negative (-); with a
medium number of brown particles, and 25%-50% of stained
cellswere positive (+); with alarge number of brown particles
and more than 50% of stained cells were positive (++); more
than 75% of stained cells were positive (+++).

Expression of Ca?-Mg*-ATPase in pancreas and liver tissues
of AP rats

By RT-PCR technique, the expression of Ca#*-Mg?-ATPase
in pancreasand liver of al groups was measured respectively.
The gene fragment of Ca?*-Mg?-ATPase was 451 bp. The
amplified fragment of internal housekeeping gene GAPDH
was 450 bp. The results showed that the highest expression of
Ca?*-Mg?-ATPase was in normal group, the lowest was in
AP+NS group, and moderate in AP+QYT, AP+Tet and
AP+VitE groups. The expression decreased with time in
AP+NS group, Whilein AP+QYT, AP+Tet and AP+VitE
groups, the expression increased with time. The expression of
Ca?*-Mg?-ATPase in liver had no significant difference
between groups (Figure 3).

Table 1 Positive rate of activity of intracellular Ca?*-Mg?*-ATPase in tissues of AP rats

Pancreatic acinar cells Hepatocytes Renal epithelial cells

Group n

- + ++~+++  Positive (%) - + bttt Positive (%) - + ++~+++  Positive (%)
Normal group 9 0 5 4 1002 0 6 1002 0 6 100°
AP+NS 24 22 2 0 8.3 18 1 25.0 17 2 29.2
AP+QYT 24 10 7 7 58.32 4 11 9 83.32 12 8 83.3%
AP+Tet 24 12 9 3 50.02 7 9 8 70.82 10 8 75.02
AP+VitE 24 11 7 6 54.22 6 11 7 75.0° 11 8 79.22

2P<0.01 vs AP+NS.
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Figure 1 Histopathological findings in AP rats before and after treatment, HE stains. A: Morphological changes in pancreatic tissue
of AP rats before treatment, x200. B: Morphological changes in pancreatic tissue of AP rats after treatment with QYT, x200. C:
Morphological changes in hepatic tissue of AP rats before treatment, x200. D: Morphological changes in hepatic tissue of AP rats after
treatment with VitE, x200. E: Morphological changes in renal tissue of AP rats before treatment, x400. F: Morphological changes in
hepatic tissue of AP rats after treatment with Tet, x400.

Figure 2 Enzyme histochemistry staining for intracellular Ca?*-Mg?*-ATPase in AP rats before and after treatment. A: Pancreatic
tissue in AP rats before treatment, x400. B: Pancreatic tissue in AP rats after treatment with QYT, x400. C: Hepatic tissue in AP rats
before treatment, x200. D: Hepatic tissue in AP rats after treatment with VitE, x200. E: Renal tissue in AP rats before treatment,
x400. F: Renal tissue in AP rats after treatment with Tet, x400.

123 456 78 9 M 123 4567 89M
500 bp 500 bp
250 bp 250 bp
100 bp 100 bp
1234 56 7 8 9M 12 3456 7 89 M

250 bp 250 bp
100 bp A 100 bp B

Figure 3 Expression of Ca** -Mg* -ATPase in AP rats before and after treatment analyzed by RT-PCR. A: Expression of Ca* -Mg?* -
ATPase mRNA in pancreatic tissue of different groups.B: Expression of Ca* -Mg? -ATPase mRNA in hepatic tissue of different
groups. C: amplification product of GAPDH gene in pancreatic tissue of different groups. D: amplification product of GAPDH
geneinhepatic tissue of different groups.Note: 1. AP 1 h, 22 AP 5 h, 3: QYT+AP 1 h, 4 QYT+AP 5 h, 5. Normal control group, 6:
Tet+AP1 h, 7: Tet+AP 5 h, 8: VitE+AP 1 h, 9:VIitE+AP 5 h, M: PCR marker.
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DISCUSSION

The level of intracellular free calcium (Ca?*) is not only
dependent on the inflow of extracellular calcium through cell
membrane and release from calcium reservoir inside the cell,
but also on the function of Ca2-Mg#-ATPase on cell membrane
and membrane of endoplasmic reticulum and mitochondria. By
Cat*-Mg*-ATPase, Ca?* could be pumped out of cell or into
calcium reservoir. Thus Ca?*-Mg*-ATPase could play an
important role in intracellular calcium homeostasig™.

Activity and expression of intracellular Ca*-Mg*-ATPase in
AP and its implication
Our experimental results showed that, in AP rats, the activity
of Ca#*-Mg?-ATPase in pancreatic, hepatic and renal tissues
was decreased in AP rats. At the same time the pathol ogical
findings were aggravated. These results suggested that
alteration of Ca?*-Mg?*-ATPase activity in AP might take part
in the occurrence and progression of AP. It was reported that
permeability of cell membrane was increased in AP. Ca**
inflow might increase and lead to intracellular calcium
overload. In the meantime, some stimulating factors could
activate corresponding receptors on the surface of membrane
to activate guanylate cyclation (GC). As aresult, energy was
released to cascade effector phospholipase C intracellular
phosphatidylinositol diphosphate (PIP,) into inositol triphosphate
(IPs) and diacylglycerol (DG). The |Pssubsequently activated
I P; receptors on endoplasmic reticulum to stimulate Ca?* release
from calcium reservoir. Consequently intracellular Ca?* level
increased abruptly. If the intracellular Ca?*-Mg**-ATPase
activity was decreased, Ca?* could not be effectively pumped
back into the reservoir or out of cells, which further aggravated
intracellular calcium overload!**Y, Intracellular calcium
overload further facilitated the release of pro-inflammatory
mediators, whichwould cause strong contraction and thrombosis
of microcirculation. Thus energy metabolism in tissues was
disordered and ATP production was reduced™?€., In addition,
large quantities of free radicals produced during acute
pancreatitis would cause phospholipids re-distribution in cell
membrane. All of these factors might contribute to theinhibition
of ATPase activity, which in turn would aggravate intracel lular
calcium overload. The vicious cycle occurred. Therefore,
decrease of intracellular Ca?*-M g?*-ATPase activity playsakey
role in the development and aggravation of calcium overload.
In the present study, we found that activity of intracellular
Ca?*-Mg*-ATPase was decreased in hepatocyte of AP rat,
but the expression of Ca*-Mg?-ATPase in the tissues did
not change greatly. This finding suggested that intracellular
Ca**-Mg*-ATPase activity was not only dependent on the
level of its gene expression but also was affected by many
other factorg”1,

Therapeutic effect and mechanism of QYT, Tet and VitE

Chinese medicine QYT is an effective compound in the
treatment of AP. It has been proved to have bacteriostatic
and anti-inflammatory effects, and to promote intestinal
movement!2l, Tet isakind of bisbenzylisoquinoline alkaloid
extracted from root tuber of Stephania tetrandran, a Chinese
herbal medicine. It hasbeen proved to beanatura non-selective
calcium channel blocker?2%1, and VitE has also been proved
to be a scavenging agent of free radicals and blocker for lipid
peroxidation'?-27, The present study found that in AP rats,
intracellular Ca2*-Mg*-ATPase activity in pancreatic, hepatic
and renal tissues was increased after trestment with the above
three medicines, and in pancreas the expression of Ca?*-Mg?-
ATPase was enhanced. Furthermore, pathological changes of
hemorrhage and necrosis in the tissues were relieved. The
complicating ascites and pleural effusion were improved -3,

Insummary, QY T, Tet and VitE have certain protecting effects
on tissues and cells in AP, and the mechanisms are related
with improved blood supply, increased intracellular Ca¢*-M g?*-
ATPase activity and reduced intracellular calcium overload.
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Abstract

AIM: To study the effect of red oil A5 on pancreatic cancer
cells and its possible mechanisms.

METHODS: Effect of different concentrations of red oil A5
on proliferation of three pancreatic cancer cell lines, AsPC-1,
MiaPaCa-2 and S2013, was measured by *H-methyl thymidine
incorporation. Time-dependent effects of 1:32 000 red oil A5
on proliferation of three pancreatic cancer cell lines, were
also measured by *H-methyl thymidine incorporation, and
Time-course effects of 1:32 000 red oil A5 on cell number.
The cells were counted by Z1-Coulter Counter. Flow-
cytometric analysis of cellular DNA content in the control
and red oil A5 treated AsPC-1, MiaPaCa-2 and S2013 cells,
were stained with propidium iodide. TUNEL assay of red oil
A5-induced pancreatic cancer cell apoptosis was performed.
Western blotting of the cytochrome c protein in AsPC-1,
MiaPaCa-2 and S2013 cells treated 24 hours with 1:32 000
red oil A5 was performed. Proteins in cytosolic fraction and
in mitochondria fraction were extracted. Proteins extracted
from each sample were electrophoresed on SDS-PAGE gels
and then were transferred to nitrocellulose membranes.
Cytochrome c was identified using a monoclonal cytochrome
¢ antibody. Western blotting of the caspase-3 protein in
AsPC-1, MiaPaCa-2 and S2013 cells treated with 1:32 000
red oil A5 for 24 hours was carried out. Proteins in whole
cellular lysates were electrophoresed on SDS-PAGE gels and
then transferred to nitrocellulose membranes. Caspase-3 was
identified using a specific antibody. Western blotting of poly-
ADP ribose polymerase (PARP) protein in AsPC-1, MiaPaCa-
2 and S2013 cells treated with 1:32 000 red oil A5 for 24
hours was performed. Proteins in whole cellular lysates were
separated by electrophoresis on SDS-PAGE gels and then
transferred to nitrocellulose membranes. PARP was identified
by using a monoclonal antibody.

RESULTS: Red oil A5 caused dose- and time-dependent
inhibition of pancreatic cancer cell proliferation. Propidium iodide
DNA staining showed an increase of the sub-G0/G1 cell
population. The DNA fragmentation induced by red oil A5 in
these three cell lines was confirmed by the TUNEL assay.
Furthermore, Western blotting analysis indicated that cytochrome
¢ was released from mitochondria to cytosol during apoptosis,
and caspase-3 was activated following red oil A5 treatment which
was measured by procaspase-3 cleavage and PARP cleavage.

CONCLUSION: These findings show that red oil A5 has
potent anti-proliferative effects on human pancreatic cancer
cells with induction of apoptosis in vitro.

Dong ML, Ding XZ, Adrian TE. Red oil A5 inhibits proliferation
and induces apoptosis in pancreatic cancer cells. World J
Gastroenterol 2004; 10(1): 105-111

http://www.wjgnet.com/1007-9327/10/105.asp

INTRODUCTION

Pancreatic cancer is one of the most enigmatic and aggressive
malignant diseases. It is now the fourth leading cause of
cancer death in both men and women in the USA and the
incidence of this disease shows no sign of declinel***,
Pancreatic cancer is characterized by a poor prognosis and
lack of effective response to conventional therapy'®. The 5-
year survival rateislessthan 4% and the median survival period
after diagnosisis less than 6 months™®. At present, surgical
resection is still the only effective treatment option, but only
about 15% of carcinomas of the head of pancreasare resectable
and there are few long-term survivors even after apparent
curative resection!”®, On the other hand, chemotherapy or
radiation therapy provide only limited palliation, without
meaningful improvement of survival in patients with non-
resectable pancreatic cancer?. Only new therapeutic srategies
can improve this dismal situation(*®4,

A seriesof prospective and case-control studies have shown
an association between higher fish intake and reduced cancer
incidence, and other benefits including inhibition of cancer
cell proliferation, induction of apoptosig'??2, Recent studies
indicate that diets containing a high proportion of long-chain
n-3 polyunsaturated fatty acids was associated with inhibition
of growth and metastasis of human cancer including pancreatic
cancer!2142324 Dietsrich in linoleic acid (LA), an n-6 fatty
acid, stimulate the progression of human cancer cell in athymic
nude mice, whereas supplement of fish oil components,
docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) exerts suppressive effects. Fish oil has been shown to
reduce the induction of different cancer in animal models by
a mechanism which may involve suppression of mitosis,
increase apoptosis through long-chain n-3 polyunsaturated
fatty acid EPA[2142527 |n parallel, dietary supplementation
with DHA is accompanied by reduced levels of 12- and 15-
hydroxyeicosatetraenoic acids (12- and 15-HETE), suggesting
that changes in eicosanoid biosynthesis may have been
responsible for the observed decrease in tumor growth416.2829,
Previous studies also have shown that the anti-cancer effect
of fish oil is accompanied by a decreased production of
cyclooxygenase and lipoxygenase metabolites?*®3U, The
efficacy of fish oil which we have found exhibits particularly
potent anticancer effects that appear to be related to its content
of lipoxygenaseinhibitorsrather thanits EPA or DHA contents.
Red oil A5 islipid isolates from the epithelial layer of the
echinoderm. This oil is non-toxic and exerts a marked anti-
inflammatory effect in laboratory animals. Red oil A5 almost
totally inhibits pancreatic cancer cell proliferation at dilutions
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of up to 1:32 000. The inhibition of proliferation induced by
thisfish oil isaccompanied by marked induction of apoptosis.
To date, no information is available regarding the effects of
red oil A5 in pancreatic cancer. Inthe present study, the effects
of red oil A5 on proliferation, apoptosis and cell cycle
distribution were investigated in pancreatic cancer cells.

MATERIALS AND METHODS

Pancreatic cancer cell lines

The human pancreatic cancer cell lines (AsPC-1, MiaPaCa-2
and S2013) were purchased from the American Type Culture
Collection (Rockville, MD, USA). These cell lines span the
types of differentiation in human pancreatic adenocarcinomas.
AsPC-1 and MiaPaCa-2 are poorly- differentiated, whereas
S2013 iswell-differentiated but heterogenous.

The cellswere cultured in Dulbecco’ s Maodified Eagle’ s
Medium (DMEM) (obtained from Sigma, St. Louis, MO)
supplemented with penicillin G (100 U/mL), streptomycin
(100 U/mL) and 10% Fetal Bovine Serum (FBS) (purchased
from Atlanta Biologicals, Atlanta, GA) in humidified air with
5% CO, at 37 C. The cells were harvested by incubation in
trypsin-EDTA (obtained from Sigma, St. Louis, MO) solution
for 10-15 minutes. Then the cells were centrifuged at x300 g
for 5 minutes and the cell pellets suspended in fresh culture
medium prior to seeding into culture flasks or plates.

Red oil A5

Red oil A5 (Coastside Research Chemical Co.) was dissolved
in 1:2 DMEM as a stock solution. The stock solution was
diluted to the appropriate concentrations with serum-free
medium prior to the experiments.

Cell proliferation assay

Cell proliferation was analyzed by the *H-methyl thymidine
(from Amersham Inc., Arlington Heights, IL) incorporation
and cell counting. Following treatment of pancreatic cancer
cellswith aseries of concentrations of red oil A5 from 1:64 000
to 1:4 000 for 24 hours, and following treatment of pancreatic
cancer cellswith 1:32 000 red oil A5 for 6, 12 and 24 hours,
cellular DNA synthesis was assayed by adding *H-methyl
thymidine 0.5 nCi/well. After a 2 hour incubation, the cells
were washed twice with PBS, precipitated with 10% TCA for
two hours and solublized from each well with 0.5 ml of 0.4 N
sodium hydroxide. Incorporation of *H-methyl thymidineinto
DNA was measured by adding scintillation cocktail and
counting in a scintillation counter (LSC1414 WinSpectral,
Wallac, Turku, Finland). For cell counting, the cells were
seeded in 12-well plates and cultured in serum-free medium
for 24 hoursprior to red oil A5 treatment and then switched to
serum-free medium with or without 1:32 000 red oil A5 for
the respective treatment times (24, 48, 72 and 96 hours). The
cellswere removed from the plates by trypsinization to produce
a single cell suspension for cell counting. The cells were
counted using Z1-Coulter Counter (Luton, UK).

Analysis of cellular DNA content by flow cytometry

The cells were grown at 50%-60% confluencein T75 flasks,
serum-starved for 24 hours and then treated with 1:32 000 red
oil A5for 24 hours. At the end of the treatment, the cellswere
harvested with trypsin-EDTA solution to produce asingle cell
suspension. The cells were then pelleted by centrifugation and
washed twice with PBS. Then the cell pellets were suspended
in 0.5 ml PBSand fixedin 5 mL ice-cold 70 % ethanol at 4 °C.
The fixed cells were centrifuged at 300xg for 10 minutes and
the pellets were washed with PBS. After resuspension with 1 ml
PBS, the cdllswereincubated with 10 ni. of RNase| (10 mg/mL)
and 100 L of propidium iodide (400 ng/mL; Sigma) and

shaken for 1 hour at 37 “C in the dark. Samples were analyzed
by flow cytometry. The red fluorescence of single events was
recorded using alaser beam at 488 nm excitation| with 610 nm
asemission | , to measure the DNA index.

Terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) assay

TUNEL assay kits were purchased from Pharmingen and
PARP antibody from BioMol. The assay was carried out for
terminal incorporation of fluorescein 12-dUTP by terminal
deoxynucleotidyl transferase into fragmented DNA, in
pancreatic cells. Cells grown in T75 flasks were cultured in
serum-free conditions for 24 hours and then treated with or
without 1:32 000 red oil A5 for 24 hours. The cells were then
trypsinized and fixed in 1% ethanol-free formaldehyde-PBS
for 15 minutes. The cells were incubated with the enzyme
substrate mixture with the addition of 20 mM EDTA and then
counterstained with 5 ng/mL propidium iodide in PBS
containing 0.5 mg/mL DNase-free RNase A, in the dark for
30 minutes. Laser flow cytometry was used to quantify the
green fluorescence of fluorescein-12-dUDP incorporated
againgt the red fluorescence of propidium iodide.

Preparation of cytosolic and mitochondrial extraction

Mitochondria/Cytosol Fractionation Kit was purchased from
BioVision (Mountain View, CA94043, USA). Cells (5x107)
were collected by centrifugation at 600xg for 5 minutesat 4 °C
from control and red oil A5-treated AsPC-1, MiaPaCa-2 and
S2013 cells. Wash the cellswith ice-cold PBS twice. Centrifuge
at 600xg for 5 minutes at 4 ‘C. Remove the supernatant and
resuspend the cellswith 1.0 mL of 1xCytosol Extraction Buffer
Mix containing DTT and Protease Inhibitors. Incubate on ice
for 10 minutes. Homogenize the cellsin an ice-cold dounce
tissue grinder (45 strokes) until 70-80% of the nuclei do not
have the shiny ring. Transfer the homogenate to a 1.5 mL
microcentrifuge tube, and centrifuge at 700xg for 10 minutes
at 4 °C. Transfer the supernatant to a fresh 1.5 mL tube, and
centrifuge at 10 000xg for 30 minutes at 4 ‘C. Collect the
supernatant as cytosolic fraction. Resuspend the pellet in
0.1 mL Mitochondrial Extraction Buffer Mix containing DTT
and Protease inhibitors, vertex for 10 seconds and save as
Mitochondrid Fraction. Both cytosolic fraction and mitochondrial
fraction were stored at -80 ‘C until ready for Western blot.

Western blot

Cells were seeded into flasks and grown to 50% to 60%
confluence for 24 hours. The cellswere then placed in serum-
free medium with or without 1:32 000 red oil A5 for a period
of 24 hours. In the end, the attached cells and floating cells
were extracted in lysis buffer [20 mM Tris-HCI (pH 7.4),
2 mM sodium vanadate, 1.0 mM sodium fluoride, 100 mM
NaCl, 2.0 mM phosphate substrate, 1% NP40, 0.5% sodium
deoxycholate, 20 mg/mL each aprotinin and leupeptin, 25.0
ngy/mL pepstatin, and 2.0 mM each EDTA and EGTA] for
further analysis. Protein concentrations were determined using
the bicinchoninic acid assay with BSA as standard. Western
blot was carried out using standard techniques. Briefly, equal
amounts of proteinsin each sample were resolved in 10%
sodium dodecy! sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and the proteins transferred onto nitrocellulose
membranes. After blocking with non-fat dried milk, the
membranes were incubated with the appropriate dilution of
primary antibody (Santa Cruz Biotech, Santa Cruz, CA, USA).
The membranes were then incubated with a horseradish
peroxidase-conjugated secondary antibody. The proteinswere
detected by an enhanced chemiluminescence detection system
(Santa Cruz Biotech), and light emission was captured on
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Kodak X-ray films (Eastman Kodak Company, Rochester,
NY)). The rabbit polyclonal antibody against cytochrome c and
caspase-3, and the mouse monoclonal antibody against PARP
were also purchased from Santa Cruz Biotech.

Statistical analysis

The datawas anayzed by analysis of variance (ANOVA) with
Bonferonni’ s or Dunnet’ s multiple comparison post-test for
significance between each two groups. This analysis was
performed with the Prism software package (GraphPad, San
Giego, CA, USA). The data were expressed as mean +SEM
and represented at least 3 different experiments.

RESULTS

Effect of red oil A5 on thymidine incorporation in pancreatic
cancer cells

Red il A5 caused marked, concentration-dependent inhibition
of thymidineincorporation in AsPC-1, MiaPaCa-2 and S2013
cells, at concentrations ranging from 1:64 000 to 1:4 000
(ANVOA, AsPC-1: F(5,23)=86.99, P<0.0001; MiaPaCa-2:
F(5,23)=92.63, P<0.0001; S2013: F(5, 23)=94.94, P<0.0001
(Figure 1). Thered oil A5-induced inhibition of proliferation
was a so time-dependent (ANOV A, AsPC-1: F(3,11)=89.88,
P<0.0001; MiaPaCa-2: F(3,11)=53.64, P<0.0001; S2013: F
(3,11)=80.06, P<0.0001 (Figure 2).
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Figure 1 (A,B,C) Effect of different concentrations of red oil
A5 on proliferation of three pancreatic cancer cell lines, AsPC-
1, MiaPaCa-2 and S2013, as measured by *H-methyl thymidine
incorporation. Results are expressed as % of control from three
separate experiments. *P<0.05, "P<0.01, °P<0.001 vs control.
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Figure 2 (A,B,C) Time-dependent effects of 1:32 000 red oil A5
on proliferation of three pancreatic cancer cell lines, AsPC-1,
MiaPaCa-2 and S2013, as measured by *H-methyl thymidine
incorporation at 6, 12 and 24 hours. The results are expressed
as % of control from three separate experiments. ?P<0.05,
bP<0.01, °P<0.001 vs control.

Effect of red oil A5 on pancreatic cancer cell proliferation
measured by cell counting

Red oil A5 induced significant time dependent inhibition of
pancreatic cancer cell growth, as measured by the cell number
in AsPC-1, MiaPaCa-2 and S2013 cells (two-way ANOVA,
ASPC-1: F(4,29)=49.54, P<0.0001; MiaPaCa-2: F(4,29)=43.48,
P<0.0001; S2013: F(4,29)=39.25, P<0.0001. During the first 24
hours, no obvious effects were seen compared to controls. At 48,
72, and 96 hours, red oil A5 resulted in amarked and progressive
decreasein cell number compared to control (Figure 3).

Effect of red oil A5 on cell cycle phase distribution

To understand the mechanism of inhibition of cell proliferation,
the distribution of cell cycle phases was analyzed following
treatment with 1:32 000 red oil A5 for 24 hours. The cdlswere
accumulated in the G2/M-phasein ASPC-1, MiaPaCa:-2 and S2013
cell lines. The number of the cellsin S-phase was increased aso
in al three cell lineswhen compared to control. A pesak of the
sub-GO/GL1 cell population, a hallmark of apoptosis, was seen
following 24 hours, exposurein all three cell lines (Figure 4).

