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INTRODUCTION

Since the observation by Labenz et al that
eradication of Helicobacter py! ori (Hp) infection
may be followed by development of reflux
esophagitisin arel evant proportion of duodenal ul cer
patients previously not affected by gastro
esophageal reflux disease (GERD)!", a growing
attention has been given to the potential interactions
between Hp and GERD. Epidemiological studies
have now demonstrated that the preval ence of GERD
is steadily increasing in the devel oped countries?,
as is the incidence of adenocarcinoma of the
esophagus’?¥, itsmost dangerous complication, while
the prevalence of peptic ulc er and gastric cancer is
falling!, in parallel with afalling prevale nce of Hp
infection in the western countries® . It istherefore
t empting to causally relate these phenomena.
Despite the number of original paper s and of
reviews dealing with thistopic, at least 3 issuesare
still debated: (U Does Hp infection interfere with
the pathogenesis of GERD?®) Isthe anti secretory
effect of Hp infection of any clinical relevancein
the management of GERD patients 3 Does long-
term proton pump inhibitors (PPI) therapy accel
erate development of atrophic changesin Hp +ve
GERD patients?Finally, therel ationship(s) between
Hp and Barrett’ s esophagus may deserve some
importance.
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The present review will focus on these 4 issues.
The interested reader may also refer to some recent
papers, dealing with the same subject’®.

Hp AND PATHOGENESIS OF GERD
Severa studieshave now convincingly shownthat the
prevalence of Hp infect ion in patients with reflux
esophagitisissomewhat |ower than in normal subjects;
inacareful review of 26 papersonthistopic, O’ Connor
summarizes the data existing as follows: the overall
prevalenceof Hpinfectionin 2182 adult GERD patients
is40.3%, ascompared with 50.2% in the 2010 controls
1, He concludes that this “difference in prevalence
(is) int imating that the pathogenesis of GERD might
be related in some way to the absenc e of Hp”. In our
view, more simplistically, the only link between Hp
infection and GERD lies on the degree of gastric acid
secretion, and through this, on esophageal acid
exposure. In patients with a predisposition to GERD
but without aclinical manifestationof GERD (symptoms
and/or esophageal lesi ons), eradication of Hp may
trigger it, disclosingtheclinica picture. Onthecontrary,
patients harboring the infection, may be protected if
theinfectioninvolvesthecorpus(i.e. theacid-producing
part of the gastric muc 0sa), because the amount of
acid secretion and hence the esophageal acid exposur
e isreduced. Infact, no single paper has ever been
published so far focusing on Hp infection as a
pathogenetic (aggressive or defensive) factor of
GERD-perse. On the contrary, El-Serag et al have
now clearly demonstrated th at, for the above reasons,
corpusgastritisisprotective against reflux esophagitis
(19 They haveinvestigated 302 subjects, 154 of whom
with endoscopic signs of esophagitis; there was no
differe nce between patientswith and controlswithout
esophagitis in the overall infect ion rates with Hp
infection. Compared with controls, corpusgastritiswas
less frequent and less severe in patients with
esophagitis. Finally, inamulti variatelogisticanalysis,
age, sex smoking status, and the presence of chronic
corpus gastritis exerted a significant influence on the
presence of reflux esoph agitis. This latter variable,
however, showed an odds ratio of 0.46% only (95%
confidence interval of 0.27-0.79), avalue which s,
albeit statistically sig nificant, of doubtful clinical
relevance.

In summary, the pathogenetic relationship
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between Hp infection and GERD are probably
weak and of indirect nature, being related to the
amount of gastric acid secretion, afactor whichis
necessary but not indispensablefor inducing GERD.
The most relevant GERD pathogenetic factor is,
asuniversally kn own, the occurrence of transient
relaxation of the lower esophageal sphincter*, a
factor which has not, to the best of our knowledge,
been observed to be influenced by Hp gastric
infection.

Is the antisecretory effect of Hp infection of any
clinical relevance in the management of GERD
patients?

A profoundinhibition of acid secretionisthemainstay
of treatment for reflux esophagitis, in particular in
cases of moderate to severe RE!*Z. There fore, the
influence of Hp on the efficacy of acid-lowering
treatment may be important for patients with RE.
Verdu et al*®showed that o meprazole produces a
greater decrease in gastric acidity in subjects with
Hp infection than in those who are Hp negative, and
that omeprazole produces a smaller decrease in
gastric acidity after Hp infection has been cured!*4.
Similar findings have been obtained by L abenz et al
(151 who showed that in 17 FU patients, Hp
eradication resulted in amarked decrease of the pH-
increasing effect of omeprazole (24h median gastric
pH: 5.5vs 3.0, P<0.002) that was most pronounced
during night time. Baselineintragastric pH remained
unchanged after eradication (median gastric pH: 1.
Ovs 1.1, P = 0.05). The same authors have also
shown that this effect persisted for at least 1 year
after Hp eradication*®, whereas others have been
shown that it is shared by other PPIs, suchaslansopr
azole*™,

Despite this Hp mediated exaggeration of the
effect of acid-suppressive drugs on intragastric pH
is clearly proven, thereis little evidence that this
effect has any clinical relevance for the treatment
of GERD patients with PPI. One reason is that the
effect, dueto thelogaritmich scale of pH, avariation
of one pH unit from 5 to 6 is 10 000 times less
important than a variation from 1 to 2. The small
variation in acid secretory capacity due to Hp
colonisationisonly “visible” whentheacid secretion
isalready potently red uced by PPI, but is otherwise
unimportant.

Direct evidence shows in fact that, during acid
suppressivetherapy with ranitid ine or omeprazole,
Hp +ve or -ve GERD patients show a similar
reduction of esophageal acid exposure, the entity
of which is only influenced by the type of drug
received*®, Furthermore, both groups of GERD
patients require the same dose of omeprazole
during long-term maintenancetreatment to prevent
sym ptomatic and endoscopic relapsel’®, and Hp
status seems not to be an important prognostic

factor during long-term maintenance therapy with PPI;
inastudy conducted on 103 patientswith RE grade 1 or
2, randomi zed to mai nten ancetherapy with lansoprazole
15 or 30 mg daily for 12 months, it was obse rved that
Hp infected patients relapsed as early as patients who
were not infected®!,

The only discordant piece of evidence comesfrom
thevery large study of Holtman n et al’®, who claims
of asignificantly better acuteresponseof Hp+ve GERD
patients treated with the PPl pantoprazole in
comparison to Hp -ve; however, the difference of
healing rates between the two groups after 8wk of
40mg daily wasquite small (96.4% vs 91.8%, P<0.05)
and no difference at all was observed in GERD
symptoms between infected and noninfected patients.
There is therefore enough evidence to say, at least,
that PPl maintenance therapy does not need to be
titrated upon Hp status!*¥. It is therefore to be fully
agreed upon the recommendation that “testing for Hp
infection is not indicated in patients on long term
treatment or in those considered for treatment with a
proton pump i nhibitor for GERD”, as stated by the
recent guidelines of the American College of
Gastroenterol ogy!?.

Does long-term proton pump inhibitors (PPI)
therapy accelerate development of atrophic in
Hp +ve GERD patients ?

Severa studies have shown that treatment with PPI is
associated with theworsen ing of gastritis (increasein
severity score, spreading from the antrum to corpu s
and fundus)!®*%). Because superficial corpusgastritis
may lead to atrophic gastritis, the increased body
inflammation in Hp positive patients observed during
short term PPl therapy may lead to atrophic gastritis
during lo ng term PPI treatment. This has been
observed so far after omeprazol e administra tion!?l,
but the study was criticized in particular for the
incorporati on of an inappropriate control group!.
Moreover, the findings hav e not been confirmed by a
randomized Swedish study comparing the efficay of
omep razole maintenance treatment and antireflux
surgery over a 3-years follow-up?®. Thus, on the
basis of available evidence, long-term treatment with
PPI up to 10 years appears to be a perfectly safe
therapy!®!,

Hp INFECTION AND BARRETT' S ESOPHAGUS

Theinterest in BE is still growing since the early
description of thisentity in 19500% for two main
reasons:. (U BE is associated with GERD, an d
also with anincreased risk of adenocarcinomal®Y,
thusrepresenting alink between acommon benign
condition and a rare very malignant disease; @
Theincidence of adenocarcinoma of the esophagus
and cardiaisincreasing at the fastest rate among
gastrointestinal (and also non GI) human
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cancers!®. Since Hp exhibits a special affinity for
gastric-type epithelium, and since Barrett'smetaplasia
contains columnar-lined epithelium, itisto be expected
that Hp will also be able to attach the Barrett's epithe
lium, at least of the gastric type, independently from any
involvment of Hp infection in the pathogenesis of
esophagea mucosd inflammation.

It seems that the prevalence of Hp infection of
the stomach in BE patientsis not different from that
exbibited by controls, ro ughly onethird of the subjects
%, The colonization of metaplastic epit helium by t he
bacterium has been tested only inaminority of studies,
but appears to be ma rginally lower!. It seems
therefore that the stomach representsthe primary site
of infection, with secundary colonization of columnar
mucosa in the esophagus. Furthermore, most Hp
positive patientsshow avery low bacterial load intheir
metaplastic epithelium, and nosignificant differencehas
been fo und in the severity of inflammatory changes
between Hp +ve and Hp -ve Barrett’ s esophagus
patients’®. Finally, recent work has confirme d that
within the esophagus, Hp adheres only to gastric type
metaplasia, whichisnot considered premalignant for
adenocarcinoma®. In conclusion, it ismost probable
that Hp has no ethiologic role on the development of
Barr ett’ s esophagus, nor in the esophagitis associated
with this metaplastic cha nge; the colonization of
Barrett's epithelium probably reflectsonly ashift from
gastric antrum.

Another intriguing point isthe prevalence of Hp
infection and the intestina | metaplasia of the
gastric cardia. It isin fact at present not known
whether i nflammation of the cardia indicates
GERD and/or is a manifestation of pang astritis
caused by Hp. Recently two studies have shed
some light on thisiss uel*=%: in thefirst, biopsies
were obtained from the antrum, corpus and cardia
from 135 Hp-infected patients with gastritis, ulcer
disease, o r RE. One hundred and thirty-two (97.
7%) of them showed active card itis, resembling
antral g astritis in most patients, but with less
marked bacterial density and inflammato ry
process®4. The authors conclude that Hp gastritis
commonly involves the cardia, that intestinal
metaplasiain the cardiais a common findi ngin
Hp gastritis, but that the cardia lower histologic
density of the bact eria and inflammatory
responses in comparison to the antrum are not
clear. In th e second work?, 22 GERD patients
and 11 controls were compared in relationship to
endoscopic and bioptic eval uation of inflammation,
Hp infection and intestinal metaplasiain distal
esophagus, cardia, fundus and antrum. It turned
out that neither the prevalence of Hp infection
(controls 48%; GERD 41%) nor cardia
inflammation (controls41%; GERD 40%) differed
between the two groups. All 11 controls and 22 of

23 (96%) patient s with GERD and cardia
inflammation had HP infection. Cardiaintestinal
metapl asia was more common among controls
(22%) than among GERD patients (3%, P £4.0.01);
all patients with cardia intestinal metaplasia had
cardiainflammati on, 7 had Hp infection, and 6 had
metaplasia el sewhere in the stomach. The authors
concludethat the prevalence of cardiainflammation
issimilar in patie ntswith and without GERD, and is
associated with Hp infection. Also, in thi s study,
cardiaintestinal metaplasiais associated with Hp
related cardiainflammation (P = 0.01) and intestinal
metapl asiael sewherein the stomach, indicating that
it is distinct from Barrett’s esophagus.

The final point isthe association, if any, between
Hp infection and Barre tt’'s associated
adenocarcinoma. Again, two recent works have
contributed to t he improvement of our knowledge
on thispreviously uninvestigated i ssue*®=". Quddus
et al report on 19 cases of adenocarcinoma arising
in BE, wh o were examined for the presence of Hp
after staining with three different techniques: all
sections of BE, with or without dysplasia,
adenocarcinomaand stomach (when available) were
uniformly negative for the presence of Hp.The
authors concludethat neither gastric nor esophageal
infection with Hp isarequisite for the devel opment
of adenocarcinomain BEP?,

The second study aimed at comparing the
prevalence of Hp and increasing grad es of dysplasia.
Biopsiesfrom 19 malignant and 94 benign casesof BE
were analy sed histologically for Hp; 34% of non-
dysplastic Barrett’ sepitheliumwascolonized withHp
compared with only 17% of dysplastic/malignant-
cases (P =0.04). No relationship wasfound between
Hp status and O length of BE; 2) the presence of
strictures or ulcers; 3 previous anti-reflux surgery.
Theauthorstherefore confirmed that Hp colonization
of BEisnot p articularly common, and that anegative
correlation exists with increasing sever ity of
dysplasia®”.

To summarize, from both studiesit appearsthat it
isunlikely that aa causal relationship exists between
Hp infectionand Barrett’ sassociated adeno carcinoma.
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INTRODUCTION

Medical care of patients with inflammatory bowel
disease (IBD) comprises general measures and specific
pharmacological, nutritional, endoscopic and surgical
therapies(Table 1)™3. Inthispaper, current management
options for patients with two commonly difficult
presentationsof I1BD, acutesevereul cerativecolitis(UC)
and steroid-refractory or dependent ileocaecal Crohn's
disease (CD), are discussed. Practical considerations
and newer developments are emphasized.

MANAGEMENT OF ACUTE SEVERE ULCERATIVE

COLITIS

These patients should be admitted immediately to a
gastroenterol ogy wardfor closejoint medical, surgical
and nursing care. The nutrition team and a stoma
therapist in patients likely to need surgery should be
involved promptly. Patientsundergoing an acuteattack
of UC need to be made aware from the outset that
they have aone in four chance of failing to respond
to the primary treatment (intravenous steroids), and
thus need either cyclosporin or colectomy during their
admission (Table1).

Establishing the diagnosis, extent and severity of
disease

A carefully targeted history and appropriateinvestigations
can help establish the diagnosis (Table 2) in patients
presenting for thefirst timeand, inthosewith established
UC, to excludeinfection and to assess disease extent (if
not already known) and severity.

Blood and stool tests Stool should be sent to ook for
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pathogens, and serology checked for amoebiasis,
strongyloidiasis and schistosomiasis. Blood tests are
better for establishing the activity of UC than making
thediagnosisor identifying itsextent. However, araised
platelet count ismore common in UC than ininfective
colitis. The best measures of disease activity are
haemoglobin, platelet count, ESR, C-reactive protein'
and serum abumin.

Sigmoidoscopy and rectal biopsy Cautiousrigid or
flexible sigmoidoscopy in the unprepared patient, and
without excessive air insufflation, providesimmediate
confirmation of activecolitis. Sigmoidoscopy alsoalows
biopsy for histology: to minimisetherisks of bleeding
and perforationasmall superficia biopsy shouldbetaken
from the posterior rectal wall lessthan 10 cm from the
anal margin using small-cupped forceps. Anecdotally,
colonoscopy may causecolonicperforationanddilatation
inacute severe UC, and although some authoritieshave
reportedthat itisboth safeand useful for decision-making
51 mo st patients can be managed satisfactorily without
it. In patients with establish ed UC, recta biopsy isnot
routinely necessary. However, in those presenting for
thefirst time, infective colitis may be suggested by an
acute, focal and superficid inflammatory infiltrate with
minimal goblet cell depletion and preservation of crypt
architecture®. Although colitis due to Clostridium
difficile, cytomegalovirus, amoebiasis and Crohn’s
disease often has characteristic macroscopic
appearances, histology may confirm these diagnoses.

Plain abdominal X-ray A plainfilmat presentation
can be used to assess disease extent, since faecal
residual visible on X-ray usually indicates sites of
uninflamed colonic mucosa. Plain abdominal X-ray
is also used to assess disease severity and in
particular to exclude colonic dilatation (diameter >
5.5 cm) insick patients, however, the gas pattern on
aplain film may be misleading if there has been
excessiveair insufflation during asigmo idoscopy or
colonoscopy doneshortly beforehand. Inpatientswith
suspected colo nic perforation, the diagnosis can be
confirmed by erect chest X-ray or alater al decubitus
abdominal film.

Radiolabelled leucocyte scans Theintensity and
extent of colonic uptake one hour after injection of
autologous *Tc-HMPAO or *Indium-labelled
leukocytes provides information about disease
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activity and particularly extent, respectively, wheredoubt
exigtsin patientswith UC. Colonic uptake of leucocytes
isnot of course specific for UC and positive resultsare
obtained in other inflammatory colonic diseases.

Table 1 Principles of management of acute severe ulcerative
colitis

GENERAL MEASURES
Explanation, psychosocial support
- patient support groups
Specialist multidisciplinary care

- physicians, surgeons, nutrition team, nurses,
stoma therapist,counsellor

ESTABLISHING THE DIAGNOSIS, EXTENT/SITE AND SEVERITY
- clinical evaluation
-FBC, ESR, C-reactive protein, albumin, LFTs, amoebic serology
- stool microscopy, culture, C. difficile toxin
- limited sigmoidoscopy and biopsy
- plain abdominal X-ray
- consider radiolabelled leucocyte scan

MONITORING PROGRESS
- daily clinical assessment
- stool chart
- 4-hrly temperature, pulse
- daily FBC, ESR, C-reactive protein, urea and
electrolytes, albumin
- daily plain abdominal X-ray

SUPPORTIVE TREATMENT
- i.v. fluids, electrolytes (Na, K), blood transfusion
- nutritional supplementation
- heparin s.c.
- haematinics (folate)
-avoid antidiarrhoeals (codeine, loperamide,
diphenoxylate),opiates, NSAIDs
- rolling manoeuvre (if colon dilating)

SPECIFIC TREATMENT

Medical -corticosteroids i.v. (hydrocortisone or
methylprednisolone) then p.o. (prednisolone)
-continue 5-ASA p.o. in patients already taking it;
otherwise start when improvement begins
-antibiotics for very sick febrile patients, or when
infection suspected
-consider cyclosporin i.v. then p.o.) for steroid non-
responders at 4-7 days

Surgical (for non-responders at 5-7 days, toxic megacolon,
perforation, massive haemorrhage)
- panproctocolectomy with ilecanal pouch or permanent ileostormy
- subtotal colectomy with ileorectal anastomosis (rarely)

Table 2 Management of active ileocaecal Crohn’ s disease.
General measures, monitoring progress and supportive
treatment are essentially as for ulcerative colitis

ESTABLISHING THE DIAGNOSIS, EXTENT/SITE AND SEVERITY
- clinical evaluation
- FBC, ESR, C-reactive protein, ferritin, folate, B12,
albumin, LFTs, Ca, Mg, Zn
- stool microscopy, culture, C difficile toxin
- plain abdominal X-ray
- consider colonoscopy and biopsy, small bowel
barium radiology,ultrasound, CT, MRI, leucocyte scan
SPECIFIC TREATMENT (separately or in combination)
Medical - corticosteroids i.v. (hydrocortisone or methyl
prednisolone) then p.o. (prednisolone or budesonide CR)
- continue high dose mesalazine (Pentasa or Asacol)
in patients already taking it; otherwise start when
improvement begins
- consider metronidazole, ciprofloxacin; also broad
spectrum antibiotics for very sick febrile patients,
or when infection/collection suspected
-consider azathioprine/6-mercaptopurine (slow
response) or anti TNF antibodies (infliximab) for
steroid non-responders
- liquid formula diet
- balloon dilatation
- resection or stricturoplasty

Nutritional
Endoscopic
Surgical

Monitoring progress

Progress is monitored by twice daily clinical
assessment, stool chart and 4-hourly measurement
of temperature and pulse. Blood count, ESR, C-
reactive protein, routine biochemistry and plain
abdominal X-ray shouldbedonedaily insick patients.
The two most useful variables in predicting the
outcome of the acute attack are stool frequency and
C-reactiveprotein at three days: patientswith values
above 8 stools/day or 45 mg/L, respectively, have
an 85% chance of failing to respond to intravenous
steroids and needing cyclosporin or surger y during
their admission' (Table 1).

Supportive treatment

Intravenousfluidsand blood Most patientsrequire
intravenousfluidsande ectrolytes, particul arly potassum,
toreplacediarrhoed |0sses. Serumpotassium concentration
should be maintained at or above 4 mmol/L, since
hypokal aemiamay predisposeto colonicdilatation. Blood
transfusion is recommended if the haemoglobin falls
below 100g/L.

Nutritional support Patientscanusually eat normdly,
withliquid protein and cal orie supplementsif necessary.
Very sick patientsmay need total parenteral nutrition.

Anticoagulation Becauseactive UCisassociated with
ahighrisk of venousand arteria thrombo-embolism(”,
patients should be given prophylactic subcutaneous
heparin (e.g. low molecular mass heparin 3000-5000 U
daily). Heparin does not appear to increase rectal blood
losseven when givenintravenously'®.

Drugsto avoid Antidiarrhoeal drugs (loperamide,
codeine phosphate, diphenoxylate), opioid analgesics,
antispasmodics and anticholinergic drugs should not
be prescribed in active UC since they may provoke
acute colonic dilatation!®. Patients should also avoid
NSAIDsinview of their adverseeffectsontheclinical
courseof IBD!. If relief of mild painisneeded, oral
paracetamol appears to be safe, while severe pain
suggests colonic dilatation or perforation needing
urgent intervention.

Rolling manoeuvre Invery sick patients, particularly
thosewithclinica and/or radiol ogical evidenceof incipient
colonic dilatation, rolling into the prone or knee-elbow
position for 15 minutes every two hoursmay aid inthe
evacuation of gas per rectum, particularly from the
transverse colonf,

Specific medical treatment

The cornerstone of specific medical treatment of acute
severe UC remains corticosteroids!®!?,
Aminosalicylates and antibiotics have minor roles.
Cyclosporin has become a useful option, but oral
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azathioprine and 6-mercapto purine are too slow to
work in patientswith acute steroid-refractory attacks
(Table 1).

Corticoster oids Hydrocortisone (300 mg/d-400 mg/
d) or methyl prednisolone (40 mg/d-60 mg/d) are
givenintravenously. Thereisno advantagein giving
higher doses, although continuous infusion may be
more effective than once or twice daily boluses*2.
On this treatment, about 70% patients improve
substantially in 5 d-7 d. They are then switched to
oral prednisolone (40 mg/d-60 mg/d), thedose being
tapered to zero over 2-3 months. Conventionally,
failure to respond to intravenous steroids after 7 d
indicates urgent colectomy, but introduction of
intravenous cyclosporin can now be considered as
an alternative.

Aminosalicylates Aminosalicylatesin full dose are
continued in patients already taking them at the time of
admission, and well enough to take oral medication, but
do not have a primary therapeutic in acute severe UC.
In case patients given aminosalicylatesfor thefirst time
proveto bealergicto, or intolerant of them, initiation of
these drugs is best delayed until the patient shows
aufficientimprovement onintravenoussteroidstoswitch
to oral treatment.

Antibiotics Although one study has suggested arole
for adjunctive oral tobramycin*¥, the use of antibiotics
isusually restricted now to very sick febrile patients, or
to thosein whom aninfective component to their colitis
is strongly suspected. Under such circumstances, a
combination of antibiotics, for exampleciprofloxacinor
acephal osporin with metronidazol e, isoften given.

Cyclosporin The only current evidence-based
indication for cyclosporin in IBD is steroid-
refractory acute severe UC. In a single small co
ntrolled trial®¥, the results of which have been
largely confirmed by subsequent experience*>14,
intravenous (4 mg-kg*-d*) for about 5 d) followed
by oral (5 mg-kg*-d*-8 mg-kg*-d?) cyclosporin,
given with continued corticosteroids, averted
colectomy in the acute phase in 80% of patients
failing to respond to 5 d-7 d of intravenous steroids
alone. Enthusiasm for this approach has to be
tempered by the frequency of relapse necessitating
colectomy (up to 50%) that follows withdrawal of
cyclosporin, and by its serious adverse effects
which in turn demand frequent monitoring of
cyclosporin blood levels and serum biochemistry in
treated patients. Thetherapeutic rangefor monoclonal
radioimmunoassay is 250 pg/™* -400 pg/L™* during
intravenous treatment, and 150 pug/L*-300 ug/L* as
the trough level on oral treatment. Biochemical
disturbances induced by cyclosporin include

hyperkalaemia, hypomagnesaemia and hyperur-
icaemia, as well as renal dysfunction. The most
serious side effects of cyclosporin are opportunistic
infections (20% patients) including pneumocystis
car inii pneumonia, on account of which co-
administration of prophylactic trimethop rim/
sulphamethoxazole may be advisable; renal
impairment, includingasmall reductioninglomerular
filtration ratein most patients and, sometimes, an
interstitial nephritiswhich isnot alwaysreversible
on stopping cyclosporin; hypertension (30%
patients); hepatotoxicity (up to 20%); and epileptic
fits (3%), dueto penetration of the blood-brain barr
ier by a vehicle, cremophor, in cyclosporin and
essentially confined to patients with low serum
cholesterol and/or magnesium concentration. Less
serious side-effects include nausea, headache,
paraesthesiae and hypertrichosis.