Apoptosis of pancreatic cancer cells induced by red oil A5
To characterize the observed apoptosis, analysis of DNA
fragmentation was carried out using the TUNEL assay. TUNEL
staining of pancreatic cancer cells was markedly increased by
1:32 000 red oil A5 treatment for 24 hours (Figure 5).
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Figure 4 (A,B,C) Flow-cytometric analysis of cellular DNA content in control and red oil A5 treated AsPC-1, MiaPaCa-2 and S2013
cells, stained with propidium iodide. The cells were treated with 1:32000 red oil A5 in serum-free conditions for 24 hours. The
distribution of cell cycle phases is expressed as % of total cells. Results were representative of three separate experiments.

Red oil A5 induced cytochrome C release

Cytochrome c isamitochondria protein that is released from
the mitochondriato cytosol during apoptosiswhen mitochondrial
membrane permeability isdisrupted. Anincreasein the amount
of cytochrome c in the cytosolic fraction was seen in all three
cell lines, AsPC-1, MiaPaCa-2 and S2013 after red oil A5
treatment. Meanwhile, a decrease in the amount of cytochrome
¢ in the mitochondrial fraction was seenin al three cell lines
after red oil A5 treatment (Figure 6).

Effect of red oil A5 on activation of caspase-3 and cleavage

of PARP

The expression and activation of caspase-3 by cleavage aswell
as the specific cleavage of its downstream substrate, PARP
during apoptosis were observed by Western blotting. The 32
kDa procaspase-3 was cleaved into products of lower molecular
weight, including a band corresponding to the 17 kDa active
form. The uncleaved 116 kDa proform of PARP and its active
85 kDa cleaved fragment were detected. Both caspase-3
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Figure5 (A,B,C) TUNEL assay of red oil A5-induced pancreatic cancer cell apoptosis. Dot plot shows TdT-mediated dUTP nick-end
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activation and PARP cleavage were induced and coincident
with the induction of apoptosis (Figures 7, 8).
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Figure 6 Western blot of the cytochrome c protein in AsPC-1,
MiaPaCa-2 and S2013 cells treated with 1:32 000 red oil A5 for
24 hours. Proteins in cytosolic fraction and in mitochondrial
fraction are extracted. Proteins extracted from each sample are
electrophoresed on an SDS-PAGE gel and then are transferred
to nitrocellulose membranes. Cytochrome c is identified using
a monoclonal cytochrome ¢ antibody. The results are repre-
sentative of three different experiments.

Procaspase-3

Caspase-3

Control A5 Control A5
MiaPaCa-2 S2013

Control A5
AsPC-1

Figure 7 Western blot of the caspase-3 protein in AsPC-1,
MiaPaCa-2 and S2013 cells are treated with 1:32 000 red oil A5

for 24 hours. Proteins in the whole cellular lysates are electro-
phoresed on an SDS-PAGE gel and then transferred to nitro-
cellulose membranes. Caspase-3 is identified using a specific
antibody. The results are representative of three different
experiments.
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Figure 8 Western blot of poly-ADP ribose polymerase (PARP)
protein in AsPC-1, MiaPaCa-2 and S2013 cells are treated with
1:32 000 red oil A5 for 24 hours. Proteins in whole cellular
lysates are separated by electrophoresis on SDS-PAGE gels and
then are transferred to nitrocellulose membranes. PARP is iden-
tified using a monoclonal antibody. The results are represen-
tative of three different experiments.

DISCUSSION

Because of its significant medical properties, fish oil has been
used for many years. The experimental results in the present
study indicate that red oil A5 inhibits proliferation and induces
apoptosis in pancreatic cancer cells.

In preliminary experiments, we tested a series of
concentrations of red oil A5 ranging from 1:64 000 to 1:4 000.
At low concentrations, red oil A5 inhibited growth and induced
apoptosis in a concentration-dependent and time-dependent
manner in al three cell linestested. Because 1:32 000 red oil
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A5 inhibited *H-methyl thymidine incorporation into DNA by
about 30%-50% in 24 hours, we tested this concentration on
cell proliferation by cell counting over alonger time period
(24 to 96 hours). The results revealed profound inhibition that
was time-dependent.

To better understand the effect of red oil A5 on the
proliferation of pancreatic cancer cells, flow cytometric
analysis of propidium iodide-stained cells and TUNEL assay
were carried out. Cytometric analysis showed that cells were
accumulated in the G2/M-phase and S-phase in al three cell
linesat 24 hours, compared to control. These cell cycle changes
suggested that pancreatic cancer cells underwent an oxidative
stress response to red oil A5, with DNA damage leading to
apoptosis. Because the effects of red oil A5 persisted
throughout the course of cell proliferation, cells with DNA
damage increased progressively and developed apoptosis
successively. Therefore, the sub-G0/GL1 cell population typical
of apoptosiswas observed after 24-hour treatment with red oil
Ab. At thelate stages of apoptosis, genomic DNA was cleaved
in fragments following activation of endonucleases. The
TUNEL assay used attachment of a fluorescent indicator to
identify DNA fragmentsin apoptotic cells. The TUNEL assay
results showed marked apoptosisin all the cell linestested.

Red oil A5 induces cytochrome c release from the
mitochondria to cytosol. Caspases are cysteine proteases
produced as inactive forms and activated during apoptosis.
Apoptosisin pancrestic cancer cellsis mitochondria dependent
as evidenced by release of cytochrome c into the cytosol®2.
Caspases induce cytochrome c release from mitochondria by
activating cytosolic factord®. Once cytochrome c is released
from the mitochondria, it complexeswith apoptosis, apoptotic
protease-activating factor 1 to activate caspase-3[3+37,
Casepase-3 is the most important executer in the apoptotic
process. Caspase-3 plays an important role in the apoptotic
program of cellg*¥41, The present experiment shows that
caspase-3 is activated by cleavage of procaspase during
apoptosis of pancrestic cancer cells induced by red oil A5.
Furthermore red oil A5 also causes specific activation by
cleavage of the caspase-3 substrate, PARP provides further
evidence of apoptosis. PARP, a nuclear protein implicated
in DNA repair, is one of the earliest proteins targeted for a
specific cleavage to the signature 85-kDa fragment during
apoptosis. PARP cleavage can serve as a sensitive parameter
for identification of early apoptosig*49l,

Induction of cancer cell apoptosis, without affecting healthy
cellsor producing side-effects, isamajor goal for development
of new therapeutic agents. Our findings indicate that red oil
A5 has a potent anti-proliferative effect on human pancreatic
cancer cellswith induction of apoptosis.
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Abstract

AlM: To prepare the chitosan-pmEpo nanoparticles and to
study their ability for transcellular and paracellular transport
across intestinal epithelia by oral administration.

METHODS: ICR mice were fed with recombinant plasmid
AAV-tetO-CMV-mEpo (containing mEpo gene) or pCMVb
(containing LacZ gene), whether it was wrapped by chitosan
or no. Its size and shape were observed by transmission electron
microscopy. Agarose gel electrophoresis was used to assess
the efficiency of encapsulation and stability against nuclease
digestion. Before and after oral treatmant, blood samples
were collected by retro-orbital puncture, and hematocrits
were used to show the physiological effect of mEpo.

RESULTS: Chitosan was able to successfully wrap the plasmid
and to protect it from DNase degradation. Transmission
electron microscopy showed that freshly prepared particles
were approximately 70-150 nm in size and fairly spherical.
Three days after fed the chitosan-pCMVb complex was fed,
the mice were killed and most of the stomach and 30% of
the small intestine were stained. Hematocrit was not modified
in naive and “naked” mEpo-fed mice, a rapid increase of
hematocrit was observed during the first 4 days of treatment
in chitosan-mEpo-fed animals, reaching 60.9+1.2% (P<0.01),
and sustained for a week. The second feed (6 days after the
first feed) was still able to promote a second hematocrit
increase in chitosan-mEpo-fed animals, reaching 65.9+1.4%
(P<0.01), while the second hematocrit increase did not appear
in the “naked” mEpo-second-fed mice.

CONCLUSION: Oral chitosan-DNA nanoparticles can
efficiently deliver genes to enterocytes, and may be used as
a useful tool for gene transfer.

Chen J, Yang WL, Li G, Qian J, Xue JL, Fu SK, Lu DR. Transfection
of mEpo gene to intestinal epithelium in vivo mediated by oral
delivery of chitosan-DNA nanoparticles. World J Gastroenterol
2004; 10(1): 112-116
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INTRODUCTION

Theora delivery of peptide, protein, vaccine and nucleic acid-
based biotechnology productsis the greatest challenge facing
the drug delivery industry. Oral delivery is most attractive
due to easy administration, leading to improved convenience
and compliance to patients, thereby reducing the overall
healthcare cost. Gene therapy will provide a huge new
therapeutic opportunity, and has stimulated an interest in oral
gene delivery. To date, various methods have been used for
oral genetherapy, such ascationic lipids, recombinant viruses,
recombinant live bacteria, polymers, and particle bombardment
to buccal mucosa*?.

Chitosan is a natural biodegradable mucoadhesive
polysaccharide derived from crustacean shells, and a
biocompatible polymer that has been widely used in controlled
drug delivery*, and it may provide alessimmunogenic and
non-toxic carrier for successful oral delivery of plasmid DNA.
Complex coacervates of DNA and chitosan could be used asa
delivery vehiclein gene therapy and vaccine design*®*2, and
have been shown to increase transcellular and paracellular
transport of macromolecules across intestinal epithelial
monolayers***¥, further indicative of its potential in oral gene
delivery.

Erythropoietin isaglycoprotein, which stimulates red blood
cell production. It is produced in the kidney and stimulatesthe
division and differentiation of committed erythroid progenitors
in the bone marrow. When the kidney function decreases,
anemiaor low red blood cells are developed. Erythropoietinis
used in patients with anemia associated with chronic renal
failure, and in cancer patientsfor stimulation of erythropoiesis
during autologous transfusion. Erythropoietin is also a good
reporter gene in gene therapy study in vivo, because obvious
biological effect can be observed even in alow dose of it.
Hormones of therapeutic interest like growth hormone and
erythropoietin require a tight adjustment of dose delivery to
prevent adverse effects. Since most of the physiological
regulatory processesare difficult to transfer to engineered cells,
transgene expression must rely on artificia regulatory systems.
Artificial inducible expression systems use transcriptional
stimulation by chimeric transactivating factors, the activity of
which can be controlled by drugs such as tetracycline
derivatived®, mifepristone”, ecdysone*®, or rapamycineg?.
Heard observed that retrovirus-engineered myoblasts expressing
rtTA and the chimeric transactivator conferring doxycycline-
inducible gene expression, could be stably engrafted in mice,
thus allowing the long-term control of Epo secretion in vivo®,
Here we reported the oral gene therapy using chitosan—-DNA
nanoparticles carrying murine Epo (mEpo driven by tetO-CMV
and rtTA) and LacZ, and demonstrated their efficacy in
delivering genes to enterocytes.

MATERIALS AND METHODS

Materials

Chitosan (molecular weight, about 300 000Da) was supplied
by Shandong Luneng Chemical Company. Plasmid pCMVb
was purchased from Clontech. mEpo was a gift from Jean
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Michel Heard (MD, Laboratoire Re” trovirus et Transfert
Ge' n€ tique, Institut Pasteur, Paris, France). A 630 bp DNA
fragment containing the murine Epo coding sequence was
inserted between tetO-CMV promoter and 5’ end of the SV40
polyadenylation signal puHD10.3%Y. An expression cassette
for the reverse transactivator (rtTA) chimeric proteini*® was
inserted into the SV 40 polyadenylation signal in reverse
orientation. This cassette contains a 1 858 bp fragment of the
MFG retroviral vector?? encompassing the5 LTR and gag
intronic sequences, followed by an 1 020 bp of thertTA coding
sequence.

— <—|
| TR [teto-CMV| mEpo [(A)n]| rtTA | LTR (TR
BamH | BamH |
0.6 Kb

Figure 1 Structure of rAAV-ET vector. ITR: AAV-2 inverted
terminal repeats, tetO-CMV: tetracycline-inducible promoter
including seven repeats of the tetracycline operator inserted
upstream of the CMV minimal promoter, mEpo: murine eryth-
ropoietin cDNA, (A)n: SV40 bidirectional polyadenylation
signal, rtTA: coding sequences for the tetracycline reverse
transactivator, LTR: long terminal repeat of the MFG retrovirus
construct. The BamHI fragment used as an Epo-specific probe
is indicated.

The construction was then constructed into the pSUB-201
AAYV vector plasmid, giving riseto pAAV-ET, with atota
length of 5 017 bp (Figure 1). Plasmid was purified by CsCl
super centrifugation.

Nanoparticle formulation

Nanoparticles were made by complex coacervation of chitosan
and DNA as reported*?, Plasmid (10 ng) was added to 100 m
of 50 mM sodium sulfate and heated to 55 °C. Chitosan (pH 5.7,
0.02% in a25 mM sodium acetate-acetic acid buffer) wasaso
heated to 55 ‘C and 100 m of chitosan was added to the DNA—
sodium sulfate solution while samples were vortexed at ahigh
speed for 20 s. Complex particles were examined immediately
and stored at room temperature.

Measurement of nanoparticle size and morphology
Transmission electron microscopy (TEM, Hitachi HU-11B)
was used to determine the particle size and morphology. A
drop of particle dispersion was placed on a carbon- coated
copper grid, and the particle size was determined from the
micrographs.

DNase degradation test

Agarose gel electrophoresis was performed in a1% (w:v) gel,
ethidium bromide included for visualization, for 2 h at 60V.
To assess the efficiency of encapsulation and stability against
nuclease digestion, uncomplexed plasmid DNA (1 ng) and
chitosan-DNA complex (containing 1 ng plasmid) were
incubated with 1 mU DNasel per mg of DNA for 1hat 37 C.
Adding EDTA stopped the reaction. Then the undegraded
(1 ng) and degraded plasmid, undegraded and degraded
chitosan-DNA complex, were subjected to agarose gel
electrophoresis as described above.

Gene expression and animal experiments

ICR mice (4-week-old, purchased from BK Company,
Shanghai) were fed with either chitosan—-DNA nanoparticles
containing the LacZ gene (pCMVb, 50 ng/mice) or ‘* naked’

plasmid DNA (pCMVb), using animal feeding needles. Three

dayslater, the mice werekilled, with their somachs and small
intestines surgically removed. The whole tissues were stained
with 4-chloro-5-bromo-3-indolyl-b-galactoside (X-Gal)
according to standard protocols. After stained overnight in a
humidified chamber, the tissues were photographed by adigital
camera (Nikon CoolPI1X995). The pictures were transferred
into acomputer and adjusted for equal brightness and contrast
using Adobe Photoshop.

ICR mice were fed every week with either chitosan—DNA
nanoparticles containing the mEpo gene (50 pg/mice) or * naked’
plasmid DNA using animal feeding needles. Doxycycline-HCI
(Sigma, Saint-Quentin Fallavier, France) was dissolved in
drinking water to afinal concentration of 200 pg/mL with 5%
sucrose. No obvious side effect was observed in animals.
Hematocrit was measured every two days by collecting 40 m.
of blood viaretro-orbital puncture before and after feeding.

Figure 2 Measurement of microsphere size and morphology.
Transmission electron micrographs of chitosan-DNA
nanoparticles, and scale bar represents 100 nm.

Statistical analysis

Results of quantitative data in hematocrit analysis were
expressed as mean +SD, statistical differences between groups
were tested with F-test, and the significant level was defined
asaP <0.01. Thedatawereanadyzed by SPSSdatistical software.

RESULTS

Nanoparticle synthesis and characterization

We synthesized nanoparticles by complexing high-molecul ar-
weight (about 300 000Da) chitosan with plasmid DNA, and
obtained the particles by adding 0.02% chitosan, pH 5.7, at
55 °C to plasmid DNA (50 nmg/ml in 50 mM sodium sulfate)
during high-speed vortexing. Transmission electron microscopy
showed that freshly prepared particles were approximately
70-150 nm in size and fairly spherical (Figure 2). The
encapsulation coefficiency was higher than 98 %, and the
complex could efficiently protect the plasmid from DNase
degradation (Figure 3).

Figure 3 Determination of encapsulation coefficiency, and
DNase degradation test. Line 1. DNA ladder, Line2. undegraded
pCMVb (1 mg), Line 3. undegraded chitosan-DNA complex
(containing plasmid 1 ng), Line 4. degraded chitosan-DNA com-
plex (containing plasmid 1 ng), Line 5. degraded plasmid (1 ng).
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Figure 4 b-galactosidase expression in mouse stomach and small intestine 3 days after oral delivery of DNA nanoparticles. A-D:
Whole tissue staining for LacZ, only stained sections are shown. The mice were fed with high-molecular-weight chitosan-pCMVb
nanospheres at a dose of 50 ng (A) or 100 ng (B) per mouse, PBS (C) or “naked” DNA (pCMVb, D).

Gene expression studies

To assess the expression and distribution of transduced genes
after oral DNA delivery, wefed ICR micewith either chitosan—
DNA nanoparticles containing the LacZ gene (pCMVb) or
‘naked’ plasmid DNA (pCMVb), and then determined the
expression of bacterial b-galacotosidase (LacZ) in the stomach
and small intestine 3 days after oral administration of DNA
(Figures4A-D). Mogt of thewhole small intestines and ssomachs
were stained. Although naive mice and those fed with * naked’
DNA showed some background staining, mice fed nanoparticles
showed a higher level of gene expression both in stomachs
and in small intestines.

_ @ Chitosan+ __,  Naive
mEpo+Doxy

—@— Chitosan — 49— Naked 65.9%
+mEpo mEpo

Day

Figure 5 mEpo expression and its physiological effect test. He-
matocrit was measured every two days in mice fed with (®)
chitosan-mEpo and doxycycline (200 ug/mL), n=9; (A) chitosan-
mEpo alone, n=3; (®) doxycycline (200 ug/mL) alone, n=4; (m)
naked mEpo and doxycycline (200 pg/mL), n=5. ¥ indicating
the mice fed with “naked” mEpo DNA or chitosan-Epo.

mEpo expression and its physiological effect

Hematocrit was measured every two daysin mice that were
fedwith* naked” mEpo DNA, chitosan-mEpo and doxycycline-
HCI or not (Figure 5). To assess the basal Epo secretion level,
three animals were fed with chitosan-mEpo and not treated

with doxycycline, and their hematocrit remained 45%-48%.
Doxycycline (200 pg/mL) was added to drinking water for
naive (n=4), ‘ naked’ mEpo-fed mice (n=5), and chitosan-
mEpo-fed mice (n=9). Though hematocrit was not modified
in naive and ‘ naked’ mEpo-fed mice, a rapid increase was
observed during thefirst 4 days of treatment in chitosan-mEpo-
dox-fed animals, reaching 60.9+1.2%, and sustained for a
week. The second feed (6 days after the first feed) seemed to
promote a second hematocrit increase in chitosan-mEpo-dox-
fed animals, reaching 65.9+1.4%, while the second hematocrit
increase did not appear in the * naked’” mEpo-second-fed mice
(Figure 5). Statistical analysis showed the hematocrit level in
chitosan-mEpo-dox-fed group was significantly higher than
that in other groups (F=184.1, P<0.01), while there were no
significant difference between the * naked” mEpo-fed group
and nai ve group (F=0.3, P>0.01). These resultsindicated that
oral administration of chitosan-mEpo induced repetitively
robust Epo secretion in doxycycline- treated mice.

DISCUSSION

In 1998, Heard et al transfected erythropoietin in mice by
intramuscular injection of an adeno-associated vector, and they
observed the long-term, high-level and controlled expression
of erythropoietin in mice?®. Although viral gene delivery
vectorsyielded a high transfection efficiency over awiderange
of cell targetg?+#, they presented major drawbacks, such as
virally induced inflammatory responses and oncogenic effects.
To circumvent these obstacles, gene delivery research also
aimed at the development of non-viral gene delivery vectors.
To date, there have been many available methodsthat are able
to deliver plasmids to cells in vitro and in vivo, such as
liposomes?!, cationic polymers?®, electro-gene-transfer?,
ultrasound® and hydrodynamic’®, but they have also many
disadvantages, such as toxicity, relatively low transfection
efficiency as compared to vira gene delivery vectors, tissue
damage and difficulties of application in humans.

However, chitosan isauseful oral gene carrier because of
its adhesive and transport propertiesin the gut, and has already
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been availablein apill form as an aternative therapy to reduce
dietary fat and cholesterol absorption®2. Recently, chitosan
has been successfully used to deliver areporter gene (encoding
chloram-phenicol acetyl transferase) orally to enterocytes,
Peyer’ spatches and mesenteric lymph nodes®. Chitosan, when
complexed with plasmid DNA, can form stable nanoparticles
that are endocytosed by cells in the gastrointestinal tract.
Further more, its safety and non-toxicity have been shown in
animal models and humang*2%! indication that chitosan-
DNA nanoparticles may be a useful tool for gene therapy by
oral administration.

lon concentration, temperature, pH and the ratio of chitosan
to DNA (or N/P) were the four main factors that influenced
the formulation of chitosan-DNA complex®!, The conditions
we used above, could make the complex smaller, more stable,
and easier to be absorbed. The zeta potential was approximately
+10 mV at pH 5.7 and close to neutral at pH 7. Thus, the
particles might be positively charged at gastric and early
duodenal pH but neutral thereafter at more physiological or
alkaline pH. Since pH influences the formulation and stability
of the complex, the buffer that dilutes the complex is crucial
in the test. The 25 mM sodium acetate-acetic acid buffer (pH
5.7) isableto partialy neutralize the alkaline conditionin small
intestine, makeing the complex infect more enterocytes than
other buffers (PBS, Ringer’ s, buffer saline). The long-term
expression and the expression level ill need to be improved,
such as to increase the complex’ s absorptivity and to resist
expression silence etc.

Further more, as chitosan is a mucoadhesive polymerts-9,
such DNA nanoparticles might adhere to gastrointestinal
epithelia, be transported across the mucosal boundary by M
cells and transfect epithelial and/or immune cellsin the gut
associated lymphoid tissues either directly or through * antigen
transfer’ , indicating that it may generate protective mucosal
immune responses.
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Abstract

AIM: To determine the ultrastructure of junction areas
between neurons and astrocytes of supraoptic nuclei in rats
orally administered 30 g/L NaCl solution for 5 days.

METHODS: The anti-connexin (CX) 43 and anti-CX32 double
immunoelectromicroscopic labeled method, and anti-Fos or
anti-glial fibrillary acidic protein (GFAP) immunohistochemistry
were used to detect changes in the junctional area between
neurons and astrocytes in supraoptic nuclei of 5 rats after
30 g/L NaCL solution was given for 5days.

RESULTS: A heterotypic connexin32/connexin43 gap
junction (HGJ) between neurons and astrocytes (AS) in rat
supraoptic nuclei was observed, which was characterized
by the thickening and dark staining of cytomembranes with
a narrow cleft between them. The number of HGJs and Fos
like immunoreactive (-LI) cells was significantly increased
following hyperosmotic stimuli, that is, the rats were
administered 30 g/L NaCl solution orally or 90 g/L NaCl solution
intravenously. HGJs could be blocked with carbenoxolone
(CBX), a gap junction blocker, and the number of Fos-LI
neurons was significantly decreased compared with that in
rats without CBX injection, while Fos-LI ASs were not affected.

CONCLUSION: HGJ may be a rapid adaptive signal structure
between neurons and ASs in response to stimulation.

Duan L, Yuan H, Su CJ, Liu YY, Rao ZR. Ultrastructure of junction
areas between neurons and astrocytes in rat supraoptic nuclei.
World J Gastroenterol 2004; 10(1): 117-121
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INTRODUCTION

Human and animals normally maintain homeostasis of ion
concentration, pH, body fluid and osmotic pressure. Homeostasi's
would markedly change, if human and animals drink excessive
hypernatric fluids. Variationsin osmotic pressure of extracellular
fluid induce changes in cell volume that result in profound
alteration of cdl function and signal transduction between cells
by modifying both extracellular and interacellular spatial
arrangement and solute concentrations. Osmotic stimuli are

resulted from the integration of multiple sensory inputs
including peripheral and central osmoreceptorg?. Peripheral
osmoreceptors are mainly localized in mesenteric vasculature
of the upper small intestine and hepatic portal vein®. The
osmotic, immune, and noxious information from these
peripheral receptors would transmit to medullary nuclei (the
medullary visceral zone-MVZ that includes nucleus of the
tractus solitarius and ventrolateral medulla) viavagus*®. The
effects of infusions of salt and water on the stomach can be
mostly prevented by damage of the splanchnic or hepatic vagal
nerves®. The neurons in medullary nucleus relay information
and reach the supraoptic nucleus (SON) and paraventricullar
nucleus (PVN) of hypothalamic neurosecretory cellg*l.

It iswell known that the supraoptic nucleus (SON) plays
a key role in regulation of osmotic pressure regulation.
Increased Cx32 mRNA levelsin rat supraoptic nuclei have
been found in late pregnancy and during lactation?. But the
ultrastructura characteristics of the gap junctions (GJs) between
neurons and astrocytesin SON following osmotic stimulation
are unknown. In the present study, the characteristics of
ultrastructure at junction areas between the neurons and
astrocytes were examined in rat SON following hyperosmotic
stimulation by using an immuno-electron-microscopic
technique, and a heterotypic Cx32/Cx43 GJs at junction areas
between neurons and astrocytes was observed.

Itiswell known that carbenoxolone (CBX), adrug to treat
gastric ulcer, could block information transmitting via GJs,
but whether CBX affects action of GJs between the neurons
and astrocytesin SON is not clear. Thus, we studied the effect
of CBX on GJs and found that CBX inhibited the activity of
neuronsin SON rather than the activity of astrocytes.

MATERIALS AND METHODS

Animal model

Ten adult male Sprague-Dawley rats (250-300 g) were
provided by the Laboratory Animal Center, Fourth Military
Medica University (FMMU, Xi’ an, China) and divided into
experimental group and control group. The protocolsused in
animal study were approved by the FMMU Committee of
Animal Use for Research and Education. Adeguate measures
were taken to minimize pains or discomforts for all
experimental animals. The experimental animals werefed with
30 g/L NaCl solution, the control animals with fresh water.
After 5 days, the animals were anesthetized (ip) and
transcardially perfused with 500 mL solution of 0.1 mol/L PB
(pH 7.4) containing 40 g/L paraformaldehyde and 2 g/L
saturated picric acid for 0.5 hour. Hypothalamusincluding SON
was then removed immediately and placed in 0.05 mol/L PB
containing 200 g/L sucrose at 4 “C overnight.

Tissue preparation

Hypothalamusincluding SON was cut into 50 um thick frontal
sectionson avibratome (Microdicer DTK-100; Dosska, Kyoto,
Japan) and placed into 0.01 mol/L KPBS for 60 minutes.
Subsequently, the sections were frozen in liquid nitrogen for
enhancement of penetration of antibody. Then the sectionswere
placedin 0.01 mol/L KPBSand divided randomly into threegroups.
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The sections in the first group were incubated in rabbit
polyclonal antibody against GFAP (1:3 000, Dako) for 48 hours
at 4 °'C, and then in secondary goat anti-rabbit 1gG (1:500,
Sigma) andin ABC complex (1:500, Sigma) a room temperature
for 2 hours. Finally, the sections were visualized with glucose
oxidase-DAB-nikel as a chromogen.

Thesections in the second group wereincubated in rabhbit
anti-Cx43 antibody (Chemicon, CA) for 48 hoursat 4 C, and
then processed according to the methods mentioned above.
After washed, the sections were again incubated with
monoclonal antibody against Cx32 (Chemicon, CA) and
labeled with 5nm gold particles.

The sectionsin the third group were used as control.

After washed with 0.01 mol/L PBS, the sections were post-
fixed with 10 g/L OsO, in PB for 45 minutes, dehydrated
through a graded ethanol and propylene oxide, flat-embedded
with Epon 812. The sections were examined with a light
microscope and the regions containing GFAP-like
immunoresactive (-LI) cells or Cx-32- and Cx43- LI cellswere
investigated under an el ectron microscope. Small pieces from
tissue were sampled from SON and re-embedded in beam
capsules. Tissue samples from the selected regions were cut
into sections on an ultramicrotome (Reichert —Nissei S; Leica,
Vienna, Austria), and prepared for the study with electron
microscope (H-7100; Hitachi, Tokyo, Japan).

CBX blockade

Twenty-one adult male SD ratswere divided into three groups.
The rats in control group (n=5) were intravenously injected
with9 g/L NaCl (1 mL). Theratsin hyperosmotic group (n=10)
were intraveneoudly injected with 90 g/L NaCl (1 mL). The
rats in the third group rats (n=6) were pre-injected with CBX
(1.5 my/g, 10 g/L) into the lateral ventricle and 2 hours | atter,
injected with 90g /L NaCl (1 mL) into the femoral vein. One
hour after NaCl injection, all the rats in three groups were
transcardially perfused. The brains were removed with the
methods mentioned above. Then the hypothalamus including
SON was cut into 30 pm thick frontal sections on a cryostat
(Cryostal; Leitz, Wetzal, Germany).

The sections from each rat were randomly divided into
three sets. Two sets were processed for anti-Fos and anti-glial
fibrillary acidic protein (GFAP) immunohistochemical staining
respectively. Briefly, the sections were incubated with rabbit
polyclonal antibodies anti-Fos (1:3 000; Santa Cruz), and GFAP
(1:3 000; Dako) at 4 C for 48 hours, and then in goat anti-
rabbit 1gG (1:500, Sigma) and ABC complex (1:500, Sigma)
at room temperature for 2 hours. Nickel-intensified DAB
reaction was used to detect peroxidase. The other set group of
sectionswas treated as control, and processed without primary
antibodies and therefore no immunoreactivity was found.

RESULTS

The behaviors of control animals were normal, while
experimental animals looked languid and emaciated.

Puncta el ectron dense areas at the membrane of junction
areas between neurons and astrocytes within SON were found
on control sections. This structure consisted of astrocytic
process on one side and neurons (cell body or dendrite) on the
other side. It was characterized by thickened and dark stained
membrane with a 2nm-cleft between them (FigurelA).

We also observed anti-GFAP-like immunoreactive (-L1)
processes located within astrocyte side of the junction area
between neurons and astrocytes (FigurelB).

The results of anti-Cx32 and anti-Cx43 double immuno-
electron-microscopic reaction indicated that Cx32-L1 and
Cx43-L1 appeared in the neuron side and astrocyte side of the
junction areas respectively (FigurelC). We concluded that

puncta electron dense areas at the junction areas might be the
heterotypic Cx32/Cx43 gap junction that was called heterotypic
gap junction (HGJ) in our study.

Figure 1 Electron microscopic observation of HGJ. A: A den-
drite (D) contacts with the process of ASs (G), the arrow indi-
cates the thickened and dark stained cell membrane, and there
is a narrow cleft between them. B: Peroxidase labeling shows a
dendrite (D) and a process of astrocyte (G). C: Located between
the Cx32-LI dendrites (D) (5 nm black gold particles labeling,
black arrow) and astrocytic process (G) (peroxidase labeling).
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Figure 2 Histogram comparison between hyperosmotic group
(H) and control group (C) demonstrating percentages of HGJ
formed by processes of astrocytes with neuronal dendrites (LD:
large dendrites, SD: small dendrites). The percentage indicated
the ratio of positive LD or SD bearing HGJ in the total number
of LD or SD, respectively. Significant difference was seen be-
tween the experimental group and control group (P<0.001).
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Figure 3 A,B: Expression of Fos-LI neurons and GFAP-LI ASs in SON of control group rats. C, D: Number of Fos-LI neurons and
GFAP-LI ASs in hyperosmotic stimulation group compared to that of control group. E, F: Inhibited expression of Fos-LI neurons in

CBX-injected rats, and uninhited GFAP-LI ASs.

Itis of interest to note that the number of HGJin SON of
the experimental group rats was significantly increased
compared with that in control. We found that 17.43 per 100
large dendrites (=1 mm) and 7.43 per 100 smaller dendrites
(<1 mm) had specialized areasin SON of normal control rats,
whilein SON of experimental group rats, 66.75 per 100 large
dendrites (=1 mm) and 24.35 per 100 smaller dendrites (<1 mm)
were found to bear HGJs. Statistical analysis suggested that
there was a significant difference in the number of dendrites
and axons bearing specialized areas between the control and
experimental rats (Figure 2). It indicated that HGJs could
sensitively respond to stimulation.

CBX inhibited expression of Fos-L| neurons. In control
group, Fos-LI neuronsin SON were not found and afew GFAP-
LI astrocyteswere observed. In hyperosmotic group, the number
of Fos-L| neurons was significantly increased compared with
that in control group. The number of GFAP-LI astrocytes was
also slightly increased, and activated GFAP-LI| astrocytes
became hypertrophied and their processes became thickened.
In the third group, the number of Fos-LI neuronsin SON was
decreased more significantly than that in hyperosmotic group,
while GFAP-LI ASsdid not differ remarkably (Figure 3).

DISCUSSION

It is well known that peripheral osmoreceptors are mainly
localized in the mesenteric vasculature of the upper small

intestine and the hepatic portal vein®. The osmotic, immune,
and noxiousinformation from these peripheral receptors could
transmit to medullary nuclei (medullary visceral zone-MVZ
that include nucleus of the tractus solitarius and ventrolateral
medulla) via vagal nerveé“®. The neuronsin medullary nuclei
could relay information and reach hypothalamic neurosecretory
cells of the supraoptic nucleus (SON) and paraventricullar
nucleus (PVN)46.,

Our study indicated that astrocytes, aswell asneurons, could
sensitively respond to hyperosmotic stimuli induced by
administration of 30 g/L NaCl solution orally or 90 g/L NaCl
solution intravenously. Activated astrocytes appeared to be
GFAP-LI positive, and activated neurons exhibited Fos-LI
nuclel. Theactivated astrocytes have been found to be generally
marked with GFAP, and neurons with Fog®*4,

The discovery of intercommunication between neurons and
astrocytes was an important advance in neurobiology in recent
twenty yearg™. It has been that gap junction is an important
channel of intercellular communication and also adirect link
of the interiors of cellg**€, and consists of connexins of the
protein family!*” 8, However, about 15 types of Cx (followed
by molecular mass designation) have been identified in mammals
including the nervous and non-nervous systems**?%. At |east
9 of the 15 types of Cx identified so far were expressed in
CNS#., The same Cx types could be expressed in different cells
and more than one Cx type could be expressed by the same
cell. Nagy and Rash™® reported that Cx30 was labeled by 5nm
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gold particles and Cx43 was labeled with immunoperoxidase,
which was observed at the same astrocytic GJin rat brain.
Neurons and oligodendrocytes expressed Cx32, astrocytes
expressed Cx43, and ependyma and leptomeningeal cells
expressed both Cx26 and Cx43.

It iswell known that GJs may occur between the same cell
types such as neurons and glias, they may also occur between
different cell types such as neuron and astrocyte, neuron and
oligodendrocyte, and astrocyte and oligodendrocyte. GJs
consisting of the same Cx protein have been termed as
homotypic GJ9'+%9, while that consisting of different Cxs at
two sides of GJsin culture as heterotypic Cxs GJ*" 24, It was
reported that heterotypic Cx45/Cx43 GJs were observed in
culture HeL a cell9'+223 and the oligo-astrocyte GJs in white
matter arose by pairing astrocytic Cx43 with oligodendrocyttic
Cx4524, Whether there were GJs between the neurons and
astrocytes, some studies suggested that astrocytes might play
a direct role in neuromodulation through GJs-mediated
interaction between astrocytes and neurons*>*"; Meanwhile,
on the basis of fracture replica immunogold labeling, no
evidence hasbeen found for GJsbetween glia cellsand neurons
in the adult brain'9,

This study demonstrated that Cx32 and Cx43 appeared
simultaneously at the neuronal side and astrocyte side,
respectively, and formed the heterotypic Cx32/Cx43 gap
junction. The special heterotypic Cx32/Cx43 gap junctions
observed in this study had a narrow cleft (diameter: 2nm)
between the neuronal and astrocytic membranes. This structure
differed from the conventional gap junction, which hasaseven-
layer structure. It is of interest to note that the number of HGJs
in SON of experimenta group rats was significantly increased
compared with that in control rats. Inthis study we &l so observed
other types of ultrastructures, for example, synapses between
neurons and astrocytes, tripartite synaptic structures and the
gap junction between glial cells, but their number and structure
did not show any significant change following stimulation (data
not shown). It indicated that HGJs might be involved in signal
communication of osmotic pressure regulation.

Resultsfrom this study indicated that the expresson of Fos-
LI neuronsin experimental animals, which were injected CBX
into the lateral ventricular, was markedly decreased compared
with control animals. CBX, a glycyrrhetinic acid, is used to
treat gastric ulcer by blocking information transmitting via gap
junction. It was reported that CX cloud block GJs between
neurons, and delay induction of epileptiform activity and
reduces established epil eptiform activity!®>21, and significantly
decrease the spread of cell death induced by ischemid®!. CX
could also blocks GJs between gliag®* or between neurons
and gliag*>%y,

There has been debate on direction of intercommunication
between the neurons and astrocytes coupling. Nedergaardi*2
and Robinson et al.l® described that unidirectional dye
coupling from astrocytes to neurons and from astrocytes to
oligodendrocytes occurred in intact neural tissues. Alvarez-
Maubecin et al.* also suggested the existence of functional
coupling between brainstem glia and noradrenergic neuronsin
slices taken from postnatal animals. But Rozental et al. and
Carmignoto™>*4 considered that there wasbidirectiona signaling
through gap junction between neuronsand astrocytes. Theresults
from the present research indicated that the expression of Fos-
LI SON neuronsinduced by hyperosmotic stimulation could be
inhibited with CBX, while the response of astrocytes to
stimulation was not affected. It is suggested that the signaling
via HGJsis unidirectional from astrocytes to neurons.
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Abstract

AlIM: This study investigated the effects of intense training
on lipid metabolism, bone metabolism and bone mineral
density (BMD) in female athletes.

METHODS: Sixty-six female subjects participated in this study,
age ranging from 18 to 55 years. The sample group included
thirty-six athletic subjects and the control group comprised
thirty non-athletic individuals. Five athletes competed with
national level (5/36) and nine non-athletic subjects (9/30) were
postmenopausal women. The assessment items included body
composition, radius BMD, calcaneus BMD, lung function,
muscular endurance, renal and liver function, bone marker
assay and hormone status. All data were analysed, using SPSS
10.0 software, and were presented as mean rank statistical
difference, using the Kurskal-Wallis (K-W) test. After that the
non-parameter statistics were used. Either K value or P value
below 0.05 was considered significant.

RESULTS: Urine deoxypyridinoline/creatinine (Dpd/Cre) levels
increased significantly (5.93+2.31 vs 6.85+1.43, K<0.01),
sit-reach (29.30+£9.48 cm vs 41.31+9.43 cm, K<0.001,
P<0.001), 1 minute sit-ups with bended knees (1 min sit-
ups) (17.60+9.34 count vs 30.00+£10.38 count, K<0.001,
P<0.001), and vertical jump (25.27£6.63 cm vs 34.69+7.99
cm, K<0.001, P<0.001) improved significantly in the athletes
group. The athletes group also had a significantly increased
level of estriol (E3) (0.14+0.13 pg/mL vs 0.07+0.04 pg/mL,
K<0.01, P<0.01), radius BMD (1.37£0.49 gm/cm?vs 1.19+0.40
gm/cm?, K<0.05) and calcaneus BMD (0.57£0.17 gm/cm?
vs -0.20+0.17 gm/cm?, K<0.01, P<0.05) compared with
those of the controls. The high density lipoprotein (HDL)
(65.00+14.02 mg/dL vs 52.26+4.84 mg/dL, K<0.05, P<0.05)
was significantly lower in postmenopausal inactive athletes
(5/36) than premenopausal active athletes (31/36). On the
other hand, low-density lipoprotein (LDL) (98.35+23.84 mg/dL
vs 131.00+21.63 mg/dL, K<0.05, P<0.01), cholesterol (CHO)
(164.03+27.01 mg/dL vs 193.00+£23.48 mg/dL, K<0.05,
P<0.05), triglyceride (TG) (63.00+26.39 mg/dL vs 147.00%
87.21 mg/dL, K<0.01), body fat % (BF%o) (28.16+4.90% vs
34.84+4.44%, K<0.05, P<0.001) and body mass index (BMI)
(21.98+2.98 kg/m? vs 26.42+5.01 kg/m?, K<0.05, P<0.001)
were significantly higher in postmenopausal inactive athletes
(5/36) than premenopausal active athletes (31/36). TG
(90.22+£39.82 mg/dL vs 147.00+£87.21 mg/dL), CHO

(186.44+24.90 mg/dL vs 193.00+23.48 mg/dL) were higher,
but the HDL was significantly lower (62.18+10.68 mg/dL
vs 52.26+4.84 mg/dL, P<0.05) in postmenopausal athletes
(5/36) group than in postmenopausal control group (9/30).

CONCLUSION: Postmenopausal athletes (5/36) who no
longer took competing exercises had reduced levels of
physical activity, faced increased risk of cardiovascular
disease compared to active athletes (31/36) and the
postmenopausal controls (9/30). We may thus concluded
that long term exercise effectively improves musculoskeletal
fitness and prevents BMD loss in female athletes.

Chen KT, Yang RS. Effects of exercise on lipid metabolism and
musculoskeletal fitness in female athletes. World J Gastroenterol
2004; 10(1): 122-126
http://www.wjgnet.com/1007-9327/10/122.asp

INTRODUCTION

Weightlessness or immobilization, as experienced by astronauts
in space, is awell known cause of significant and rapid bone
mineral loss*?4. Furthermore sedentary individuals generally
have a lower bone mass than physically active individuals,
moderate exercise is known to increase skeletal mass®. The
above effect is most obvious in sports that place a significant
stress on the skeleton. I nvestigations of athletes haveidentified
physical activity as a major determinant of bone massin the
general population.

Physical fitness significantly influences quality of life. In
Taiwan, medical care quality and public health environment
have improved markedly over recent decades. The incidence
of fatal infectious diseases thus has reduced significantly and
the life span of Taiwanese has enlongated. Simultaneously,
the incidence of chronic diseases has increased, yet people
remain ignorant of the importance of exercise*®.

Exercising for 20-60 min per day, three days per week, at
moderateintengity leve of 3-6 Metabolic Equivdent units(METS)
for most individuas derives at least some hedlth-related benefits,
including improved cardiorespiratory fitness, muscle strength and
endurance, flexibility and body composition, aswell asassociated
psychological benefits. Consequently, lifelong physical exercise
is recommended to optimize health-related benefits?®. And
theinfluence of physical activity and exercisetraining on BMD
in females previously has been assessed in cross-sectional,
retrospective longitudinal and controlled trial studies®*,

Even though no relationship about growth hormone and
BMD was found. But the effect of E; significantly improved
BMD by inhibiting bone resorption, female athletes with low
edtradiol (E,) level take arisk for increased lipid peroxidation
following exercisd**9, Thushormone status and lipid metabolism
may play animportant roleinthe protection againg cardiovascular
disease, this physiological response has implications for risks of
heart disease. Longitudinal information on associations between
life style factors and age-related bone loss remains quite
controversial. Some studies have found no relationship between
bone loss and body composition or body weight, while others
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have shown them to predict bone mass changes®1¢.

Therefore, the purpose of this study was to explore the
physiological function of female athletes, including BMD, renal
function, liver function, hormone status, bone marker assay,
lipid metabolism and muscle biology related to the effectiveness
of exercise intervention for the health status of female athletes
compared with controls.

MATERIALS AND METHODS

Subjects

Sixty-six female subjects participated in thisinvestigation, with
ages ranging between 18 and 55 yrs. The sample group was
the athlete group (n=36), while the control group comprised
non-athletic individuals (n=30). Inclusion criteria were that
thefemale athletes had participated in high-intensity resistance
or impact activities (e.g., basketball, dancing). Exclusion
criteria for both the subjects and the controls were that the
subjects had no major medical illnesses, including coronary
artery disease which could influence lipid metabolism, and
were free of other risk factors that are associated with
influencing lipid metabolism, such as smoking or ethanol intake
or treatment within the last two years with systemic gluco-
mineral ocorticoids, anticonvulsants, bisphosphonates,
oestrogen, or raloxifene. Five athletes competed with national
level (5/36) and nine non-athl etic subjects (9/30) wereincluded
in the analysis of postmenopausal women. The parametersto
be measured included body composition, radius BMD and
calcaneus BMD, lung function, muscular endurance, renal
function, liver function and hormone status.

Anthropometric measurement of body composition
Anthropometric measurementswere taken based on conventional
criteria. The measurement procedures of body weight (Wt)
and body height (Ht) were estimated to the nearest 0.1 kg and
0.5 cm, respectively. Finally BMI was calculated using the
formula: BMI (kg/m?)=Wt (kg)/Ht (m?).

Health related fitness

They were tested using a modified Guthrie R test!®. Health
related fitness tests included vertical jump, 3 min steps, sit-
reach, hand grip and 1 min sit-ups items.

Lung function

Respiratory muscle strength and pulmonary function were
assessed by spirometry. The flow volume and respiratory
muscle forces were measured using a Fukuda, microspiro HI-
501 model spirometer.

Renal and liver function

Sixty-six blood samples per subject were drawn from an
antecubital vein with the subjectsin the seated position. Routine
complete blood counts (CBC) were taken using a Sysmex-E9000
(TOA Electronic, Inc., Tokyo, Japan) and rend and liver function
tests were performed using a Hitachi 7170 instrument (Hitachi
Electronic, Inc., Tokyo, Japan) by clinical chemistry laboratory
staff at Li-Shin Hospital, Taoyuan County, Taiwan.

Hormone status

E,, Es, triiodothyronine (Ts), thyroxine (T,), thyroid stimulating
hormone (TSH), parathyroid hormone (PTH), cortisol and
human growth hormone (HGH) were assayed in basal
conditions, using commercial radioimmunoassay (RIA) and
enzymeimmunoassay (ElA) Kits.

Bone marker assay
Serum bone specific alkaline phosphatase (BAP) activity was

measured using an EIA kit obtained from Metra Biosystems
(Monutain View, CA, USA). Urine Dpd level was measured
using enzyme immunoassay (Ciba-Corning ACS-180) kits
purchased from Bayer international (Bayer Diagnostics,
Tarrytown, NY, USA).

BMD determination

Calcaneus site BMD was measured via speed of sound (SOS)
equipped for abone mineral densitometry (AlokaMedical Ltd,
model AOS-100, Tokyo, Japan) and al BMD values were also
expressed asa T-score, accurately reflecting theBMD. Digtd site
BMD wasmeasured using the osmometer DTX-100 (SPA, Single
Photon Absorptiometry, Osmometer, Rodovre, Denmark). The
scanners were calibrated daily against the standard calibration
block supplied by the manufacturer to control baseline drift.