Further studies are needed to determine optimal
usage of cyclosporinin UC. For example, precisely
when should patients be given the drug, will alower
dose (2 mg-kg*-d*iv) be as effective but safer,
should trimethoprim/sulphamethoxazole be
coprescribed as prophylaxis against pneumocystis
carinii infection, and should oral cyclosporin or
azathioprine be prescribed after the intravenous
treatment? It is clear, however, that intravenous
cyclosporin can beinvaluablein patientswith steroid-
refractory acute severe UC, not least for buying time
forimprovingtheir nutrition prior to, and/or preparing
them psychologically for surgery.

Azathioprine and 6-mercaptopurine Oral
azathioprineand 6-mercaptopurinearevery effectivein
inducing and maintaining remission in pat ients with
steroid-refractory or dependent IBD. Unfortunately,
however, they take up to 4 monthsto exert their effect
and are thus inappropriate for acute severe UC.

Possible new treatments The possible roles of anti-
TNF-alpha antibody!*”, antibodies and antisense
oligonucleotidestol eucocyte/endothelid cdllularadhesion
molecules®®, and intravenou sheparin®® requirefurther
evauationincontrolledclinicd trias.

Surgery

A colorectal surgeon should beinvolvedinthe care
of patients with acute severe UC throughout their
admission. Indicationsfor urgent colectomy, which
is required in about 25% of patients with acute
severecolitis, includetoxic colonic dilatation which
does not respond within 24 h to intensification of
medical treatment with rolling!***2, antibiotics and
nasogastric suction, and deterioration or failureto
improve on medical therapy in 5 d-7 d. Emergency
surgery, after immediate resuscitation, is
required in the rare patients, who develop colonic
perforation or massive colonic haemorrhage.
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Details of the surgical options available (pan-
proctocol ectomy with ileoanal pouch or permanent
ileastomy, or, rarely, sub-total colectomy withileorecta
anastomosis) and their electiveindications, are beyond
the scope of thisreview.

MANAGEMENT OF ACTIVE CROHN’S DISEASE

Treatment of CD depends not only on disease activity
and site, asin UC, but also needsto betail ored according
to the patient’ sclinical presentationf?. Inflammation
(Table2), obstruction, abscessandfistularequiredifferent
therapeutic approaches, and need to be distinguished by
appropriate investigation before specific treatment is

begun.

Assessment of disease activity

Its heterogeneous presentation makes assessment of
disease activity in CD more complicated than in UC.
For clinicd trids, alargenumber of multifactoria clinical
and/or laboratory-based scoring systems, such asthe
Crohn’s Disease Activity Index (CDALI), has been
devised, but noneissuitablefor ordinary clinica use?.
The working definitions of the American College of
Gastroenterol ogy!?aremore practicable. Many patients
with active CD can be looked after as outpatients, but
those with moderate-severe and severe-fulminant
diseaseneed prompt, andinthelatter instanceimmediate,
hospital admissi on.

General measures

Asfor UC, patients with active CD should be looked
after by amulti-disciplinary team with specia expertise
inIBD inagastroenterology clinic or ward. Optionsfor
treatment (medical, nutritional, surgical) arewider than
inUC, and it is essential that the patient is kept fully
informed about hig/her ilIness, and takes aplace at the
centre of the therapeuti c decision-making process??.

Establishing the diagnosis and clinicopath-
ological problem

Inmany patients, the diagnosisof CD and identification
of itsprincipa stewill havebeen madebeforethecurrent
relapse. Investigations, therefore, aredirected primarily
to clarifying thedominant clinicopathol ogica processso
asto optimise subsequent treatment. Inthoseindividuals
presenting acutely for thefirst time, the diagnosisneeds
to be established (Table 2).

Clinical evaluation Terminal ileal and ileocaecal
CD usually present with pain, diarrhoea and/or a
tender massintherightiliac fossa. Inflammation and
abscess tend to cause constant pain, often with
fever; in patients with small bowel obstruction, the
pain is more generalised, intermittent, colicky and
associated with borborygmi, abdominal distension
and vomiting. Where the diagnosis of CD has not
yet been made, an appendix mass, caecal

carcinoma, lymphoma and, in some ethnic groups,
ileocaecal tuberculosisrequire careful consideration.

Blood tests Asin UC, the main value of blood tests
isin assessing and monitoring disease activity, which
isrelated directly to the platelet count, ESR and C-
reactive protein and inversely to serum haemoglobin
and albumin. However, in very sick patients,
particularly with extensive small bowel disease and
steatorrhoea, there may be laboratory evidence of
mal nutrition and mal absorption (anaemia, low serum
iron, folate, Vit.B12, albumin, calcium, magnesium,
zinc, essential fatty acids).

Endoscopy and biopsy In patientswith right iliac
fossa pain where the diagnosis of CD isin doubt,
colonoscopy to theterminal ileum, with biopsies, is
helpful. It can also be used to balloon-dilate short
strictures. Inestablished Crohn’ scolitis, colonoscopy
during acute relapse is not routinely necessary and
may be unsafe. In previously undiagnosed patients,
digital rectal examination and sigmoidoscopy may
show rectal induration or ulceration, or the presence
of perianal disease. Furthermore, biopsy of
macroscopically normal rectal mucosa may reveal
epithelioid granulomatainaminority of patientswith
overt CD more proximally.

Plain abdominal X-ray A plainfilmisessential if
intestinal obstruction issuspected. It may also hint at a
massin theright iliac fossa, and is often helpful, asin
UC, in estimating extent or severity of Crohn’ scalitis.

Barium radiology Because it may exacerbate
obstructive symptoms and pre-existing perforation,
conventional barium follow through and sm al bowel
enema should be avoided in severely ill patientswith
small bowel disease. In many centres, colonoscopy,
because it allows biopsy and when necessary balloon
dilatation of strictures, isused in preference to barium
enema in patients with suspected large bowel and
terminal ileal disease. Contrast fistulography is useful
for theclarification of anatomical connectionsin patients
with abdomina sinusesor fistulae.

Radiolabelled leucocyte scans *Tc-HMPAO or
1 ndium- leucocyte scanning can be hel pful toidentify,
non-inv asively, not only sites of large bowel
inflammation, asin UC, but also in the small intestine.
Delayed scanning candsobehe pful inidentifyingintra-
abdominal abscesses.

Ultrasound, CT scan and magnetic resonance
imaging (MRI) Abdominal ultrasound and CT scan
can be very useful in active CD, allowing not only
the evaluation but al so the percutaneous drainage of
localised collections. CT also playsacentral rolein
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defining abdominal fistuloustracksand sinuses, while
endoluminal ultra sound and MRI are particularly
useful for the anatomical delineation of perianal
abscesses and fistul ae.

Supportive treatment

Patientswith active CD, like those with acute severe
UC, need meticul oussupportivetreatment, including,
as necessary, intravenous fluids and electrolytes,
blood transfusion and prophylactic subcutaneous
heparinl’(Table 2).

Dietary adviceand nutritional support All patients
shouldbecarefully assessedinreationtotheir nutritiona
intakeand gtatus, thelatter clinically by measurement of
body massindex [mass (kg)/height (m)?; (norma >20)].
Patients with stricturing small bowel CD should avoid
high residue foods (e.g. citrus fruit segments, nuts,
sweetcorn, uncooked vegetables) which might cause
bolus obstruction. Special dietary and nutritional
modifications are needed for patients with extensive
smdll bowe CD or short bowel syndrome. Sickinpatients
may need enteral or parenteral nutrition to restore
nutritional deficits, while liquid formula diets offer
effective primary therapy for some patientswith active
small bowel CD.

Smoking Patients with CD who smoke should be
strongly advised to stop, since this habit has a major
adverse effect on the long-term natural history of the
disease, particularly in women(*?.,

Drugs Codeine phosphate and loperamideare useful for
thecontrol of diarrhoeain patientswith small bowel CD
or resection; they should, asin UC, beavoided in active
Crohn’ scolitisin casethey provoke colonic dilat ation.
Cholestyramine sachets (4 g one to three times daily)
reduce watery diarrhoea due to bile salt malabsorption
induced by extensiveterminal ileal disease or resection.
Haematinics (Fe, folate, Vit.B12), calcium, magnesium,
zincandfat solubleVit. (A,D,E,K) may beneeded for the
replacement of particular deficiencies, asmay gppropriate
drugsfor incipient or established osteoporosis.

Drugsto avoid NSAIDs may precipitate relapse of
CD, asof UC, and should be avoided. Likewise, in
patientswith smdl bowel st ricturing dueto CD, delayed
rel ease drugs should not be prescribed in casethey cause
bolusobstruction.

SPECIFIC TREATMENT OF ACTIVE ILEOCAECAL CROHN’

S DISEASE

Therapeutic optionsincludedrugs, liquid formula
diet and surgery, as separate alternatives or in
combination, depending on the individual
patient’ sage, presentation and personal preference
(Table 2)t23,

Drug therapy

Corticosteroids In active disease, oral steroids
provide the quickest and most reliable response,
60%-80% patients improving in 3 wk-4 wk.
Conventionally, prednisolone (40 mg-d*-60 mg-d*)
is used, the dose being tapered by 5 mg every 7 d-
10 d once improvement has begun. Very sick
patients, or those needing to be fasted because of
intestinal obstruction, need intravenous
corticosteroidsat leastinitially (e.g. hydrocortisone
300 mg-d*-400 mg-d*, methyl prednisolone40 mg-d
160 mg-d?). In patients able to take oral treatment
in whom systemic steroid side effects are a major
problem, auseful recent advanceistheintroduction
of an oral con trolled ileal release formulation of
budesonide (Entocort CR, Budenofalk) (9 mg-d).
This steroid approaches prednisolone in efficacy,
but because oirst-pass metabolism, has fewer
systemic side-effects and causes much less a
drenocortical suppression, albeit at greater financial
cost?, Up to 20% of patients with CD may be
difficult to wean off steroidsafter relapse. Of these,
many will be able partially or totally to discontinue
steroid therapy onintroduction of anaminosalicylate
or immunomod-ulatory agent.

Aminosalicylates Patientswith only moderately active
ileocaecal disease, most of whom can betreated as out-
patients, can betried on high doseord mesalazine (e.g.
Pentasa 2 g b.d., Asacol 1.2 g t.d.s.)?*?2: about 40%
will gointo remissionin 2-3 monthson such treatment,
which may be preferred by individual sreluctant to use
prednisolone.

Metronidazole and other antibiotics
Metronidazole alone?®lor in combination with
ciprofloxacint??is moderately effective in mild
moderately active CD, but isinsufficiently potent
for use as soletherapy in patientsill enough to need
hospital admission. Treatment needsto begivenfor
up to 3 months, but may be confounded by nausea,
vomiting, an unpleasant taste and/or patients’
unwillingness to abstain from alcohol during this
time. Moreseriously, metronidazoletakenlong-term
may cause a peripheral neuropathy not always
reversibleonitsdiscon tinuation. The place of other
antibiotics such as clarithromycin, clofazimineand
rifabutin has not yet been adequately established
in controlled trials. Conventional antituberculous
therapy was not beneficial in a controlled trial in
CD®!, Antibioticssuchasamoxycillin, trimethoprim,
ciprofloxacin and metronidazole are sometimes
useful for the treatment of diarrhoea or
steatorrhoeadueto bacterial overgrowthin patients
with small bowel CD.

Azathioprine and 6-mercaptopurine Patients not
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responding to or dependent on corticosteroids who,
because of extensive disease or previous resection,
need to avoid operative treatment, can be treated
with adjunctive oral azathioprine (2-2.5 mg-kg*-d?)
or 6-mercaptopurine (1-1.5 mg-kg*-d*); the dose of
steroids is reduced as improvement occurs!6-28,
Such patients must be well enough to wait for up to
four monthsfor thisto become apparent. Hopes that
intravenous azathioprine could be used to accelerate
response in active Crohn’ s have not been confirmed
inacontrolled trial!®. Up to 20% of patients cannot
tolerate azathioprine because of nausea, rash, fever,
arthralgia, upper abdominal pain and headache; ina
minority of these patients, aswitchto 6M P may avert
these problems. More seriously, both drugs may
cause acute pancreatitis in about 3% of patients,
particularly inthefirst few weeks of treatment. Their
other potentially serious side effects, bone marrow
depression (which occurs in 2% patients) and
cholestatic hepatitis, necessitate blood tests every
two weeks for the first two months of therapy:
thereafter, white cell count, platelet count and liver
function tests should be monitored every 2 months
[39, Opportunistic infections and a serious form of
glandular fever have been reported in patients on
azathioprine or 6MP. Although existing datain IBD
isreassuring®!, very long-term use, asin transplant
patients, may yet prove to increase the risk of
malignancy. Indeed, therisk of skin cancer makesit
advisable to recommend to white patients on
azathioprine or 6MP that they avoid excessive
exposure to sunlight. Homozygous deficiency of 6-
thiopurine methyl transferase (6TPMT), the enzyme
responsible for the safe metabolic breakdown of
azathioprine and 6-M P, occurs in about 0.2% of the
population and may contribute to the occasionally
serious side-effects of both drugs and its routine
assay isnot yet available. Allopur inol, by inhibiting
xanthine oxidase, reduces metabolism of
azathioprine. Patientson thisdrug should not begiven
either thiopurine. Usage of azathioprine and 6-
mercaptopurine in CD islong term. However, in
patients maintained in remission on azathioprine or
6MP, therisk of relapse after four years of treatment
appearsto be similar whether the drug is continued
or stopped®. In view of the potential toxicity of the
long-term use of these- drugs, their withdrawal should
be considered in patients still in re mission after four
years treatment.

Methotrexate Methotrexate, given weekly as a
25 mg intramu scular injection, improves symptoms
and reduces steroid requirements in chronically
active steroid-dependent CD®, but its potential
side effects (bone marrow depression, hepatic
fibrosis, pneumonitis, opportunistic infections)
restrict its use to the very small number of patients

with difficult CD refractory to safer treatments.
Although alower dose (12.5 mg weekly), given
orally, may also prove beneficial in CD®, all
patients given methotrexate need careful blood
monitoring.

Mycophenolate mofetil In an unblinded trial in
complicated CD, this newer immunomodulatory drug
appeared to act quicker and produce fewer side-effects
than azathioprine’® and double-blind controlled trialsa
re needed to confirm these resullts.

Cyclogporin Hasnot been confirmed asuseful inactive
ileocaecal CDE49,

Anti-TNF-alpha antibody The first specific
cytokine-related therapy to reach the bedsidein CD
is infliximab, a mouse-human chimeric (cA2)
antibody to-TNF-alpha®*®3#; this drug was launched
inthe USA in 1998 and in Europein 1999. In patients
with CD refractory to steroids and/or conve ntional
immunosuppressive drugs, a single infusion of
infliximab produced, at 4 weeks, someimprovement
in 64% patients, compared with 17% after placebo;
remission occurred in 33% patients treated with
infliximab but only 4% of those given placebo!®!.
Relapse tends to recur in the ensuing months:
repeated infusions every 4 wk-8 wk may produce
morelasting remissions®’. Infliximabisadministered
as a single!*” or, to obtain a more prolonged
response, multipleintravenousinfusions**4Y at 4 wk-
8wk intervals, each given over 2 hours. Thedoseis
5 mg-kg? per infusion, and the cost about £ 1000
(US$1600) per infusion. Common minor side-effects
inc lude headache, nauseaand upper respiratory tract
infections. Serious, but not opportunistic, infections
including salmonella enterocolitis, pneumonia and
cellulitishave been reported. I nfusion reactionsoccur
in up to 20% patients, are usually mild and respond
to antihistamines: however, adrenaline and
corticosteroids should also be available when
infusions are given. The development of human
antichimeric antibodies (HACA) in up to 15%
patients may cause a serum sickness reaction and
diminished clinical responseto repeatedinfusions. A
lupussyndromehas been associated with anti-doubl e-
stranded DNA antibodies and cardiolipin antibodies
in rheumatoid patients g iven infliximab. Rapid
healing and fibrosis may precipitate bowel
obstructioni npatientswith small intestinal strictures.
Lastly, there are several reports of lymphomain
rheumatoid and Crohn’ s patients given infliximab,
although wheth er these are due to the drug or the
underlying disease is not yet clear.The benefits, or
otherwise, of coprescription of azathioprine or 6-
mercaptopurinein patients given anti-TNF antibody
are not yet established. By analogy wit h the effects
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of methotrexate in infliximab-treated patients with
rheumatoid arthritis, conventional immunosupp-ressive
drugs may have a synergistic eff ect and reduce the
incidenceof thedevel opment of autoantibodiesand other
adverse effe cts. It is conceivable, however, that
immunosuppressive agents could increase the risk of
lymphomain patientsoninfliximab*2. Inthefuture, sl ect
ion of patientsto betreated with anti- TNF antibody may
depend not only ontheir disease phenotype(egfistulating
disease), but also their genotype. Preliminary evidence
suggeststhat CD patientswho are pANCA positive, and
have particular TNF microsatellite haplotypes, for
instance, show apoor responseto infliximab.

Dietary therapy

In patients with a poor response to, or preference
for avoiding corticosteroids, in those with extensive
small bowel disease, and in children, an alternative
primary therapy isaliquid formuladiet. Thiscan be
either elemental (aminoacid-based), protein
hydrolysate (peptide-containing) or polymeric
(containing whole protein and not therefore
hypoallergenic), and is given for 4-6 weeks as the
sole nutritional source!®!. Thisapproachisprobably
as effective as corticosteroid therapy in the short
term, about 60% patients achieving remission.
Unfortunately, after the resumption of anormal diet,
many patientsrelapse (50% at six months). Whether
this can be prevented by selective and gradual
reintroduction of particular foodstowhichindividual
patients are not intolerant!, or by the intermittent
use of further enteral feeding for short periods,
remainsto be proven. Thesuccessof enteral nutrition
as aprimary therapy for CD is also limited by its
cost, the unpleasant taste of some of the available
preparations and the need often to give the feed by
nasogastric tube or percutaneous gastrostomy. Such
therapy does, nevertheless, offer a valuable
alternative in the compliant minority of adults for
whom it isappropriate.

Surgery

In patientswhoseileocaecal diseasefailstorespondto
drug or dietary therapy, particularly if they have short
segment (less than 20 cm) rather than extensive
disease, surgery isindicated. Indeed, some patients
prefer surgery at presentation to the prospect of
pharmacological or nutritional treatment of uncertain
duration; thereisno controlled datato confirm which
approach isbest. After surgery, thereisa50% chance
of recurrent symptoms at 5 years and of f urther
surgery at 10 years.

SPECIFIC TREATMENT OF OTHER PRESENTATIONS OF

ACTIVE CROHN'S DISEASE
Obstructive small bowel Crohn’s disease In
pati entspresenting with obstructivesymptomsandsigns,

with appropriate abnormalities on plain ab dominal
X-ray, theprincipal difficulty liesin deciding whether
stricturingisdueto activeinflammation, fibrosiswith
scarring or even adhesions. Sometime s laboratory
markers (e.g. raised platel et count, ESR, C-reactive
protein) and/or radiol abelled |eucocyte scan can help
to identify individuals with active inflammatory
Crohn’s, but in most instances a short trial of
intravenous corticoste roidsis given in addition to
intravenous fluids and, if necessary, nasogastric
suction. Parenteral nutritionisrequiredif resumption
of anoral dietisnot likely in5d-7 d. If the stricture
isin the upper jejunum, terminal ile um or colon,
enteroscopic or colonoscopic balloon dilatation can
be undertaken!*; the value of concomitant local
injection of triamcinolone around the strictureisas
yet unclear. In patients not settling after 48 h-72 h
of conservativetreatment, surgery isneeded, options
being local resection or, for short and/or multiple
strictures, stricturoplasty. Patients responding to
conservative therapy should be advised totakealow
residue diet to reduce the chance of recurrent
symptoms.

Intra-abdominal abscess Ultrasound, CT scan and/
or radiolabelled leucocyte scan are usually used to
confirm suspected intra- abdominal abscessin patients
with Crohn’s. Broad spectrum antibioticsare given and
the abscess drained percutaneously under radiological
control, and/or surgically. Subsequent treetmentisusudly
of the underlying pathological process, fo r example,
ileocaecal inflammation.

Intestinal fistula The relevant anatomical
connectionsareclarified using contrast radiology, CT,
endoluminal ultrasound and/or MRI. Restitution of
nutritional well being is required using enteral or
parenteral nutrition. Where there is no obstruction
distal tothesite of intestinal fistulae, medical therapy
with oral, rectal or intravenous metronidazol e and/or
oral azathioprine or 6-mercaptopurine'® cause some
fistulae to heal. Uncontrol led reports suggest that
intravenous cyclosporin may heal fistulous Crohn’s,
whileacontrolledtrial showsanti-TNF-a phaantibody
(infliximab) infusionsto beapromising option*?. Most
patients with enterocutane ous, vesical or vaginal
fistulae, however, require surgical resection of the
fistulaand local resection of involved intestine and/or
other viscera.

Perianal disease Non-suppurative perianal CD
may respond to oral metronidazolel*s! and/or
ciprofloxacin given for up to three m onths, and to
azathioprine or 6-mercaptopurine in the long term
(261, Successful healing of >50% perianal (and other)
fistulae was reported in 62% patients treated
with threeintravenousinfusions of anti-TNF-alpha
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antibody (infliximat) compared with 26%o of thosegiven
placebo*Y. Althoughint hisstudy itisnot clear whether
thefistuloustracks, rather than smply their openingson
to the skin, healed, and reopening of fistulae was
common in the 6 months after treatment was stopped,
infliximab may prove a useful advance in therapy.
Patients with suppurating perianal CD need surgery,
minimised as far as possible and abscesses should be
drained and loose (seton) s uturesinserted to facilitate
thecontinued drainageof chronicfistulae. Defunctioning
ileostomy or colostomy isof uncertain benefit.

Crohn’scolitis Thetreatment of active Crohn’ scolitis
closely resembles that of active UC (Table 1). In
contrast to UC, oral metronidazole (400 mg b.d. for up
to three months), if tolerated, can be used in patients
with only moderately active diseasewho wishto avoid
corticosteroids or aminosalicylates: the responserate
isup to 50%!%. Thereis no datato support the use of
cyclosporin.. Meta-analysis data suggest that Crohn’s
colitis, like ileocaecal disease, respondsto aliquid
formuladiet!®. In patientswho requiretotal colectomy,
permanent ileostomy isusually preferred to anileoanal
pouch because of the high incidence of pouch
breakdown and sepsisin CD. lleorectal anastomosisis
an option in patients with rectal sparing, though
recurrencerequiring further surgery isfar morecommon
than after ileostomy. In rareindividualswith refractory
segmental colitis, local resections of short diseased
segments can be performed. Toxic megacoloniseven
more rarein acute severe Crohn’ sthan it has become
inUC.

Oral and upper gastrointestinal Crohn’s disease
Treatment of oral and upper gastrointestinal CD follows
the usual principlesoutlined above. Patientswith oral
Crohn’ sare best managed in close conjunction with
specidistsin oral medicine: controlled trial data are
lacking, but optionsincludetopical, intral esional and
oral steroids as well as oral thiopurines and liquid
formula diet. Duodenal Crohn’s may respond to
omeprazol e*”; endoscopic balloon dilatation of
strictures can be helpful, but surgery other than
stricturoplasty may be technically demanding and
complicated by fistulation.

MEDICAL TREATMENT OF IBD—THE FUTURE

Improvements in future medical treatments are
likely to take several directions. First, conventional
therapies, such assteroidsand aminosalicylates, are
likely to be made available in formulations which
focus delivery more accurately on the site of
disease and thereby further reduce systemic side
effects. More excitingly, the increase in our
knowledge of the aetiology and pathogenesisof IBD
will inevitably lead to the development of more
selectively targeted pharmacological agents, of

which thefirst to reach clinical application has been
anti-TNF-alpha antibody. Gene therapy, for
example applied topically to involved gut mucosa,
may prove an important step forward in UC and
Crohn’sasin other chronic inflammatory diseases
outsidethegut. The choiceof treatment inindividual
patients with IBD will depend not only on the
phenotypic expression of their disease, but also on
their genotype.