Statistical analysis

All datawere analysed, using SPSS 10.0 software, and were
presented as mean rank statistical difference, using the Kurskal-
Wallis (K-W) test. After that the non-parameter statistics were
be used. The confidence interval was set at 95% and the
significance level used was K<0.05 (two sides). All statistical
analyses were carried out with SPSS statistical package. The
Kruskal-Wallistest does not use any information on the relative
magnitude of each observation when compared with every other
observation in the combined sample. Thiscomparisonisreplaced
in each observation by itsrank in the pool sample. The smallest
observation is replaced by itsrank 1, the next smallest by rank
2, and so on, the largest by its rank n. Since the test is an
extension of the Mann-Whitney-Wilcoxon (M-W-W) test.
Either K value or P value below 0.05 is considered significant.

RESULTS

No difference in body composition

The thirty-six female athletes enrolled in this cross- sectional
study did not differ significantly in terms of BF, BF%, BMI
and resistance compared with the control group (Table 1).

Table 1 Body composition of two groups

66 females

Variables Control group Athlete group K-Value
n=30 n=36

mean rank
Body fat 31.68 35.01 0.483
BF% 33.83 33.22 0.898
BMI 32.45 34.38 0.685
Resistance 34.95 32.29 0.575

Exercise improvements muscular endurance in female athletes
Thesetwo different groupsdid not differ significantly in muscular
endurance. The hand grip (28.06£6.14 kg vs 26.85+5.73 kg),
3 min gteps (55.32+6.90 count/min vs 57.82+7.21 count/min) and
vital capacity (86.86+15.98 L vs88.23+12.05L ) in athlete group
were better than thosein control group, but did differ significantly
interms of St- reach (29.3+9.48 cm vs 41.31+9.43 cm, K<0.001,
P<0.001), 1 min sit-ups(17.60+9.34 count vs 30.00+10.38 count,
K<0.001, P<0.001) and vertical jump (25.27+6.63 cm vs
34.69+7.99 cm, K<0.001, P<0.001) aslisted in Table 2.

Lipid metabolism

Table 3 shows that the results were not significantly different
between both groups. But lipid metabolism including HDL
(59.36+12.23 mg/dL vs63.23+13.83 mg/dL) and Hb (12.95+1.22
g/dL vs 13.43+1.09 g/dL) in the athlete group was higher than
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in the control group. However, LDL (105.93+30.76 mg/dL vs
102.89+25.92 mg/dL), TG (81.53+49.53 mg/dL vs 74.60+48.31
mg/dL) and CHO (170.20+32.20 mg/dL vs168.06+28.13 mg/dL)
were lower in the athlete group than those of the control group.
Thus exercise could improve the lipid metabolism, and it is
good for health.

Table 4 Serum enzyme activities related to renal and liver
metabolism

Group n ALP Cre ALB DBIL

Control group (mean rank) 30 27.07 27.88 27.77 27.65

o ) ) o Athlete group (mean rank) 36 38.86*° 38.18% 3828 38.38%
Table 3 No significant differences in blood CHO and lipid

variables between both groups

2K<0.05 vs statistically significant when compared with con-
trol group. "P<0.05 vs statistically significant when compared

Group n HDL LDL CHO TG  Hb with control group. ®P<0.01 vs statistically significant when
Control group 30 3192 3465 3492 3502 2875  comparedwithcontrol group.

(mean rank) . .

Athlete group 36 34.82 3254 3232 3224 37.46 Renal and liver function

Table 4 shows that no difference between the data (data not

(mean rank) shown here) of the two groupsin terms of blood enzymes such

Table 2 Muscular strength and endurance assessment among controls and athlete groups

Group n Sit-reach 1 minsit-ups Vertical jump  Hand grip 3 min steps Vital capacity
Control group (mean rank) 30 22.18 22.05 22.23 31.27 29.60 30.58
Athlete group (mean rank) 36 42.93% 43.04% 42.89 35.36 36.75 35.93

aK<0.001 vs statistically significant when compared with control group. ®°P<0.001 vs statistically significant when compared with
control group.

Table 5 BMD, urine electrolytes, blood electrolytes in two groups

Group n Urine-Cre Blood-Ca BMD/radius BMD /calcaneus Blood-Cl
Control group (mean rank) 30 26.87 42.42 28.38 26.23 45.90
Athletes group (mean rank) 36 39.03% 26.07° 37.76% 39.56" 23.17¢

aK<0.05 vs statistically significant when compared with control group. °K<0.01 vs statistically significant when compared with
control group. °K<0.001 vs statistically significant when compared with control group. “P<0.05 vs statistically significant when
compared with control group.

Table 6 Hormonal findings in athletes with significance by non-parameter statistics test compared with controls

Group n Cortisol E, Ts T, PTH HGH
Control group (mean rank) 30 32.28 25.78 31.77 36.43 31.37 35.65
Athletes group (mean rank) 36 34.51 39.93% 34.94 31.06 35.28 31.71

aK<0.01 vs statistically significant when compared with control group. °P<0.01 vs statistically significant when compared with
control group.

Table 7 Biochemical bone turnover markers and BMD in athletes with significance by non-parameter statistics test as compared
with controls

Group n Dpd Urine-Cre (24 hrs) Dpd/Cre BAP BMD/radius BMD/Calcaneus
Control group (mean rank) 30 25.87 27.23 25.72 20.10 28.38 26.23
Athletes group (mean rank) 36 39.86° 38.72a 39.99° 43.83 37.762 39.56°

aK<0.05 vs statistically significant when compared with control group. °K<0.01 vs statistically significant when compared with
control group. °K<0.001 vs statistically significant when compared with control group. “P<0.05 vs statistically significant when
compared with control group. ¢P<0.01 vs statistically significant when compared with control group. P<0.001 vs statistically
significant when compared with control group.

Table 8 Postmenopausal female athlete lipid metabolism compared to premenopausal active athletes

Athletes group n BF% BMI HDL LDL CHO TG Hb
Premenopausal (mean rank) 31 16.84 17.08 20.15 16.74 16.98 16.55 18.79
Postmenopausal (mean rank) 5 28.60% 27.30P¢ 8.30% 29.40 27.90% 30.60° 16.70

3K<0.05 vs statistically significant when compared with premenopausal group. PK<0.01 vs statistically significant when com-
pared with premenopausal group. °P<0.05 vs statistically significant when compared with premenopausal group. ?P<0.01 vs
statistically significant when compared with premenopausal group. ®P<0.001 vs statistically significant when compared with
premenopausal group.
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as glutamic oxaocetic transminase (GOT), glutamic pyruvic
transminase (GPT), blood ureanitrogen (BUN), uric acid (UA),
total protein (TP), globulin (GLO) and bilirubin (BIL). But
the control group displayed significantly lower alkaline
phosphatase (ALP) (61.03+13.99 U/L vs 70.81+15.23 U/L,
K<0.05, P<0.01), ALB (4.52+0.18 g/dL vs 4.62+0.27 g/dL,
K<0.05), Cre (0.75£0.09 mg/dL vs0.81+0.10 mg/dL, P<0.05,
K<0.05) and direct bilirubin (DBIL) (0.25+£1.11 mg/dL vs
0.29+0.8 mg/dL, K<0.05) than the athlete group.

Electrolytes and BMD

According to non-parameter satistical tests, both theradiusBMD
(1.3740.49 gm/cm?vs 1.19+0.40 gm/cm?, K<0.05) and calcaneus
BMD (0.57+0.17 gm/cm? vs -0.20£0.17 gm/cm?, K<0.01,
P<0.05), increased significantly in the athlete group compared
with those of the control group. Moreover, the athlete group’ s
body electrolytes such as urine-Cre (132.22+72.30 mg/dL vs
166.83+62.52 mg/dL, K<0.05, P<0.05), blood calcium (Ca)
(8.76+0.32 mg/dL vs 8.43+0.37 mg/dL, K<0.01) and chloride
(Cl) (99.94+2.41 meg/L vs 102.83+1.97 meg/L, K<0.001)
significantly decreased compared to the control group.

Hormone status

HGH and T, werelower in the athlete group than in the control
group (8.95+1.51 ng/dL vs 9.38+1.51 ny/dL), but cortisol
(11.39+4.03 ng/dL vs10.75+3.42 ng/dL), E, (88.82+66.42 pg/mL
vs80.56+63.10 pg/mL), T5 (112.07+13.52 ng/dL vs114.78+17.16
ng/dL) and PTH (39.07+16.97 pg/mL vs 34.70+11.66 pg/mL)
levels were higher. Notably, E; level (0.14+0.13 pg/mL vs
0.07£0.04 pg/mL, K<0.01, P<0.01) significantly increased in
the athlete group compared to those of the control group.

Bone marker assay and BMD

All biochemical and bone turnover markers, for example,
(67.974£39.67 nmol/mmol vs 102.63+46.97 nmol/mmol,
K<0.01, P<0.01), Dpd/Cre ratio (5.93+2.31 vs 6.85+1.43,
K<0.01), and BAP (14.04+3.31 ng/L vs 20.93+6.17 ng/L,
K<0.001, P<0.001) significantly increased in the female
athlete group compared to those of the control group. The
athletes displayed positive correlation of regional radiusBMD
(K<0.05) and calcaneus BMD (K<0.01, P<0.05) with these
results (Table 7).

Lipid metabolism in postmenopausal athletes

Table 8 displays levels of LDL (98.35+23.84 mg/dL vs
131.00+21.63 mg/dL, K<0.05, P<0.01), CHO (164.03+27.01
mg/dL vs 193.00+23.48 mg/dL, K<0.05, P<0.05), TG (63.00
+26.39 mg/dL vs 147.00+£87.21 mg/dL, K<0.01), BF%
(28.16+4.90% vs 34.84+4.44%, K<0.05, P<0.001) and BMI
(21.98+2.98 kg/m? vs 26.42+5.01 kg/m?, K<0.05, P<0.001)
increased in the postmenopausal (5/36) inactive athletes group
compared to the premenopausal (31/36) active athletes. Then
the level of HDL (65.00£14.02 mg/dL vs 52.26+4.84 mg/dL,
K<0.05, P<0.05) markedly decreased in the postmenopausal
(5/36) inactive athletes.

Table 9 Lipid metabolism of postmenopausal female athletes

Postmenopausal n BMI HDL LDL CHO TG Hb
group

Control group 9 656 900 711 706 644 761
(mean rank)

Athletes group 5 920 480* 820 830 9.40 7.30

(mean rank)

aP<0.05 vs statistically significant when compared with post-
menopausal control group.

Lipid metabolism in postmenopausal females

Resultsfrom this study show higher levels of TG (90.22+39.82
mg/dL vs 147.00+87.21 mg/dL), CHO (186.44+24.90 mg/dL
vs193.00+23.48 mg/dL ), but lower levels of HDL (62.18+10.68
mg/dL vs 52.26+4.84 mg/dL, P<0.05), Hb (13.82+0.88 g/dL
vs 13.52+0.21 g/dL) in postmenopausal athletes (5/36) group
compared with the postmenopausal control group (9/30). This
implies that the effect is a cardiovascular disease risk for
postmenopausal retired female athletes (Table 9).

DISCUSSION

The datain this study were expressed as mean x+s. Statistical
significance in the mean values was evaluated by the Student’ s
t test. Butin our study, only sixty-six femal e subjects participated
in this investigation. Therefore, we use K-W test to analyze
the results of all tests. The Kruskal-Wallis test does not use
any information on the relative magnitude of each observation
when compared with every other observation in the combined
sample. This comparison isreplaced in observation by itsrank
in the pool sample. The smallest observation isreplaced by its
rank 1, the next smallest by rank 2, and so on, the largest by its
rank n. Sincethetest is an extension of the M-W-W test. Either
K value or P value below 0.05 was considered significant.

Exercise is important for maintaining skeletal health.
However, the ability of exercise to influence bone might not
be entirely related to hormone status. This study has shown
that hormones and exercise interact to influence bone
adaptations, and thusraise E; level related to increased BMD
following exercisein female athletes. For example, serum E,,
cortisol, PTH and T; levelsin the athlete group were higher
than those of the controls, and the major finding of this study
was that increased radius BMD (K<0.05) and calcaneus BMD
(K<0.01, P<0.05) were significantly and positively related to
serum E; (K<0.01, P<0.01) concentrations'®*?, Therefore, a
clear understanding the interaction suggested by the present
data between E; concentration and the adaptation of bone to
exercise is important, and provides an interaction through
which the estrogen receptors involved in the early response of
bone cells might increase their responsiveness to loading!***2,

Thesereaultsindicate that physical exercise positively affects
the maintenance of radius BMD (K<0.05), calcaneus BMD
(K<0.01, P<0.05) in female athletes, thus increased E; level
can prevent BMD loss and possible risk of osteoporosig*Z.
The athletes have higher levels of all the biomarkers than the
controls, including Dpd (K<0.01, P<0.01), urine-Cre (K<0.05,
P<0.05), Dpd/Cre ratio (K<0.005), BAP (K<0.001, P<0.001)
and lower levels of blood-Ca (K<0.01), blood-Cl (K<0.001)
these results were associated with markedly increased radius
BMD and calcaneus BMD!*¥22,

Further studies are required to examine alarger population,
and also to consider the effects of BMD marker assay (for
example insulin-like growth factors).

Physical inactivity has been designated by the American
Heart Association as a major modifiable risk factor for
cardiovascular disease. Numerous studies have examined
individual morbidity and mortality from cardiovascular disease.
The results presented here indicate that exercise can improve
physiological characteristics, such the lowering levelsof serum
CHO and TG in female athletes, all of which may improve
cardiovascular fithess and reduce morbidity and mortality from
cardiovascular diseasg'2162%26,

But the findings regarding the renal function, liver function
and lipid metabolism of retired female athleteswere surprising.
Enzyme activity indicates that this group (5/36) may not have
the same health benefits from physical exercise as the control
subjects. Specifically, this group displayed decreased HDL
(K<0.05, P<0.05), Hb and increased LDL (K<0.05, P<0.01),
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CHO (K<0.05, P<0.05), TG (K<0.01) compared to the
premenopausal active athletes (31/36). Postmenopausal retired
female athletes (5/36) engaged in less physical activity than
previoudy, displayed increaserates of liver and renal dysfunction,
which reguire further investigation(t’-22,

An understanding of the dyslipidemia and ensuing
atherosclerosis has implications for the pathophysiology of
coronary heart disease (CHD). Risk of cardiac morbidity and
mortality is directly related to concentration of plasma total
CHOor LDL. Lipid lowering therapy has been shown to reduce
therisk of cardiovascular eventsin both high risk individuals
and patients with manifest CHD!*-22228 The present study
has found that postmenopausal retired female athletes (5/36)
who were no longer engaged in strenuous physical activity,
they had a significantly higher BF% (K<0.05, P<0.001) and
BMI (K<0.05, P<0.001) compared to the active femal e athletes
(31/36) group, specificaly, in lipid dysfunction marker with
the postmenopausal retired femal e athletes. Results from this
study show higher levelsof TG, CHO, but lower levelsof HDL,
Hb in athletes (5/36) group compared with the control group
(9/30). Then, five postmenopausal athletes (5/36), who had
retired from competition, and were engaged in less physical
activity than previoudly, had significantly higher BF%, BMI
and lipid dysfunction markers had a significantly decreased
level of HDL (P<0.05) compared to the controls (9/30). This
suggest that the effect is a cardiovascular disease risk for
postmenopausal retired female athletes.

Future studies should recruit more numbers of female
athletes, who have retired from competition but still maintained
high levels of physical activity, and then compare this group
with the low physical activity group that serves as the control
group. Lipid metabolism related apolipoprotein E (ApoE)
genotypes with an allele specific oligonucleotide (ASO) based
microarray system may interact with exercisetraining to affect
their plasmalipid profiles. To clarify the atherogenic risk of
different lipoprotein phenotypes, the relations among total
CHO, LDL, HDL and CHD risk in older female athletes should
be investigated.
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Abstract

AlM: During emergency period, infectious diseases can be
a major threat to military forces. During field training in
southern China, diarrhea is the main cause of nonbattle
injury. To evaluate the causes of and risk factors for diarrhea
in emergency period, we collected clinical and epidemiological
data from the People’s Liberation Army (PLA) during field
training in southern China.

METHODS: From September 25 to October 2 1997, 2636
military personnel were investigated. Fecal sample cultures for
lapactic pathogens were obtained from 103 military personnel
with diarrhea. In addition, a questionnaire was administered
to 103 cases and 206 controls to evaluate the association
between illness and potential risk factors. At the same time,
another questionnaire of 1:4 case-case control was administered
to 22 severe cases (each severe case paired 4 mild cases).

RESULTS: The training troop’s diarrhea incidence rate was
significantly higher than that of garrison. The diarrhea incidence
rate of officers was significantly lower than that of soldiers. A
lapactic pathogen was identified in 63.1% (65/103) of the troops
with diarrhea. Enterotoxigenic Escherichia coli (35.0%) and
plesiomona shigelloides (16.5%) were the most common
bacterial pathogens. All bacterial isolates were sensitive to
norfloxacin and ceftazidine. However, almost all of them were
resistant to sulfamethoxazole, trimethoprim-sulfamethoxazole,
oxytetracycline, doxycycline, furazolidone, ampicillin and
cloromycetin to a different degree. Risk factors associated
with diarrhea included drinking raw water, eating outside,
contacting diarrhea patients, lacking sanitation, depression,
lacking sleep, which were established by multiple-factor logistic
regression analysis. In addition, the unit incidence rate was
associated with the density of flies and the average daily
boiled water available by regression and discriminate analysis.

CONCLUSION: A series of risk factors are associated with
the incidence rate of diarrhea. Our results may provide a
useful basis for prevention and cure of diarrhea in emergency
period of PLA.

Bai Y, Dai YC, Li JD, Nie J, Chen Q, Wang H, Rui YY, Zhang YL,
Yu SY. Acute diarrhea during army field exercise in southern
China. World J Gastroenterol 2004; 10(1): 127-131
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INTRODUCTION

Acute diarrhea (abbreviated diarrhea) is a common disease
during peace and war period in the army™. It has been shown
that the year incidence rate of diarrheavaried from 49.5% to
64.0% in the stationed army in southern China and the main
pathogens were enterotoxigenic Escherichia coli (ETEC) and
enteropathogenic Escherichia coli (EPEC)®. Diarrheais also
a serious problem for military forces during an emergency
period usually including war, military maneuver, dealing with
emergency and providing disaster relief, field training, etc. In
addition, diarrhea is the major cause of nonbattle injury®7.
Thelife style, sanitary system, and appliance of foreign armies
are quite different from our army, therefore, the results from
their study cannot be applied to our army!®*¥l. To probe into
the epidemic features, pathogen spectrum and the main risk
factors of diarrhea during an emergency period and to provide
the basis for taking preventive and therapeutic measures, we
carried out an initial study during an army exercising in a
coastal training field in southern China.

At thetraining base in the west of Leizhou Peninsula, weeds
and bushes are overgrown and tall trees are rare. There is no
other inhabitant except the garrison. The weather isharsh, with
constant high temperature, high humidity, and plenty of rain.
Insects, such as flies and midges, are present everywhere.
Along the coastline, camps, kitchens, reservoirs, simpletoilets,
garbage disposal facilities, and other life support facilitieshave
been established. At the base, the whole sanitary standard is
low and theliving conditionishard. During exercises, villagers
nearby provide fried dishes, cold dishes, fruits, and other
seafood products. None of the food has hygiene certificates.
The source of drinking water is from the wells with self-
prepared covers. The water supply islimited, and no laboratory
test has been carried out to check the quality of the water.

MATERIALS AND METHODS

Concerned definition

As was recommended by WHO, the definition of diarrheais
attacking acutely, having three or more motionswith properties
changed. Thosewhoseinterval between two diarrheas exceeded
7 dayswererecorded twice. According to thedinica manifestations,
cases were divided into group of severe casesand group of mild
cases. Severe cases were defined as those with diarrhea of more
than 5 stools or accompanied by fever (>=38 C).

Surveillance of disease

Our study lasted for 20 days, and was divided into transporting
and assembling stage (8 days) and field training stage (12 days).
At the first stage, diarrhea patients were investigated
retrospectively by battalion medical officers because the army
was on the move. We began formal surveillance at the second
stage. Battalion medical officers and investigators registered
all training soldiers and collected information about diarrhea
attack twice aday (morning and evening). They also delivered
fecal samplesto laboratory for detection of pathogens before
antibiotics were used.

Pathogen detection
The samples on LB wereincubated in alkaline peptone solution
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for 24 hours at 37 C. Next day 1 ml of culture medium was
taken out and put into glycerin and paraffin oil separately.
Detection of pathogens was based on the diarrhea detection
rules of WHO™, ETEC was detected by aDNA probe, which
was prepared by our department. The micro-biochemical tubes
used to detect the germs of enterabacteriaceae, vibrio and serum
of Shigella, Salmonella, EPEC and EIEC were bought from
Lanzhou Institute of Biological Products.

The antibiotic susceptibility was performed by K-B method
recommended by WHO™, The antibioticsincluded norfloxacin,
ceftazidine sulfamethoxazol e, trimethoprim-sulfamethoxazole,
oxytetracycline, doxycycline, furazolidone, ampicillin and
cloromycetin. Standard strain coliform bacillus ATCC25923
and staphulococcus aureus ATCC25923 and pseudomonas
ATCC27853 were used for quality control.

Epidemiologic survey

The diarrhea patients identified by surveillance were
investigated using “ The army acute diarrhea epidemiological
case survey form” and “ System distress checklist (SCL-90)"
in 48 hours by 1:2 case-control study. Controls were chosen
from soldiers without diarrhea within 7 days in the same
company, with the same sex, the same rank. The differences
of age and time of military service were within 1 year. The
129 investigated factorsin 15 categories in these two survey
forms were analyzed with conditional one-way and multiple
logigtic regresson analysis. To explore therelationship between
environmental hygiene and the unit diarrhea incidence, unit
environmental hygiene questionnaire of field training troop
was filled by surveillance group. In addition, 1:4 case-case
control was administered to 22 severe cases (each severe case
paired 4 mild cases) to study the main factors of severeclinical
manifestations.

Quality control

(2) In order to reduce the failure of report and to increase the
collection rate of specimens, we strengthened propagandaand
organization and tried to make officers and soldiers fully
understand the meaning and purpose of our study. (2) All
investigators weretrained. (3) To ensure the quality of survey,
the screening results from one or two companies were checked
randomly and about 10% of the formsin the same day were
reinvestigated to identify potential mistakes. (4) The collected
fecal specimenswere sent in iceboxes and examined by afull-
time laboratory technician.

Statistic methods

The data were recorded and checked using SPSS10.0/PC
statistical package (SPSS, Chicago). Proportions were
compared using the chi-square test with Fisher’ s exact test.
Conditional multiplelogistic regression analysiswas performed
using SAS. Logistic models were established by the maximum-
likelihood method. Confidence intervals were cal culated by
the method of Woolf for univariate analysis and logistic-
regression parameter estimates and their standard errors were
used for multivariate analysis*®. A two-tailed P value of 0.05
was considered as statistically significant.

RESULTS

Diarrhea incidence rate

The personnel investigated consisted of 320 officersand 2 316
soldiersin the training troop, and 24 officers and 180 soldiers
in the garrison. They were al males, with a mean age of 22
years (SD of 4 years, ranging from 18 to 48 years). There was
no differencein constituent ratio in these two troops by statistic
analysis (c?=0.025, P=0.874). During the whole training

period, the diarrhea incidence rate was 7.32% (193/2 636).
The diarrhea incidence rate at the second training stage was
4.10% (108/2 636), which was significantly higher than that
of the permanent garrison in corresponding time (0.98%,
2/204). The incidence rate of each training company varied
from 0.84% to 12.38%. Therewas also asignificant difference
among different companies in the same battalion (c?=11.105,
P<0.001), but no difference was found in the same company.
The severe caseswho could not work due to diarrhea accounted
for 20.4% of the patients with diarrhea.