Whatever therapeutic advances are made in the
coming years, the management of patientswith IBD,
whether apparently straightforward or difficult, will
continue to depend on close collaboration between
physicians, surgeons, specialist nurses, dieticians,
radiol ogists, pathol ogistsand counsellor, and aclinical
geneticist may need to join this team. Most
importantly, thepatient with IBD m ust belooked upon
as aperson rather than a case. Astreatment becomes
more com plex, and the options more varied, it is
essential that the patient remains at t he centre of the
decision-making process, and theindividua with IBD
must be t hefinal arbiter of the type of treatment he
or sheisto be given.
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INTRODUCTION

Eradication of Helicobacter pylori (Hp) infectionis
generally not easy. Variousclinical regimens have been
recommendedintheliterature. Withtheexperiencefrom
the other countries and the practice in China, Chinese
doctors have tried many regimens. In this study, we
collected and pooled thedatafrom Chineseliteratureto
evaluate the effect of different regimensin Chinese
patientsin fected with Hp.

MATERIALS AND METHODS

Papers published from 1990 to 1997 were reviewed. The
papers were cited from the index “ Chinese Literature of
Science and Technology, (Medicine)”, Published by the
Medica Information Ingtitute of China, Beijing, and from
the Chinese bio medical disks (CBMDISC). Paperswere
selected according to the following criteri a (U the papers
must be publishedinfull text; 2 datamust befrom original
studies from author’s own unit; (3 Hp status must be
determined using histology, microbiology and ureabreath
test; and @ the studies should be appro priately designed
and reported. If several papers were published from the
same data source, the one with the best datawasincluded.

RESULTS

Monotherapy Monotherapy hasbeenfully provedto
be not effectivein Hp eradication, with a eradication
rate between 10%-45%.

Dual therapy Protonpumpinhibitor (PPI) dud therapy
was introduced from western countries to China,
whereasfurazolidonewasdevelopedin Chi na. Thedata
areshowninTables1,2.

Triple therapy PPI and bismuth triplies were
main regimens recommended. Furazolidone was
fully practiced in China. Their results are shown
in Tables 3-5.
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Quadrupletherapy Only two studieswere available
using 1week courseof bismuth, PPl and two antibiotics.
The eradication rates were 91% and 93%, and the
occurrence rate of side effect being 33%!'%%,

Table 1 PPI dual therapy

Authors Ome Amo Eradication(%) Healing(%) Side effect
Zhou YHM  20bidx14 500 gidx14 30/33(91) 31/33(94) 12%
Zhou YHM 20 qdx14 500 qidx14 31/35(89) 32/35(91)

Nie YQ® 20 bidx14 500 gidx14 10/13(77) 12/13(92) 15%
Li Yv® 20 bidx14 500 gidx14  8/11(73)  9/11(82)

Hu FL@ 20 bidx14 750 bidx14 13/22 (59) 18/22 (82)

Zhou YBI 20 bidx14 750 qidx14 30/36 (83) 36/36(100) 2.7%

Ome: omeprazole Amo: amoxycilline

Table 2 Furazolidone dual therapy

Authors Furazolidone  Antibiotics Eradication(%) Side effect
Xiao SD®! 100 qidx14 CBS 120 qidx14 66790 (73)

Mao PJ! 100 tidx28  Ran 150 bidx28 10/17 (59) 8.9%
Mao PJI 100 tidx28 Ome 20 qdx28 15/18 (83)

Li YNE! 200tidx7  CBS110qidx28  34/34 (100)

100 gidx7

Li YN 100 tidx14 ~ CBS110qidx28  21/23(91)

Li YN 50 tidx14  CBS 110 gidx28 13/21 (62)

Xi BGM 200 tidx14 CBS 110 gidx28 24/24 (100)

CBS: bismuth Ran: ranitidine Ome: omeprazole

Table 3 Triple therapy with Furazolidone

Authors Fu Antibiotics Antibiotics  Eradication(%) Side effect
Liu WZE 200 bidx7 CBS 240 bidx7  Cla 500 bidx7  12/12(100) 57%
Liu WZE 100 bidx7 CBS 240 bidx7  Cla 250 bidx7 ~ 25/27(93)  7.4%
Huang YSI 100 tidx5  Met 400 tidx5  Genta 40 tidx5 25/26(96)

Xiao SD®! 100 gidx10 CBS 120 gidx10 Met 200 qidx10 74/75(78)

Chen JP 100 qidx28 CBS 120 qidx28 Tetra 250 qidx28 35/54(65)

Cla: clarithromycin Genta: gentamycin Tetra: tetracyclin

Table 4 Hp eradication with CBS triple therapy

Authors CBS Amo Met Eradication(%) Side effect

JiaBQEI 120 qidx14 250 qidx14 200 qidx14 328/440(87) 7.8%
JiaBQUEY 240 bidx14 500 bidx14 400 bidx14 139/156(89) 7.8%
Chen SPB4 240 bidx14 1000 bidx14 400 bidx14  33/46(71)

Li QNES 240 bidx14 500 bidx14 400 bidx14 13/16(81) 37.5%

Geng Z 110 gidx14 500 qidx14 200 qidx14  64/76(84)
Zhou LYB 120 gidx14 250 gidx14 200 gidx14 56/73(77)
LiYYE® 120 qidx14 250 gidx14 200 qidx14 20/25(80) 28%

Table 5 PPI triple therapy

Authors PPI Antibiotics Cla Eradication(%) Side effect

Chen SP* Ome 20 bidx7 Amo 1000 bidx7 500 bidx7 43/48(90) 21.1%
Chen SP Ome 20 bidx14 Amo 1000 bidx14 500 bidx14 45/47(96)

Liu WZ"  Lan 30 bidx7  Fu 200 bidx7 500 bidx7 11/12(92) 10%
Liu Wz Lan 30 qdx7 Fu 100 bidx7 250 bidx7  27/30(90)

Li QNI Lan 30 bidx7  Met 400 bidx7 250 bidx7 14/16(86) 18.8%
Li QNB3I Lan 30 bidx7  Met 400 bidx7 500 bidx7 15/16(94) 25%
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DISCUSSION

Eradication of Hp isconsidered to be confirmed when
the tests of Hp continue to be negative for at least 4
weeks after the discontinuation of treatment!?!. Great
efforts have been made to establish regimens with
good efficacy and safety. It isrecognized in western
countries that a good regimen should reach the
eradication rate of intentionto treat (ITT) >80% and
per protocol (PP) > 90%??.1n most Chinese papers
only the rate of PP was available, therefore used in
this review. In consideration of high resistant rates
to antibiotic and the high pre valence of Hp in the
country, aregimen with a PP eradication rate > 85%
should be accepted in our practice. With this standard
we found that both PPI triple therapy and bismuth
triple therapy with atwo-week course were good for
Chinese patients. Theformer had high adverse events
and thelatter was more expensive. In most treatment,
the dosage of antibiotics was cut down in or der to
reduce the side effects. It was shown that the low-
dosetripletherapiescouldyield high eradication rates
in Chinese patients because they had lower body
weight. The limited data with one-week quadruple
therapy showed that it could be a good alternative
espec ially for the patients who failed to other
regimens. Monotherapy and dual therap y were not
suitable in practice because of their poor efficacy.
These findings a gree with the data from western
literatures’®®.

The presence of resistant Hp strainsis a severe
problem in China and influe nces the efficacy of
treatments. Theresistant ratesto metronidazolewere
reported to be between 28%-80%, and
clarithromycin, <5%. However, there has been no
reported resistance to bismuth, amoxycillin,
furazolidone and tetracycline. Thes e antibiotics
should be used to replace metronidazole if the
resistance exists. Some studies recommended
furazolidone, which was less expensive, with low
resistance but more adv erse events.

Recently the consensus reports from European,
American and Asia Pacific areas recommended the
following regimengd®223; (1) PPl (ome20mgor lan 30
mg) + Cla500 mg + Amo 1000mg; @ PPI + Cla 250/
500 mg + Met 400 mg; 3 RBC/Bis+ Cla500 mg + Met
400 mg/Amo; and @ PPl + Bis+ Met + Tetra.

All were used twice daily for the one-week course.
These regimens had a good ef ficacy in western
countries, but have not been extensively examined
in China. RB Cisstill unavailablein China. The
preliminary results from our group showed t hat
Lan30 + Cla500 + Met400 regimen reached a
93% eradication rate, but Lan30 + Cla250 +
M et400 only 77%!%!. More studies are needed
before their establishment in this country.
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INTRODUCTION

Numerous studies have demonstrated the protective
actionof progtaglandinE1 (PGEL) onexperimenta animal
model sof liver injury and on patientswith fulminant viral
hepatitis. It could act on PGEL1 receptor of the diseased
vesselsto dilate them and increase portal venous flow,
improve the microcirculation of the liver, clear the
metabolitesof theliver cdlls, andincrease oxygen supply
to theliver tissues. PGE1 could a so accumul ate at the
inflammentory por tion, inhibit therel easeof lethd factors,
stablizethemembraneof liver cdll sandlysosome, inhibit
the active oxygen, and promote the proliferation of the
liver cdlls. Itisnow used totreat fulminant hepaticfallure.

PROTECTIVE ACTION OF PGE1 ON EXPERIMENTAL ANIMAL

MODELS OF LIVER INJURY

The protective action of PGE1 has been shown on
both experimental animal models of liver injury and
patients with fulminant viral hepatitis. Beck et al!¥
examined the effects of long-term PGE treatment on
liver and stomach in cirrhotic rats. Cirrhosis was
induced by bile duct ligation. Sham-operation was
performed an controls. Half of the rats received a
PGEL1 anal ogue, misoprostol (PGEL) (10 ug orally,
daily) ond1-d 29 postoperation, and theothersreceived
placebo only. Liver chemistry, portal pressures, and
levels of prostaglandin E2, leukotriene B4,
myeloperoxida se, and collagen in hepatic and gastric
tissueof al ratsond 31 weredetermined. PGE1-treated
cirrhoticratshadlesshepatosplenomegaly, lower serum
aanineaminotransferaselevels, and portal pressuresand
higher arterial pressure than placebo-treated
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cirrhotic rats. Hepatic and gastric leukotriene B4,
myel operoxidaseand collagen levelsweresignificantly
lower in the PGE1-treated compared with placebo-
treated cirrhotic rats. Placebo-treated cirrhotic rats had
greater spontaneousand ethanol -induced gastric damage
andfailedto show gastric hyperemic responseto ethanol,
whereas PGE1-pretreated rats did. PGE1 did not
significantly affect sham-operated rats. Beck suggested
that long-term PGE1 administration was cytoprotective
for both the liver and gastric mucosain cirrhotic rats.

An animal model of hepatocytic necrosis was
established by Gul? with injection of D-galactosamine
into peritoneal cavity. Examination at regular intervals
after injection of PGE showed that thelevel of increased
serum TB, ALT and GST and the degree of histological
changesin theliver were less marked in PGE-treated
animals (n = 34) than those in PGE-untreated animals
(n=29), suggesting that PGE has definite protective
effect on experimental hepatocytic necrosis.

The effects of PGE1.CD on dimethylnitrosamine
(DMN)-induced acute liver damage with
intravascular coagulationin ratswere biochemically
and histopathologicall y investigated by Suzuki®!.
PGE1.CD was administered i.v. 30 min before and
24 h after DM N-intoxication (pretreatment) and 30
min or 4 h to 24 h after DMN-intoxication (post-
treatment). Pretreatment with P GE1.CD (0.2-2
ug-kg*-min?) dose-dependently suppressed the
decrease of platelet counts and the el evation of blood
biochemical parameters(PT,HPT, GOT, GPT, LDH,
LAP, T-Bil) caused by DM N-intoxication. PGE1.CD
(0.5 pg-kg*-min* or over) significant ly suppressed
the DMN-induced histopathological changes
(occurrence of hemorrhage and necrosis). Post-
treatment with PGE1.CD (2 pg-kg*min') also
suppressed the liver damage. Furthermore, pretr
eatment with PGE1.CD (2 pg-kg*-min**) not only
suppressed the disruption of hepatocytes, but also
prevented the damagesof sinu soidal endothelial cells
and lysosomal membrane, and it reduced theincrease
of lipid peroxidation. PGE1.CD (1 ug-kg*min* or
over) significantly suppressed the decrease of hepatic
tissue blood flow caused by DM N-intoxication.
These results demonstrate that PGE1.CD has
therapeutical efficacy against DMN-induced acute
liver damagein rats, therefore, it will be clinically
useful for the treatment of severe hepatitis such as
fulminant hepati tiswithintravascular coagulationinthe
sinusoid.
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PGE1 AND SEVERE HEPATITIS

The effect of PG on patients with fulminant and
subfulminant viral hepatitis (FH F) was studied by
Sinclairt. Seventeen patients presented with FHF sec
ondary to hepatitis A (n = 3), hepatitisB (n = 6), and
non-A, non-B (NANB ) hepatitis (n = 8). Fourteen of
the 17 patients had stage Il or IV hepatic
encephalopathy (HE). The mean aspartate
transaminase (A ST) was1844U/L +1246U/L, bilirubin
232 pmol/L +135 pmol/L, prothrombin time (PT)
34s+18s, partial thromboplastintime (PTT) 73s+26s,
and coagulation FactorsV and V11 8%+ 4% and 9%+5%,
respectively. Intravenous PGE1 wasinitiated 24 h-48 h
later a fter arisein AST (2195U/L +1810U/L),
bilirubin (341 umol/L £148 pmol/L), PT (36s+15s),
and PTT (75s£18s). Twelve of 17 responded rapidly
with adecreasein AST from 1540U/L + 833U/L to
188U/L * 324U/L.Improvement in hepatic synthetic
function was indicated by a decrease in PT from
27sx7sto12st1sand PTT from 61s+10sto 31s+2s,
and anincreasein Factor V from 9% + 4%t0 69%+ 18%
and Factor V11 from 11% * 5% to 71% + 20%. Five
responders with NANB hepatitis relapsed upon
discontinuation of therapy, with recurrence of HE and
increases in AST and PT, and improvement was
observed upon retreatment. After 4 wk of intravenous
therapy oral PGE2 was substituted. Two patientswith
NANB hepatitisrecovered completely and remained
in remission 6 mos and 12 mos after cessation of
therapy. Two additional patients maintained in
remission after 2mosand 6mos of PGE2. No relapses
were seen in the patients with hepatitis A virus and
hepatitis B virusinfection. Liver biopsiesin all 12
surviving patients restored to normal. In the five no
n-respondersan improvement in hepatic function was
indicated by afall in AST (3767U/L + 2611U/L to
2142U/L £ 2040U/L), PT (52s+ 25st0 33s + 18s),
and PTT (103s+ 29sto 77s* 44s), but a| deteriorated
and died of cerebral edema (n = 3) or liver
transplantation (n=2). Theseresultssuggest that PGE
has beneficial effect on FHF.

According to the severity, hepatic failure was
dividedinto early stage, typical symptom stageand late
stage. A treatment group of 55 cases received PGE1
therapy and a control group received basic support
therapy only. T he results showed that difference of
the total effective rate was not significan t between
these two groups, but in the early stage of hepatic
failure, the effec tive rate in the treatment group was
markedly higher than that in the control group. In
addition, incidenceof hepato-rena syndromewas|ower
in the treatment group!?. This study indicates that
division of severeviral hepatitisinto three stagesfor
evaluation of therapeutic effect isrational and useful
and early use of PGE1 may certainly show some
efficacy.

While orthotopic liver transplantation (OLT)
has become the treatment of choice for most

irreversibleend-stageliver diseases, itsrolein patients
with hepat itisB (HBV) infectioniscontroversial. A
high risk of reinfection of the trans planted graft,
associated with significant morbidity and mortality,
has been rep orted. Although passive and active
immuni zation can delay the reappearance of virusin
the allograft, thereis not yet an effective therapy for
recurrent HBV infectionin liver transplant recipients.
Twenty-eight OLT in 25 patients with acute and
chronic HBV infections were performed®. Twelve
of the patie ntswere HBV DNA-negative, six were
HBV DNA-positive, and seven were not tested prior
to transplantation. Only 19 patients surviving more
than 100 days after transplantation were considered
to have sufficient duration of follow-up (mean 734
days) to include in the analysis of recurrence. Five
(26%) were fr ee of recurrent disease at the time of
last follow-up (mean 1031 days). Rec urrent HBV in
theallograft, asdefined by positiveimmunoperoxidase
stains of biopsy sections for viral antigens, was de
tected in 74% at amean of 134 d posttransplantation.
Histological chang es of viral hepatitis were evident
in 13 of 14 with positiveimmunostaining. Twelveof
the 14 patients were treated, on an open trial basis,
with intravenous and oral prostaglandin E (PGE)
because of deteriorating clinical condition. Eleven
of t hetwelve responded to PGE with aninitial drop
in serum transaminases, improvem ent in
coagul opathy and resol ution of encephal opathy. One
patient failed to resp ond and died of myocardial
infarction within 9 d of institution of therapy. Three
of the eleven patients with an initial response
relapsed and died of liver failure asadirect result of
recurrent HBV after 13 d, 16 d and 37 d of treat
ment in association with generalized sepsis. Eight of
the 12 patients (67%) had a sustained favorable
responseto PGE therapy (mean follow-up 737 days).
All patients with a sustained response had
accompanying improvement in histology and
reduction in viral antigen staining in hepatocytes.
Treatment with PGE appeared to be of benefit in
recurrent HBV infection of thetransplanted liver with
an initial response rate of 92% and a sustained
response rate of 67%.

The efficacy of PGE1 was demonstrated in the
treatment of another 4 patients with subfulminant
hepatitis of viral hepatitis B?. Three patients suff
ered from hepatic enchepalopathy of the first
degree, and the remaining one of t he second
degree. In three patients the clinical and
biochemical improvement cam erelatively quickly,
followed by recovery. In one patient, due to drug
intolerance, the treatment was discontinued on the
third day. The recurrence of illness was noted with
the moderate increase of serum aminotransferase
activities witho ut clinical deterioration,
necessitating no further use of prostaglandin E1.
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Bojic suggested that prostaglandin E1, applied in the
treatment of patientswith subfulminant formof hepdtitis,
has favorable effect on the course of ilIness.

In arare case of severe acute hepatitis A
complicated by purered cell aplasia(PRCA), plasma
exchange transfusion and glucagon-insulin (GI)
therapy improved the consciousness, but bilirubin,
transaminase levels, and IgM anti-HAV titer
remained high. Intravenous administration of
lipophilized PGEL1 (lipo-PGEL) was added to the GI
therapy. Bilirubin and transaminase levels were n
ormalized in the wk 8 after the initiation of this
combination therapy (17 wk after admission). The
combined use of lipo-PGE1 with plasmaexchang e
and Gl therapy appeared to be useful for the severe
hepatitisin this patient .

Two patientswith HIV infection developed acute
hepatitis B with liver insufficiency and hepatic
encephal opathy. After alprostadil infusion was begun,
they improved quickly and got afull recovery®.

MECHANISMS OF HEPATIC CYTOPOTECTION OF PGE1
Indocyanine green disappearance enhanced by
PGE1

Indocyaninegreen (ICG) isardiableindicator reflecting
hepatocyte function and hepatic blood flow. PGEL has
been indicated toincrease hepatic blood flow and protect
the hepatocyte. Tsukada® found that PGE1
adminigrationincreased | CG-K intheliver cirrhosis(LC)
and chronic hepatitis (CH) groups with normal liver
function, and the ICG-K response was dose depen dent
when thedosage of PGE1 ranged from 0.01 pg-kg*min
110 0.05 pg-kg*-min™,

Inhibitory effects of PGE1 on T-cell mediated
cytotoxicity

The effects of PG E1 on cell-mediated
cytotoxicity against hepatocytes were
investigated usingin vitro cytotoxic assay system
by Ogawal'” . Isolated liver cells from normal
C57BL/6 mice were used asthetarget cells, and
effector cells were obtained from spleens of
C57BL/6 micein whic h experimental hepatitis
had been induced by immunization with syngeneic
liver a ntigens. In this assay system, spleen T
cellsadhering to nylon wool demonstrate d ahigh
cytotoxic activity against target liver cells. The
cytotoxicity was mar kedly reduced by PGEL1 at
concentrations greater than 10”’mol/L. Maximum
suppressive activity was obtained when PGE1
was continuously present during the assay period.
By contrast, indomethacin, a specific inhibitor of
prostaglandin synthesis, enhanced the cytotoxic
activity of effector cells. These data seem to
indica te that exogenously added PGEL has an
inhibitory effect on cell-medi ated cytotoxicity of
effector spleen cells against target hepatocytes.

PGE1 enhance DNA synthesis of injured liver
after partial hepatectomy by stimulating cyclic
AMP production and increasing ATP level in
hepatic tissue

D-galactosamine (D-gal) damaged rats were infused
with PGE1 through peripheral veinfor 40 min. before
and after partia hepatectomy. DNA synthesisfollowing
68% partia hepatectomy was severely inhibited by the
pretreatment of D-galactosamine. PGE1 infusion (0.5
ug-kgtmin?, 1.0 ug-kg*min?) enhanced the DNA
synthesisinhibited by D-gal 600 mg/kg significantly (P
<0.01). After 20 min of PGEL infusion cyclic AMP
levels of liver tissuewasincre ased as compared with
salineinfusion in D-gal (600 mg/kg) damaged rat (P
<0.05). Twenty min and 3 h after partial hepatectomy,
ATPlevelsof liver tissuewasenhanced in PGE1 treated
group (P<0.05). These results suggest that PGE1
enhances DNA synthesis of injured liver after partial
hepatectomy by the mechanism of stimulating cyclic
AMP production and increasing ATP level in hepatic
tissuelY,

PGE1 could accelerate the recovery of
mitochondrial respiratory functio n after
reperfusion, stabilization of membrane
microviscosity
PGEL1 has been indicated to increase hepatic blood
flow and protect the hepatocyte. Kurokawa et alt*?
found that PGE1 could accelerate the recovery of
mitochondrial respiratory function after reperfusion.
When PGEL1 was continuously administered to rats
from 24 hbeforegiving ado seof carbontetrachloride,
deranged serum glutamic pyruvic transaminaselevels
and prothrombin timeweresignificantly reduced 12 h
after intoxication compared with controls. A similar
effect of PGE1 was seen at 24 h in D-gal actosamine-
intoxicated rats. Liver histology showed acompara
ble attenuation of injury in these rats. These results
were consistent with repo rted effects of PGE2,
suggesting that both prostaglandins may share a
common pat hway in protection against liver injury.
When PGEL1 or 16,16’ -dimethyl PGE2 was added to
the medium of primary cultured rat hepatocytes, lipid
peroxidation- dependent killing of the cells by tert-
butyl hydroperoxide was significantly at tenuated
without affecting the extent of malondialdehyde
accumulation compared w ith controls. Both
prostaglandins significantly reduced the extent of
increased plasmamembrane microviscosity of these
cells. Masaki et al'*¥ con cluded that PGE1 and PGE2
may possess cytoprotective effects on liver
parenchymal cellsthrough stabilization of membrane
microviscosity, which may contribute to protection
againstliverinjury.

While the mechanisms of prostaglandin on
protecting liver injury are not well understood, it
has been demonstrated that dimethyl PGE2
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abrogates the induction of tumour necrosis factor,
leukotriene B4 (LTB4) and procoagul ant activity by ma
crophagesaswell asattenuating the expression of mgjor
histocompatibility clas s antigens on the surface of
hepatocytes, and may inhibit viral replication. Fromthe
present research, we came to a conclusion that
increasing hepatic blood flow, accel erating therecovery
of mitochondrial respiratory function after reperfusion,
stabilizingthemembranemicroviscosity, decreasing the
cell-medi ated cytotoxicity against hepatocytes,
enhancing DNA synthesisby stimulating cyclic AMP
productionandincressng ATPlevel inhepatictissuemade
PGEL1 as a hepatic cytoprotective agent.

TOXIC EFFECTS OF INTRAVENOUS AND ORAL PGE

THERAPY ON PATIENTS WITH LIVER DISEASE
Prostaglandins are cytoprotective agentsthat have been
shown to benefit patients with avariety of acute and
chronic liver diseases. Few dataexist on thefreq uency
of adverse effects of prostaglandinsin these patients.
Cattral et all*” retrospectively studied 105 patientswith
liver disease who were treated with either i.v. or oral
PGE. Forty-four patientswith primary nonfun ction after
liver transplantation and 36 patients with fulminant
hepatic failurereceivedi.v. PGE1for 4.5d +2.6 d and
12.6d £10.9d, respectively. Twenty-five patientswith
recurrent hepatitis B viral infection after liver
transplantation received oral PGE1 for 105d+ 94 dor
PGE2for 464 d + 399 d. Twenty-six of 80 patients(33%)
receiving i.v. PGE1 devel oped gastrointest inal and/or
cardiovascular side effects and 8% devel oped arthritis.
Twenty-thre e (92%) of 25 patientswho received high-
dose oral PGE1 or PGE2 incurred arthritis and/or
gastrointestinal adverse effects. Twenty-five patients
received prolonged PGE therapy (ora >60d; i.v. >28d).
Of thisgroup, 23 (92%) devel oped clubbing and cortical
hyperostosi sresembling hypertrophi c osteoarthropathy.
All adverse effectswere dose related and resol ved with
reduction or cessation of therapy. PGE therapy resulted
inawidespectrum of multisystem adverseeffectswhich
werereversiblewith reduction or cessation of therapy .
Although the administration of PGE was safe and
generaly well tolerated, clos e medical supervisionis
necessary to avoid serious side effects.