Pathogen detection

We surveyed 108 diarrhea patients and collected 103 samples
(including 37 cotton swabs of anus). The collection rate was
95.4%. Most of the samples were watery and |loose stools; few
were mucus or pus and bloody stool.

The pathogens found in our study included 72 strains of 6
types of lapactic bacteria (Table 1). The positive detection rate
was 63.1% (65/103). The most common pathogen was ETEC,
followed by plesiomonas shigelloides. Therate of Shigellaand
Samonellainfection wasrelatively high. There were 7 samples
in which two types of pathogens were detected at the same
time. Campylobacter and Y ersinia were not found because of
the limited conditions on the spot.

Table 1 Pathogen detection rate

Pathogen Number of patients Detection rate (%)
ETEC 36 35%
Plesiomonas shigelloides 17 16.5%
Salmonella 6 5.8%
Shigella 4.9%

EIEC 2.9%

1.9%
1%
1%
1%

Aeromonas schubertii
Aeromonas hydrophila
Vibrio metschnikovi
Vibrio vulnificus

P P PN WO

The susceptibility of saventy-two strains of lapactic bacteria
to nine types of antibiotics was examined. It showed that all
these bacteria were sensitive to norfloxacin (95.8%) and
ceftazidine (100%). All the lapactic bacteria were resistant
to sulfamethoxazole, trimethoprim-sulfamethoxazole,
oxytetracycline, doxycycline, furazolidone, ampicillin and
cloromycetin to a different degree (Table 2)t728],

Table 2 Resistance rate of pathogens to antibiotics

Antibiotics ETEC Vibrio Salmonnlla Shigella EIEC Overall
n*=36 n=22 n=6 n=5 n=3 n=72

Sulfamethoxazole  91.7 68.2 83.3 100.0 66.7 83.3
Trimethoprim- 91.7 591 83.3 80.0 66.7 79.2
Sulfamethoxazole

Oxytetracycline 69.4 773 100.0 100.0 100.0 75.0

Doxycycline 61.1 72.7 100.0 100.0 100.0 69.4
Furazolidone 16.7  90.9 50.5 100.0 333 520
Ampicillin 306 364 50.0 40.0 333 347
Cloromycetin 25.0 4.5 0.0 40.0 333 18.1
Norfloxacin 5.6 0.0 0.0 20.0 0.0 4.2
Ceftazidine 0.0 0.0 0.0 0.0 00 00

*n was the number of strains.

Sixty-eight environmental specimens (drinking water, flies,
seafood, cooking utensils of the training troops and local
vendors) were examined for lapactic pathogens'®?2. Forty-
two strains of 10 types of lapactic pathogens were detected,
including 14 strains of lapactic vibrio, 12 strains of aerobacter
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cloacae, 8 strains of plesiomonas shigelloides, 8 strains of
aeromonas, 7 strains of ETEC, 3 strains of shigella, 2 strains
of salmonella and 1 strain of EIEC (Table 3). All the
environmental specimens had lapactic pathogens to some
extent, especially flies, seafood, and cooking utensils of the
local vendors, which reached 87.5%, 80.0%, and 73.3%,
respectively!®,

Table 3 Detection rate of lapactic pathogens from environ-
mental specimens

Source of specimen Number Detection rate (%)
Flies 8 87.5
Seafood 10 80.0
Cooking utensils of vendors 15 73.3
Drinking water 15 66.7
Cooking utensils of troops 10 40.0
Camping appliances 10 20.0
Total 68 61.8

Risk factors analysis

Analysisof individual risk factorsof diarrhea Unconditional
single factor logistic regression analysis was performed, and
the result showed that 25 factors were in association with
individual diarrhea. In order to control interactions and
confounding factors, and to make the studied factors more
actualy significant in theory, the above-mentioned 25 factors
were entered to the equation of conditional multivariate logistic
regresson following the significant level <0.05, seven statistical
significant variables were screened in the end (Table 4).
Analysis of unit risk factors of diarrhea Thirty-seven
environmental sanitary questionnaires, which were checked
to satisfy statistic requirements, were analyzed. Linear stepping
regression was performed to determine the relationship
between the 23 environmental factors with the incidence of
field training troops. The result indicated that the density of
fliesin toilets, garbage disposal methods and daily average
boiled water supply per person were the main factors. The
regression equation was incidence=-3.107+2.051* density of
fliesintoilets+ 1.601* garbage disposal methods- 0.743* daily
average boiled water supply per person. The standard regression
coefficient was 0.544, 0.264, and 0.201, respectively. The R
square was 0.784. The variance analysis showed that F value of
the regression equation was 40.34 (P<0.001).

To simplify the equation and improve the goodness of fit,
ten curves estimation (quadratic, compound, growth,
logarithmic, cubic, s, exponential, power, inverse and logistic)
was used to fit the relation between the density of fliesin toilets

and the diarrhea incidence. R square of 5 curves estimation
(power, compound, growth, exponential and logistic) waslarger
than that of linear regression equation, of which power’ sR
square reached 0.816 and the left four’ sR square was 0.798.

The diarrhea incidence rates were further divided into 3
groups. <3%, 3-6%, =6%. According to thefield environmental
sanitary questionnaire and the incidence, stepping discriminate
function was used to establish the discriminate function. The
discriminate function was composed of six variables (density
of fliesintoilets, toilet disinfection, density of fliesin garbage
dump, disposal method of garbage, density of flies near waste
water and use of anti-fly cover) (Table5). Thefasediscriminate
rate was 0%, 13.3% and 11.1%, respectively. The total false
discriminate rate was 91.9%.

Table 5 Linear discriminant function coefficients

Factor Linear Function
discriminant coefficient
<3% 3%-6% =6%

Disinfection of toilets 29.354 46.645 45.882
Garbage disposal methods -14.564 -34.839  -25.324
Density of flies in toilets 9.127 7.143 19.911
Density of flies in garbage dumps ~ 8.753 16.595 16.056
Density of flies near waste-water ~ 15.855 38.361 27.858
Use of anti-fly cover 21.243 34.128 32.386
Constant -46.378 -117.197 -133.264

Analysis of case-case control study Twenty-two case-case
control study questionnaires were collected, 20 of them had
no missing data and were analyzed by single factor conditional
logistic regression. The result showed that 30 possible risk
factors had arelationship with severe symptoms. Drinking raw
water within seven days, eating outside, not washing hand
before eating, were then analyzed by conditional logistic
multiple-regression (Table 6).

DISCUSSION

The diarrheaincidence rate during the training stage was 4.10%,
which was significantly higher than that of the garrison at the
corresponding time (0.98%) and much higher than the 10 day
incidencerate (1.35%) of an stationed army in the same season®.
Because of the differencesin duration, location and diagnostic
standard in an emergency period, the rates could not be directly
compared, however, theincrease of diarrheaincidencerate was
acommon phenomenon during emergency. There must be some
factorsthat contribute to the increased diarrheaincidence, and

Table 4 Multiple-factor conditional logistic- regression results of case-control study

Factor Regression coefficient Standard error Odds ratio 95%Confidence interval P value
Drinking raw water 3.1460 0.4638 23.2148 9.3641-57.6862 0.0000
Eating outside 3.1365 0.6055 23.0229 7.0273-75.4280 0.0000
Contacting with patients 2.9447 0.5707 19.0055 6.2104-58.1625 0.0000
Lack of hygiene knowledge 1.7776 0.5071 5.9155 2.1893-15.9833 0.0005
Depression 11654 0.3633 3.2071 1.5735-6.5364 0.0013
Not frequently cutting fingernails 1.0504 0.3888 2.8588 1.3341-6.1258 0.0069
Lack of sleep 0.6555 0.21264 1.9261 1.2360-3.0016 0.0038
Table 6 Multiple-factor conditional logistic regression results of case-case control study

Factors Regression coefficient Standard error Odd ratio (OR) 95% confidence interval P value
Drinking raw water 3.8610 1.1724 475119 4.7738-472.8718 0.0010
Eating outside 25711 0.7506 13.0802 3.0040-56.9537 0.0006
Not washing hand before eating 1.3445 0.6142 2.7487 1.1519-12.7877 0.0286
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if we can find these factors and control them, we should be able
to strengthen the fighting capacity of the army.

The incidence rate of officers was clearly lower than that
of soldiers, which was not in accordance with the results from
stationed army and other related researches?!, For example, a
research of Hyams in “ desert shield action” suggested the
incidence rate was not affected by age and rank, while another
study showed that the risk of officers was alittle higher than
that of soldiers. More data are still needed to confirm the real
features of our army'®!, According to our study, the possible
explanation was that the training and working of soldierswere
more intensive, meanwhile their hygiene habits were worse
than officers. In addition, they drank raw water and eating
outside more often than officerd?,

From our research, the time distribution of diarrhea can be
concluded as follow. The number of patients increased
obviously in the early days of an action, then became stable
after three or four days, and sustained at acertain rate’®”. During
this period the incidence rate in each unit of the army was
different and small outbreak could be seen occasionally, which
was similar to some conclusions from foreign armies. The
possible reasons of the increased rate during the early time
wereasfollows. Normal living pattern of soldierswas disrupted
and physically weakened. During training, soldiersincreased
significantly their contact with environments and the chances
of infection were also increased. Failure to adapt to a new
environment and lack of immunity, and no sanitary and anti-
epidemic measures were taken. These possible reasons still
need to be further explored. To control the incidence peak at
early stages, we should strengthen propaganda on hygiene and
enhance soldiers' abilities to self-guard against diarrhea. In
addition, antibiotics should be used to prevent special diarrheas
(such astourist diarrhea, soldier diarrhea with special task),
but attention should be paid to selection and time limit of
antibioticg??, With the army’ s adapting to the environment
and the perfection of preventive measures, the incidence rate
maintained at a lower degree. However, because of the
existence of many unhygienic temporary food stalls outside
the camps and soldiers often eating outside, outbreak of
different scales did take place®®!. Apart from propaganda,
we should strengthen the discipline and forbid soldiers to eat
outside the camps.

In spite of thefailure to detect Campylobacter and Y ersinia
dueto limited condition on spot, 61.3% detection rate indicated
that bacterial diarrhea was a main cause in Summer and
Autumn during field training in coastal areain southern China.
It was reported ETEC was the most common pathogen in
stationed army®@ and so was in our study, which was in
accordance with some reports from American army'®, It
suggested that ETEC was one of the focal pointsin diarrhea
prevention in army, no matter Chinese or foreign(®33-3l,
stationed or training in field. We should enhance the basic
clinical and preventive researches on diarrhea to guarantee
fighting capacity. Moreover, we detected arelatively high rate
of vibrio, especially that of plesiomonas shigelloides which
was 16.5%, at the second place®. Thismay be correlated with
training at coastal area as water, food, and articles for daily
use contain high counts of such pathogens (results not shown).
Many studies showed that this germ had a relatively high
detection rate in southeast coastal area.

It isimportant to evaluate hygiene standards of our army
and develop related education to analyze individual risk factors
of diarrhea. The incidence rate will decrease markedly if we
can efficiently control these risk factors. Asshown in Table 4,
after multi variable analysis seven variables emerged as
significant risk factors, which were drinking raw water, eating
outside, lack of hygiene knowledge, not frequently trimming
nails, contacting with diarrhea patients, having no enough deep

and depression. Of these factors the first two were consistent
with the results from stationed army, which indicates that the
two risk factorsare common in our military officersand soldiers.
So it is necessary to strengthen sanitary education, to enforce
administration, and to change unhealthy habits. During the
survey, we found that none of the patients was separated from
othersand all the patients ate, dept and trained with the healthy
personnel, which made contact transmission more easily.

For along time, mental factors of diarrheain an emergency
period have been ignored. To explore the relationship between
mental factors and diarrheain an emergency period, we used
“SCL-90" widely used in foreign countries, especially in mental
health field. In a study, the mental condition of new recruits
and the influence of each mental factor on injury in military
training were analyzed by “ SCL-90” in our army, and
evaluation of the results was excellent. It indicated that using
“SCL-90" to analyze the mental factors was feasibl€®%%, In
an emergency period, especially in modern warfare, intense
danger and cruelty would cause agreat pressureon serviceman' s
mentality. Therefore, mental factor may be arisk factor of
diarrheain an emergency period. In our study, 1:2 case-control
study was performed to evaluate the relation between mental
factor and diarrhea. The result of single-factor analysis
suggested that the gross score and 9 factors (except paranoiac
factor) were associated with diarrhea. In addition, the result of
multiple-factor analysis suggested that depression was arisk
factor of diarrhea, as only depression was entered to the
aggressive equation. Whether this relation exists or not is still
aproblem worth further studying. The possible explanation is
that mental factor, acting through the neuroendocrinic system,
can lead to enterocinesia and gastroenteric secretion disorder
or weaken theimmune functions, so the body ismore susceptible
to pathogens, resulting in diarrhea*+#2,

Case-case control study has been used to analyze the risk
factors of chronic infant diarrhed* but not used to analyze
that of diarrheain amilitary emergency period. For the first
time, we used it to analyze the risk factors of diarrheain an
emergency period. During the emergency period, it wascritical
to deal with the problems which influenced the fighting
capacity due to limited human and material resources. Our
study demonstrated that 20.4% of diarrhea patients could not
work, because of the severe clinical manifestations. If these
patients can be prevented from diarrhea, the fighting capacity
will be greatly increased. In our study, the result indicated that
three risk factors (drinking raw water 7 days before diarrhea,
eating outside, not washing hand before eating) had arelation
with severe clinical manifestations. Overall, the result indicated
that preventive measures should be taken to control the three
risk factors.

No report has been published on using unit incidence as
risk factorsto prevent diarrhea. In our study, the unit diarrhea
incidence rate was different. To maintain the fighting capacity,
decreasing the unit incidence rate isimportant. If we can find
out the unit risk factors, measures can be taken to control them.
The result of linear stepping regression showed that three
(density of fliesin toilets, garbage disposal methods and daily
average boiled-water supply) out of 23 potential factors might
be the cause of theincreased unit incidence. From the standard
regression coefficient, the density of fliesin toilets had the
major influence on diarrhea incidence rate. The higher the
density of fliesintoilets, the higher the diarrheaincidencerate.
Fly is an important route of transmission, which has been
confirmed before. The study of the Gulf War also demonstrated
that persistent existence of flies was an important reason of
low-epidemic diarrhea. Meanwhile, we thought the garbage
disposal methods have arelation with the dengity of flies. Some
troops buried garbage by the sanitary unit strictly, thus
preventing the reproduction of flies.
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Abstract

AlIM: To explore the difference of somatostatin receptor
subtype 2 (SST2R) gene expression in pancreatic cancerous
tissue and its adjacent tissue, and the relationship between
the change of SST2R gene expression and pancreatic tumor
angiogenesis related genes.

METHODS: The expressions of SST2R, DPC4, p53 and ras
genes in cancer tissues of 40 patients with primary pancreatic
cancer, and the expression of SST2R gene in its adjacent
tissue were determined by immunohistochemiscal LSAB
method and EnVision™ method. Chi-square test was used
to analyze the difference in expression of SST2R in pancreatic
cancer tissue and its adjacent tissue, and the correlation of
SST2R gene expression with the expression of p53, ras and
DPC4 genes.

RESULTS: Of the tissue specimens from 40 patients with
primary pancreatic cancer, 35 (87.5%) cancer tissues showed
a negative expression of SST2R gene, whereas 34 (85%) a
positive expression of SST2R gene in its adjacent tissues.
Five (12.5%) cancer tissues and its adjacent tissues
simultaneously expressed SST2R. The expression of SST2R
gene was markedly higher in pancreatic tissues adjacent to
cancer than in pancreatic cancer tissues (P<0.05). The
expression rates of p53, ras and DPC4 genes were 50%,
60% and 72.5%, respectively. There was a significant negative
correlation of SST2R with p53 and ras genes (c,2=9.33,
c,?=15.43, P<0.01), but no significant correlation with DPC4
gene (c?=2.08, P >0.05).

CONCLUSION: There was a significant difference of SST2R
gene expression in pancreatic cancer tissues and its adjacent
tissues, which might be one cause for the different
therapeutic effects of somatostatin and its analogs on
pancreatic cancer patients. There were abnormal expressions
of SST2R, DPC4, p53 and ras genes in pancreatic
carcinogenesis, and moreover, the loss or decrease of SST2R
gene expression was significantly negatively correlated with
the overexpression of tumor angiogenesis correlated p53
and ras genes, suggesting that SST2R gene together with
p53 and ras genes may participate in pancreatic cancerous
angiogenesis.

Qin RY, Fang RL, Gupta MK, Liu ZR, Wang DY, Chang Q, Chen
YB. Alteration of somatostatin receptor subtype 2 gene expression
in pancreatic tumor angiogenesis. World J Gastroenterol 2004;
10(1): 132-135
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INTRODUCTION

Recent studies have indicated that somatostatin and its analogs
have obvioudly antiproliferative effectson various solid tumors,
such as colon cancer, liver cancer, which are mediated through
somatostatin receptors®”, but a large number of clinical
researches indicate that the therapeutic effects of somatostatin
and its analogs on pancreatic cancer are different, the reason
isnot knownt®9, Moreover, studies have already reported that
the change of SST2R gene expression in human pancreatic
cancerous cdlsisrelated with tumor angiogenesis factors such
astransforming growth factor beta (TGF-b), but the relationship
between SST2R and tumor angiogenesis related genes such as
DPC4, ras and p53 is still not clear™®, Our study aimed at
exploring the cause for the different therapeutic effects of
somatostatin and its analogs on human pancrestic cancer, and
therelationship between the changes of SST2R gene expression
and pancreatic tumor angiogenesis correlated genes.

MATERIALS AND METHODS

Tissue specimens

Tissue samplesfrom 40 primary pancreatic cancer patientswere
obtained from the Department of Pathology in Tongji Hospital.
The patients consisted of 26 males and 14 females aged from 33
to 71 years (means. 55.65 years). All lesions were diagnosed
pathologically as pancreatic ductal adenocarcinoma, consisting
of 23 pancrestic cancersin the head, and 17 pancrestic cancers
in the body and tail of pancreas. All patients were staged
according to UICC TNM classification, I-11 in 14 patients, and
-1V in 26 patients. All the specimens of pancreatic cancer tissues
and its adjacent tissues were fixed and dehydrated in 10%
formalin, embedded in paraffin and cut into 4 nm serial sections.

Reagents

Goat SST2R and DPCA4 polyclona antibodies were from Santa
Cruz (USA). p53, ras monoclonal antibody and mouse anti-
human rasmonoclonal antibody werefrom Maixin Biotech Kaifa
Company (Fuzhou, China). Secondary biotinylated rabbit anti-
sheep 1gG (ZB-2050) was from ZYMED (USA). EnVision™
mouse-anti reagent kit, EnVision™ rabbit-anti reagent kit and
peroxidase conjugated streptavidin werefrom DAK O (Denmark).

Immunohistochemical staining

Three-step methods (LSAB) were used for DPC4 and SST2R
staining, and two-step methods (EnVision™ system) were used
for p53 and ras genes. Formalin-fixed, paraffin-embedded
sectionswere dewaxed, rehydrated, and boiled in 0.01M-citrate
buffer, pH 6.0 in a microwave oven for 10 minutes. Then
primary antibody was added and incubated at 4 °C overnight.
Biotinylated rabbit anti-sheep 1gG (1:300 dilution) was added



Qin RY et al. Somatostatin receptor subtype 2 gene expression in pancreatic tumor 133

and incubated at 37 °C for 1 hour, followed by incubation with
peroxidase conjugated streptavidin (1:400 dilution) at 37 C
for 30 minutes. For p53 and ras staining, peroxidase conjugated
streptavidin was replaced by EnVision. DAB chromogen was
applied for 10 to 20 minutes and rinsed for visualization under
microscope, followed by slight counterstaining with
haematoxylin, dehydration, and finally cover dipswere sealed
with permount. Negative control was obtained by replacing
the primary antibody with PBS.

Evaluation of immunohistochemical staining

Positive staining was located in cell membrane/cytoplasm for
SST2R, and the cytoplasm for DPC4 and ras, and the nucleus
for p53. At least 1000 cells were counted per 40 X 10 field.
The expressions were graded, asfollows. Negative (-) if <10%
of the cancerous cells in a given specimen were positively
stained. Weak positive (+) if 10% to 20% of the cancerous
cellsin agiven specimen were positively stained. Positive (++)
if 20% to 50% of the cancer cellsin a given specimen were
positively stained, and strongly positive (+++) if 75% of the
cancer cellsin agiven specimen were positively stained.

Statistical analysis
Chi-square test was used to analyze the results. P<0.05 was
considered statistically significant.

RESULTS

Expression of SST2R gene in pancreatic cancer tissue and
its adjacent tissue

The expression rate of SST2R gene was markedly higher in the
adjacent non-cancerous tissue (85%) than in cancer tissue
(12.5%0) (P<0.05). Twenty-nine patients (72.5%) expressed SST2R
gene only in the adjacent non-canceroustissue. For SST2R gene
expression in pancreatic cancer tissue, strong positive was only
10%, wesk positive 2.5%, and negative 87.5%, 12.5% pancrestic
cancer tissue and its adjacent non-cancerous tissue expressed
SST2R simultaneoudly (Table 1 and Figures 1, 2).
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Figure 1 Ductal adenocarcinoma in pancreatic head
(Immunohisto-chemistry LSAB method, x400). Brown yellow
staining of SST2R gene expression in cell membrane/cytoplasm.

Expression of p53 gene in pancreatic cancer tissue

For p53 gene in pancreatic canceroustissue, 19 patients (47.5%)
had strong positive expression, 20 patients (50%) negative
expression, and 1 patient (2.5%) weak positive expression. The
SST2R gene expression in 17 patients with strong positive
expression of p53 was negative. Three patients with strong
positive expression of SST2R were negative for p53 gene
expression. The SST2R and p53 gene expressionsin 1 patient
were strong positive. One patient with weak positive expression
of p53 gene was negative for SST2R gene expression. The
SST2R gene expression of 1 patient with strong positive
expression of p53 genewaswesk pogtive (Table 1 and Figure 3).
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Figure 2 Pancreatic ductal adenocarcinoma in pancreatic body
and tail (Immunohistochemistry LSAB method, x400). Brown
yellow staining of SST2R gene expression in cell membrane/
cytoplasm.
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Figure 3 Ductal adenocarcinoma in pancreatic head
(EnVision™ method, x400). Brown yellow staining of p53 gene
expression in cell nucleus.

Figure 4 Ductal adenocarcinoma in pancreatic body and tail
(EnVision™ method, x400). Brown yellow staining of ras gene
expression located in cytoplasm.

Figure 5 Ductal adenocarcinoma in pancreatic body and tail
(EnVision™ method, x400). Brown yellow staining of DPC4
gene expression located in cytoplasm.
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Expression of ras gene in pancreatic cancer tissue

For expression of ras gene, 14 patients (35%) were strong
positive, 10 patients (25%) weak positive, and 16 patients
(40%) negative. Eleven patientswith strong positive expression
of ras gene showed negative expression of SST2R gene, 1
patient with negative expression of ras gene showed strong
positive expression of SST2R gene. The SST2R and ras genes
in 4 patients showed positive expression of different grades
correspondingly. The SST2R and ras gene expressionsin 15
patients were negative. Nine patients with weak positive
expression of ras gene were negative for SST2R gene
expression (Table 1 and Figure 4).

Expression of DPC4 gene in pancreatic cancer tissue
Seven patients (17.5%) were positive, 4 patients (10%) weak
positive, and 29 patients (72.5%) negative for DPC4 gene
expression. Twenty-six patients (65%) had negative expression
of both DPC4 and SST2R gene. Of the 9 patients with negative
expression of SST2R gene, 5 patients were strong positive,
and 4 patients weak positive for DPC4 gene expression. Both
SST2R and DPC4 genes expression of 2 patients were strong
positive. One patient with negative expression of DPC4 gene
was weak positive for SST2R gene expression (Table 1 and
Figure 5).

Statistical analysisindicated that SST2R was significantly
negatively correlated with the expression of p53 or ras genes
(P<0.01), whereas not distinctly correlated with DPC4 gene
(P>0.05).

Table 1 Expressions of SST2R and ras, DPC4 and p53 genes in
40 primary pancreatic cancerous tissues

Strong positive Weak positive Negative

(++-+++) n (%) (+) n (%) () n (%)
SST2R 4.0 (10) 1.0 (2.5) 35.0 (87.5)
ras 14.0 (35) 10.0 (25) 16.0 (4)
DPC4 7.0 (17.5) 4.0 (10) 19.0 (47.5)
P53 19.0 (47.5) 1.0 (2.5) 20.0 (50)
Cancer 34.0 (85) 0.0 6.0 (15)

adjacent SST2R

DISCUSSION

Somatostatin and its analogs can inhibit the growth of benign
and malignant tumors, and it has been found that the inhibitory
effects are directly correlated with the expression of SST2R
on tumor tissues'**®, The mechanisms of the inhibition are
the combined interaction of somatostatin and its analogswith
SST2R in tumor tissues, either directly inhibiting division
and proliferation of tumor cells or inhibiting the activities of
growth factors such as vascular endothelial growth factor
(VEGF), insulin-like growth factor (IGF)™*&2, and moreover,
counteracting tumorigenesis and tissue proliferation?23, |n
addition, somatostatin and its analogs could arrest pancreatic
cancer cell cycle at G,-S, phase by up-regulating p27, and thus
induced apoptosig®®!,

The expression of SST2R was decreased or lost in primary
pancreatic cancerous tissue®2¥, but there is no report on the
expression of SST2R in pancreatic cancerous adjacent tissue.
Our study showed that 5 of 40 primary pancreatic cancer tissues
showed positive expression of SST2R gene, suggesting that
most of pancreatic cancerous tissues lack the expression of
SST2R, which may be the mgjor reason why somatostatin and
its analogs had no marked therapeutic effects on pancreatic
cancer. Interestingly, expression of SST2R was higher in most
of the pancreatic cancerous adjacent tissues, which may be
beneficial for somatostatin and its analogs to inhibit fast
outward infiltration and growth of tumor cells. Our study

indicated that if SST2R decreased in pancreatic cancerous
tissue and its adjacent tissue, somatostatin and its anal ogs might
not have therapeutic effect on pancreatic cancer. But when
pancreatic cancerous tissue and its adjacent tissue obviously
expressed SST2R, they had a definite therapeutic effect on
patients with pancreatic cancer. Hence the differencesin the
expression of SST2R in pancreatic cancerous tissue and its
adjacent tissue would certainly lead to different therapeutic
effects. At present, this is the main possible cause for the
different therapeutic effects of somatostatin and its analogs on
pancreatic cancer. We consider that it isimportant to define
the expression of SST2R in pancreatic cancerous tissue and
its adjacent tissue before using somatostatin and its anal ogs.
Thiswill be beneficial to the ultimate definition of the exact
therapeutic effects of somatostatin and its analogs on
pancreatic cancer.

Mutations of DPCA4, ras and p53 genes have been found to
play crucial rolesin tumor angiogenesis®-3, The mutation
rates of these genes are higher in pancreatic cancerous tissue,
indicating that the similar mechanism of pancreatic
tumorigenesis with other tumorigenesis involving mutation
and abnormal expression of multiple genes. Our study
indicated that the expression of SST2R gene was significantly
negatively correlated with p53 and ras genes, suggesting that
the decrease or loss of SST2R gene expression in pancreatic
cancerous tissue participates in tumor angiogenesis through
certain pathway, further investigation is required to probe
into its the mechanism.
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Abstract

AlIM: To study the effects of perioperative administration of
cimetidine (CIM) on peripheral blood lymphocytes, natural
killer (NK) cells and tumor infiltrating lymphocytes (TIL) in
patients with gastrointestinal (GI) cancer.

METHODS: Forty-nine Gl cancer patients were randomized
into treatment group, who took CIM in perioperative period,
and control group, who did not take the drug. The treatment
was initiated 7 days before operation and continued for 10
days after surgery. At baseline examination before
operation, on the 2nd and 10th postoperative days, total T
lymphocytes, T helper cells, T suppressor cells, and NK
cells in peripheral blood were measured respectively by
immunocytochemical method using mouse-anti human CD3,
CD,, CDg and CDs; monoclonal antibodies. Blood samples
from 20 healthy volunteers were treated in the same way
as normal controls. Surgical specimens were examined
during routine histopathological evaluation for the presence
of TIL in tumor margin. Immunohistochemical study was
performed to measure the proportion of T and B
lymphocytes in TIL population. T and B lymphocytes were
detected respectively using mouse-anti-human CD; and
CD,, monoclonal antibodies.

RESULTS: In comparison with normal controls, both the
treatment and control groups had decreased T cells, T helper
cells and NK cells at baseline. In control group, total T cells,
T helper cells and NK cells declined continuously with the
disease progression and the decrease became more obvious
after operation. From baseline to the 2nd postoperative day,
the proportion of total T cells, T helper cells, and NK cells
went down from 60.5+4.6% to 56.2+3.8%, 33.4+3.7% to
28.1+£3.4%, and 15.0+2.8% to 14.2+2.2%, respectively.
On the other hand, there were significant improvements
in these parameters after CIM treatment. On the 10th
postoperative day, the treatment group had significantly
higher percentages of total T cells, T helper cells and NK
cells than control group. Moreover, CIM treatment also
boosted TIL response, as was reflected by findings that 68%

(17/25) of the patients in treatment group had significant
TIL responses and only 25% (6/24) of the cases had
discernible TIL responses (P<0.01).

CONCLUSION: Perioperative application of CIM to Gl cancer
patients could help restore the diminished cellular immunity
induced by tumor burden and surgical maneuver. The drug
could also boost TIL responses to tumor. These effects
suggest that the drug be used as an immunomodulator for
Gl cancer patients.

Lin CY, Bai DJ, Yuan HY, Wang K, Yang GL, Hu MB, Wu ZQ, Li Y.
Perioperative cimetidine administration promotes peripheral
blood lymphocytes and tumor infiltrating lymphocytes in patients
with gastrointestinal cancer: Results of a randomized controlled
clinical trial. World J Gastroenterol 2004; 10(1): 136-142

http://www.wjgnet.com/1007-9327/10/136.asp

INTRODUCTION

Gastric and colorectal cancers are the most common cancers
in China, with their incidence ranking number one and
number four respectively. Although surgery, chemotherapy
and radiotherapy are major treatment options for Gl cancer,
the long-term survival is low. Treatment failure is mainly
due to recurrence and metastasis. One major cause for such
an adverse outcome is the patients’ diminished immunity
against residual tumor cells after surgery. Therefore, how to
restore and improve the patients’ immunity against cancer
has been an area of active study.

There has been much progress in understanding the
relationship between theimmune system and Gl cancer, which
has|ed to the use of immunomodulatory therapy as an adjuvant
and palliative trestment. Many non-specificimmunomaodul atory
agents such as levamisole, CIM, alpha interferon, n-3 fatty
acids, polysaccharide K (PSK), supplementary diet with
glutamine, arginine and omega-3-fatty acids, and Bacillus
Camette-Guerin (BCG) have been tried*¥, CIM is atype 2
histamine receptor antagonist widely used for the treatment of
peptic ulcers. It aso hasimportant effects on immune system.
Administration of CIM has been found to preserve, to some
degree, the patients' perioperative immunity®®, to improve
the survival of patientswith colorectal cancer, melanoma, and
renal cell cancer™9. Althoughit isnot clear whether thiseffect
of CIM on cancer is direct or indirect, it has been proposed
that CIM may act by enhancing the host immune response to
tumor cells**17 or by blocking the cell growth-promoting
activity of histamine in cancer cell lineg41620],

In this study, we used CIM in the perioperative period as
an adjuvant immunomodulatory agent, and studied its effects
on peripheral blood lymphocytes, NK cellsand TIL in a
randomized controlled clinical trial in patientswith Gl cancer.
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MATERIALS AND METHODS

Study design

Thiswas a prospective, randomized clinicd trial. The subjects
included in this study were selected from patients with
pathologically confirmed Gl cancer who were admitted to the
Department of Oncology, Zhongnan Hospital of Wuhan
University, from Sept.1997 to May 1998. The entry criteria
were: primary Gl cancersindicative of surgery, no preoperative
evidenceof distant metastasis, no history of previousimmunity-
impairing chronic diseases such as diabetes mellitus, and no
history of preoperative chemotherapy, radiotherapy or
immunotherapy. From atotal of 125 patients admitted during
this period, 49 eligible patients were recruited and staged
according to the International Union against Cancer
Classification. After signing informed consent forms, the
patients were randomized into treatment group (n=25) and
control group (n=24). The clinico-pathological characteristics
of the two groups were comparable and balanced. The patients
in treatment group started oral CIM treatment (Tagamet,
Tianjin Smith Kline and French Laboratories Ltd.) at the dose
of 400 mg, tid, 7 days before operation until the operation
day. During and after operation, they were given CIM at
600 mg, i.v. drip, bid, until the 10th postoperative day. The
patients in control group received similar routine treatment
except for perioperative CIM intervention. All the patientsin
both groups underwent curative resection of cancer.

Separation of peripheral blood mononuclear cells (PBMCs)
and immunocytochemical staining

From all the patients in both groups, 2 ml of venous blood was
taken and heparinized at admission, before operation, on the
2nd and the 10th postoperative days, respectively. PBMCswere
obtained immediately by standard Ficoll-Hypague gradient
centrifugation at 2 000 rpm for 20 min at 4 ‘C and smeared
onto dlides, dried and fixed for immunocytochemical staining.
The primary antibodies were mouse-anti-human CDs, CD,,
CDs and CDs; monoclonal antibodies (Sigma Chemical
Company, St Louis, MO, USA) for the detection of total T
lymphocytes, helper T lymphocytes, inhibitor T lymphocytes
and natural killer (NK) cells, respectively. The primary
antibody was visualized with avidin-biotin-peroxidase
supersensitive kit (Wuhan Boster Bioengineering Co. Ltd.,
Wuhan, China). The slides were counterstained with methyl
green. PBMCs from 20 healthy controlswere processed in the
same way as hormal controls.

The slides were mounted and viewed under binocular
microscope (Olympus, Japan) by an independent viewer.
Positive cellswere stained green in nuclel and yellow-brownin
cytoplasm and cell membrane (Figure 1). A total of 200 cells
were counted on each slide and positive cells were recorded.
The immunocytochemical staining procedure was repeated 3
times and the percentage of each cell subpopulation was
calculated and expressed as mean + standard deviation (X+s).

Immunohistochemical study on TIL in surgical specimens

Immediately after resection, the specimens were cut open and
washed clean. For each patient, three pieces of tumor samples
were taken at different sitesfrom the peripheral margin of the
tumor, fixed in 10% neutral formalin and processed in standard
histopathology procedure. For observation of TIL responses,
conventional HE staining was performed on the 4 mm thick
tissue sections. Immunohistochemical staining on the sections
was conducted for subpopulation study of TIL, with anti-
CD; monoclonal antibody to recognize T lymphocytes and
anti-CD,, monoclonal antibody to recognize B lymphocytes
(both from Sigma). The immunohistochemical staining
procedure followed a standard protocol. The sections were

counterstained by hemotoxylin, mounted and interpreted
under microscope. The number of TIL wasrecorded in five
high power (HP, 200x) view fields randomly chosen at the
tumor border. The degree of TIL response was determined
based on amodified grading system by Jass?. Grade | (&):
no TIL response, in which there were less than 10 infiltrating
lymphocytes per HP view field; grade Il (+): mild TIL
response, in which there were 10-100 infiltrating lymphocytes
per HPview field; grade 11l (++): intermediate TIL response,
in which there were 101-200 infiltrating lymphocytes per HP
view field; and grade IV (+++): prominent TIL responsein
which there were over 201 infiltrating lymphocytes per HP
view field. Grades | and Il TIL responses were defined as
poor responses and grades 111 and IV lymphocyte responses
as significant responses.

Figure 1 Immunocytochemical staining of PBMCs with
monoclonal antibodies to CDs;, CD,, CDs and CDs,. Positive
cells were stained green in the nuclei and yellow-brown in
cytoplasm and cell membrane. The microphoto showed CD;
positive cells.

Statistical analysis

All data were expressed as mean * standard deviation (X+s).
Analysis of variance (ANOV A) was used to process the data
within groups. Student’ st test and chi-square test were used to
eva uate the differences between groups. For the comparison
in TIL response among different tumor TNM stages, Fisher’ s
exact test was used. All the tests were two-tailed with alevel
of significance P=0.05.

RESULTS

Clinico-pathological characteristics of patients

A totd of 49 eligible patients were enrolled in this study, 25 of
whom were randomized into treatment group and 24 into
control group. Their clinico-pathological characteristics are
detailed in Table 1. There were no statistically significant
differences in demographic and histopathologic variables
between the two groups (P>0.05) (Table 1).

Percentages of lymphocyte subpopulations at baseline

At randomization, the percentages of CD;*, CD,*, CDs;" cells
and the CD,*/CDg" ratio in both treatment and control groups
were lower than those in normal control (P<0.001), and the
percentage of CDg" cellswas higher in treatment and control
groups than in normal control (P<0.05) (Table 2). There
were no statistically significant differences between the
treatment and control groupsin the percentages of the above
parameters, implying that the patients were well balanced
with regard to peripheral lymphocyte subpopulations at
randomization. The results indicated that the cellular
immunity was significantly decreased in patients with Gl
cancer in this study population.
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Table 1 Clinico-pathological characteristics of 49 Gl cancer
patients

Parameters Treatment group Control group
(n=25) (n=24)

Age ()

Mean (range) 50 (25-73) 53 (27-78)
Gender

Male 13 16

Female 12 8
Tumor sites

Stomach 6 5

Colon 3 3

Rectum 16 16
Pathological types

Tubular adenocarcinoma 14 12

Papillary adenocarcinoma 3 3

Villous adenocarcinoma 2 1

Signet-ring-cell carcinoma 2 3

Mucous adenocarcinoma 4 5
TNM stages

| 3 5

] 7 9

i 9 6

v 6 4
Tumor differentiation

Well differentiated 5 6

Moderately differentiated 8 7

Poorly differentiated 12 11

All the variables showed no statistically significant differences
between the two groups (P>0.05).

Table 2 Baseline values of lymphocyte subpopulations in pe-
ripheral blood mononuclear cells of normal control, treatment
and control groups (%, X+s)

GroupS n CD:;+ CD4+ CDB+ CD57+ CD4+/CD3+

Normal 20 67.1+6.3 40.24¢5.1 27.7#5.0 18.5+2.31 1.49/0.24
control
Treatment 25 60.846.3° 33.6+4.2° 30.6+5.2 14.8+4.4* 1.15+0.34°

Control 24 60.5+4.6° 33.4+3.7° 31.0£3.9° 15.0+2.8% 1.11+0.25°

2P<0.05 vs normal control, °P<0.01 vs normal control.

Changes in lymphocyte subpopulations in PBMCs during CIM
treatment

During the perioperative period, dynamic changes in the
percentages of peripheral blood lymphocyte subpopulations
wereobserved in both treatment and control groups. Preoperative
treatment with CIM for 1 wk had positive effects on the
percentages of CD;*, CD," lymphocytes, and CD,*/CDg" ratio.
CD;* cells were increased from 60.8+6.3% at randomization
to 63.0+4.9% after CIM treatment for 1 wk. After operation,
CD;" cellswere decreased to 60.3+5.4% on the 2nd postoperative
day, and recovered gradually thereafter until it reached
64.2+3.9% on the 10th postoperative day, which was higher
than the pretreatment level. In contrast, the percentage of CD;*
cells in control group continued declining during the
perioperative period, and became significantly lower than that
in the treatment group on both the 2nd and 10th postoperative
days. The changesin CD," and CDs;" cells followed a similar
pattern (Table 3, Figures 2, 3, 4).

Effects of CIM treatment on TIL
In addition to routine histopathological examinations of

resected specimens, all the tumor sections were reviewed for
the presence of peritumor lymphocytesand TIL responses. Six
out of 24 patients (25%) in control group had discernible
lymphocyte infiltration in the peritumor area, whereas 17 out
of 25 cases (68%) in CIM treatment group had obvious TIL
responses (P<0.01) (Table 4).

Table 3 Changes of lymphocytes and NK cells in perioperative
period (%, Xs)

Perioperative period

Items Groups

A B C D
CD;* Treatment 60.846.3  63.0+4.9¢ 60.3+5.42 64.2+3.9¢
Control 60.5+4.6 61.0+2.7 56.2+3.8°¢  58.6+4.0%°
CD,* Treatment 33.6x4.2 36.3+3.4% 32.8+4.0¢ 36.616.2¢
Control 33.4+3.7 32.8+3.3° 28.1+3.4°¢  30.4£3.3%°
CDg*  Treatment  30.6£5.2  29.6+4.3 31.1+4.3 29.4+3.6
Control 31.0+3.9 31.2+48  32.9+4.4®  32.1%#5.3
CDs;* Treatment 14.844.4  15.7+3.8  17.2+3.7 21.1+4.5°
Control 15.0+2.8  13.1+2.5  14.2+2.2° 15.6+1.7°

1.15+0.34 1.25+0.23* 1.08+0.21¢ 1.27+0.30°
1.11+0.25 1.08+0.22° 0.87+0.17° 0.98+0.24%

CDs* Treatment
/CDg" Control

A: at admission, B: before operation, C: on the 2nd postopera-
tive day, D: on the 10th postoperative day. *P<0.05, “P<0.01, B
vs A, C vs B, D vs C; PP<0.01 vs treatment group.
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Figure 2 Changes in CD;* cell percentages in perioperative
period. A: at randomization; B: before operation; C: on the 2nd
postoperative day; and D: on the 10th postoperative day. The
difference in CD;* percentages between treatment and control
groups at time points C and D was statistically significant,’P<0.01.
The difference in CD;* percentages on the 10th postoperative
day and the randomization day was statistically significant for
both treatment and control groups, “P<0.01.
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Figure 3 Changes in CD,* cell percentages in perioperative
period. A: at randomization; B: before operation; C: on the 2nd
postoperative day; and D: on the 10th postoperative day. The
difference in CD,* percentages between treatment and control
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groups at time points C and D was statistically significant,’P<0.01.
The differences in CD,* percentages on the 10th postoperative
day and the randomization day was statistically significant for
both treatment and control groups, “P<0.01.

25

N
o
T

[
[¢,]
T

=
o

—&— Normal
| —#— Treatment
—— Control

[6;]

CD,," cell percentages (%)

0 | | | |
A B C D

Time course

Figure 4 Changes in CDs;" cell percentages in perioperative
period. A: at randomization; B: before operation; C: on the 2nd
postoperative day; and D: on the 10th postoperative day. The
difference in CDs;* percentages between treatment and con-
trol groups at time points C and D was statistically significant,
bP<0.01. The differences in CDs;* percentages between treat-
ment group and normal control on the 10th postoperative day
was statistically significant, 9P<0.01.

Table 4 TIL responses in treatment and control groups

SR PR
Groups Total Rate (%)
+++ ++ + +
Treatment 9 8 6 2 25 68°
Control 2 4 9 9 24 25
Total 23 26 49

SR=significant response, PR=poor response. "P<0.01 vs con-
trol group, chi-square test.

There was a negative correlation between TIL response
and the clinico-pathological stages of the tumor (Table 5). In
control group, TIL responses were mainly observed in TNM
stages | and Il cases, and there were very few peritumor
lymphocyte responsesin stages 111 and 1V cases. In contrast,
there were obvious TIL responsesin 78% (7/9) of TNM stage
Il cases and 83% (5/6) of stage IV casesin CIM treatment
group, both of which were significantly higher than those in
control group (P<0.05 and P<0.01, respectively, Fisher’ sexact
test) (Figure 4). Immunohistochemical studies of the specimens
revealed that most of the TILs were CD3* T lymphocytes
clustered around tumor tissues. There were few CDy" cellsin
TIL population.

Table 5 Comparison in TIL responses by TNM stages between
control and treatment groups

TNM  Groups Poor Significant Response

stages response response rate (%)

| Treatment 2 1 33
Control 3 2 40

1 Treatment 3 4 57
Control 6 3 33

11 Treatment 2 7 78°
Control 5 1 17

v Treatment 1 5 83°
Control 4 0 0

ap<(0.05, °P<0.01, vs control (Fisher’s exact test).
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Figure 5 TIL responses in surgical specimens in treatment and
control groups. In control group, there was a progressive de-
crease in TIL responses with increase of TNM staging. On the
other hand, the treatment group showed a steady increase in
TIL responses after CIM treatment for 1 wk. The differences in
TIL response rates were statistically significant between treat-
ment and control groups for TNM stages Il and IV diseases
(®P<0.05 and "P<0.01, respectively, Fisher’s exact test).

DISCUSSION

To date, surgical resection remains the only approach that can
offer possible cure for Gl cancer patients. However, operation
itself is a double-edged sword to cancer patientsin terms of
tumor immunology. On the one hand, a successful operation
can remove tumor burden which isimmuno-suppressive. This
will help bring about an improved clinical outcome for most
patients. On the other hand, the operation itself isamajor blow
to the immune system. Lines of evidence suggest that surgical
patients undergo a period of immunodepression immediately
after operation, the length of which depends on many factors
such asthe general status of the patients, extent of the operation
itself, pre-operative treatment. Previous studies demonstrated
that T helper cells decreased and T suppressor cellsincreased
significantly asearly as1 day after surgery!?24, Many subsequent
studies also confirmed that surgery for patients with lung
cancer!®!, esophagea cancer®, gastric cancer’?? and colorectal
cancer?¥ induced immediate severe immunosuppression. For
cancer patients, an important function adversely affected by
thisimmunosuppression is the anti-tumor response itself. This
immunosuppression might increase the chance of accelerated
growth of residual tumors or micro-metastases aready present
at the time of surgical resection. As a result, postoperative
immunosuppression maybe one of the major contributing
factors for post-operative recurrence and metastases. |ndeed
our previous study found alocal recurrent rate as high as
34.27% for rectal cancer 5 years after curative resection, most
of which (89.04%) occurred 3 years after operation*y. Other
studies also revealed that 7% to 65% of rectal cancer patients
would develop local recurrence after curative surgery!®34,
Therefore, how to effectively improve peri-operative immunity
of Gl cancer patients remains amajor challenge of significant
clinical importance.

Many researches have been conducted to tackle this
problem, and one approach is to use small molecular
immunomodulator drugs such as CIM, a histamine H, receptor
antagonist. It has long been observed that histamine was a
growth factor for certain cancers and could, by itself, stimulate
tumor cell proliferationi**2, As one of the many important
chemo-mediators involved in immune responses, histamine
had inhibitory effects on immune response’®* via its H,
receptors®. It was discovered that T suppressor cells, which
are part of the regulatory arm of the immune system, could
express histamine receptors on their surface“®*2, and histamine
was capabl e of suppressing the immune response by activating
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these T suppressor cell§*. Many tumors, particularly colorecta
cancer, secrete histamine resulting in elevated histamine levels
within the tumor. Histamineis also often secreted in responseto
surgical resection of colorectal cancers. All thesefactorsworking
together will create an immuno-suppressive environment both
in the area of tumor growth and in the whole body, facilitating
tumor growth.