RECENT ADVANCES IN LIPID MICROSPHERE TECHNOLOGY

FOR TARGETING PROSTAGLANDIN DELIVERY

Although PGE1 exhibits pharmacol ogical activities
in free for m, it has been hypothesized and
experimentally verified that carrier can target them
more effectively at lower doses, thus causing fewer

sSdeeffects. Lipid microspheres(LM) with adiameter
of 0.2 um are drug carriers prepared from soybean
oil and lecithin, and the drug isincorp orated within
theLM. Lipo-PGELisLM preparations of PGE1 that
are designed to accumulate at the vascular lesions.
Thenewly developed lipo-PGEL (lipo-AS013) could
overcome the disadvantages of the preparation
currently availablel®®. Lipo-AS013, a precursor of
PGEL, is considered superior to free PGEL in terms
of itschemical stability and theretentionratioin LM
inthe body.
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Abstract

AIM To investigate the interaction of Zot with
microtubule.

METHODS Zot affinity column was applied to purify
Zot-binding protein(s) from crude intestinal cell
lysates. After incubation at room tempera ture,
the column was washed and the proteins bound
to the Zot affinity column we re eluted by step
gradient with NacCl (0.3 mol-L*-0.5 mol-L!) . The
fractions were subjected to 6.0%-15.0% (w/v)
gradient SDS-PAGE and then transferred to PVDF
membrane for N-terminal sequencing. Purified Zot
and tau protein were blotted by using anti-Zot or
anti-tau antibodies. Finally, purified Zot was tested
in an jn vitrotubulin binding assay.

RESULTS Fractions from Zot affinity columnyielded two
protein bands with a M, of 60kU and 45kU respectively.
The N-termina | sequence of the 60kU band resulted
identical to 3-tubulin. Zot also cross-reacts with anti-
tau antibodies. In the /n vitrotubulin binding assay, Zot
co-precipitate with Mt, further suggesting that Zot
possesses tubulin-binding properties.

CONCLUSION Taken together, these results
suggest that Zot regul ates the permeability of
intestinal tight junctions by binding to intracellular
Mt, with the subsequent activation of the
intracellular signaling leading to the
permeabilization of intercellular tight junctions.
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INTRODUCTION

Vibrio cholerae, the human intestinal pathogen
responsible for the diarrho eal disease cholera,
elaborates alarge number of extracellular proteins,
includ ing several virulence factors. The severe
dehydrating diarrhoea characteristic of cholerais
induced by cholera toxin (CT). A number of
epidemiological studies™* have shown aconcurrent
occurrence of the CT genes (ctx-A and ctx- B) and
the genes for two other virulence factors elaborated
by V. chol erae, zonula occludens toxin (Zot)®™ and
accessory choleratoxin (Ace)®. Zot increases the
intestinal permeability by rearrangingtheintestina cell
cytoskeleton strategically located to modulate
intercellular tight junctions!” . However, thefirst step
of Zot signaling after the prote in internalization
remainsto be established.

Microtubules (MT) are intracellular structures
functionally and anatomically rel ated to the cell
cytoskeleton. M Ts are composed of &-tubulin and a-
tubulin. Factors known to regulate microtubule
dynamic include microtubule-associated proteins
(MAPSs). Neurona MAPs, themost abundant of which
are MAP2 and tau, stimu late MT assembly®°. The
best characterized function of MT network pol
ymersisthe bi-directional movement of membrane
vesicles driven by the MT-bas ed motor proteins,
kinesin and cytoplasmic dynein. Different cargoes
can be tran sported via M T-dependent vesicles,
including various types of endocytic and exo cytic
vesicles®™  Connection of actin filament network
hasbeen found? . In eukaryotic organisms, various
cell functions, including cell shape and mobility
require coordinatial interaction between actin and
MT cytoskeletonl ™,

In our study, we found that when cell lysatesfrom
mammalian tissues passed through a Zot affinity
column, two proteinsbound to Zot, the N-terminal
sequence of one of these two proteins revealed
that it corresponded to tubulin; Zot cross-reacted
with antibody against Tau, another well described
MAP isolated from mammalian brain; by using a
microtubule binding assay, Zot was found co-
precipitated with MT. Taken together, these
results suggest that Zot is anew member of MAPs
family. This Zot property may beinvolved in the
Zot signaling leading to the regulation of
intercellular TJ.
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MATERIAL AND METHODS

Purification of 6-his Zot

Plasmid pSU111, containing the clone Zot genein
a pQE-30 vector with a 6-hist idine tag at its N-
terminal, was grown in LB medium with 20 g/L
glucose, 25 pg/L kanamycin and 200 pg/L
ampicillin at 37°C with vigorous mixing until the
Agoo reached 0.7-0.9. Cultures were then induced
with 2 mmol-L-* isopropylthio-3-D-gal actoside
(IPTG, Fisher), followed by an additional 2 h
culture period at 37°C with vigorous shaking. The
cellswere harvested by centrifugation at 4 000xg
for 20 min and resuspen ded in buffer A (6 mol-L™*
Guanidine-HCI, 0.1 mol-L* Na-phosphate,
0.01 mol-L* Tris-HCI, pH 8.0; 5 mL/g wet cell
weight). After stirring for 1 h at room temperature,
the mixture was cent rifuged at 10 000xg for 30 min
at 4C. A 50% slurry of Superflow (QIAGE N,
1 mL/g wet cell) was added to the supernatant
and stirred for 1h at room temperature. The
mixture was loaded onto a5 cmx1.5 cm column
and washed sequentially with buffer A, buffer B
(8 mol-L* urea, 0.1mol-L* Na-phosphate, 0.01
mol-L* Tris-HCI, pH 8.0) and buffer C (8 mol-L™*
urea, 0.1 mol-L* Na- phosphate, 0.01 mol-L* Tris-
HCI, pH 6.3). Each wash step was con tinued until
the A, Of the flow-through was less than 0.01.
His-Zot was eluted by addition of 250 mmol-L™*
imidazole (1,3-diaza-2,4-cyclopentadiene) to
buffer C. After dialysis against urea, the eluate
wasdiluted 200-500 timesin PBS, stirred with 50%
slurry Superflow (1 mL/g wet cel | weight) for 2 h
at room temperature, loaded onto another 5cmx1. 5¢cm
column, washed with phosphate-buffered saline
(PBS) and eluted with 250 mmol-L*imidazolein
PBS. Purity of the His-Zot protein was
established by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)
analysis and Western blot using polyclonal anti-
Zot antibodies.

Analytical procedures

SDS-PAGE Itwascarriedoutona50g-L*-150g -L*
gradient gel, stained with Coomassie brilliant blue dye,
destained by 75 mL-L* acetic acid with 100 mL-L™*
methanol and dri ed with Gel Drying Film (Promega).

Western blot analysis Following SDS-PAGE,
proteins were transf erred onto polyvinylidene
difluoride (PVDF) membrane (MILLIPORE).
Non-specific binding sites were blocked by PBS
with 50 mL-L* milk plus1 g-L"* Tween-20. Primary
and secondary antibodies were rabbit poly clonal
anti-Zot antibody and anti-rabbit IgG (peroxidase
conjugate, Sigma), respectively. Films were
exposed with ECL detection reagent (Amersham)
for 1min, and developed by Konica SRX-101
devel oper.

Immobilization of his-Zot to AminoLink plus
column

One mg of his-Zot in 4 mL coupling buffer (0.1
mol -L* sodium phosphate, 0.15 mol-L* NaCl, pH
7.2) and 40 pL of 5 mol-L* sodium
cyanoborohydride, were added to an equilibrated
AminoLink pluscolumn (Pierce) and gently mixed
overnight at 4°C. After washing with coupling
buffer, 4 mL of 1mol-L* Tris-HCI (pH 7.4) and
40 pL of 5mol-L* sodium cyanoborohydride were
added to the column followed by gently mixing for
30 minutes at room temperature to block the
remaining active sites. The column was washed
with 1 mol-L* NaCl and stored in PBS containing
0.5 g-L* sodium azide.

Preparation of human tissue plasma
membranes

Adult human brain tissues was obtained from the
Brain and Tissue Banks for Developmental
Disordersat the University of Maryland and used
under the approva | of the University’s
Institutional Review Board. Adult human heart
and intestinal tissues were utilized for
comparative analysis. Tissues were washed with
buf fer D (20 mmol-L* Tris-HCI, 20 mmol-L™*
EDTA, 250 mmol-L! sucrose, pH 7.5),
homogenized in buffer E (buffer D containing
5 mg-L* leupeptin, 2 mg-L™* aprotine, 1mg-L™*
pepstain, 10 mg-L* phenylme thyisulfonyl fluori
de (PMSF), and centrifuged at 5 000xg, 4°C for
10 min. Supernatants were centrifuged at
12 000xg, 4°C for 45 min. Precipitates were
discarded a nd supernatants were centrifuged at
30 000xg, 4°C for an additional 90 min.
Precipitates were dissolved in buffer E with
5 g-L*-3[(3-cholamidopropyl) dimetylammonio]
-1-propanesul fonate (CHAPS), sittingonicefor
60 min with gentle mixing every five minutes.

Affinity purification of his-Zot binding proteins
Membrane preparations obtained from human brain
was loaded on an AminoLink plus -Zot affinity
column, washed, and equilibrated with PBS at room
temperature containing 1g-L* Triton X-100. The
columns were incubated for 90 min at room
temperature, washed with 8 volumes of PBS
containing 1 g-L* Triton X-100, and eluted with PBS
containing 1 g-L* Triton X-100 with 0.1 mol-L™*
NaCl, 0.3mol-L* NaCl, 0.5mol-L* NaCl, 0.8 mol-L*
NaCl and 1.0 mol-L* NaCl, respectively. Fractions
were collected and subjected to SDS-PAGE. N-
terminal amino acid sequence analysis.

N-terminal amino acid sequence analysis
The fractions of human tissue lysates containing
Zot binding proteins were resol ved by 50 g-L*-
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150 g-L * gradient SDS-PAGE and transfe rred onto
PV DF membranes using CAPS buffer [10mmol -L-
1. 3-(cycloh exylamino)-1 propanesul fonic acid and
100 mL-L-* methanol]. The protein bands were
excised and subjected to N-terminal sequencing
using aPerkin-Elmer Applied Biosystems A pparatus
Model 494.

Microtubule binding assay

Spin-Down assay kit (Cytoskeleton) was used in
the experiments according to the manufacture’s
recommendations. MT(20 nmol-L-* final
concentra tion) were obtained by mixing an
aliquate of tubulin (20 uL, 5g/L) and 2 pL, 200
mmol-L* taxol in G-PEM buffer (80mmol-L*
PipespH 6.8, 1lmmol-L-*MgCI,, Immol -L * EGTA
and 1mmol-L* GTP). One ug of Zot was
incubated with 20 nmol -L* microtubule at room
temperature for 20 min, while MT-associated p
rotein MAP2 and bovine serum albumin (BSA)
were used as positive and negative control,
respectively. Proteins attached to MT and
unbound proteins were separat ed by
centrifugation. Each reaction product was
carefully placed on the top of acushion (G-PEM
buffer plus 400 g-L* glycerol) in Ultraclear TM
ultracentrifuge tube. Following centrifugation,
supernants and pellets were carefully removed
and supernants were mixed with 1/20™ volum of
500 g-L* TCA solution for precipatation protein
using centrifuge. Both supernants and pellets of
the preparations containing the tested proteins
were analized by either SDS-PAGE (MAP2 and
BSA) or western blotting (Zot).

RESULTS

Isolation of Zot binding proteins from human brain
His-Zotwassuccessfully immobilizedto AminoLink
Plusgel withimmobilizationyields of 89%-95%, as
established by the protein assay (Bio-Rad
detergent-compatible protein assay). Plasma
membrane preparations from human brain loaded
on the Zot affinity column contained two major Zot-
binding proteins with appare nt molecular masses
of approximately 45kU and 55kU, respectively
(Figure 1, lane 2).

N-terminal sequencing of the Zot binding proteins
from human brain

The N-terminal sequences of the two Zot/zonulin
binding proteins are sh own in Table 1. The two
proteins were also compared to other protein
sequences by Blast search analysis. The N-terminal
sequence of the 55kU protein was 100% i dentical
to the N- terminal sequence of tubulin (Table 1)
whereas the -45kU pro tein band resulted 72%
identical to the N-terminus of calprotectin, a

calcium binding protein associated to chronic
inflammatory processes*¥ andthecysticfibrosisantigen
(CFA)®, This second protein resulted to beth e Zot/
zonulin brain receptort®

Western immunoblotting experiments

To investigate wheather Zot and tau (a well
characterized MAP) areimmunological ly related,
Cross immunoscreening experiments were
performed. As shown in Figure 2, both proteins
were recognized by either anti-Zot antibodies (I eft
panel) or anti-tau antibodies (right panel). These
resultssuggest that Zot and tau areimmunologically
related.

Microtubule binding assay

To confirm that Zot possessesM T binding properties,
an in vitro binding ass ay was performed. As shown
inFigure 3, we observed that Zot co-precipitated with
MT as shown by Western immunoblotting analysis,
while no Zot was found unbound. BSA lacking M T-
binding propertieswas present only in the supernant.
MAP2, awell defined MT associated protein, co-
precipitated with MT and was not presen t in the
supernant. These results confirmed the Zot ability to
bindtoMT.

Table 1 N-terminal amino acid sequences of Zot binding protein
(55kUV), B-tubulin, Zot binding protein (45kU), calprotectin
(MRP-8), and cystic fibrosis antigen

Sample N-terminus Identity (%)
Zot binding protein-55kU  MREIVHIQAGQAGNQIGAKF

B-tubulin MREIVHIQAGQAGNQIGAKF 100

Zot binding protein-45kU LTELEKALNXGGGVGHKY

Calprotectin (MRP-8) LTELEKALNSIIDVYHKY 7
Cystic fibrosis antigen LTELEKALNSIIDVYHKY 7

N Terminal sequences

Tubulin

Bboky - I——"' MREIVHIQAGOQAGNQIGAKF
— XLTELEKALNXGGGVGHEY
45kn —

Lot receptorl ? )

Figure 1 SDS-PAGE of Zot binding proteins isolated by affinity
column chromatography from human brain cortex plasma
membrane preparations. Lane 1, molecular mass standards; Lane
2, whole-plasma membrane lysate; lane 3, eluate with 0.5 mol-L™*
NaCl in PBS containing 1 g-L* Triton X-100.
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Figure 2 Western immunoblotting of Zot and tau using either
anti-Zot antibodies (left panel) or anti-tau antibodies (right panel).
Zot and tau were recognized by both antibodies.
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Figure 3 Microtubule binding assay. BSA (negative control) and
MAP2 (positive control) were visualized by Coomassie staning
(left panel) while Zot was visualized by immunoblotting (right
panel). The bottom prot ein bands in the left panel are tubulins. As
anticipated, BSA remained in the su pernatant (S), while MAP2
was entirely precipitated in the pellet (P). Zot also appeared confined
in the pellet, confirming that it bound to MT.

DISCUSSION
Tj is the hallmark of absorptive and secretory
epithelia. As a barrier between apical and
basolateral compartments, the tj selectively
controlsthe paracellular passage of water, solutes
and immune cells between epithelial and
endothelial cells. Variations in transepithelial
conductance can usually be attributed to changes
in the permeability of the paracellular pathway,
since the resistances of eukaryotic cells plasma
membrane are relatively high*. Tj represent the
major barrier in this paracellular pathway and the
electrical resistance of epithelial and endothelial
tissues seems to depend on the number of
transmembrane protein strands and their
complexity as observed by freeze-fracture
el ectron microscopy!*®. It has become abundantly
clear that, in the presence of Ca**, assembly of
the tj is the result of cellular interactions th at
trigger acomplex cascade of biochemical events
that ultimately lead to the f ormation and
modulation of an organized network of tj
elements, the composition of which hasbeen only
partially characterized*.

Identification and characterization of Zot, a
toxin produced by Vibrio cholerae, has provided

new information on theregulation of intercellular tj
[57.20-221 - After binding to its surface receptor, Zot
isinternalized®!, and subsequently triggersaseries
of intracellular eventsincluding phosp holipase C
and PK Ca-dependent actin polymerization which
leads to the opening of tji1. However, the complete
cascade of the intracellular events acti vated by
Zot, particularly concerning the early steps, remains
undefined. Thereis now alarge body of evidience
that protein phosphorylation playsamajor roleintj
devel opment!?¥ and cytoskel eton rearrangement!!,
In eukaryotic cells, junctional complex proteins,
actin filaments, microtubules, and i ntermediate
filamentsinteract to form the cytoskel eton network
involved in dete rmination of cell architecture,
intracellular transport, modulation of surfacer
eceptors, paracellular permeability, mitosis, cell
motility, and differentiation 2%, We have previously
demonstrated that there are two Zot binding pro
teinsin the cell lysates of Zot-sensitive tissues!®®
One has been characterized as the Zot/zonulin
receptor. With this paper we showed that tubu lin
is the second Zot-binding protein. Based on these
results, itispossiblet o hypothesize that Zot affects
the actin filament network by bindingto MT. The
association of Zot to MT could be responsible of
the effects of Zot on cell upta ke and intracellular
trafficking of molecules!'®'Y as well as the chan
ges of tj structure and permeability. Alterations of
intestinal tj occur inavariety of clinical conditions
affecting the gastrointestinal system, includingfood
allergies, malabsorption sysndromes, and
inflammatory bowel diseases. The kno wledge that
can eventually be acquired by studying the
regulation of tj may have atremendous impact on
our understanding of the pathogenesis of these
disease. It would not be surprising if the
modification of tj structure and function by these
pathological conditions would be an extention of
normal physiologic regul ation of tj.

However, severa questions remain unanswered:
what istheroleof Zot-MT inter action onrearrangement
of actin filament? Doesthisinteraction affect the peam
eabilty of tj? Are MT-dependent cell functions, suchas
redistribution of organdllesandthepolarized distribution
of membrane proteins, influenced by the MT-Zot
binding?Experimentsaimed at addressingthesequestions
arepresently in progressin our laboratory.
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Abstract

AIM To analyze the origin of the anticipation
phenomenon, which means earlier death in
successive generation in familial adenomatous
polyposis.

METHODS The study subjects were 2161
patients with familial adenomatous polyposis
and their 7465 first-degree relatives who were
members of 750 families registered at our
Polyposis Registry. The ages at death and
cumulative mortality rates in the parent, the
proband, and the child generations were
compared for both all subjects and the patients
alone.

RESULTS In the patients over 5 years of age,
the mean age at death was 50.9 years for the
parent, 42.3 years for the proband, and 33.3
years for the child generations, respectively(P
<0.001). The deceased rates in the three
generations were 90.7%, 51.3% and 23.1% of
the patients, respectively, and this difference
was the main cause of the anticipation measured
by parent-child paring method. The cumulative
mortality rates for all subjects failed to show
anticipation, however the cumulative mortality
rates for the patients showed the anticipation.
The anticipation phenomenon was shown by
any parent-child pairing methods for the
deceased patients. Other important causes of
the anticipation weredifferent proportion of causes
of death between generations (P<0.001),and a
low proportion of detected or deceased patients

Department of Surgery, Kyoundo Hospital, Sasaki Institute Kanda-
Surugadai 1-8, Chiyoda-Ku, Tokyo 101-0062, Japan

?Institute for Advanced Medical Sciences, Hyogo Medical College
Mukogawa 1-1, Nisinomiya, Hyogo 663-8131, Japan
Correspondenceto: Takeo lwama, Department of Surgery, Kyoundo
Hospital Kanda-Surugadai 1-8, Chiyoda-Ku, Tokyo 101-0062, Japan
Tel. 0081-3-3292-2051, Fax. 0081-3-3292-3376

Email. iwamata@msn.com

Received 2000-04-03 Accepted 2000-04-28

(P<0.001) in the child generation.
CONCLUSION Anticipation in familial
adenomatous polyposis may be caused by
parent-child paring methods as well as several
intergenerational biases.

INTRODUCTION

The earlier onset of a hereditary disorder in
successive generations, often with increased
severity or early death, is known as anticipation
(121 Despite the development of medical care
over generations, this phenomenon is commonly
encountered in human dominant type hereditary
disorders including familial adenomatous
polyposis (FAP) clinically. The anticipation was
evaluated by Penrosel ¥ in myotonic dystrophy
and by Veale!? in FAP using parent-child pairs.
They attributed the apparent anticipation to
ascertainment biases and the general variability
in age of onset in the parent-child pairs. They
assumed that the modifying allelic gene might be
the cause of the lack of the parent-child
correlation. Of these two conditions, the cause
of the anticipation in myotonic dystrophy was
proved to expand trinucleotide repeats in the
causative genel®9,

However, a mutation of the APC geneis stable,
and the site of mutation determines the severity
or associated features of FAP with strong parent-
child correlation!*®*® | |f the anticipation is the
biological phenomenon in FAP, not only we need
to investigate the cause of the anticipation in the
APC gene, but also it has a considerable clinical
meaning because colorectal cancer must be
prevented by an early detection and treatment.
Consequently, it has aroused our interest to study
whether the anticipation phenomenonin FAPisa
biological fact.

MATERIALS AND METHODS

Between January 1975 and December 1995, data
were collected from 750 families from 1198 FAP
patients registered at our Polyposis Registry*4 .
These FAP casesfulfilled the diagnostic criteriaby
Bussey!*® . Turcot syndrome was excluded.
Histories of their family members were obtained
from their doctors who registered patients, death
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certificates and the National Family Registry!*® .
All first-degree relatives of proved FAP patients
wererecruited and no sel ection was madein these
collections. Among the families of 9626 members
(4991 men, and 4635 women), 2161 were FAP
patients with colorectal cancer, and 7465 were
their first-degree family members. Their birthsand
deaths were certified by the National Family
Registry or from the documents of the registry,
and causes of death were ascertained by death
certificates or by inquiring the doctors. The 9626
members were divided into three generations.
They were 2958 individual s in the generation of
the index patients (the proband generation), 4273
in the generation of their parents (the parent
generation), and 2395 in the child generation of
the indicated patients (the child generation). The
ages at death, causes of death, and cumulative
mortality rates of the three generations were
compared to evaluate the features of anticipation.
The cumulative mortality rates were cal culated for
both the entire group and the FAP patients by the
Kaplan-Meier method. Chi-square test was used
for comparison of occurrence rate in pairs of
groups, and t test was used for the comparison of
age.

RESULTS

There were atotal of 3891 deceased individualsin
the entire group. The proportion of deceased
individual sin each generation was66. 0% inthe parent
generation, 39.5% inthe proband generation, and only
10.5%inthechild generation (P<0.001, Table1). The
mean age at death was 41.6 + 26.2 yearsin the parent
generation, 26.3 £+ 22.3 years in the proband
generation, and 15.8 + 16.8 years in the child
generation. These low age and large standard
deviation in the age at death were the result of early
childhood death occurring before five years of age,
accounting for 18.4% of all deaths in the parent
generation, 33.4% in the proband generation, and 47.
2% in the child generation (Table 1). We examined
the causes of death in each generation and their age
at death (Table 2). The death from unknown causes
in the parent generation (0.84 to FAP deaths) was
almost five times higher than that in the other two
generations (P<0.001). In this generation, the mean
ageat death (36.7 + 19.8 years) from unknown causes
wassignificantly lower than that at death from other
causes (P<0.05).

The number of FAP patients was 508 (17.2%) in
the parent generation, 1316 (30.8%) in the proband
generation, and 337 (14.1%) in the child generation
(Table 3). Among them, the number of deceased
FAP patients was 460 (90.6% of 508) in the parent
generation, 675 (51.3% of 1316) in the proband
generation, and 78 (23.1% of 337) in the

child generation. There were significant differences
among the groupsinthe FAP death rate (P<0.001). The
age at death of FAP patientsin each generation was 50.
9+ 124 years, 42.3+ 12.3 years, and 33.3+ 8.8 years,
respectively, and the differencesamong the generations
were significant (P<0.001).These results showed that
any random selection of deceased intergenerational
pairinginFA Ppatientswoul d produceanti ci pation caused
by these differences between the generations.

The cumulative mortdity rates of the FAP patients
gave usafew cluesto the anticipation (Figure 1). The
generation included less young FAP patients, and the
start of death was delayed as compared to other
generations. It may besaid pseudo-anticipation. Between
the child and proband generations, the a ccel eration of
death was observed in the age between 22 and 40 years.
Both alow detection rate of FAP patients (14.1%, Table
3) inthechild generation, and alow portion of deceased
FAP patients (23.1%) among them may cause this
situation because many FAP patients were remained
undiagnosed. This suggests a comparatively short
observation periodinthechild generation. Theincidence
of colorecta cancer increased rapidly between 20t0 40
years of age, and this period might be overestimated in
thisgeneration.

In order to minimize these intergenerationa biases
in FAP patients, we cal cul ated the cumul ative mortality
rates for the entire members as well as for the FAP
patients to evaluate the anticipation. The cumulative
mortality rates for the all subjects were plotted on
Weible's probability paper according to each generation
(Figure 2). If themortality curve of adescendant shifts
totheleft, it meansearlier death or anticipation, and if a
mortality curve shifts downside, it means the
improvement of thegeneral hedlth conditionof thegroup.
The cumulative mortalitiesfor both the parent and the
proband generationswere a most the same and paralldl,
whiletherewasadight vertica shiftinthesetwo curves,
nohorizontal shiftwasobserved. Thiscd culationmethod
reveal ed no anticipation between the parent and the
proband generations. The mortality rate of the child
generation differed from those of the other generations;
the overall cumulative mortality rate waslow because
of the lower infantile mortality in this generation.
Although the mortality curve for the child generation
showed a steeper dopelinethan thosefor the other two
generations, the starting point of the steep slope, just
after 20 yearsof age, wascommonto dl thegenerations.

Table 1 Deceased subjects in each generation, n (%)

Generation  Total Deceased Age atdeath  Early childhood death”
(X*s,years) (% of the deceased cases)
Parent 2958 1952(66.0)° 41.6 + 26.2 359(18.4)
Proband 4273 1687(39.5)° 26.3 +22.3 563(33.4)
Child 2395 252(10.5)° 15.8 + 16.8 119(47.2)

®P<0.001, among the generations; *Death before the age of five
years.
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Table 2_The proportion of causes of death in each ge_neration __om{: Parent
and their mean age at death (each number of deaths is shown anfl « Child
as a proportion to the number of FAP deaths) ZS: g ]
50,0
Generation FAP Extra colonic Other Unknown Deathin gg: 8 [
malignancies  diseases cause  childhood 25.0
20.0 >
< [
Parent 1.00 0.37 124 08# 0.8 e r a W pruvEyes _
n=1952 (50.9+12.4) (57.6 + 14.4) (58.2+19.6) (36.7 + 19.8)* 50 . R P
Proband 1.00 0.11 0.37 0.19 0.84 40 — =
n=1687 (42.3+12.3) (46.2+15.8) (36.7+19.0) (22.7 + 16.7) :: °
Child 1.00 0.13 0.44 0.14 1.53 ‘o
n=252 (33.3+88) (26.2+16.3) (229+14.2) (21.9+14.2) 1 2 3 4 5 678910

FAP: Death from familial adenomatous polyposis and colorectal
cancer.n: Total number of deaths.

*: Deaths from FAP were calculated as 1.00. (X + s, years): Age at
death.

3P<(0.05, vs other causes of death; °P<0.001, vs other two
generations.

Table 3 Age at death in the FAP patients, n(%)

Total Patients Deceased FAP Age at death
Generation number of with FAP" patients (X+s,

subjects years)
Parent 2958 508(17.2) 460(90.6) 50.9 + 12.4°
Proband 4273 1316(30.8) 675(51.3) 423 +12.3°
Child 2395 337(14.1) 78(23.1) 33.3+8.8°

bP<0.001, among the generations
FAP: familial adenomatous polyposis.
"FAP patients and patients with colorectal cancer.

Table 4 Deceased parent-child pairs of FAP patients classified
by the parental status of the child, and the anticipation

Age at death Group A Group B®
Parent>child 184 93
Parent<:child 57 5

Group A: Parent-child pairs in which the child had become a parent.
Group B: Parent-child pairs in which the child had not had any
child.

bP<0.01, vs Group A.
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Figure 1 Age specific cumulative mortalities of FAP patients.
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Figure 2 Age specific cumulative mortalities of all subjects,
including FAP patients and their first-degree relatives.

DISCUSSION

The anticipation phenomenon is so powerful that
it surmounts the improvement of medical
standards over years, and it is easily detected in
hereditary diseases!*>'"-*¥1 . Comparison of the
age at death or onset in affected parent-child
pairsisaconventional method in the study of the
anticipation phenomenont*21"18 Mclnnis et al
[18 and Imamura et al!*® applied the life-table
analysisor random pairs method only to diagnosed
patients and excluded other family members. If
this method was applied to our FAP patients, the
mean age at death in the proband generation was
8.5 yearslower than that in the parent generation,
and that in the child generation was 9 years |lower
than that in the proband generation. These figures
exceed a standard period of 5 yearsto calculate
postoperative survival of patientswith colorectal
cancer. This apparent anticipation was we |
correlated to the proportion of deceased cases
in these three generations. Th is indicates that
any fair pairing method will produce the
anticipation. Veale!? estimated that a lack of
parent-child correlation in onset of FAP was a
major cause of sampling biasin his study over a
limited period of time. He al so concluded that the
lack of correlation was due to the allele of the
APC gene. Although his suggestions have not
been denied as a contributor to the anticipation,
some recent reports!®? have suggested an
apparent rel ationship between the site of the APC
gene mutation and colorectal polyp density and
retinal pigmentsin FAP patients. In addition, the
comparison of the age at onset or death in parent-
child pairs inevitably has two selection biases
besides the intergenerational biases. One is that
the parent has already been selected because he
or she has already had at least one child, and
this child must necessarily have already
developed a symptom or died in order to make a
parent-child pair. The other oneisthat a patient
with asevere condition isdifficult to gain achild,
and this patient cannot be treated as a parent. We
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confirmed the effect of selection biasin analysis of our
339 deceased parent-child pairs with FAP (Table 4).
When the pairs were classified according to whether
the child of the pair had become a parent or not, the
childless group showed a significantly higher incidence
of the anticipation phenomenon.

Recent reports have revealed that the elongation
of trinucleotide repeat sizes is correlated with the
increased severity of several hereditary neurological
diseases such as myotonic dystrophy! , fragile X
syndrome® , Huntington’s diseasel®”, and spinal and
bulbar muscular atrophy!® . Although it is proved that
the meiotic elongation of trinucleotide repeats
accel erates these diseases, it does not necessarily mean
that the elongation is inevitable in the meiosis. If we
take parent-child pairs, it may seem asif themeiosisin
these diseases constantly increases the length of
trinucl eotide repeats as the cause of the anticipation.
The anticipation is such a powerful phenomenon as
Ashizawa et al™® noted in 48% of 56 parent-child pairs
that showed contractions of CTG repeat. Because
anticipation is commonly encountered in clinical
practice, its mechanism must be rather general. It is
necessary to approach the elucidation of this
phenomenon using some methods other than parent-
child pair comparisons®! .We studied not only the FAP
patients but also their first-degree relatives in our
calculations of life tables. In thiskind of studies, the
change of medical environment among generations may
influence the pattern of mortality. Besidesits difficulty
in taking the recent improvement of medical care in
count, we h ave several reasonsfor not calculating this
influence. O parent-child pairing method in this series
showed an apparent anticipation phenomenon; @
overall improvement of mortality in colorectal cancer
was not o substantial as the anticipation phenomenon was
diminished; and 3 proportion of early detection and
preventivetrestment in FAP patientswas comparably small
(¥, Biaswas minimized by our method because the effect
of deaths of undiagnosed FAP patients in the parent
generation wastaken into account. In the parent generation,
inherent bias was present in the form of deceased but
undiagnosed young FAP patients. In the child generation,
the bias was present mainly in the form of premature
observation period and unidentified FAP patients, picking
up only young degths.

As the anticipation phenomenon is observed only
inthe conditionsthat threat their life and reproductive
ability, one of the methods to avoid these biasesisto
examine the anticipation phenomenon on the FAP
specific phenotypes that do not affect the life of FAP
patients. For example, congenital hypertrophy of the
retinal pigment epithelium is specific to FAPR, and it
has no influence on optical function. Our experience
did not show apparent anticipation phenomenon in
number of the pigment areas®? . Despite these

resultsit will bewiseto watch FAP patientsfor colorecta
cancer before the age at which their parents had cancer.
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Abstract

AIM To determine the clinical presentations,
survival and prognostic factors of hepatocellular
carcinoma (HCC) in Southern Thailand.
METHODS Retrospective analysis was
performed on the 336 hepatoc ellular carcinoma
patients treated at Songklanagarind hospital
between 1 January 1991 and 31 January 1999.
RESULTS Of these 336 patients, 276 were males
and 60 were females. The mean age was 54.4 years.
The common symptoms and signs were abdominal
pain and hepatomegaly. The most common
presentation of tumor was a dominant mass with
daughter nodules. Portal vein involvement was
found in 50% of total. Extra hepatic metastasis
was found in 13%, and the lung was the most
common site. There were 65.4% with evidence of
cirrhosis and half of them were in Child’s class B.
HBsAg was positive in 72.6%. Regarding Okuda’s
tumor staging, 15%, 61% and 24% were stage I,
IT and III, respectively. Overall median survival
was 2.1 months (11.5, 2.6 and 0.7 months for
stage I, IT and III respect ively). Treatments of
HCC improved patient survival (5.5 months vs
1.6 months for untreated patients). Most
common causes of death were hepatic failure.
Using multivariate analysis, the prognostic
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factors identified were tumor staging, alpha-
fetoprotein level above 10 000 pg-L?,
extrahepatic metastasis, portal vein thrombosis
and treatment.

CONCLUSION HCCinThailand is a fatal disease
with poor outcome due to late presentation
and high prevalence of liver cirrhosis. Early
detection and proper management may
improve outcome.

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most
common form of primary liver cancer and is the
leading cause of cancer death especially among
malesin South-East A siaincluding Thailand!*2.
Thismay berelated to high prevalence of c hronic
hepatitis B infection (8%-15% in Asiaand Africa,
and 8%-12% in Thailand)®".Though many types
of treatment have beentried, HCC isstill afatal
disease possibly associated with the advanced
stage at which the disease is usu ally diagnosed
[28-11]1 Thus, it remains aserious medical problem
in this part of the world. There were many
reports of the natural history of HCC in Japan,
Mainland China, Southern Africa, Alaskan
Eskimos, Taiwan, Italy, Spain and North America,
but little information has been published from
South -East Asial®?4. Therefore, we reviewed
336 HCC patients at Songklanagarind Hospital
to describe the clinical presentations and history
of known risk factorsand determinethe survival
rate, prognostic factors and the benefit of
treatments.

MATERIALS AND METHODS

Patients

The medical records of 336 HCC patients admitted
at Songklanagarind hospital between January 1,
1991 and January 31, 1999 were reviewed
retrospectively. The diagnosis of HCC was made
by liver biopsy or elevated serum al pha-fetoprotein
level above 500 pg-L* with radiologic findings
suggestive of HCC in patients whose liver biopsy
was not available?®. Datafrom medical records,
including patient demographic, knownrisk factors,
clinical manifestation, abnormal physical findings,
laboratory data (complete blood count,
coagulogram, renal function test, liver function
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tests, viral hepatitis serology, serum alpha-
fetoproteinlevel, chest X-ray, ultrasonography, CT
scan, liver biopsy and other tissue biopsy if
suggested metastasis), survival and treatments
modality, were used for analysis. The known risk
factorsincluded alcohol drinking, history of blood
transfusion and history of jaundice or viral
hepatitis infection or known cases of cirrhosis.
Patients were classified int 0 6 groups based on
their clinical presentation: group 1, mass-related
symptom s (abdominal painor fullness, dyspepsia,
palpable mass); group 2, cirrhosis-related
symptoms (jaundice, Gl bleeding, edema,
abdominal enlargement, hepatic encephal opathy);
group 3, liver abscess-like symptoms (high fever
with abdominal pain and tende rness); group 4,
non-specific symptoms (anorexia, nausea,
vomiting, malaise, weight lossand anemia); group
5, metastasis symptoms (dyspnea, cough, bone
pain and palpable lymph node); and group 6,
asymptomatic cases (accidental finding by routine
check-up or complain of other unrelated disease).
The abnormal physic al findingsincluded anemia,
jaundice, fever , hepatomegaly, splenomegaly,
ascites and sign of chronic liver stigmata such as
palmar erythema, spider nevi, gynecomastia and
superficial dilated vein. A test of viral marker for
hepatitis B (HBsAQ) was done in most of patients
but that for hepatitis C (anti-HCV) was not
availableuntil 1996. Tumor volumewas cal cul ated
from ultrasonography or CT scan of the liver by
aradiologist. Tumor volume or sum of tumorsin
instances multiple nodules were expressed as
fraction of total liver and subsequence classified
into two groups (tumor size <50%, >50% of the
wholeliver). Staging of HCC was made according
to Okuda’ s, Cirrhosis was confirmed by liver
biopsy or ultrasono graphy or CT scan and
classified by Child- Pugh’s (Class A, B or C)i%¢1,
The extrahepatic metastasis was confirmed by
histology (incisional biopsy, excisional biopsy,
Nnecropsy or autopsy).

Therapy

The treatment of HCC ranged from no treatment,
transhepatic artery oily chemoemb olization
(TOCE), percutaneous ethanol intralesional
injection (PEIl), hepatectomy, systemic
chemotherapy and multimodality combination
chemotherapy.

For systemic chemotherapy before 1995, we used
intravenous adriamycin and/or 5-FU injection.
Later thiswas changed to PIAF regimen (cisplatin
80 mg- m? body surface area (BSA) and
adriamycin 40 mg-m? BSA at d1, followed by 5-
FU 500 mg-m2infusion over 24 hfor thefollowing
3 d, with alpha-Interferon 5 mU-m?, iv, 3 h after
cisplatin and 5-FU every day).

TOCE was performed monthly by super-selective
insertion of catheter to theright or left hepatic artery
branch feeding the tumor then injection adriamycin 50
mg, lipiodol 8 mL and gelfoam. PEI was performed by
using 10 mL of absolute ethanal injected percutaneoudy
under CT-scanguide.

Multimodality combination therapy comprised a
combination of several treatments depending on
the tumor staging and complication, such as the
patients who presented with advanced HCC and
had portal vein involvement with lung metastasis,
the treatment was started with systemic
chemotherapy (PIAF regimen) until no evidence
of extrahepatic metastasis remained and was then
followed by TOCE and/or intralesional ethanol
injection (PEI). Because of the limitation of retr
ospective study, we were unableto determine the
exact outcome or improvement of general
condition after treatments, so we determined the
outcome by survival analyss.

In patients who were lost to follow-up, we
determined the date and cause of death from the
population register and personal contact with the
family.Patient status was unableto determinein 20%
of the patients. For statistical analysis these patients
were considered as censored at the date of last
contact.

Survival profiles were constructed using the
Kaplan-Meier method. Prognostic factors were
identified using Cox proportional hazardsregression.
P value <0.05 was considered statistically
significant.

RESULTS

Of the 336 patients, 276 (82%) were male withamale
tofemaeratio of 4.6:1. Themean agewas54.4 (arange
of 20-89) years (54.3 yearsin mal e and 55 yearsin
femae) (Tablel). Diagnosiswasconfirmed histological
ly in 273 (72.3%) cases and 63 (18.7%) cases were
diagnosed by acombination of elevated serum alpha-
fetoprotein level above 500 pg-L* andimaging such as
ultrasound or CT scan showing alesion compatiblewith
HCC.

The most common symptom was mass-rel ated
suchasabdomind pain, abdomina discomfort, dyspepsia
and pd pablemass(Table2). Mean duration of symptoms
was49d (range <1 day -1 year). Among the abnormal
physical findingshepatomegaly wasthe most common,
followed by fever and jaundice (Table 2).

Elevation of alkaline phosphatase and serum
aspartate aminotransferase (AST) was the most
common abnormal finding intheliver functiontest.
Serum bilirubin above 51.3 pmol-L-* wasfoundin
30%. The most common radiologic finding wasa
solitary mass with or without daughter nodules
(73%, Table 1). The tumor was located most
frequently intheright lobe (53%) followed by both
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lobes (37%) and | ft lobe (10%). Tumor volume larger
than half of thetotd liver wasfound in 71% and portal
veinthrombosisor porta veininvolvement in 50%. Portal
vein thrombosis or involvement was significantly
associated with increas ed tumor volume (P = 0.0005).
The mean serum apha-fetoprotein level was 145 110
(range 2-7 990 000 ug-L 1) and values above 500 pg-L-
! (the cut point for diagnosing HC C) occurred in 64%
(Tablel).

Table 1 HCC patient characteristics

Patient characters n % Mean Range
Age(years) All 54.4 20-89
Male 54.3 20-89
Female 55.0 20-81
Sex Male 276 82.0
Female 60 18.0
Risk factors Alcohol drinking 126 38.0
HBsAg positive (299 sample) 217 72.6
anti-HCV positive (135 sample) 10 74
Cirrhosis 219 652
Liver function test ~ Total bilirubin (pmol-L*) 63.8 3.4-752.4
Direct bilirubin (umol-L™) 388 0.5-581.4
Aspatate aminotransferase (U-L*) 225  17-3890
Alanine aminotransferase (U-L*) 97 4-3370
Alkaline phosphatase (U-L™) 304 8-2080
Albumin (g-L?) 356 20-52
Globulin (g-L?) 382 18-78
Radiologic finding Solitary type (total) 240 73.0
(n=329) with daughter nodules 144 438
without daughter nodules 96 29.2
Multinodular type 47 143
Diffuse or infiltrative type 42 127
Alpha fetoprotein 145110 27990 000
(Hg-L?) (n = 295) <10 38 13.0
10-99 36 120
100-499 33 110
=500 188 64.0
Okuda’s staging Stage | 51 15.0
Stage 11 205 61.0
Stage 111 80 24.0

The most common risk factor was chronic
hepatitis B infection (72.6%), and 65. 2% showed
evidences of liver cirrhosis (Table 1). Patients with
cirrhosiswere classified into Child A, B and Cin 20%,
55.3% and 24.7% respectively. Cirrhosiswasfound in
76.2% of acoholic patients, 66.4% of HBV infected
patients an d 90% of HCV infected patients. Okuda' s
staging distribution was 15%, 61% and 24% for stagel,
[1 and 111 respectively (Table 1). Spontaneous rupture
of HCC wasfound 11% (4%, 9.3% and 20%in stage,
[1 and IIl). At th e time of diagnosis, extrahepatic
metastasis occurred in 43 cases (13.1%), 13.7%, 10.
7% and 18.8% of stagel, Il and 11 respectively. The
metastatic sites were lung (76%), lymph node (16%)
and bone (7%).

Overal median surviva was 2.1 months (Stagel,
11.5 months; StageIl, 2.6 months; and Stagelll, O.
7 months) (Table 3, Figure 1). The 1 and 2-year
surv ival rates were 15% and 8% respectively.
Treatment of HCC was associated with
improvement of patient survival (5.5 vs 1.6 months

in non-treated group; P = 0.011) (Table 3, Figure2). In
the non-treated group (n = 245) median survival was 1.
6 months(7.7, 1.8 and 0.6 monthsfor stagesl, 11 and 111
res pectively, Table 3, Figure 3). Regarding treatment,
patientstreated with TOCE, intravenous chemotherapy,
multimodality combinationtherapy and Tamoxifenadmini
stration had median survival timesof 6.3,5.33, 17.1 and
3 months, respectively (Table 3). Compared to the non-
treated group, patientstreated with TOCE, intravenous
chemotherapy or combination therapy had significantly
better surviva (P =0.0005, 0.011 and 0.007 respectively)
whereassurvival of the patientstreated with Tamoxifen
was not significantly different from non-treated (P =0.
86) patients.

Table 2 Presenting symptoms and abnormal physical findings
of patien ts

Presenting symptoms n %
Mass-related symptoms 188 56
(Abdominal pain or fullness, dyspepsia, palpable mass)

Cirrhosis-related symptoms 59 17.6
(Jaundice, Gl bleeding, edema, abdominal enlargement,

encephalopathy)

Liver abscess-like symptoms 45 13.4
(High fever with acute abdominal pain and tenderness)

Non-specific symptoms 26 7.7
(Anorexia, nausea, vomiting, malaise, weight loss, chronic anemia)

Metastasis symptoms 11 3.2
(Dyspnea, cough, bone pain, palpable lymph node)

Asymptomatic 7 21

(Routine checked up or other unrelated disease)
Abnormal physical findings

Hepatomegaly 282 83.9
Fever 185 50.5
Jaundice 143 42.6
Anemia 138 41.1
Ascites 123 36.6
Cachexia 86 25.6
Chronic liver stigmata 86 25.6
Edema 59 17.6
Splenomegaly 42 12.5

Table 3 Median survival

Group of patients n  Median survival (months)
All 336 21
Stage | 51 115
Stage Il 205 2.6
Stage I 80 0.73
Untreated 245 1.6
Stage | 26 7.7
Stage Il 146 1.8
Stage 11 73 0.63
Treated 91 55
Stage | 25 13.7
Stage Il 59 4.2
Stage I11 7 17
TOCE 44 6.3
Stage | 11 243
Stage Il 29 55
Stage OO0 4 1.4
Chemotherapy (adriamycin and/or 5-FU) 16 5.2
Multimodality therapy 12 17.1
(PIAF/iv,chemotherapy+TOCE=+PEI)

Tamoxifen 9 3.0
PIAF regimen chemotherapy 5 .
Hepatectomy 4 $
PEI 1 $

"Data of PIAF regimen chemotherapy is not completely finished.
$It were too small number of patients to evaluated.
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The most common causes of hospital death
(n = 54) were hepatic failure, Gl bl eeding and
rupture of tumor (59.2%, 20.4% and 20.4%
respectively). Among case s with hepatic failure,
sepsiswas the most common complication leading
to deat h. Cox proportional hazards model reviewed
the following, prognostic factors: Okuda’ s stagel|
(P =0.014, hazard ratio 2.05), stage I11 (P=0.001,
hazard ratio 3.79), AFP level above 10 000 pg-L™*
(P =0.001, hazard ratio 2.03), lung metastasis
(P =0.01, hazard ratio 1.93), lymph node metastasis
(P = 0.015, hazard ratio 3.76), portal vein
involvement or thrombosis (P = 0.0005, hazard
ratio 1.79) and treatment (P = 0.011, hazard
ratio 0.91).
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Figure 1 Kaplan-Meier survival curve for overall patients. Total
(n = 336) median survival of 2.1 months: Okuda’s stage | (n = 51),
median survival of 11.5 months; Okuda’s stage Il (n = 205), median
survival of 2.6 months; Okuda’s stage 11 (n = 80), median survival
of 0.7 months (P = 0.014 and 0.001 respectively).
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Figure 2 Kaplan-Meier survival curve in relation to treatment or
non-treatment. Treated group (n = 91), median survival of 5.5
months; non-treated group (n = 245), median survival of 1.6 months
(P =0.011).
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Figure 3 Kaplan-Meier survival curve in non-treate d group. Total
(n = 245), median survival of 1.6 months, Okuda’s stage |
(n = 26), median survival of 7.7 months; Okuda’s stage Il (n =
146), median survival of 1.8 months; Okuda’s stage Il (n = 73),
median survival of 0.6 months.