Several clinical studies have shown that administration of
CIM could help reduce the immuno-suppression due to
increased histamine level in the tumor environment{t516:44-461,
In vitro studies a so demonstrated that CIM could inhibit the
adhesion of some breast cancer cells*", and the adhesion of
human colon cancer cells to human umbilical cord cells*, a
very important step in tumor growth and progression. In vivo
experimental studies also showed that daily administration of
CIM to amouse model of colon cancer significantly retarded
tumor growth by up-regulating the expression of tumor-
suppressive cytokines*!, and the use of CIM also retarded
the growth of human melanomain a nude mouse model and
prolonged the survival of tumor bearing SCID mice by
directly inhibiting the proliferation of tumor cells and
indirectly promoting theinfiltration of activated macrophages
to tumor sitel®1,

In line with previous findings, our study discovered the
diminished cellular immunity in GI cancer patients. Compared
with normal controls, thetotal T lymphocytes (CD;"), T helper
lymphocytes (CD,*), and NK cells (CDs;") were significantly
decreased in Gl cancer patients. This reflects the nature that
Gl tumor burden exertsinhibitory effects on immune system.
Moreover, the percentages of these immune cells showed a
continuously declining trend with the progression of the
disease, asreflected by the finding that patients with advanced
TNM stage tumors had a more profound decrease in these
immune cellsthan those with early stage tumors. Surgery itself,
while removing the tumor burden, did have a temporary
negative impact on host cellular immunity, as reflected by the
marked declinein total T lymphocytes, T helper cells and NK
cells in the immediate post-operative period. This decline
continued with adownhill course in control group, in which
no immunity-boosting therapieswere given besides conventional
surgical treatment. It is noteworthy that total T cells, T helper
cellsand NK cellsdid not return to basdline level 10 days after
curative resection. This again highlighted the fact that while
most patientsin control group were physically recovered from
operation at this time, they were far from immunologically
recovered, and someinterventiona measures should bewarranted
to facilitate the recovery of cellular immune functions.

In contrast to control group, patients in treatment group
showed favorable responsesto CIM therapy intermsof cellular
immunity parameters. After CIM treatment for 1 wk, total T
cells, T helper cells and NK cells showed a slow but steady
increase, although the increments did not reach statistical
significancefor NK cdlls, they did reach statistical significance
for both total T cellsand T helper cells. However, their levels
were till lower than those found in normal controls, implying
that while Gl cancer patients have reduced their cellular
immunity, they were nevertheless responsive to immunity-
boosting measures, although such measures alone could not
efficiently restore the hosts' cellular immunity to the level of
normal controls. The data demonstrated again that surgery
itself reduced cellular immunity, but to a much less degree, as
aresult of CIM treatment. Moreover, such reductions were
quickly addressed and a positive balance was reached 10 days
after CIM treatment, as reflected by the fact that the total T
cells, T helper cells and NK cells on the 10th postoperative
day were significantly higher than the baseline level (at
randomization). Although total T cells, T helper cells were
not up to the level of normal controls, NK cellsdid exceed the

level of normal controls. If the cellular immunity parameters
for both treatment and control groups on the 10th postoperative
day were analyzed, it would be obvious that CIM treatment
did exert remarkable boosting effects on cellular immunity
parameters.

The current study also demonstrated that immunity-
enhancing effects of CIM treatment were not limited to
peripheral blood immune cells alone, it also enhanced TIL
response at the tumor site, aswas reveaed by the findings that
while 25% of the patientsin the control group had discernible
TIL responses in the peri-tumor area, as high as 68% of cases
in the treatment group showed obvious TIL responses. As
demonstrated by immunohistochemical studies, most of the
TILs were T lymphocytes. TILs have been found to be the
highly effective tumoricidal lymphocytes’®>%4, and TIL
treatment could decrease the relapse rate and prolong the
survivd of stagelll melanoma patients with one positive lymph
node®>%e, and the overall survival of stage IV gastric and
colorectal cancers® %, and induce regression of metastatic
tumors in the lung, liver and lymph nodes in patients with
advanced melanoma after lymphodepletion’®. The enhanced
TIL response at the tumor site induced by CIM treatment,
therefore, might hel p reduce tumor aggressiveness and promote
local control.

In summary, the current randomized clinical trial
demonstrated that perioperative administration of CIM to Gl
cancer patients helped accelerate the recovery of cellular
immunity and boost TIL responses at the tumor sites. This has
potential therapeutic implications. Since circulating T
lymphocytes and NK cells are major defense mechanisms
against tumor cells released into the circulation, and TIL is
one of the most crucial factorsrestricting local tumor growth
and progression, it isdesirableto useit asan immunomodul ator
in the perioperative period. Moreover, since CIM has many
other favorable effects besides immunomodulation on
lymphocytes, such as activating macrophages, increasing tumor
inhibitory cytokines*!, enhancing the antigen presenting
capacity of dendritic cell§%, reducing tumor cell proliferation,
inhibiting tumor cell metagtasi s via anti-adhesion mechanismg*
and increasing the overall survival of colorectal cancer patients
with high levels of salyl Lewis-X and sialyl Lewis-A epitope
expression on tumor cellg®, it is therefore advisable to use
this low cost, convenient and almost nontoxic drug as a
practical immunity-enhancing measure for Gl cancer patients.
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Abstract

AIM: TT virus (TTV) is a newly described DNA virus related
to postransfusion hepatitis that produces persistent viremia
in the absence of clinical manifestations. PEG-IFN plus
ribavirin have been useful in the treatment of chronic hepatitis
C infection. This study investigated the responses of TT virus
(TTV) and hepatitis C virus (HCV) to PEG-IFN plus ribavirin
therapy.

METHODS: Fifteen patients infected with HCV were treated
with PEG-IFN(0.5 ng/body weight/week) and ribavirin
(1 000 mg-1 200 mg/daily) for 48 weeks. Blood samples were
drawn at the beginning and the end of the therapy. Serum
TTV DNA and HCV RNA were quantified by real time PCR.

RESULTS: At the beginning of treatment, TTV infection was
detected in 10/15 (66.6%) of HCV-infected patients. Loss
of serum TTV DNA at the end of therapy occurred in 6/10
(60%) patients. Out of these 6 patients, 4 (67%) became
positive for TTV DNA after 6 months of therapy. Regarding
HCV viremia, 11/15 (73%) patients were negative for serum
HCV RNA after 48 weeks of therapy, 7/11 (64%) of these
cases also became negative for TTV DNA following the
combined treatment. In the 3/4 (75%) patients who were
positive for HCV RNA at the end of therapy, TTV DNA was
detected as well. Sustained HCV response at 6 months after
treatment was 53% (8/15).

CONCLUSION: No TTV sustained response can be achieved
in any patient after PEG-IFN plus ribavirin administration.

Moreno J, Moraleda G, Barcena R, Mateos M, del Campo S. Response
of TT virus to IFN plus ribavirin treatment in patients with chronic
hepatitis C. World J Gastroenterol 2004; 10(1): 143-146
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INTRODUCTION

TT virus (TTV) has been recently identified in patients with
elevated alanine aminotransferase (ALT) levels following
transfusiond¥. TTV presents an extreme diffusion of active

infection throughout the world?. It isknown that TTV may be
highly contagious although its way of spread is poorly
understood. However, its high prevalence rate among the
peopl e receiving or being in contact with blood products could
indicate that TTV can be parenterally transmitted®. Although
it has been proposed that TT virus be responsible for the small
proportion of acute and chronic forms of hepatitis that still
remain unsolved, no other illness has yet been attributed to the
virus. The TTV genomeisacircular, single-stranded DNA of
negative polarity, which shares similarities with members of
the Circoviridae family and, in contrast to DNA viruses, TTV
isolates exhibit a high level of genetic heterogeneity!*®..
Hepatitis C virus (HCV) isthe major cause of chronic liver
infection which may progress to cirrhosis and eventually to
hepatocellular carcinoma (HCC)®. Recently, pegylated
interferon (PEG-IFN), initially alone and later in combination
with ribavirin, a nucleoside analogue with a broad antiviral
activity against avariety of DNA and RNA viruses, hasprovided
new perspectivesfor the treatment of most patientswith chronic
HCV infection!”®, Co-infection of TTV and HCV iscommonly
seen maybe because both viruses share the same transmission
routes such as blood transfusion!®. In previous studies, IFN
therapy was reported to be effective against TTVECM but the
possible susceptibility of the virus to the combination of PEG-
IFN plusribavirin trestment has not yet been investigated. Thus,
weinvegtigated the response of TTV infection to PEG-IFN plus
ribavirin therapy in patients with chronic hepatitis C and
evauated whether PEG-IFN plus ribavirin combined therapy
on chronic hepatitis C was influenced by a TTV co-infection.

MATERIALS AND METHODS

Patients

We enrolled randomly in the study 15 patients (11 males and
4 females, mean age: 41.6 years, range: 30 to 57 years) with
chronic HCV infection who had undergone PEG-IFN plus
ribavirin therapy. The diagnosis of chronic hepatitis was made
on histological (stage of fibrosis and grade of activity) and
biochemical liver function tests. Five patients had a history of
blood transfusion, 6 acquired HCV infection by parenteral route
(intravenous drug abusers, tattoos..) and in 4 patients the
transmission route was unknown. Biochemical and virological
features of the patients are shown in Table 1.

PEG-1FN was administered intramuscularly at a dose of
0.5 ng/body weight/week, ribavirin was given ordly at a dose
of 1 000-1 200 mg/daily (weight adjusted) for 48 weeks. Blood
sampleswere taken at the baseline time and when therapy was
stopped. To evaluate the effects of PEG-IFN plus ribavirin,
levelsof ALT, TTV DNA and HCV RNA were evaluated at
each time. TTV and HCV clearance was defined as the
disappearance of serum TTV DNA and HCV RNA after 48
weeks of combined treatment. All patients gave written
informed consent before enrollment in the study, which was
approved by the Ethics Committee of the hospital.

Detection and quantification of TTV DNA
Total DNA was purified from 200 pl of serum using the high
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pure viral nucleic acid kit (Roche Diagnostic, Mannheim,
Germany) and eluted in 50 pl distilled water. TTV DNA was
subjected to nested PCR for qualitative analysis. First PCR
was performed with primer pair NG054/NG132*2 and nested
PCR with primer pair T801/T9351*¥. In those positive samples
for virdl DNA, TTV DNA quantification was carried out with
real time PCR by the SYBR Green approach using primers
targeting a fragment of the untrandated region (UTR) of the
viral genome as previously described by Garcia et al*4.

HCV markers

HCV antibodies (anti-HCV) were determined by immunoassay
(Ortho Diagnostic System, Raritan, NJ). Serum HCV RNA
levels were measured using the Amplicor HCV monitor test
(Roche). HCV genotyping was carried out using the Inno-Lipa
HCV test (Innogenetics).

Statistical analysis

Statistical analyseswere performed using Student’ st test. Data
were analyzed with the computer program SPSS (SPSS Inc.,
Chicago, IL, USA). A probability (P) value lessthan 0.05 was
considered statistically significant.

RESULTS

Detection and response of TTV to PEG-IFN plus ribavirin
therapy

Fifteen patientsinfected with HCV were monitored randomly
for levelsof TTV and HCV in serum, at the beginning and end
of PEG-IFN plus ribavirin combined treatment. Of the 15
patients, serum TTV DNA could be detected in 10/15 (67%)
by real time PCR at the beginning of therapy, with aTTV
value that ranged from 1.3x10® to 1.7x10° genomes/ml of
serum (mean: 3.4x10* genomes/ml). After 48 weeks of PEG-

Table 1 Features of patients in the study

IFN plusribavirin therapy, 6/10 patients (60%) lost serum TTV
DNA. Regarding the 4 patients who <till had detectable serum
TTV DNA, TTV value ranged from 10° to 4x10* genomes/m
of serum (mean: 1.4x10*genomes/ml). In 3/4 patients (75%)
positive for TTV, circulating HCV RNA was detected
simultaneoudly after completion of the combined therapy. With
respect to these 4 positive TTV DNA patients, at the end of
treatment and relative to baseline levels, 3 patients (75%) had
areduction of serum TTV load and 1 case (25%) presented an
increase in the levels of serum TTV DNA. The latter patient
presented agrade |l fibrosiswhile the remaining 3 individuals
presented agrade | fibrosis (Table 1).

When TTV DNA was analyzed at 6 months after stopping
PEG-IFN plusribavirin administration, four responders (67%)
had arelapse of TTV viremia, in the 2 remaining cases no
serum samples were available (Table 1). The 4 patients, who
did not eliminate TTV DNA at the end of treatment, still
maintained DNA during the follow-up period. With respect to
the 5 TTV DNA negative patients at the beginning of therapy,
1 (20%) became positive for TTV after stopping combined
therapy, 2 (40%) cases remained negative for TTV and in 2
individuals viral marker was not determined (Table 1).

Serum TTV DNA leve with respect to HCV in non-responder
and responder patients to PEG-IGN plus ribavirin treatment
was also analyzed and no statistically significant differences
were found when pretreatment serum samples were compared
between both groups (P=0.281). However, we observed that
those patientseliminating TTV at the end of therapy presented
a lower basal HCV load when compared with the non-
responder TTV patients (1.1x10° vs 2.1x10° genomes/ml,
respectively P=0.03). Regarding the changes of ALT levels,
no statistical differences were observed when they were
analyzed between TTV responder and non-responder (Table
2). In contrast, serum ALT level was persistently maintained

Patient HCV Fibrosis Before treatment End of treatment 6 months after treatment
No. Genotype

ALT TTV HCV ALT TTV HCV ALT TTV HCV
1 la | 51 1.7x10° 5x10° 26 - - 83 + ND
2 la 11 139 1.5x10° 9.4x10° 35 - - 19 ND -
3 la 11 102 1.7x10° 8x10° 30 - - 11 + -
4 1b 11 225 1.1x10* 1.1x108 29 4x10* - 27 + -
5 la ] 82 1.4x10° 9x10° 30 - - 168 1.9x10¢
6 1b 11 92 1.3x10° 1.5x108 42 - - 48 + -
7 3a ] 117 1.8x10* 2.4x108 9 - - 23 ND -
8 1b 11 102 - 1.5x108 59 - - 39 - -
9 1b | 86 5.7x10* 7x10° 30 1.3x10*  6x10° 44 9.9x10°
10 1b | 183 9x10* 26 - - 17 + -
11 la | 77 - 2.5x108 16 - - 27 ND -
12 1b | 72 4.6x10* 2x10° 36 10° 3.5x10° 76 + 5x10°
13 la 11 101 2.3x10° 47 - 3x10* 153 ND +
14 1b | 68 - 5x10° 29 - - 56 - 2x10°
15 la | 29 3.1x10* 6.3x10°8 13 2.5x10%  2.1x10°8 30 + +

ALT level was expressed as IU/L. TTV and HCV loads were expressed as viral genomes/ml of serum.

Table 2 Changes of ALT levels in TTV and HCV responder and non-responder patients to PEG-IFN plus ribavirin therapy

TV

Responders (n=6)  Non-responders (n=4)

97.16+30.18
28.66+11.09

103.0+84.87
27.00+9.83

Before therapy
End of therapy

HCV
Pa Pa
Responders (n=11) Non-responders (n=4)
0.09 112.54+51.90 72.00£31.01 0.33
0.92 30.09+12.96 31.50+14.20 0.76

ALT level was expressed as IU/L. 3Student”s t-test.
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in the normal range before and after the combined therapy in
one patient who did not eliminate TTV and HCV (Table 2,
patient No. 15).

HCV response to PEG-IFN plus ribavirin treatment
Pretreatment serum HCV RNA values ranged between 9x10*
and 6.3x10° genomes/ml of serum (mean: 1.36x10°genomes/ml).
The decline of HCV viremiawas clearly evident after therapy
and the response rate was 73% (11/15). When serum HCV RNA
pretreatment levelswere compared between non-responder and
responder patients, the difference was statistically significant
(1.85x10° vs 1.15x10° genomes/ml, respectively; P=0.005).
Sustained HCV response after 6 months of treatment wasfound
in 8/15 (53%) patients, 2 patients (13%) became HCV RNA
positive during the follow-up period and in one case no serum
sample was available for the detection of HCV RNA (Table1).
Following combined therapy, baseline and final ALT levels
between responder and non-responder patients were compared
but the differences between both groups were not statistically
significant (Table 2).

DISCUSSION

Many studies have been done trying to assess whether TTV
could cause liver disease, but its molecular properties and its
pathogenic potential are still poorly understood. Different
epidemiological studies have clearly indicated that TTV isa
transmissible blood-borne virus sharing common transmission
routes with hepatitis viruses. Then, coinfection of TTV was
frequently observed in patients with chronic hepatitis C'%. We
found that 66.6% of our patientsinfected with HCV were TTV
DNA-positive, which confirms previous studies showing that
the prevalence of TTV infection varied between 30%-88%1519,

It has been reported that TTV infection treated with IFN
alone had aresponse rate of 62%-83% after monotherapy!**7.
Our data showed that 60% of the TTV -infected patients could
eliminate TT virus at the end of PEG-IFN plus ribavirin
combination treatment. By comparing our results with earlier
published studies, the novel and interesting information
obtained from our work isthat the treatment of TTV infection
with PEG-IFN plusribavirin, for aperiod of 48 weeks, did not
promote an additional and increased responseto therapy. Then,
ribavirin did not produce any effecton TTV replication because
of the similar sensitivity of TTV to combined treatment or to
standard IFN monotherapy. Moreover, in these published
studies the sustained TTV response after 6 months of therapy
was decreased to 32%-50%!*. In contrast, in our series no
sustained clearance of TTV was achieved in any patient after
6 months of combined therapy. It is well known that TTV
tended to last many yeard*¥ although spontaneously resolved
viremias after short periods of time were described in the
literature®. That the majority of our TTV responder patients
relapsed during the follow-up period could suggest the
possibility that TTV could become temporarily latent, as a
result of the sensitivity of TTV to PEG-IFN during its
administration, and that a new reinfection of the virus occurred.
In other words, it was possible that TTV could persist in other
type cells such as peripheral blood mononuclear cells where
TTV persistence could occur™. Among other explanations, it
could be possible that because of TTV high level of genetic
diversity, viral genomes with different PEG-IFN sensitivities
could arise over time. Finally, we suggest that TTV response
to PEG-IFN may be affected by a combination of virus and
host factors as observed in other viruses?!.

With respect to the effect of PEG-IFN plus ribavirin
administration for the treatment of chronic hepatitis C, this
study confirms earlier reports in which HCV infection
responded positively to the combined therapy with ahigh rate

of vira clearance and normalization of ALT levels during the
treatment period. Both factors occurred in HCV/TTV-
coinfected patients aswell asin non-coinfected ones, soit could
be suggested that the response of HCV to IFN-PEG plus
ribavirin treatment was not affected by TTV coinfection.
Moreover, in those patients without sustained TTV response
ALT levels were normal in contrast with those who had a
HCV relapse. Then, in agreement with other published
studies, TTV might not have any clinical association with
producing HCV hepatitis'*®??, Furthermore, another
interesting result from our study was that PEG-1FN plus
ribavirin therapy seemed to be specialy efficaciousin patients
with more advanced liver diseases such as grade Il fibrosis.
Thus, in 45.5% of HCV responder patients with advanced
fibrosis, only 25% of non-responder ones presented a minor
grade fibrosis, which supported the beneficial effect of PEG-
IFN on patients with difficult-to-treat diseases reported in
previous studieg??4,

In conclusion, TTV has a similar response rate to PEG-
IFN plusribavirin combined treatment or to IFN monotherapy,
suggesting that neither PEG-1FN nor ribavirin has any
additional effect on TTV replication. Furthermore, TTV relapse
was found in most of the responder patients after the combined
therapy was stopped for 6 months, so it seemslikely that TTV
isnot as sensitiveto PEG-IFN as HCV.
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Abstract

AlIM: To evaluate the synergistic antitumor effects of herpes
simplex virus thymidine kinase (HSV-TK) together with tumor
necrosis factor alpha (TNF-a) or interleukin-2 (IL-2) gene
expression on gastric cancer cell line SGC7901.

METHODS: Recombinant vectors pL(TT)SN and pL(TI)SN,
which express TK-IRES-TNF-a and TK-IRES-IL-2 genes
separately, as well as the control plasmids pL(TK)SN and
pLXSN were employed to transfect PA317 cells respectively
to generate the viruses that can stably express the objective
genes through G418 selection. The gastric cancer cells were
then transfected by the retroviral serum from the package
cells and maintained in culture to determine the cell growth
and apoptosis. The cytotoxic effects of HSV-TK together
with TNF-a or IL-2 gene expression on the transfected cancer
cells were evaluated by the cell viability and bystander effects
in the presence of GCV supplemented in the cultural medium.

RESULTS: Expression of recombinant proteins including
TNF-a and IL-2 by stable transfectants was confirmed by
Western blotting. The percentage of cell apoptosis in the
SGC/0, SGC/TK-TNF-a, SGC/TK-IL-2 and SGC/TK clone was
2.3%, 12.3%, 11.1% and 10.9% respectively at 24 h post-
transfection. Cell growth status among all the experimental
groups as judged by cell absorbance (A) at 570nm did not
exhibit any significant difference (P>0.05); although it was
noted to be slightly lower in the SGC/TT group. Cell survival
rate in SGC/TI, SGC/TT and SGC/TK group was significantly
decreased in a dose-dependent manner of GCV compared
with that of the SGC/0 group (P<0.05-0.01). Among all
studied cells, the SGC/TT was shown most sensitive to GCV
with a half lethal dose of 0.5 mg- L. In contrast, the survival
rate of SGC/0 cells was not affected by the presence of GCV
with the doses less than 10 mg- L. The half lethal dose of

GCV for SGC/0 cells was more than 100 mg- L'*. Marked
bystander effect induced by SGC/TI, SGC/TT and SGC/TK
cells was confirmed by the fact that 20% of these stable
transfectants could kill 50% of the co-cultured cells, in which
the most prominent bystander effect was found in the
circumstance of SGC/TT presence. However, no significant
difference of these variables was found among SGC/TI,
SGC/TT and SGC/TK cells (P>0.05).

CONCLUSION: The synergistic antitumor effects produced
by the co-expression of HSV-TK with TNF-a or IL-2 genes
were not present in the transfected SGC7901 cells. The
mechanism underlying these phenomena was not known.

Zhang JH, Wan MX, Yuan JY, Pan BR. Do there exist synergistic
antitumor effects by coexpression of herpes simplex virus
thymidine kinase with cytokine genes on human gastric cancer
cell line SGC7901? World J Gastroenterol 2004; 10(1): 147-151
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INTRODUCTION

Gastric cancer is one of the most prevalent malignanciesin
Chinal¥. Despite the recent progress in early diagnosis and
treatment of the disease, aggressive surgica or chemotherapeutic
interventions have not sufficiently prolonged the survival time
of patients with distant metastases?. Thus, searching for more
effective therapeutic modalities, especially for the stage 1V
gastric cancer patients, has become an urgent task in our daily
medical practice.