DISCUSSION

Similar to other studies, we found that HCC was
more common in males (amale to femaleratio of
4.6:1) because the risk factors such as cirrhosis,
chronic HBV infection and alcoholic are more
frequently seen in males than femal esl2812:19.27.28]
In our study, the most common risk factor was
chronic HBV infection (72.6%) asHBV isendemic
in South-East Asid ®. Thecommon symptomswere
non-specificandincluded abdominal pain, dyspepsia,
jaundice, hepatomegaly, anorexia and weight loss.
Clinical jaun dice was found in 42.6% and mainly
caused by failure of hepatic function dueto cirrhosis.
The most common type of tumor in our patients was
dominant mass with daughter nodules whereas
multiple nodules or diffuse lesion are common in
Weste rn patients!'>1718 The difference in risk
factorsmay explainthevariationintumor characters
aschronic HBV infection isthe most important risk
factorsin our region while chronic HCV infection
and alcohol drinking are the largest risk factorsin
Japan and Western countries®#131827.29 Cirrhosis
was found in 65% of our patients and 80% of them
were classified as Child’s B or C. These may be
associated with poor prognosis. In our study,
hepatectomy and TOCE were not suitable in more
than half of the patients due to portal vein
involvement (50%) and advanced liver cirrhosis (24.
7%). Extrahepatic metastasiswasfound in 13% and
most of them were located in the lung, probabl y
because of direct drainage into theright heart via
the hepatic vein. Elevated serum al pha-fetoprotein
above 500 pg-L* wasfound in only 64% of patients,
so this tumor marker was not very sensitive f or
diagnosis of HCC in our country. Most our patients
had advanced HCC (61% and 24% were stage ||
and 111 respectively). The overall median survival in
our patientswas 2.1 months because majority of our
patients had advanced disease with significant liver
cirrhosis. In treatment of HCC, hepatectomy and
TOCE could improve survival®*¥, but could not be
performed because of liver cirrhosisand portal vein
involvement. Systemic chemotherapy, arterid infusion
and Tamoxifenadminigtration could notimprovesurviva
[202430-32] \whereasdataof Pl AF regimen chemotherapy
showe d compl ete pathological remission, but survival
andysisdidnot!®.Inour study, TOCE and multimodality
therapy could improve survival, particularly in
patients with stage | and stage |l disease as
compared with the non-treatment group (24.3% vs
7.7 monthsin stage | and 5.5 vs 1.8 monthsin stage
Il receiving TOCE and 17.1 months vs 0.63 months
in patients receiving multimodality therapy).
However, our stu dyisonly aretrospective study that
had itslimitation in comparing survival rate between
different groups. The most of our patients died of
hepatic failure (60%) as a majority of them had
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advanced HCC and liver cirrhosis. By multivariate
analysis, poor prognosi swas associ ated with advanced
stage of the tumor, serum a pha-fetoprotein level >10
000 pg-L*, extrahepatic metastasis and portal vein
involvement.
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Abstract

AIM To investigate the application of
confocal laser scanning microscopy (CLSM)
in tumor pathology and three-dimensional
(3-D) reconstructi on by CLSM in pathologic
specimens of hepatocellular carcinoma
(HCC).

METHODS The 30 um thick sections were cut
from the paraffin-embedded tissues of HCC,
hyperplasia and normal liver, stained with
DNA fluorescent probe YOYO-1 iodide and
examined by CLSM to collect optical sections
of nuclei and 3-D images reconstructed.
RESULTS HCC displayed chaotic
arrangement of carcinoma cell nuclei,
marked pleomorphism, indented and
irregular nuclear surface, and irregular and
coarse chromatin texture.

CONCLUSION The serial optical tomograms of
CLSM can be used to create 3-D reconstruction
of cancer cell nuclei. Such 3-D impressions migh
t be helpful or even essential in making an
accurate diagnosis.
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INTRODUCTION

Under conventional light microscope, histopath-
ol ogists often use plane image to eval uate the three-
dimensional (3-D) cellular characteristics. Three-D
configuration may be reconstructed by using serial
mechanical sectioning, but it saxis definitionis not
good, imageisblur and tiny structure can’'t be sh own
clearly, and the specimen might be damaged. Using
the serial optical tomograms and 3-D reconstruction
function, confocal laser scanning microscopy (CLSM)
can provide a much better quality 3-D image than
conventional light microscope, and lead the observer
into a brand-new 3-D world. Although CLSM has
been used extensively in cell biology!™, few
applicationswerereportedinroutineclinical pathology
such asthree-dimensional DNA image cytometry by
CLSM inthi ck tissue blocks of prostatic lesionsand
3-Dreconstruction by CLSM in routine pathologic
specimens of benign and malignant lesions of human
breast!?4. In this study, 3-D reconstruction was
performed on routine formalin-fix ed, paraffin-
embedded tissues of normal, and hyperplastic tissues
of liver and hepatocellular carcinoma by using
computer-assisted CLSM together with 3-D
reconstruction. Thegoalsof our study wereto present
3-D morphologic characte ristics of benign and
malignant specimens of the liver and to attempt to
demonst rate the usefulness of CLSM in routinely
obtained surgical pathologic tissues.

MATERIALS AND METHODS

Two cases of normal liver tissue were selected from
autopsy specimens collected in the Department of
Pathology of Shanghai Medical University, six
casesof hepatocellular carcinomaincluding adjacent
liver tissue were routine clinical specimens
collected in 1996 from the Liver Cancer Institute
of Zhongshan Hospital affiliated to Shanghai
Medical University.

All tissueswerefixed in 10% formalin, embedded
in paraffin, serial sect ions were cut at 5 pm and
30 um. The 5 um slices were stained with
hematoxylin and eosin for conventional light
microscopic observation. The 30 um slices were
stained with DNA fluorescent probe, YOY O-1
iodide (Molecular Pro bes, Eugene, Ore., USA).
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The sections were deparaffinized with xylene (10
min x 2) and dehydrated with 100%, 95%, and 70%
ethanol (5 min x 2) and rinsed in distilled water for
2 min x 5. The specimens were then fixed with
10% neutral buffered fo rmalin for 30 min and
washed with tap water. After rinsing with distilled
water and 0.01M phosphate buffer 5 min x 2,
nuclear RNA was removed by incubating the
sectionsfor 30minat 37°C in 200 uL of ribonuclease
A (RNAase; Sigma, USA) at a concentration of
160 g/L in PBS. DNA was next hydrolyzed with
2N HCI for 25 min at 27.5°C. After rinsing with
distilled water for 2 min x 5, the sections were
covered with 200 pL of YOY O-1iodidediluted into
1:2000 with PBS. The PBS was dil uted 1:5 with
distilled water to reduce the salt concentration. To
this 200 pL working solution of Y OY O-1liodide, 20
pL of 0.1N HCI was added and the final solution
was stored inthedark at 4°C for use. Homogeneous
fluorescenceintensity of nuclei at different depths
of the confocal sliceswas obtained by agitating the
YOYO-1iodide for 1 hin the dark. Afterwards,
the sections were rinsed with distilled wat er,
covered with buffered glycerol, and the glass cover
slip were scaled with finger nail polish. Sections
were stored at 4°C in the dark until CLSM
examinati on.

A Leica TCS-NT confocal laser scanning
microscope equipped with epifluoresce nce optics
and an appropriate combination of filterstovisualize
and digitizet he images of the different specimens.
An argon laser with an excitation waveleng th of
488 nm was used to activate the green fluorescence
of the YOYO-1 iod ide-stained nuclear DNA
(maximal absorption 491 nm and emission 509 nm).
A 16 x objective (numerical aperture of 1.30) was
used to observe the specificity of t he staining, and
a 100 x water objective (numerical aperture of 1.
30) was used to study the details of chromatin
pattern. Optical sectionswere collected thr oughout
the entire stained thickness of the paraffin sections
with aZ-step interval of 0.3 um or 0.6 um.The 3-
D image processing was performed on a Leica
computer with the original 3 -D interactive
visualization software. The collected confocal
optical sections and the 3-D reconstructed images
were printed with a Panasonic color vide o dye-
sublimation copy processor.

RESULTS

Three-D morphologic features of normal liver
cells

A microscopic field of view was selected from the
normal liver specimen and comp arison of theimages
taken under transmission conventional light
microscopeand CLSM isillustratedin Figure 1. The
transmission conventional light microscopicimage

was shown on theright side and the out-of-focus
signals were visible. The out-of-focus blur
reduced the contrast and sharpness of thefinal
image. In the confocal image (left) the out-of-
focus signals were cut off and only signalsin
focus were clearly visible. Optical sections
(planes 1-60) were taken from the surface to
the bottom of normal liver specimen with a Z-
step interval of 0.5 um. Figure 2 showsthe 10th,
20th, 30th, 40th, 50th and 60th plane digital
images of Z-series. The confocal images w ere
taken at 5, 10, 15, 20, 25 and 30 um depths,
respecti vely. In the confocal images some
nuclei appeared or disappeared depending on th
eir orientation in space. The 60 2-D optical
sections were computer focused on aplane
(deep-focusing) to analyze the fine structure
of chromatin patterns inside the nucleus and
reconstructed 3-D images to display the 3-D
detailed arrangement of nucleus. Figure 3 shows
normal liver cells with similar round or ovoid
nuclei, homogeneous intensity of YOYO-1
iodide fluorescence aswell. Three-dimensional
view was shown in Figure 4. The nuclear
surface appeared smooth with homogeneous
fluorescence intensity.

Three-D morphologic features of atypical
hyperplasia of liver cells

Optical sections (planes 1-50) were taken from the
surfaceto the bottom of atypical hyperplasiaof liver
specimen with a Z-step interval of 0.6 um. The
structure of chromatin patternsinside the nucleus
with homogeneous fluorescence intensity is shown
with deep-focusing in Figure 5. Three-dimensional
view is shown in Figure 6. The nuclear surface
appeared smooth with homogeneous fluorescence
intensity. But the volume of nucleus of atypi cal
hyperplasialiver cell wasbigger than that of normal
liver cell.

Three-D morphologic features of hepatocellular
carcinoma cells

Optical sections (planes 1-50) were taken from
the surface to the bottom of hepa tocellular
carcinoma specimen with a Z-step interval of

0.6 pm. The deep-focusing images were shown
in Figure 7 and Figure 8. The structure of
chromatin patterns inside the nucleus with
heterogeneous karyotheca thickness, irregular
and coarse chromatin texture, chromatin
underside the kary otheca mainly. Three-
dimensional view isshownin Figure9 and Figure
10. HCC displayed remarkably different features
in 3-D morphology, including: indented, molding,
and irregular nuclear surface; marked
pleomorphism; chaotic arrangeme nt of tumor cell
nuclei.



ISSN 1007-9327 CN 14-1018/ R World J Gastroentero  June 2000 Volume 6 Number 3

Figure 1 The transmission conventional light microsc opic image was shown on the right side. The out-of-focus blur reduced the cont rast
and sharpness of the image. In the confocal image (left) the out-of-focus signals were cut off and only signals in focus were clearly visible.
x160

Figure 2 The 10th, 20th, 30th, 40th, 50th and 60th plane digital images of Z-series. In the normal liver tissues of the confocal i mages some
nuclei appeared or disappeared depending on their orientation in space. x1000

Figure 3 Deep-focusing image showed the normal live r cells with similar round or ovoid nuclei, similar in size and homogeneous inte nsity
of YOYO-1 iodide fluorescence as well. x1000

Figure 4 Three-dimensional view of normal liver cells, the nuclear surface appeared smooth with homogeneous fluorescence intensity.
%1000

Figure 5 Deep-focusing image of atypical hyperplasi a liver cells, the structure of chromatin patterns inside the nucleus with homog
eneous fluorescence intensity. x1000

Figure 6 Three-dimensional view of atypical hyperpl asia liver cells. x1000

Figure 7 Deep-focusing image of HCC cells, the stru cture of chromatin patterns inside the nucleus with heterogeneous karyotheca thi
ckness, irregular and coarse chromatin texture, chromatin underside the karyoth eca mainly. x1000

Figure 8 Deep-focusing image of highly differentiated HCC chromatin texture. x1000
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Figure 9 Three-dimensional view of spindle cell HCC. x1000
Figure 10 Three-dimensional view of tubular adenoca rcinoma of HCC. x1000

DISCUSSION

Thearea, volume, shape, DNA content, and chromatin
pattern of nuclei may beimp ortant for thediagnosisand
prognosisof cancer. Histopath ologistsoften use4 um
to 6 um thick paraffin se ctionsto obtain representative
and diagnostically relevant images. Due to the very
limited section thicknessin comparison with the size of
thetissue, and theimages are nearly two-dimensions,
focusingup and down at high magnification providesa
rough ideaof the 3-D cellular characteristics, and such
3-D impression may be helpful or even essential in
arriving a acertain diagnosis, especialy for borderline
lesions or tumors. However, in spite of the usefulness
of such 3-D information about nuclei, conventional light
microscopy isnot dw aystheided tool for 3D evauation
dueto theinterference of out-of-focus structureswith
theimages of thefocus plane studied. Much of thelight
emitted from the regions of specimen aboveand below
thefocal planecontributestotheout-of-fo cusblur, which
serioudly reducesthe contrast and sharpness of thefinal
image. Confocal laser scanning microscope alowsthe
acquisition of optical sectionsfrom athick specimen and
out-of-focus blur can be reduced considerably and th us
much sharper and clearer imageswill beobtained. CLSM
has become an exciting new instrument in biomedical
research because of its increased resolution over
conventiond light microscopeanditsutility for subsequent
3-D-reconstructi on analysig®®l,

In this paper, the 3-D reconstruction have
demonstrated 3-D contour of represe ntative
characteristics of normal liver cells, atypical
hyperplasia liver cells, and HCC cells and the
spatial relationship of nuclei, aswell asthe subtle
str ucture of chromatin texture inside nuclei.This

paper emphasized the practical feasbility of CLSM and
3-D recongtructionfromroutinesurgical histopathologic
materials. To obtain desirable quality 3-D image from
formalin-fixed, paraffin-embedded specimens, Y OY O-
1 iodide, a highly specific and sensitive (picogram
sensitivity)!”? DNA probe was utilized. Intense and
homogeneousfluorescence was obtained by incubating
theY QY O-liodidefor Thwith agitationinthedark. To
reveal subtle details of nuclear structure, RNA was
removed by RNasepredigestion, sincenuclear RNA was
stained by YOY O-1liodideaswell.

CLSM combines the three most advanced and
important eementsof our era, themicroscope, the laser
and the computer in one, moreover it is non-invasive
and can be used on archival paraffin blocks. We
anticipate that, in the future, pathol ogists may utilize
these new techniquesto make more precise diagnosis.
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Abstract

AIM To directly radiolabel an anti-hepatoma mAb
fragment HAb18 F(ab’), with *™Tc by stannous-
reduced method, and assess the stability,
biodistribution and radioimmun oimaging (R II).
METHODS Immunoreactive fraction was
determined according to Lin dmo’s method.
Ellman’s reagent was used to determine the
number of thiols in the reduced F(ab’).. Labeling
efficiency and homogeneity were measured by
paper chromatography, sodium
dodecylsulphate polyacrylamide gel
electrophoresis (SDS-PAGE) and autora
diography. Challenge assay involved the
incubation of aliquots of labeled antibo dy in
ethylenediaminetetraacetate (EDTA) and L-
cysteine (L-cys) solutions with different molar
ratio at 37°C for 1 h, respectively. Investigations
in vivo utilized nude mice bearing human
hepatocellular carcinoma (HHCC) xenografts
with gamma camera imaging and tissue
biodistribution studies at regular intervals.
RESULTS The labeling procedure was finished
within 1.5 h compared with the “pretinning”
method which would take at least 21 h. In vitro
studies demonstrated that the radiolabeled
mADb fragment was homogen eous and retained
itsimmunoreactivity. Challenge studies indicated
that *™Tc-labeled HAb18 F(ab’), in EDTA is more
stable than in L-cys. Imaging and biodistribution
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showed a significant tumor uptake at 24 h post-
injection of *"Tc-labeled HAb18 F(ab’).. The
blood, kidney, liver and tumor uptakes at 24 h
were 0.56 + 0.09, 56.45 + 11.36, 1.43 + 0.27 and
6.57 £ 3.01 (%ID/g), respectively.
CONCLUSION °mTc-HAb18 F(ab’), conjugate
prepare d by this direct method appears to be
an effective way to detect hepatoma in nude
mice model.

INTRODUCTION

The introduction of mAbs astargeting devicesin
nuclear medicine is well develo ped and many
different antibodies which labeled with avariety
of isotopes have been reported in cancer
diagnosis. It seemed that *"Tc is the most
popular radionuclidefor nuclear medicineimaging
because of itsfavorable physi cal characteristics,
low cost, and ready availability. ®"Tc labeled
mADb fragments should be superior to other big
molecule radioimmunoconjugates for u sein
tumor R Il. A number of methods have been
proposed for ®"Tc labe ling proteins, and mAbs
in particular. In general, these methodologies
can be d ivided into two categories: indirect and
direct methods'¥. In indirect method the protein
was modified with a technetium binding ligand
and then reacte d with a technetium complex.
Several bifunctional chelating agents have been syn
thesized and used, such as diethylenetriaminepenta
aceticacid (DTPA)@ | diamide dimercaptide NS,
ligands, and hydrazino nicotinamide analog .
Although it is said that the indirect method can
lead to loss of immuno reactivity. Joiris et al.
have tested that the derivatization of antibody
or fragment by iminothiolane does not split
the protein and keeps the immunoreact ivity
(41, By direct method, °°*"Tc metal ion binds
directly to endogenous donor groups on the
antibody. The method is simple to perform and
co mpatible with practical clinical use.
However, direct labeling of mAbswith ®“"Tc was
reported to be unstable due to non-specific binding
(low and high-affinity)!®¢, but some reports
suggest animproved labeling of proteins with *"Tc.
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In the Schwarz and Steinstrasser procedure, as
modified by Mather and Ellison!”, disulide bridges
in the mAb are reduc ed with 2-mercaptoethanol
(2-ME). After purification, the resulting reduced
an tibody can be stored frozen until required for
use. Labeling is accomplished by addition of
stannous ion from a bone- scanning kit and
pertechnetate. In addit ion to using regular
reducing agents, such as 2-ME, stannousions®, b
orohydride!®, ascorbic acid!*”, dithionite*¥, or gl
utathione!*? to generate sulphydryl groups, other
peculiar approaches also appeared recently.
Direct *"Tc labeling of mAbs were finis hed by
reduction of antibodies using photoactivation and
insoluble macromolecular Sn (I1) complex*314,
With the development of direct method, there ha
ve been a few reports of successful use of this
techniquein colorectal, breast, and ovarian cancer
imaging!*>7,

In this report, we describe a direct method for
radiol abeling anti-hepatoma mon oclonal antibody
fragment HAb 18F (ab’). with *™Tc. The stability
and homogeneity of *"Tc-HAb18 F(ab’), were
evaluated. Thebiodistributionand tumor localization
in nude mice bearing a HHCC xenograft were
studied.

MATERIALS AND METHODS

Monoclonal antibody

ThemAb HAD18 is of murine IgG; isotype and was
developed by our laboratory!*®. F(ab'), fragment of
HAD18 was generated by papain digestion with a
molecular weight of -96 000 dalton{*¥,

Tumors

Hepatocd lular carcinomagrowninBalb/cmicewasused
asaprototypetumor moded. Approximately 10’ HHCC
cells obtained from Shanghai Cell Ingtitute of Chinese
Academy of Sciences wereimplanted in theleft thigh
of theanimalsand thetumorswere alowed to grow for
8-10 daysto approximately 1cmin diameter.

Antibody reduction

The antibody concentrated to 8 g/L in neutral PBS
was reduced by reaction with a molar excess of
stannous/glucoheptonate (Sn/GH) ranging from 10:
1t050:1 (Sn/GH: MADb) at 37°C for 15min-30 min.
The Sn/GH with amassratio of 1:100 wasdissolved
in 50mM acetate-buffered saline (ABS), pH 5.3
purged with nitrogen. The reduced antibody was
isolated from reductant t hro ugh a PD-10 column
(Pharmacia) equilibrated with 0.05mol/L ABS. The
number of resulting free sulphydryl groups was
assayed with Ellman’s reagent 5, 5’ dithio-bis (2-
nitrobenzoic acid), (DTNB, Sigma Chemical Co.,
USA) 2, One hundred pL of sample was mixed
with 20 pL of 0.01 mol/L-DTNB and diluted to

3 mL with 0.05 mol/L Tris-HCI buffer pH 8.4. The
mixture was incubated at room te mperature for 15
min and coloration measured with an UV/VIS
spectrophotometer at 412 nm. The number of thiols
was obtained by comparison with a seri es of L-
cysteine (L-cys) standards ranging from 0.312 mg/L
to 10 mg/L.

Theintegrity of thereduced F(ab'), wasdetermined
by non-reduced SDS-PAGE with 100 g/L gel using
Vertical Gel Electrophoresis System (Bio-Rad). The
gel was stained with Coomassie brilliant blue R250.
Control experimentswere run using unreduced mAb
F(ab'),.

Radiolabeling

For labeling, 160 ug of reduced HAb18 F(ab’),
was mixed with a10 puL-20 pL of diluted Sn/GH
solution (0.2 g/L), and pertechnetium solution (O.
2 mL, 74MBq), (Chinese Academy of Atomic
Energy) was injected into the mixture. The Sn/
GH solution was freshly prepared each time by
dissolving 100 mg GH and 1mg SnCl,-2H,0 in 5
mL of saline purged with nitrogen. The reaction
mixture wasincubated for 0.5 h-1hat 37°C before
it was analyzed by Whatman 3MM paper
chromatography which was then developed in
acetone or 100 g/L trichloroacetic acid (TCA). R-
f values for acetone are: mAb 0.0, *"Tc-GH 0.0,
and *"Tc0,-0.9-1.0. R-f values for 100 g/L TCA
are: mAb 0.0, *"TcGH 0, and *"TcO,- 0.7.
Labeled mAbwasdifferentiated from *"Tc colloid
by the method of Thrall et al'?l. The same strips
impregnated with 10g/L-20g/L human serum
albumin before development with 5:2:1, water:
ethanol: 5N NH,OH. Colloid remained on the
bottom of the strip while mAb-bound isotope
migrated with the solvent front.

Theintegrity of the labeled F(ab’), was assayed
using the same non-reduced SDS-PA GE as described
above. The gel was autoradiograghied on x-ray film
before stained with Coomassie brilliant blue R250.

mmunoreactivity assessment

The in vitro immunoreactivity of the
radiolabeled HAb18 F(ab’), was evalu ated by
alive cell assay!'?. Briefly, HHCC cells 5 x 10%
L were centrifuged (1 000r/min) for 5 min and
washed twice with 1% bovine serum albumin
(BSA) in PBS, then 5 serial 1:2 dilutions were
made in 10 g/L BSA in Eppendorf tubes
precoated with BSA. Radiolabeled HAb18 F
(ab’), at a concentration of 40 ng/mL in 10 g/L
BSA was added using a volume equal to half
the volume of cell suspension. The total volume
of cell-binding assay solution was 0.3 mL. After
incubation for 2 h at 37°C, the total as well as
the cell-bound radioactivity were counted inagamma
counter.
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In Vitro stability studies

The stability was analyzed by using two different
challenging agents, EDTA and L-cys. Anaiquot of 50
pL *mTc-HAb 18 F(ab’), solution was incubated with
EDTA or L-cysat 37°C for 1 h. Themolar ratio of mAb
to challenging agent was at a maximum of 10 000:1.
Dissociation ratio was analyzed on paper
chromatography.

Biodistribution and imaging

Balb/c mice bearing HHCC were divided into three
groups. Each group consisted of three animals and
each animal received approximately 15 g antibody
with about 7.4MBqthrough alateral tail vein. Attime
intervalsof 4, 10 and 24 h postinjection, three groups
of mice were killed , and imaged on a SPECT
(Starcam 3 000, UK). Data were collected 100 000
co unts per image and peak energy settings at the
140 ke V (20%) window for *"Tc. The blood and
other organs of interest were collected. Tissueswere
washed, blotted, weighed and counted in agamma
counter. For each mouse, data are expressed as
percent of injected dose per gram of tissue (%Il D/g)
after physical decay corrected.

RESULTS
Figure 1 represents the calibration curve for the
determination of sulphydryl groups using L-cys
standardsover arangeof 0.312to 10 mg/L, by plotting
optical density at 412 nm versus L-cys standard
concentrationsafter subtraction of thebackground due
to Ellman’ sreagent. Linear regression was used and
correlation coefficient 0.999 was obtained. Table 1
shows the influence of the reduction conditions on
the number of free sulphydryl groups detected by this
thiol assay. As expected, increasing the molar ratio
of Sn/GH to antibody in the reaction mixture does
increase the number of apparent -SH groups per
antibody, and increase the labeling efficiency
correspondingly, which results in the labeling
efficiency at amaximum of 84.2%. The free *"TcO,-
and colloid amounts determined by Whatman 3MM
paper using different developing systemswere also
showed in Table 1. In control experi ments, labeling
efficiency was 2% when unreduced HAb18 F(ab’).
was used. SD S-PAGE by both staining and
autoradiography showed that the radioactivity co-m
igrated with the proteins and that there were almost
no protein fragments prese nt within the 60:1 of molar
ratio of Sn/GH to mAb (Figure 2). However , another
SDS-PAGE in Figure 3illustrates that fragmentation
occurred during t he reduction procedure when the
molar ratio of Sn/GH to mAb was at 500:1.
Asshown in Figure 4, theimmunoreactive
fraction, 0.84 was determined by plott ing the
inverse of the bound fraction compared with the
inverse of the cell conc entration, whichisbased on

theassumption that thetota antigen concentration (cell
concentration) isagood enough approximation for the
free antig en concentration.

Challenging with EDTA did not remove *"Tc
from thelabeling conjugat eremarkably, whileL-cysat
amolar ratio of 625:1 remove approximately one-tenth
of thelabel (Figure5).

Biodistribution of radioactivity in blood and
excised tissues are displayed in Table 2. The
preparation localized at the tumorswas more than
at any organ examined at both 10 h and 24 h after
injection, except the kidneys. Th e lower
radioactivity in blood at 24 h suggested fast blood
clearance. The imaging results in Figure 6
showed significant tumor uptake at 24 h post-i
njection.

Table 1 Effect of molar ratio (Sn/GH: mAb) on quantity of-SH,
fre e ¥"TcO,- and colloid and labeling efficiency (%, n = 3)

Molarratio  SHgroups ~ *™TcO, colloid labeling

(Sn/GH: mAb) /mAb efficiency

Control 0+0 62.1 +45 11+12 20+0.9
10:1 043+0.04 3014 1.4+1.14 4.6 +3.8
20:1 1.25+0.10 29+11 1.4 +£0.77 28+51
30:1 246 £0.08 2.0+0.9 3.2+ 1.47 8.6 3.2
40:1 3.34+£0.09 18+1.2 2.8+1.38 42+28
50:1 3.61+0.12 21+0.8 3.6 £1.58 44+34

Table 2 Biodistribution of ®"Tc-HAb 18F(ab’), in nude mice
bearing hepatoma (x + s, %I1D/g)

Time after injection (h)

Organ
4 10 24
Blood 2.21+£0.24 1.45 +0.15 0.56 + 0.09
Kidney 72.38 £ 4.37 70.47 + 15.23  56.45 + 11.36
Liver 1.82 +£0.48 1.59 £ 0.31 1.43 +0.27
Lung 1.62 +£0.34 1.40 £ 0.17 0.75 £ 0.21
Stomach 1.37 £ 0.39 1.05+0.28 0.50 + 0.29
Spleen 2.35+0.81 2.11 £0.75 1.82 +0.85
Large intestine 1.16 + 0.34 1.42 £0.39 0.94 £ 0.32
Small intestine 0.97 + 0.31 0.95 +0.18 0.62 + 0.24
Heart 2.04 £ 0.55 1.83 £0.48 1.17 £ 0.42
Muscle 1.15 + 0.20 0.77 £0.28 0.51 £0.25
Brain 0.18 + 0.02 0.07 £ 0.04 0.02 + 0.01
Tumor 5.14 + 2.26 5.84 + 2.98 6.57 + 3.01
0.8 T

Y =0. 071X + 0. 006
R=0.999

6 9 12
L-cys(mg/L)

Figure 1 L-cysteine standard curve for sulphydryl d etermination
using Ellman reaction.
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Figure 2 Effect of reduction on integrity of *™Tc-labeled HAb18
F(ab’), as monitored by SDS-PAGE. Vertical lanes re present molar
ratios of Sn/?GH to HADb18 F(ab’),: 1, 10:1; 2, 20:1; 3, 30:1; 4, 40:
1, 5, 50:1; 6, 60:1. (A)Coomassie brilliant blue R250 staining.
Molecular weight (kD) is indicated at the left. (B) autoradiography.
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Figure 3 Effect of reduction on integrity of HAb18 F(ab’), as
monitored by SDS-PAGE. Molecular weights (kD) are indicated at
the left. Vertical lanes represent molar ratios of Sn/GH to HAb18
F(ab’).: 1, 1000:1; 2, 500:1; 3, 50:1; 4, 10:1; 5, unreduced F(ab’),.
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Figure 4 Binding assay for the determination of the immunoreactive
fraction of ®™Tc-labeled HAb18 F(ab’),.
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Figure 5 Dissociation of “™Tc-labeled HAb18 F(ab’), with

increasing molar ratio of EDTA to mAb (@) and L-cys to mAb
(O).

Figure 6 Images of nude mice bearing human hepatocel lular
carcinoma with *"Tc-HAb18 F(ab’), at 24 h.

DISCUSSION

Great efforts have been made to devel op amethod
that can be used for the direct labeling of mAbs
with °*mTcl1®l Earlier studies involved the
incubation of mAbs with stannous
phthal ate tartrate solution for up to 21 h at room
temperature, which was named “ pretinning”
method. Clinical success with this method has
been claimed by the author!?®,

Oneaim of our study wasto further evaluate the
role of stannous as a reducing agent in the direct
labeling of mAb F(ab')3-2 with *"Tc. The difference
between the “ pretinning” method and thismethod is
that we use GH instead of phthalate-tartrate as
transfer ligand and stabilizer to avoid Snor Tc-colloid
formation. To do this, we investigated the effect of
the quantity of Sn/ GH on the labeling time and
efficiency. When themolar ratio of S0/GH tomAbF
(ab’), was constant, we found that there was no
obvious difference on the number of -SH between the
reduction time of 20 min and 30 min or even longer!
21 The whol e labeling process can be accomplished
within 1.5h. Hnatowich et al. reported that labeling
efficiency in the case of the stannousion-reduced a
ntibodieswasgenerally in excessof 70%4, however,
in ourmethodmoal ar ratioof SYGH tomAbwasanimportant
parameter to obtain good labeling re sults, and molar
ratio of 40:1 or higher were needed to get |abeling
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effici ency of more than 80% (Table 1). The low
percentage of free ®"TcO, and radiocolloid in each
sampleimplied that pH 5.3 and GH arethe opti mal pH
vaueandtrangfer ligand. Under thiscondition, thelabeled
mAb HADb18 F(ab’), keeps its immunoreactivity.
Autoradiography of SDS-PAGE had only onemigration
of component identical to that of native HAb18 F(ab').
determination by staini ngwith Coomassiebrilliant blue
R250 (Figure 2), which demonstrated that S n/GH
reductionismild and doesnot destroy interchain bridges
in mAbs. Labeli ng efficiency of 2% in control
experiments using unreduced HAb18 F(ab’), indicated
that there was no exchange with the low affinity sites
and also demondtrated that reduction of disulfidesisa
necessary initial step in ®*™£0c direct labeling of
antibodies. The bond between®SH and Tc is stronger
than that of N -Tc or O-Tc which was verified by the
challenge assay of " Tc-HAb18 F(ab')?in the presence
of EDTA. Wefound that EDTA even at amolar rat io
of 10000: 1 failedtoremoveasignificant amount of “"Tc,
thisisin agreement with the results of Rhodes et al'®.
But L-cys at 625;A1 remove one-tenth of the label
(Figure 5). Despite such insta bility of the label, there
was no in vivo evidence of release of pertechnetate
due tonothyroidimaging observedinthewholeimaging
process (Figure 7) . Tumor locdization of *"Tc-HAb18
F(ab’), was successfully dem onstrated in a human
tumor/nudemousexenograft modd . Biodistributionand
imaging results showed the highest tumor uptake at 24
h post-injection. Where askidney levelswerefoundto
be higher in the whole process. Accumulation of
radioactivity inthekidney may betheresult of retention
of thismetallic radionuclide by the kidney pro ximal
tubulé®!, the possible release of *™Tc-labeled cysteine
and gluta thione!?®’stemming from the
adioimmunoconjugate catabolism, and the relative
amount of ®"Tc-GH. A technique has been used in
patientsto block rend tubule uptake of ™ Tc-anti-CEA
Fab' fragmentsby amin o acid infusion'.

In conclusion, aradioimmunoimaging conjugate
for hepatomadetection was prepared by direct [abeling
mAb HADb18 F(ab’)2-with *"Tc using stannous/g
lucoheptonate as reducing agent. Although the labeling
efficiency is not satisf actory to some degree, it has
several advantapes. smple, easy and quick, besides, the
labeled mAb fragment retains its immunoreactivity.
Biodistribution and imaging studies reveal that this
conjugateis useful for the detection of hepato ma.
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Abstract

AIM To study the changes of endogenous
transforming growth factor B(TGFpB) and basic
fibroblast growth factor (bFGF) in lung following
intestinal ischemia and reperfusion injury and
their effects on lung injury and repair.
METHODS Sixty Wistar rats were divided into
five groups, which underwent sham-operation,
ischemia (45 minutes), and reperfusion (6, 24
and 48 hours, respectively) after ischemia (45
minutes). Immunohistochemical method was
used to observe the localization and amounts
of both growth factors.

RESULTS Positive signals of both growth factors
could be found in normal lung, mainly in alveolar
cells and endothelial cells of vein. After ischemia
and reperfusion insult, expressions of both
growth factors were increased and their
amounts at 6 hours were larger than those of
normal control or of 24 and 48 hours after insult.
CONCLUSION The endogenous bFGF and TGF
3 expression appears to be up-regulated in the
lung following intestinal ischemia and
reperfusion, suggesting that both growth factors
may be involved in the process of lung injury and
repair.
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INTRODUCTION

Our previousinvestigations have shown that basic
fibroblast growth factor (bFGF) and transforming
growth factor  (TGF ) play important roles in
organ injury and repair after ischemia and
reperfusion insult, and that there was a significant
relationship between gene expression of bFGF or
TGF B and lung repairt®? . Because many growth
factors are involved in wound repair by their
mitogenic and non-mitogenic effects, we have
further investigated the alteration of endogenous
bFGF and TGF 3 in the lung tissue following
intestinal ischemia-reperfusioninjury and explored
their effects on lung repair as well.

MATERIALS AND METHODS

Animal model and tissue preparation

Sixty male, pathogen-free Wistar rats, weighing 250 g
+ 10gwereusedinthisstudy. They weredivided into
5 groups, which underwent sham-operation, ischemia
for 45 minutes, and reperfusion for 6 hours, 24 hours
and 48 hoursafter ischemiafor 45 minutes, respectively.
Anesthesiawas induce d by administration of 30 mg/
kg of pentobarbital sodium. Following midlin e
laparotomy, intestinal ischemia was achieved by
complete occlusion of the superior mesenteric artery
(SMA) with a non-crushing microvascular clip.
Reperfusion was peformed by removal of the micro
vascular clip after 45 minutes SMA occlusion. All
animalswerekilled by exsangu ination at designated
times. The samples from right base of lung were
obtained immediately and fixed in 10% formalin for
analysis. All procedures but SMA clip were donein
animals of sham-operated control group.

Immunohistochemical detection for bFGF and
TGF B

Immunohistochemical detection was made using
polyclonal anti-bFGF or TGF [3 antibody (SantaCruz
Co. and Zymed Co., respectively) by an indir ect
streptavidin/peroxidase (SP) technique.
Experiments were performed following the
manufacturer’s recommendation. Paraffin-
embedded sectionswereincubated with polyclonal
anti-rat bFGF or TGF 3 antibody for 12 hoursat 4°C
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after antigen repair. Biotinylated 1gG was added as
second antibody. Horseradish peroxidase labeled
streptomycin-avidin complex was used to detect second
antibody. Slideswere stained with diaminnobenzidine,
and examined under light microscope. Thebrown or dark
brow n stained cytoplasm and/or cell membrane was
considered as positive. The phosphate-buffered saline
(PBS) solution was used as negative control.

Statistical analysis

Thedidesfrom 5 animalsin each group were used for
observation and statistical analysis. Onevisua fieldin
each dlide was randomly selected and observed under
light microscope with 400-fold magnification. The
percentage of positive immunohistoc hemical staining
cellswas expressed as mean £ SD. Statistical analy
seswere performed using paired Student’ st test. P<0.
05 was considered significant.

RESULTS

Pathological alternations of lung tissue
Thehistological structureof alveolar and mesenchymal
cellswasnormal in hedt hy lungs, whilethelung tissues
fromischemiaand reperfusion rats were significantly
damaged, with pulmonary edemaand inflammatory cell
infiltretion.

Expression of bFGF and TGF 8

Both bFGF and TGF & were expressed in alveolar
epithelial cells and microvascular endothelial cells of
normal lung tissues. The positive signals were of
immunohistochemica stainingin brown or dark brown
color andlocdizedin cytoplasmand/or membranewhen
observed under light microscopy (Figure 1A and B). After
ischemia, theexpressionsof both bFGFand TGF 3 were
increased, expecialy in the area of aveolar epithelial
cellsand capillar y endothelia cells (Figure 2A and B).
At 6 hours postinjury, the expression of bFGF wasthe
sameasthat intheearly injury, whilethat of TGF 3 was
increased significantly. Many positive cellsweretypel
alveolar cells(Figure 3A and B). Up to 24 hoursand 48
hours postinjury, the expression of both growth factors
returned to basal levels. By quantitative analysis, the
expressions of both bFGF and TGF 3 were quite differ
ent in the early injury when compared with those of
control group (P<0.01, Table 1).

Table 1 Expression of bFGF and TGF B in lung following
ischemia-re perfusion injury (X £ s)

Groups Animals bFGF TGF B

Sham-operated 5 154+ 3.4 20.0+£5.1
Ischemia 45min 5 61.8 + 7.5° 63.4 + 7.0°
Reperfusion 6h 5 42.4 + 10.1° 50.6 + 7.1°
Reperfusion 24h 5 29.0 + 5.5° 32.8 +8.7*
Reperfusion 48h 5 15.6 £ 3.3 194+7.1

3P<0.05, "P<0.01, vs sham-operated.

Figure 1 The expressions of bFGF and TGF {3 in normal lung. The
weakly positive signal could be found in alveolar epithelial cells
and microvascular endothelial cells. SP stain x400

Figure 2 The expressions of bFGF and TGF (3 in damaged
lung following ischemia (45 minutes) and reperfusion (6
hours). Deep staining of both growth factors could be found
in alveolar epithelial cells and microvascular endothelial cells.
SP stain x400
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Figure 3 The expressions of bFGF and TGF 3 in damaged lung
following ischemia (45 minutes) and reperfusion (24 hours). The
staining of both growth factors could be found in alveolar epithelial
cells and microvascular endothelial cells and the expression
returned to normal levels. SP stainx400

DISCUSSION

Thelung isone of the very important target organsin
multiple organ dysfunction syndrome (MODS) or
multiple system organ failure (MOSF) caused by
severe injury®. It has been found that in addition to
the direct trauma, the lung could al so be damaged by
indirectinjury such asshock, gutischemia, reperfusion
insult, etc. Under the condition of an inadequate
mucosal blood flow, the gut barrier function can be
progressively impaired and invasded by bacteria or
endogenousendotoxin. Thisprocessisassociated with
activation of systemic inflammatory mediators
including bacteriotoxin, inflammatory mediators,
suchas tumor necrosis factor (TNF) and interleukin
(IL) and immunocytokines. The tissue damage was
manifested as increased inflammatory reaction, low
content of ATP in tissue, alveolar endothelial cell
damage, enhanced permeability of microcirculation,
etcl¥ . In severe cases, the animal would die of
pulmonary failure. But most commonly, these changes
are maintained brief because the lung has the ability
of self-repair. Recent studies demonstrated that one
of the important mechanisms of self-protection and
self-repair wasthe effect of endogenous growth f actor
and/or nitric oxide synthetasel 2% . Therefore, the

localiza tion and quantitation of endogenous growth
factorsplay important rolesinlung repair.

Both bFGF and TGF 3 are important growth
factorsinvolved inti ssuerepair. They areinvolvedin
dermal and epidermal wound healing via their
chemotecticeffectsfor inflammatory cellsand mitogenic
effectsfortissuecdls, suchasepiderma cells, fibroblasts
and endothelial cells. Normally, TGF 3 is stored and
released from platel ets and macrophages, while bFGF
combinedwith heparinisstoredinendothdlid cellsinan
inactive form. Both the growth factorsareinvolved in
the process of capillary reconstruction and tissue
regeneration by their mitogenic and non-mitogenic
effects. At the sametime, they can also berdieved from
injured tissues'®” . Our previous researches have
indicated that severe trauma results in histological
damage, further decreasing the endogenous growth
factors. Thus, itisnecessary to supply exogenousgrowth
factorsto promote internal organ repair. We have also
found that dight ischemiacan induce the expression of
endogenousfactors, and thesegrowth factors participate
intheprocessof wound heading®%. Wed soinvestigated
the gene expression of both growth factorsin the same
animal model, and found that the changes of thesegene
expressions were consistent with the changes of their
proteins. On the basis of these studies, we cameto a
conclusion that thereisapositive relationship between
growth factors and tiss ue repair, and induction of
endogenous bFGF and TGF 3 by ischemiaisnecessary
for tissue repair. By the end of tissue repair, they are
restored in tissue again. This result demonstrates that
growth factors are invol ved in organ repair by their
increased synthesis or released from damage cellsafter
ischemia-reperfusioninsult.
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Abstract

AIM To detect the expression of caspase 3 gene
in primary huma n hepatocellular carcinoma
(HCC) and investigate its relationship to p21WA™
gene expression and HCC apoptosis.
METHODS In situhybridization was employed
to determine caspase 3 and p21WAF expression
in HCC. In situ end-labeling was used to detect
hepatocytic apoptosis in HCC.

RESULTS Twenty-one of 39 (53.8%) cases of
HCC were found to express caspase 3
transcripts, while 46.2% of HCC failed to
express caspase 3. Non-cancerous adjacent
liver tissues showed more positive caspase
3 (87.5%, 7/8) as compared with HCC (P<0.
05). The expression of caspase 3 is
correlated with HCC differentiation, 72.2%
(13/18) of moderately to highly differentiated
HCC showed caspase 3 transcripts positive,
while only 38.1% of poorly differentiated HCC
harbored caspase 3 transcripts (P<0.05). No
relationship was found between caspase 3
expression and tumor size or grade or
metastasis, although 62.5% (5/8) of HCC
with metastasis were caspase 3 positive
and a little higher than that with no
metastasis (51.6%, P>0.05). Expression of
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caspase 3 alone did not affect the apoptosis
index (AI) of HCC. The AI was 7.12%o in
caspase 3-positive tumors (7 = 21), while in
caspase 3-negative cases (77 = 18) 6.59%o0 (P>
0.05). Expression of caspase 3 clearly
segregated with p21WAf! positive tumors as
compared with p21WAf negative cases (16 of
23, 69.6% versus 5 of 16, 31.3%) with
statistical significance(P=0.017). In the cases
with positive caspase 3 and negative p21WAF,
the AI was found slightly higher, but with no
stati stical significance, than that with
expression of p21WAf and caspase 3 (7.21%o0
Vs 6.98%o0, P>0.05).

CONCLUSION Loss of caspase 3 expression
may contribute to HCC carcinogenesis,
although the expression of caspase 3 does not
correlate well with cell apoptosis in HCC.
p21YA"t may be merely one of the inhibitors
which can reduce caspase 3 mediated cell
apoptosis in HCCs.

INTRODUCTION

Hepatocellular carcinoma(HCC), represent
80%-90% of the primary liver cancer, is one of
the leading causes of cancer morbidity and
mortality on a global scale. More than 80% of
liver cancer cases occurr in the developing
world, especially in China, where HCC is the
second cause of cancer death and responsib le
for 130 000 deaths every year!*. Despite
dramatic advancesin basic and clinical research
in the past decades, the exact molecular
mechanism for hepatocarcinogenesis isunclear.
Gene expression changes have been demonstrated
in accordance with cell growth, differentiation
and carcinogenesisi?. Tumor formation can result
from a decrease in cell death, as well as an
increase in cell proliferation.In addition to
altered expression of cell cycle-related gene,
dysregulation of apoptosis (programmed cell
death) is thought to contribute to cancer by
aberr antly extending cell viability and
favoring the accumulation of transforming mut
ations?,
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Caspaseisalarge family which contains at |east
14 members. It has been shown that caspase play
animportant rolein regulating cancer cell death both
induced by activated lymphocytesthrough Fas/FasL
pathway and by chemotherapy agentd. Caspase 3
or cpp32 is the key member of effector caspases.
Caspase 3 had overexpression in B-cell chronic
lymphocytic leukemia (B-CLL)!5®!, acute
myelogenous leukemia (AML)®, follicular small
cleaved cell non-Hodgkin£gs B-cell lymphomad ™ ,
human breast cancer cell lines and primary breast
tumors®and neurob lastomas!'”. Caspase 3 is a
potent protease which can cleave alarge scale of
substrate, including cell-cyclerelated genes such as
p21WAFL4  p21WAFL s a cyclin-dependent kinase
inhibitor and playsanimportant rolein DNA damage-
induced growth arrest. p21"V*™ overexpression can
cause G; cell cycle arrest and further interrupt the
apopto tic process at a point upstream from caspase
3 activation*¥, In this study, we investigated the
expression of caspase 3 in primary human HCC and
its potential impact on tumor cell apoptosis and its
relationship to p21"A™ expression.

MATERIALS AND METHODS

Patients and samples

Thesurgically resected specimensemployed in this
study were obtained from cons ecutive patientswith
primary HCC who had undergone potentially
curative tumor resection at the Department of
General and Hepato-Biliary Surgery, Tongji Hospi
tal during 1996-1997. A cohort of 39 cases was
involved in this study. All cases were selected on
the basis of availability of frozen material for study
and on the absence of extensive chemotherapy-
induced tumor necrosis. Materialswere co mposed
of 3 casesof gradel, 18 cases of gradell, 11 cases
of gradel11, the remaining 7 cases were grade 1V
accordingto TNM system (1987). Thetumor lesions
analyzed here included 21 poor, 9 moderate and 9
well differentiations. There were 34 malesand 5
females, and the age ranged from 24 to 71 years
with an average of 46.1 (SD, 12.5). Eight cases of
non -cancerous adjacent liver tissues were also
included in the study. Routinely pr ocessed 40 g/L
paraf ormal dehyde-fixed, paraffin-embedded blocks
cont aining principal tumor were selected. Serial
sections of 5 umwere prepared from the cut surface
of blocks at the maximum cross-section of the
tumor.

In situ hybridization staining for caspase 3 and
p21¥*and scoring methods for its expression

The plasmid pET21b-cpp32 containing caspase 3
(cpp32) cDNA probe was kindly provided by Dr.
JC. Reed(LaJolla, USA). After digestion with Xho
| and Nde I, the fragment was separated by

electrophoresis through an agar ose gel and
recovered by QIA quick gel extraction kit
(QIAGEN) using a micro-centrifuge according to
the manufacturer’s protocol. The p21"A™ cDNA
probe was kindly provided by Dr. SJ Elledge
(Houston, USA). Preparation of p21"AF probe was
described previously!*?. The probes were labeled
and detected using a Dig DNA labeling and
detection kit (Boehringer Mannheim Biochemica,
Germany). Briefly, 40g/L paraformaldehyde-fixed
paraffin embedded samples were cut at 5 um and
adhered to APES-treated slides. After
deparaffinized and rehydrated through a graded s
eries of ethanol, the sections were immersed in a
0.01 mol/L DEPC-treated PBS (pH 7.4) two times
each for 5min, and then, in PBS containing 100
mmol/L glycineand PBS containing 3mL/L Triton
X-100 for 5 min in turns. Sections were
permeabilized for 30 min at 37°C with TE buffer
(200 mmol/L Tris-HCI, 50 mmol/L EDTA, pH 8.0)
containing 10 mg/L RNase-free proteinase K and
washed with DEPC-treated PBS, then incubated
at 42°C for 2 h with pre-hybridization buffer.
Hybridization solution (400 mL/L deionized
formamide, 500 g/L dextrasulfate, 1 x Dehardt£8s
reagent, 4 x SSC,10 mmol/L DTT, 1 g/L yeast
tRNA, 1 g/L denatured salmon sperm DNA)
containing 2 mg/L probe overlay each section after
deprive prehybr idization buffer from slides and
hybridize at 42°C for 36 h in a humid chamb er.
The sections were washed in a shaking water bath
at 37°C in2x SSC, 1 x SSC, 0.1 x SSC for 15 min
each, then washed with buffer | (100mmol/L Tris-
HCI, pH 7.5, 150 mmol/L NaCl) for 20 min and with
blocking solution (buffer | containing 20 mL/L
normal sheep serum) for 30 min, and added sheep
anti-Dig-alkaline phosphates (diluted at 1:800 in
buffer 1) and incubated for another 1h before
development by NBT at 37°C for 3 hin the dark.
Hybridization buffer contai ning no probe was used
for negativ e control for each staining. Scoring
method for caspase 3 and p21"AF expression was
described by Kawasaki*®. Positive tumor cells
were quantified by two independent observers, and
the average percentage of positive tumor cellswas
determinedin at least 5 areas at x 400 and assigned
to one of five categories: (a) 0, <1%; (b)1,1%-25%;
(c)2, 25%-50%; (d) 3,50%-75% and (e)4, >75%.
The I SH staining intensity was scored as (a) weak
1+; (b) moderate, 2+; and intense, 3+. For tumors
showing heterogeneous staining, the predomin ant
pattern was taken into account for scoring. The
percentage of positive tumor cells and staining
intensity were multiplied to produce a weighted
score for each case. Cases with weighted scores
<1 were defined as negative, otherwise were
defined as positive.