Thetransfer of suicide genesinto tumor cellsthat iscurrently
being studied as a method of treatment for various cancers has
made the target cells become sensitive to the pharmacol ogical
agents. Suicide gene therapy with the herpes simplex virus
thymidine kinase (HSV-TK) fragment, the most widely used
strategy for the cancer therapeutic study'™, has been shown to
exert antitumor efficacy in various cancer modelg*”. However,
its efficacy seems not to be fully developed to eliminate tumor
cellsin some of theinvestigationg®*3. Gene therapy with HSV-
TK and cytokine genestogether may produce acomplementary
effect, and has become a new insight for the treatment of
malignancieg®s 4,

Previoudly, we congtructed two retroviral vectors, pL(TT)
SN and pL(T1)SN, which have been confirmed to express TK-
IRES-TNF-a and TK-IRES-IL-2 genes respectively in the
gastric cancer cell line SGC79011*.. In the present study, the
synergistic antitumor effects of these vectors on human gastric
cancer cells were investigated in the presence of GCV to
confirm their efficiency.

MATERIALS AND METHODS

Cell lines and vectors
The mouse fibroblast cell line NIH3T3 and the amphotropic
retroviral packaging cells PA317 were the generous giftsfrom



148 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

January 1, 2004 Volume 10 Number 1

Dr. Yu Bing (Fourth Military Medical University, Xi’ an,
China). The human gastric carcinoma cell lines SGC7901
were obtained from Shanghai Institute of Biochemistry. All
of the cells were maintained in RPMI 1640 medium,
supplemented with 10% FBS (Hangzhou, Sijiging Biotech
Company), 2 mM L-glutamine, 100 units/ml penicillin and
100 ng/ml streptomycin. The PA317 was used asthe packaging
cell and the NIH 3T3 cells were employed to assay the virus
titre. The cell cultureswere maintained at 37 °C in ahumidified
atmosphere with 5% CO,.

The recombinant vectors pL(TT)SN and pL(TI)SN, which
express TK-IRES-TNF-a and TK-IRES-IL-2 genesrespectively,
as well asthe control plasmid pL(TK)SN carrying only TK
fragment were constructed and identified in our previous
study*. The empty plasmid PLXSN used as another control
vector was provided by Dr. Y u Bing (Fourth Military Medical
University, Xi’ an, China).

Establishment of stable transfectants

The retrovirus plasmids pL(TT)SN, pL(TI)SN, pL(TK)SN
and pLX SN were transferred into PA317 cells respectively by
lipofectamine (Gibco) according to the manual instructiong ¢,
After 48 h of transfection, G418 (Promega) was added to the
culture medium at aconcentration of 500 mg- L* to select G418-
resistant colonies. After 2-weeks' culture with the changing
of the G418-containing medium every 3 days, the supernatant
of G418-resistant colonieswas collected and diluted to different
concentrations to infect NIH3T3 cells, which were further
undergone the G418 selection for 2w, then the G418-resistant
NIH3T3 colonieswere counted for the determination of viral
titre®. The viral titers of pL(TT)SN, pL(TI)SN, pL(TK)SN
and empty plasmid pLXSN were 5x10° CFU/L, 6x10° CFU/L,
1x10° CFU/L and 1x10°CFU/L respectively.

A total number of 5x10° SGC7901 cells were incubated in
a6-well platefor 24 h, then rinsed with serum-free RPM| 1640
medium twice and incubated with 100 m supernatant of G418-
resistant PA317 colony for 3 h. After 4-weeks' cultivation,
the G418-resistant colonies designated as SGC/TK-TNF-a,
SGC/TK-IL-2, SGC/TK and SGC/0 respectively according to
the transfected vectors were collected and used both to confirm
the objective gene expression by Western blot and to perform
other determinations.

For Western blotting, the SGC/TT and SGC/TI cellswere
incubated respectively in the six-well plates at a density of
2.5x10° cells'well for 24 h, followed by a further cultivation
of 48 h with the culture medium replaced with 1 ml of serum-
free RPMI 1640. Then the serum-free medium was totally
collected, concentrated in a microconcentrator to 20 m and
subjected to electrophoresis on a 120 g- Lt SDS/PAGE gel.
Proteins were transferred to a nitrocellulose membrane and
incubated overnight in 50 ml- L™ fat free milk in PBSat 4 C.
After washed in 10 ml- L fat free milk, the membrane was
incubated with monoclonal antibody of mouse anti-rhiL-2 or
anti-TNF-a, followed by incubatino with horseradish
peroxidate-conjugated antimouse immunoglobulin. Proteins
weredetected by usngthe ECL kit according tothemanufacturer’ s
instruction (Amersham),

Determination of cell apoptosis

Cell apoptosis was quantitated by the protocol of flow
cytometry. Briefly, 100 m of the observed cells (2x10°) in
binding buffer and 5 m of FITC-conjugated annexin V/PI dual
staining reagents (Annexin V-FITC kit, Pharmingen, USA)
were transferred in turn into a5 ml culture tube and incubated
for 15 min at room temperature in the dark. After 400 i of
binding buffer was added into the culture tube, the flow
cytometric analysis for apoptosis was performed as soon as
possible within 12 h (FACScaliber; Becton. Dickinson, USA).

Cell growth assay

Cell growth was scaled in SGC/TI, SGC/TT, SGC/TK and
SGC/O0 cells as described in the referenced??!, Cells were
cultured in 24-well plate (Nuc, Co) at 37 ‘C in a humidified
atmosphere with 5% CO, and adjusted to adensity of 1.5x10*
cells'well at the time of determination. Cell absorbance (A)
at 570nm was determined each day for 6 days. The figures
obtained were used to draw acell growth curve.

MTT assay

An MTT assay was conducted to determine the cell survival
rate!?223, Following 24 h incubation, cells cultured in 96-well
plates were treated with different concentrations of GCV
(Roche Co.) and continued to be cultured for 6 d, when the
MTT mixture was added to medium and the cells were
incubated further for another 4 h. The absorbance of the cells
was measured at awavel ength of 525nm with amicrotiter plate
reader. The survival rate was expressed as A/Bx100%, where
A was the absorbance value from the experimental cellsand B
was that from the control by SGC7901 cells.

Bystander effect observation

Twenty-four hours after tumor cells were infected with
recombinant retrovirus, different proportions of transfected and
untransfected cells that were adjusted to a density of 1x10°
cells/well were co-cultured on 4-well flat-bottom plates at
37 °C for 5dinthe presenceof 5mg- L* GCV. Thecell survival
rate was measured by MTT method.

Statistical analysis

Quantitative variables are described as mean + standard error
of the mean. Categorical variables are expressed as percentages.
Comparisons between means were done with the Student’ st-
test. Comparison between percentages was performed with the
c?test. A P value <0.05 was taken as the criterion of statistical
significance.

RESULTS

Expressions of stable transfectants

The stable expression of recombinant proteinsin target cells
was confirmed by Western blot, in which two distinct bands
of 15ku and 17ku were observed on the nitrocellulose
membrane, corresponding to the fragment sizes of IL-2 and
TNF-a respectively (Figure 1).

1 2

Figure 1 Stably expressed recombinant protein in transduced
SGC7901 cells confirmed by Western blot. Lane 1: IL-2 (15ku)
expressed in SGC/TI cells; Lane 2: TNF-a (17ku) expressed in
SGC/TT cells.

Cell apoptosis

Cellsin the early phase of apoptosis were labeled by single
annexin V fluorescence. The percentage of cell apoptosisin
the SGC/0, SGC/TK-TNF-a, SGC/TK-IL-2 and SGC/TK
clone was 2.3%, 12.3%, 11.1% and 10.9% respectively at
24 h post-transfection, indicating asightly higher percentage
of apoptosis appeared in the SGC/TK-TNF-a, SGC/TNF-a
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and SGC/TK clones compared with that in the SGC/0 clone
(P>0.05, Figure 2).
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Figure 2 Percentage of early apoptotic cells in different groups
of transfectants.

Cell growth status

The A value of cellsamong all experimental groups did not
exhibit any significant difference (P>0.05), although it was
dightly lower inthe SGC/TT group (Figure 3). Theresult showed
that the cell growth status was not severely influenced by the
vector’ svariety used for the transfection in the present study.

1.8 —m— SGC/TT
—&— SGC/TK
—@— SGC/TI
—— SGC/0

1.2

A value

0.6

Culture days

Figure 3 Cell growth status of the different transfectants.

Cell viability

Cell survival ratein SGC/TI, SGC/TT and SGC/TK group was
significantly decreased in a dose-dependent manner of GCV
compared with that of the SGC/0 group (P<0.05-0.01). Among
all studied cells, the SGC/TT was shown most sensitiveto GCV
with ahalf lethal dose of 0.5 mg- L% In contrast, the survival
rate of SGC/O0 cells was not affected by the presence of GCV
with the doses less than 10 mg- L. The half lethal dose of
GCV for SGC/0 cellswas more than 100 mg- L* (Figure 4).

Bystander effect
Marked bystander effect was shown by SGC/TI, SGC/TT and
SGCITK cellsasmanifested by the fact that 20% of these stable

transfectants could kill 50% of the co-cultured cells (Figure
5). However, the most prominent bystander effect was found
in the circumstance of SGC/TT presence.
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Figure 4 Cell survival rate in different experimental group
treated with 5 mg-L* GCV for 6 d.
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Figure 5 Bystander effect of different transfectants.

DISCUSSION

Transfer of suicide gene into tumor cells has emerged as an
atractive strategy of gene therapy for the selective elimination
of cancer cells, in which the suicide gene system alone or in
combination with other immunological genes have been
considered to be the favorable modalities for the treatment of
malignancied?27, The suicide genes encode non-mammalian
enzymes that can convert nontoxic prodrugs into cellular
toxic metabolites. The most widely used suicide gene is the
HSV-TK/GCV system that can convert prodrug GCV into
phosphorated GCV. The latter is further phosphorated by the
cellular kinase to form GCV triphosphate, a toxic substance
that can inhibit cellular DNA synthesis and lead cell to death.
Besides, the “ bystander effect” induced by TK gene can aso
enhance the tumor-Kkilling capacity of the HSV-TK/GCV
system?3%, However, it wasfound in some investigations that
the antitumor efficiency of this system waslimited by the lower
rate of gene transfection and their insufficient induction of
host immunity-3,

Cytokine therapy is another strategy for the treatment of
malignancies. It can not only directly kill tumor cells, inhibit
tumorigenesisand tumor metastasis, but can also enhance these
effects by the induction of antitumor immunity. Based on the
antitumor properties of certain cytokines such asIL-2 and
TNF-a, itisbelieved that the gene therapy combining cytokine
with TK suicide gene would produce more beneficial and
effective effectsfor the trestment of cancers, which hasreceived
strong supportsfrom some of the recently published literatures.
Majumdar and his associates™! have compared the therapeutic
effect of IL-2 expression alone with that by the co-expression
of IL-2 and TK genes on squamous cell carcinomain nude
mice, and found that the combined gene expression was most
efficient for the gene therapy. In another study, Chen et al(*4
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reported that cytokine gene IL-2 could act synergistically
with the suicide gene to induce a systemic antitumor immunity.
Unfortunately, there have been few reports up to the present
about thistherapeutic strategy in the antitumor study of gastric
malignancy.

In the present study, we tried to observe the antitumor
effects by the co-expression of suicide gene HSV-TK and
cytokine gene TNF-a or IL-2 on gastric carcinoma cell lines
SGC7901. It was found that the percentage of cell apoptosis
in the SGC/0, SGC/TK-TNF-a, SGC/TK-IL-2 and SGC/TK
clone was 2.3%, 12.3%, 11.1% and 10.9% respectively at 24 h
post-transfection, and the cell growth status as judged by cell
absorbance (A) at 570nm among all the experimental groups
did not exhibit any significant difference (P>0.05), although
they were noted to be dightly varied in the SGC/TT group. This
indicated that the apoptosis and growth status of SGC7901
cellswere not severely influenced by the vector’ svariety used
in the study. Whereasthe cell surviva ratein SGC/TI, SGC/TT
and SGC/TK group was significantly decreased in a dose-
dependent manner of GCV compared with that of the SGC/0
group (P<0.05-0.01) in the presence of GCV, in which the
SGC/TT cellswere shown to be most sensitive to GCV with a
half lethal dose of 0.5 mg- L. In contrast, the survival rate of
SGC/0 cellswas not affected by the presence of GCV with the
doses less than 10 mg- L%. The half lethal dose of GCV for
SGC/0 cells was more than 100 mg- L. Marked bystander
effect induced by SGC/TI, SGC/TT and SGC/TK cells was
also confirmed by the fact that 20% of these stable transfectants
could kill 50% of the co-cultured cells and the most prominent
bystander effect wasfound inthe presence of SGC/TT. However,
no significant difference of these variables was found among
SGC/TI, SGC/TT and SGC/TK cells, which meant that the
synergistic antitumor effects produced by the co-expression
of HSV-TK and TNF-a or IL-2 genes were not present in the
transfected SGC7901 cells. Whether this was due to the
speciality of the gastric cancer cell line is unknown. Further
studies, therefore, are needed to elucidate the mechanisms
underlying these phenomena in order to search for more
efficient therapeutic modalities for the treatment of gastric
malignancies.
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Abstract

AlIM: Although liver cirrhosis is a predisposing factor for
hepatocellular carcinoma (HCC), relatively few reports are
available on HCC in primary biliary cirrhosis. High plasma
nociceptin (N/OFQ) level has been shown in Wilson disease
and in patients with acute and chronic pain.

METHODS: We report a follow-up case of HCC, which
developed in a patient with primary biliary cirrhosis. The tumor
appeared 18 years after the diagnosis of PBC and led to death
within two years. Alfa fetoprotein and serum nociceptin levels
were monitored before and during the development of HCC.
Nociceptin content was also measured in the tumor tissue.

RESULTS: The importance and the curiosity of the presented
case was the novel finding of the progressive elevation of
plasma nociceptin level up to 17-fold (172 pg/mL) above the
baseline (9.2+1.8 pg/mL), parallel with the elevation of alpha
fetoprotein (from 13 ng/mL up to 3 480 ng/mL) during tumor
development. Nociceptin content was more than 15-fold higher
in the neoplastic tissue (0.16 pg/mg) than that in the tumor-
free liver tissue samples (0.01 pg/mg) taken during the autopsy.

CONCLUSION: Results are in concordance with our previous
observation that a very high plasma nociceptin level may be
considered as an indicator for hepatocellular carcinoma.
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INTRODUCTION

Theincidence of hepatocellular carcinoma (HCC) in primary
biliary cirrhosis (PBC) isreported to range from 0.5% to 4.2%,
which is somewhat less frequent than that in liver cirrhosis
from other etiologiesd*?. However, recent reports have shown
anincreasing trend. The incidence of HCC was found higher

in stage l11/1V than in stage I/11 patientg34,

Relatively few prospective and comprehensive studies are
available on HCC in PBC, and the number of case reportsis
also limited. Summarizing the data of the literature, 126 of
6 188 PBC patients (2.0%) were found to have HCC. Since
HCC usually develops many years after the diagnosis of PBC,
screening of HCC has clinical importance and offers best with
hope for early detection. Serum AFP is a widely accepted
marker of HCCPl; however, using the conventional cut-off
value of 500 ng/mL, it has a sensitivity of about 50% and a
specificity of more than 90% in detecting HCC in a patient
with coexisting liver disease®. The average survival of patients
with HCC improved in thelast decades”. Female HCC patients
often have a better prognosis than male patients®. Because of
thelack of sengitive markers of malignant hepatic tumors, HCC
isusually recognized in the advanced stage.

We reported a follow-up case of HCC in a PBC patient.
Theimportance of this case isthe nove finding of progressive
elevation in plasma nociceptin (N/OFQ, formerly named as
orphanin FQ) up to 17-fold above the baseline, parallel with
the elevation of alpha fetoprotein (AFP) during tumor
development. Moreover, high nociceptin content was found
in the tumor tissue as well.

Nociceptin, a newly discovered neuropeptide of 17
aminoacids, is the natural agonist of NOP receptor, earlier
named opioid receptor-like 1 (ORL 1) receptor. N/OFQ is a
neuropeptide that is endowed with pronociceptive activity in
vivo. Both the long and the short splice variants of the OP4
receptor mMRNA wereisolated inrat liver®; however, there are
no data about its physiological or pathophysiological rolein
liver function. To date only few clinical studies on nociceptin
were reported, and only one of them dealt with liver disease.

Findings of the presented case are in concordance with our
previous observation that a high plasma NC level may be an
indicator of HCC.

CASE REPORT

A 47-year-old woman was admitted for fatigue, itching,
hepatomegaly, high alkaline phophatase and gamma-GT levels.
Primary biliary cirrhosis was diagnosed based on the clinical
symptoms, laboratory findings, AMA M2 positivity, normal
USand ERCP pictures. Liver biopsy reveded stagell/II1. There
was no family history of liver disease or autoimmune disease,
and all other confounding risk factorsincluding acohol, HBV
and HCV infections were excluded. The patient was a heavy
smoker. The past surgical history was significant only for an
appendectomy and two caesarean sections. Her menopause
started at the age of 38. Bone mineral density was slightly
below the normal range at the time of diagnosis of PBC.
Ursodeoxycholic acid (Ursofalk) treatment, calcium and
vitamin D supplementation were introduced.

Severe progression of osteoporosis was observed during
the following years. Five years after the diagnosis of PBC
significantly decreased bone mineral density was shown both
on the femoral neck (T-score: -5.12, Z score: -3.38) and on the
lumbar vertebrae (T-score: -5.44, Z-score: -3.9). At the age of
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57 despite the calcium, vitamin-D supplementation, calcitonin
and bisphophonate (Fosamax) treatment, the severe osteoporosis
led to hip fracture and multiple vertebral collapses, which made
the patient lifelong disabled.

Progression of PBC to stage |V occured. She was monitored
by yearly US, by regular laboratory tests and AFP every 3-4
months. For different reasons we collected blood samples for
plasma nociceptin level determination as well. Sampling was
done in conformity to accepted ethical standards and was
approved by the regional ethical committee.

Hepatocellular carcinoma developed 18 years after the
diagnosis of PBC. Regular follow-up US investigations
revealed afocal lesion of 2.5 cm in diameter, which increased
rapidly in segment V of the liver. Fine needle biopsy findings
proved hepatocellular carcinoma. After the HCC diagnosis a
continuous and rapid increase in the size of the tumor, an
elevation of ALP, GGT, plasma nociceptin and AFP levels
and clinical deterioration were observed.
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Figure 1 Serum alpha fetoprotein and plasma nociceptin lev-
els before and during the development of hepatocellular carci-
noma in the presented patient with primary biliary cirrhosis.

Figure 2 Hepatocellular carcinoma in the presented patient
with primary biliary cirrhosis. A: Gross view of liver at autopsy.
Grayish nodules of carcinoma protrude on the surface of the
cirrhotic liver. Bar=1 cm. B: The focal red staining on the histo-
logic picture of the hepatocellular carcinoma shows the immu-
nohistochemical reaction of AFP. Original magnification 400x.

The AFP value had been within the normal range one year
before the tumor was detected (13 ng/mL), but it was elevated
at the time of the diagnosis of HCC (426 ng/mL) and rose up to
3480 ng/ml. Theplasmanociceptin measured by radioimmunoassay
125 -Naciceptin-kit, Phoenix Pharmaceuticals, Phoenix, CA,
USA (10.6 pg/mL) waswithin the normal range (9.2+1.8 pg/mL)
in thetumor-free stage, while progressve el evation was detected
during the tumor development (15.8, 65.8, 103.7, 128.0,
172.2 pg/mL), reaching the highest value before death (Figure
1). Higher nociceptin content was measured in the tumor tissue
(0.16 pg/mg) compared to the tumor-free liver tissue sample
(0.01 pg/mg) taken during the autopsy. The patient refused any
surgical or other systemic or local tumor treatment. The size of
the tumor increased up to 12 cm in diameter and involved
segmentsV, VII, VI and partly 1V. No metastasiswas detected,
but necrosis developed in the central region of the tumor. The
patient received supportive treatment, analgetics, and died of
tumorous cachexia 19 months after the discovery of HCC. The
autopsy confirmed both PBC stage IV and HCC. Focal presence
of AFP was shown in the tumor by immunohistochemistry
(Figures2 A and B).

A nociceptin content in the HCC tissue (0.16 pg/mg) was
15-fold higher than that in the tumor free liver tissue sample
(0.01 pg/mg) taken during the autopsy.

DISCUSSION

The presented case is afurther example of the occurrence of
HCC in PBC, and it supports previous observations that HCC
usualy developsin stage11/1V patients®. Thetumor developed
18 years after the diagnosis of PBC and led to the death of the
patient within two years. Furthermore, severe osteoporosisis
acommon disorder in PBC, although recently it is considered
as a non-specific complication!*®1, In our patient the early
menopause together with PBC resulted in many bone fractures
causing lifelong disability. The low serum osteocalcin level
indicated alow turnover osteopoross. High serum osteoprotegerin
and low RANKL have been reported in PBC!*2, and we found
the same alteration in this patient. Progression of bonelosswas
detected despite the serum osteoprotegerin wastwo-fold higher
than normal, which suggested that inflammatory processin the
liver could aso contribute to the elevation of osteoprotegerin.

This is the first follow-up case in which progressive
elevation of plasma nociceptin level was detected in parallel
with the elevation of AFP during tumor devel opment, and high
N/OFQ content was found in the tumor tissue.

Nociceptin is the endogenous agonist of a G-protein
coupled, naloxon insensitive opioid-like 1 receptor (ORL1)
recently named as OP4. Although nociceptin is structurally
related to opioid peptides, especially to dynorphin A, it does
not interact with m d and k receptors. N/OFQ/OP4 systemisa
newly discovered peptide-based signalling pathway, involved
in the modulation of pain and cognition. Opioid antagonists
were successfully used for the treatment of pruritusin patients
with PBC™, These results together with the data that high
plasma N/OFQ level has been reported in Wilson disease and
in patients with chronic pain, led us to measure plasma
nociceptin level in primary biliary cirrhosig*¥. Our motivation
was reinforced by an accidental observation that we found
extremely high N/OFQ in aWilson patient with advanced HCC.

The nociceptin levels in blood samples collected in the
pre-tumor stage and during the tumor development period
clearly showed that the elevation of N/OFQ was parallel with
that of AFP and the clinical deterioration. When the tumor
wasfirst detected the N/OFQ level was 6-fold higher than that
in healthy controls (65.8 versus 9.2+1.8 pg/mL, n=29) and in
other PBC patients without HCC (12.1+3.2pg/mL, n=21).
When the tumor reached 11 cm the N/OFQ level was 17-fold
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higher than normal. Since N/OFQ content was 15-fold higher
intumor tissue than in tumor free parts of theliver, the question
arose whether nociceptin was produced by HCC tissue or it
accumulated in the tumor by passive binding or viaincreased
nociceptin receptor expression.

Further research is needed to clarify the mechanism and
clinical significance of the highly elevated N/OFQ level in
HCC. Since N/OFQ transcripts are expressed in immune
celld*¥, the high N/OFQ level may also be an indicator of
altered reaction of the body including immunological,
cytokine and other mechanisms.

Elevated N/OFQ level might represent a compensatory
mechanism in the N/OFQ/OP4 system to modulate pain
perception in the centra nervous system. Thismechanism could
explain why some patients with a very high plasma N/OFQ
level did not have pain despite advanced stage of malignant
liver tumor. It isremarkable that the N/OFQ was 3-fold higher
in our patient than the highest values reported in patients with
chronic pain without malignant disease!*®.

In conclusion, the novel finding of this study is that
progressive elevation of plasma nociceptin was detected in
parallel with the elevation of AFP during tumor devel opment,
aswell as high N/OFQ content was found in the tumor tissue
in a PBC patient with hepatocellular carcinoma. Thisisin
concordance with our previous observation that high plasma
N/OFQ level might be considered as an indicator of HCC.
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