Histochemical detection of apoptosis and
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determination of the Al

Tumor cell apoptosis was identified by DNA
fragmentation detection kit (QlA33-kit,
Calbiochem). Briefly, deparaffinized and
rehydrated sections were permeated with
proteinase K (20 mg/L in 10 mmol/L Tris, pH 8.0)
for 20 min at room temperature and washed with
1 x TBS (20 mmol/L Tris pH 7.6, 140 mmol/L
NaCl). After endogenous peroxidases were
inactivated by using 30 mL/L hydrogen peroxide
for 5 min and washed with 1 x TBS, equilibration
buffer was added to each section and incubated
at room temperature for 20 min. Terminal
deoxynucleotidyl transferase (TDT) enzymein
TDT labeling reaction mix at a1:20 dilution was
pipetted onto the secti ons, followed by 1.5 h
incubation at 37°C. After thereaction wastermina
ted by immersing sections into stop solution and
washed with blocking buffer for 10 min at room
temperature, the anti-digoxingenin-peroxidasewas
added to t he sections. DAB solution was used
for color development. Sections were counters
tained by methyl green. A positive control
generated covering specimen with DNase | (1 mg/
L) for thefirst procedure. Specific positive tissue
sections were used for negative control by
substituting distilled water for the TDT in the
reaction mixture. The Al was expressed as the
ratio of positively stained tumor cells and bodies
to all tumor cells, given a percentage for each
case. A minimum of 1 000 cellswas counted under
a400-fold magnification. Positively staining tumor
cells with morphological characteristics of
apoptosiswere identified using standard criter ia,
including chromatin condensation, nuclear
disintegration and formation of crescentic caps of
condensed chromatin at the nuclear periphery.

Statistical analysis

Variables associated with caspase 3 expression as
well as the relationship between caspase 3 and
p21"AFL were analyzed by x? test. Differencesin
thetumor cell Al for groupsdichotomized according
to caspase 3 expression were checked by
independent t test.

RESULTS

Expression of caspase 3 gene in HCCs

By ISH staining, caspase 3 transcripts was detected
predominantly in cytoplasm (Figure 1). Consistent
with the presence of caspase 3 protein in human
biopsy liver samples, expression of caspase 3innon-
cancerous adjacent liver tissue was al so observed
in 87.5% (7/8) of cases. Theintensity of caspase 3
staining was heterogeneous within a case detected.
The tumor cells positively stained by |SH range
from 10% to 90%, depending on the cases

examined. After multiplying the weighted caspase 3
score, 21 casesof HCCinthe present study were defined
aspositive (53.8%), with weighted caspase 3 scorefrom
1lto12.

The expression of caspase 3 and its association
with clinicopathologica | variables

A clinicopathological analysis of caspase 3 positive
casesisshownin Table 1. No statistical significance
was observed in the prognostic parameters, including
tumor size, metastasis, TNM grade, analyzed in the
present study except for differentiation. The
expression of caspase 3iscorrelated with HCC differ
entiation. It was found that as high as 72.2% (13/18)
of moderately to highly differentiated HCC showed
caspase 3 transcripts positive, while only 38. 1% of
poorly differentiated HCC harbored caspase 3
transcripts (P<0.05).

Relationship between caspase 3 and p21"WA™
Twenty-three cases were detected expression
p21WAF! transcripts. Pos itive signal was
predominantly located in cytoplasm with a
heterogeneous distrib ution of positive tumor cells.
The significance of p21"A™ gene expres sion was
discussed in our previous study!*?. Expression of
caspase 3 clearly segregated with p21"AF* positive
tumors as compared with p2 1"AF negative cases
(16 of 23, 69.6% vs 5 of 16, 31.3% ) with statistical
significance (P<0.05).

Table 1 Correlation between clinicopathological parameters
and expre ssion of caspase 3 in HCCs

No. Caspase 3 expression (%) P
Samples
Non-cancerous adjacent liver 8 7(87.5) <0.05
HCC 39 21(53.8)
Age(year)
<60 28 15(53.6) NS
>60 11 6(54.5)
Sex
Male 34 18(52.9) NS
Female 5 3(60.0)
Tumor size (cm)
>5.0 27 15(55.6) NS
<5.0 12 6(50.0)
Differentiation
Well-moderate 18 13(72.2) <0.05
Poor 21 8(38.1)
TNM grade
-1l 21 12(57.1) NS
1n-1v 18 9(50.0)
Metastasis
Negative 31 16(51.6) NS
Positive 8 5(62.5)
p21WAFL
Positive 23 16(69.6) <0.05
Negative 16 5(31.3)

NS: no statistic significance
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Figure 1 Caspase 3 transcripts were detected predo minantly in
cytoplasm by ISH (x200)

Figure 2 Apoptotic cells were determined by criteria as described
in materials and methods. Arrow shows fragmented nucleus (x200)

Relationship between tumor cell apoptosis and
caspase 3 expression

Apoptotic cells and apoptotic bodies were found
in all cases of HCCs examined by in situ end-
labeling (Figure 2). The mean Al of all tumors
cases was 6.82%o (S, 3.36%0; range 0.87%o-17.
3%o0). No significant associ ation was observed
between Al and tumor stage. The mean Al for
caspase 3-positi ve tumors (n = 21) was 7.12%o
(s, 3.75%0), while in caspase 3-negative cases (n
= 18) the Al was 6.59%o (s, 2.98%o0), no statistical
significance was found between the two groups
(P>0.05). In the cases with co- ex pression of
p21“AFl and caspase 3, the Al was found lower,
but with no significance, than that of cases with
positive caspase 3 and negative p21VA™ (6.98%o
VS 7.21%o).

DISCUSSION

In this study, we have shown that caspase 3 was
expressed in most of HCC cases. In our opinion,
weare the first to describe the cpp32 expression in
human prima ry HCCs. Like the result of human
biopsy and autopsy liver materialsi' , the non-
cancerous adjacent liver tissue showed strong
caspase 3 expression. A s high as 46.2% of human
primary HCCs failed to show caspase 3 expression.

Int he 21 cases which express caspase 3, the
expression showed heterogeneous pattern with a
weighted score from 1 to 12. Because caspase 3 is
the effector caspase in the apoptosis pathways, we
think that loss of caspase 3 expression may play an
important role in HCC carcinogenesis. Caspase 3
expressionhad norelationshipwithclinicopathol ogica
features except for tumor differentiation (Table 1).
Theresult suggest that the expression of caspase 3is
correlated with tumor differentiationin HCC. It was
reported that 33.1% cases of gastric carcinomawere
caspase 3 positivel”l. Two of 3 breast carcinoma
tissues expressed caspase 3, theimmunointensity was
generaly higher in invasive cancers®. It raised the
possibility that expression of casap se 3 in tumors
showed tissue specificity. It wasobserved inthisstudy
that the apoptosisindex (Al) was not associated with
the expression of caspase 3in HCC (7.12%o in cpp32-
positive casesversus6.59%o in cpp32-negativegroup).
In the non-cancerous adjacent liver tissuesmorethan
50% of the cells showed positive caspase 3, the Al
was not increased as compared with HCC, no matter
ca spase 3 was positive or negative. This suggests
that other factor(s) may exist inregulating normal cell
apoptosis.

p21"AFt wasfirst reported asa universal inhibitor
of cyclin-dependent kinase, which isrequired for
G, to S transition!*®l, Previous studies
demonstrated that p21"“AF! can interrupt the
apoptotic process at a point upstream from
caspase-3 activation, because serum starvatio n,
which also synchronized cellsin G; but did not
induce p21WAF! did not protect cells from
apoptosis, whilerestoring alate G, checkpoint by
inducing p21"A™ expression can protect cells from
DNA damage induced apoptosisi'®. p21"AF can
bind procaspase-3 but not activate caspase 3. On
the other hand, activa ted caspase 3 can cleave
p21WAF P21 cleavage by the activated cpp32
specifically abolished its interaction with PCNA
and may interfere with normal PCNA -dependent
repairl®. The presence of p21"AF in hu man
HCCswas reported previously in our paper(*3. In
this context, the expression of p21"AF* was also
determined together with caspase 3 in an attempt
to find whether there is relationship between
them. We found that expression of caspase 3 was
strongly associated with p21VA™ in 16 cases of
HCC. There was no significant difference in Al
between p21YAF(+)/cpp32(+) and p21WAFL(-) /
cpp32(+) (6.98%o0 vs 7.21%o0). Theresultsindicated
that p21"A™ may be merely one of theinhibitors
which can reduce caspase 3 mediated cell
apoptosisin HCCs. In fact, some other caspase 3
inhibitors, for example survivin, were reported to
have overexpression in human tumors, including
gastric and colorectal cancer "8, Survivinis
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believed to bind activated caspase 3 and further in hibit
cell apoptosis. It was reported that XI1AP can interrupt
caspase 3 mediated apoptosis via the same way as
p21"AFL So, further investig ation on other caspase 3
regulating protein is needed to find the regul ation mec
hanism of caspase 3 mediated gpoptosisinhuman HCCs.
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Abstract

AIM To investigate the mechanisms of
salvianolic acid A (SA-A) against liver fibrosis /in
vitro.

METHODS NIH/3T3 fibroblasts were cultured
routinely, and incu bated with 10“*mol/L-10
‘mol/L SA-A for 22 h. The cell viability was
assayed by[3H]proline incorporation, cell
proliferation by [*H]TdR incorporation, cell
collagen synthetic rate was measured with[°H]
proline impulse and collagenase digestion
method. The total RNA was prepared from the
control cells and the drug treated cells
respectively, and a (1) I pro-collagen mRNA
expression was semi-quantitatively analyzed
with RT-PCR.

RESULTS 10“mol/L SA-A decreased cell viability
and exerted some cytotoxiciy, while 10°mol/L-
107 mol/L SA-A did not affect cell viability, but
inhibited cell proliferation signi ficantly, and 10
mol/L SA-A had the best effect on cell viability
among these concentrations of drugs. 10°mol/
L-10°mol/L SA-A inhibited intracellular collagen
synthetic rate, but no significant influence on
extracell ular collagen secretion. Both 10°mol/
L and 10°mol/L SA-A could decrease a (1) I
pro-collagen mRNA expression remarkably.
CONCLUSION SA-A had potent action against
liver fibrosis. It inhibited NIH/3T3 fibroblast
proliferation, intracellular collagen synthetic
rate and type I pro-collagen gene expression,
which may be one of the main mechanisms of the
drug.
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INTRODUCTION

Radix salviae miltiorrhizae, one of the most
frequently used Chinese herbs, isregarded to have
effects on both blood production and circulation
by traditio nal Chinese medicine, and is widely
appliedinclinical therapy for liver diseas es, such
as chronic hepatitis, hepatic cirrhosis, etc.
Salvianolic Acid-A is one of the water soluble
components from Radix salviae miltiorrhizae. It
was reported to have good actions on peroxidation
(1. Lipid peroxidation could stimulate hepatic
stellate cell (HSC) transformed into myofibro blast
like cell (MFBC) and collagen gene expression in
vivo and in vitro, and played an important rolein
liver fibrogenesis!i?. Inour previouswork™, it was
found that SA-A could protect hepatic lipid
peroxidation, and had marked effects against liver
injur y and fibrosisin carbon tetrachloride induced
fibrotic rats. In order to investigate the mechanism
by which SA-A protectsagainst liver fibrosis, we
observed the effects of SA-A on NIH/3T3
fibroblast proliferation, collagen protei nproduction
and procollagen gene expression.

MATERIALS AND METHODS

Drug

SA-A, molecular formular as C,sH2,010, molecular
structure as shown in Figure 1, molecular weight
494, was extracted and identified by Shanghai
Institute of Materia Medica, Chinese Academy of
Sciences.

HO
H

Figure 1 SA-A molecular structure.

Main reagents and solutions
PRMI-1640 Medium and Dubocal modified Eagle
Medium (DMEM) were purchased from Gibco BRL
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Co., new brown serum (NBS) from Shanghai Sino-
American Co., purified type |11 collagenase (specific
activity, 960U/mg), N-ethylmaeimide (NEM) and 3-
aminopropionitrilefrom SigmaCo. [5*H]proline ([* H]
Pro) from Amersham Co. methyl-[*H] thymidine (TdR)
from Shanghai Inst itute of Atomic Energy, guanidium
thiocynatefrom ServaCo. AccessRT-PCR System Kit,
PCR marker from Promega Co., Diethypyrocarbonate,
saturated phenol/chloroform mix and agarose from
Shanghai Sangon Biotech Co. Other reagentsall were
of analytical grade.

The non-homogeneous scintillation liquid was
dimethylbenzene solution containing 5 g/L 2,5-
diphenyloxazol (PPO) and 0.5 g/L 1,4-bis[5-phen
yloxazol-2]benzene (POPOP), the homogeneous
scintillation liquid was dimethy |benzene solution
containing 7 g/L PPO, 0.5 g/L POPOP, 100 g/L
naphthaleneand 400 mL/L ,-ethoxy-ethanol.

Cell line

Mouse NIH/3T3 fibroblasts were purchased from
Shanghai Ingtitute of Cell Biolo gy, Chinese Academy
of Sciences, and cultured with PRMI-1640 medium
containing 100 g/L NBS, 100K U/L penicillinand 100
mg/L streptomycin. After the cell growth became
confluent, they were digested with trypsin-EDTA and
subcultured.

PCR Primers

The PCR primersfor pro-collagen a 2(l) and B-actin
weredesigned according to the published sequencesand
referencesin Table 11, and were synthesized by Gibco
BRL Co.

Table 1 PCR primer sequences and expected size of amplified
products

Primers Sequence Size

a 2(1) collagen upstream 5'TGT TCG TGG TTC TCA GGG TAG3’
o 2(1) collagen downstream 5 TTG TCG TAG CAG GGT TCTTTC3' 254 bp
B-actin upstream 5’ACA TCT GCT GGA AGG TGG AC3

B-actin downstream 5'GGT ACCACCATGTACCCAGG3  163bp

Cell proliferation assay

Confluent NIH/3T3fibroblastsin 24 well plateswere
incubated with 10*mol/L-10"mol/L SA-A dilutedin
PRM-1640 medium containi ng 100 mL/L NBSfor
22 h, and[*H] TdR (55.5KBg/well) wasimpu Ised in
thelast 16 h. Then cellswere harvested with trypsin
digestion and collected on thefiltration membrane,
then sample radioactivity (cpm) in the non-
homogeneous scintillation liquid was measured by
Backman Wallac 1410 Scintillator. All tests were
repeated 3 times.

Cell viability assay
According to Mallat’s method!®, confluent

NIH/3T3fibroblast sin 24-well plates were incubated
with 10“mol/L-10"moal/L SA-A resolvedin PRMI-1640
medium without NBSfor 22 h, and[*H]Pro (55.5KB ¢/
well) wasimpulsed in thelast 16 h. Then cellswere
collected and the cpm was measured as above.

Assay of cell collagen synthetic rate

According to Greets' method®, confluent NIH/3T3
fibroblasts in 6 well plates were incubated with
10°mol/L-10°mol/L SA-A diluted in PRMI-1640
without NBS for 22 h, during the later 16h the
culture mediawere changed to DMEM containing
185KBqg/mL [3*H ]Pro, 100 mg/L-B-
aminopropionitrile, 50 mg/L asc orbic acid aswell
asthe same drugs. Then the culture media and cell
layer extract were collected respec tively, dialyzed
thoroughly and reacted with collagenase, etc. The
total radioa ctivity in the samples (cpm,),
radioactivity in the samples treated with colla
genase (cpm.) and not treated with collagenase
(cpm,) were counted in the ho mogeneous
scintillation liquid by Backman Wallac 1410
Scintillator. The new col lagen that cell produced,
i.e. the fraction of collagenous protein expressed
as percentage of total radiolabeled protein, was
calculated using the formula:

CpM-CpM,
% of collagen = 100 + (5.4% +1)
CpMe-CpM,

RNA extraction and RT-PCR (reverse transcription
and polymerase chain reaction)

The total RNA was extracted from the control cells
and SA-A incubated cells by the acid guanidium
thiocynate-phenol-chloroform method™. The RNA
quantity was determined by absorption at 260 nm, its
purity was confirmed with A/ A2s0 SPecrophoto
meter readings that ranged from 1.6 to 1.9, and its
integrity was checked by 9 g/L agarose gel ele
ctrophoresiswith ethidium bromide (EB) staining of
18Sand 28Sribosoma RNA (Figure 2). With Access
RT-PCR system kit, the cDNA synthesis and
amplification was done in one tube following the
manufacturer’ sinstructions. Inbrief, 1 ug RNA, 50
pmol/L primersfor a (1) | pro-collagen or B-actin
were added to each reaction mixture respectively,
whichincluded 10 mmol/L dNTPs 1 pL, 25 mmol/L
MgSO,2 uL, AMV reverse transcriptase 5U, Tfl
DNA polymerase5U, AMV/Tfl-5 x buffer 10 uL. The
reaction final volume was 50 pyL and was covered
with 20 uL mineraloil. Then with PCR Touchdown
thermal cycler (Hybaid, England), RT-PCR reaction
was run in the following procedures: (1 48°C for
45 min, 1circle. @ 94°C for 2min, 1 circle. @ 94°C
for 30s, 60°C for 1 min, 38°C for 2min, 30circles. @
68°C for 7 min, 1 circle. FivepL PCR product was
run on 15 g/L agarose gel and observed by EB
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staining under UV light, the electrophoresis
photo was transformed into computer, and a 1
(1) pro-collagen intensity was analyzed with
MPIAS500 image system, while the B-actin
band intensity was subtracted as an internal
standard.

X85 185

Figure 2 Total RNA gel electrophoresis photograph. 28S and 18S
of total RNA run on 9 g/L agarose gel stained with EB.

Statistical analysis
Datawere analyzed by Sudent’st test.

RESULTS

Effects on cell morphology and viability
10°mol/L-10"mol/L SA-A had no marked effects
on cell morphology, but 10“mol/L SA-A led to
shrinkage and detachment of some cells, showing
cytotoxicity to some degree. 10“mol/L-10"mol/L
SA-A did not decrease intercellular [*H] Pro
incorporation, wh ile 10°mol/L SA-A could
increase[*H]Pro impulse(P<0 .05) and enhance
cell viability (Table 2).

Effects on cell proliferation

10“mol/L-10°mol/L SA-A remarkably decreased
intercellular [*H] TdR incorporation and inhibited
cell proliferation(P<0.05), 10“mol/L SA-A
showed more significant effect (P<0.01), but it
induced some cell death, which may be
associated with its cytotoxic action. 10'mol/L
SA-A had no obvious effect on cell [3H] TdR
incorporation (Tabl e 2).

Table 2 Effects of SA-A on cell intracellularPH]TdR and[*H]
Pro incorporation (com/well, X £ s, n = 4)

Group [HITdR [EH]Pro
Control 1482 + 486 21018 + 5473
10“mol/L SA-A 675 + 201° 18659 + 2363
10*mol/L SA-A 969 + 1832 23761 + 5430
10 mol/L SA-A 868 + 1832 31408 + 49812
10"mol/L SA-A 1056 + 187 26080 + 4504

3P<0.05, "P<0.01, vs control.

Effects on cell collagen synthetic rates
10-°*mol/L-10*mol/L SA-A could inhibit
intracellular collagen synthetic rate significantly
(P<0.01), but did not influence extracellular
synthetic rate (Table 3).

Table 3 Effects of SA-A on NIH/3T3 fibroblast collagen synthetic
rates (%, X£s, n =4)

Group Intracellular Extracellular
Control 0.78 = 0.03 2.57 + 0.37
10°°mol/L 0.48 + 0.24° 2.54 + 0.91
10°mol/L 0.43 + 0.26° 3.02 £ 0.69

bP<0.01, vs control.

Effects on procollagen a 2() mRNA expression
Both 10°mol/L and 10°mol/L SA-A decreased
procollagen a 1(1) mRNA expression significantly
(P<0.05), but there was no difference between
the two different concentration groups (Table 4,
Figure 3).

Table 4 The relative expression amount of a 2(1) procollagen
MRNA (X% s, % of -actin)

Group n Col a 1(I) mRNA
Control 3 98.71 + 9.96
10°mol/L SA-A 3 76.23 + 12.022
10°mol/L SA-A 3 68.44 + 8.062

2pP<0.05, vs control.

| Ilanp
1561bg
3
f'-ll:l..lh||
|'::l:|||||
1K Hg

Pactind 1 &3k 0

pmcodlnpenal (1)
L2 58bp b

Figure 3 RT-PCR product gel electrophoresis photog raph. Five
ML RT-PCR products of procollagen a 2(1) and B-actin run on 1.5%
agarose gel stained with EB. Lane 1 as PCR marker, lane 2 and 3 as
the control for procollagen a 2(l) and p-actin respectively, lane 4
and 5 SA-A 10°*mol/L for procollagen a 2(1) and B-actin
respectively, lane 6 and 7 as SA-A 10°mol/L for procollagen a 2(1)
and [-actin respectively.

DISCUSSION

Hepatic fibrosis, a precursor of cirrhosis, is a
common and important pathological feature of
chronicliver diseases, whichinvolvestheabnormal
accumulation of extracellular matrix (ECM)
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proteins, particularly collagent®. In fi brotic liver,
ECM components are mainly produced by HSC and
fibroblasts. Itisknownthat duringfibrogenesis, HSC
undergoes a process of activation, developing a
myofibroblast-like phenotype associated with
increased proliferation and ECM production,
especially type | collagen synthesis. The mouse
NIH/3T3 fibroblast also shared the features that
active HSC (MFBC) presented, such asremarkable
proliferation and substantial production of collagen,
and stable cell line. In practice, NIH/3T3 fibrobl ast
is often used as a desirable cell model for inves
tigation of antifibrotic drugs.

Inorder toruleout the possibility of SA-A cytotoxic
influenceinvitro, theintracellular[*H] Proincorporation
wasmeasured, andinverted microscopicobservationwas
done. It was found that only 10*mol/L SA-A caused
somecel| detachment, decreased [*H] Proincorporation,
and showed cytotox icity to someextents. 10°mol/L-10
'mol/L SA-A didnotinfluencecell morphology orinhibit
cell viability. However, 10°mol/L SA-A enhanced cell
viability. Both 10mol/L-10 mol/L SA-A couldinhibit
intracel lular[*H] TdR impulsethat NBSstimul ated. Itis
suggested that SA-A had an effectiveaction against NIH/
3T3fibr oblast proliferation.

Type| collagen isthe predominant component of
ECM during liver fibrosis. Its production involve two
processes. thefirstisintracellular synthesis, includi ng
genetranscription, trand ation and modificationtoform
procollagen, then procollagen aphachainsare secreted
totheoutsideof thecell toform helix collagen by sorting
and alignment etc. Inthestudy, it wasfound that SA-
A downregulated procollagen a 2(1) steady-state
MRNA expression, andintracellular collagen synthetic
rate, but exerted no effect on extracellular synthetic
rate. It is suggested that SA-A influence on collagen
production through the intracellular synthetic

process. The fibrogenic cells have two predo minant
features: oneisactivein cel proliferation, which led to
increaseincel number, another isstrongfibrogenicability
percell, whichledtoaccumulationof ECM. Inthestudy,
SA-A notonlyinhibited NIH/3T3fibroblast prolif eration,
but also decreased collagen synthesis, showing agood
actionagaingt liver fibrosis.

Salvianolic radix iswidely used as an important
component in Chineseherbal for mulasfor thetreatment
of chronic liver diseases. Salvianolic Acid-A, one of
water-soluble ingredients from Salvianolic radix, had
effectiveactionson hepatic peroxidation and fibrosisin
vivo®. In the paper, it isfor the first time found that
SA-A hasthe potential action against hepatic fibros sin
vitro, and its main mechanisms of antifibrotic action
perhapswasassoc iated with theinhibition of fibrogenic
cell proliferation, collagen gene expression and protein
synthesis.
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Abstract

AIM To develop a culture mode providing
durable biomaterials with high yields and
activities used in bioartificial liver.

METHODS Hepatocytes were isolated from a
whole pig liver by Seglen’s method of
orthotopic perfusion with collagenase. In
culture on microca rriers, primary porcine
hepatocytes were inoculated at a
concentration of 5 x 10’/mL into the static
culture systems containing 2 g/L Cytodex-3,
then supplemented with 100 mL/L fetal calf
serum (FCS) or 100 mL/L porcine portal vein
serum (PPVS) respectively. In spheroidal
aggregate culture hepatocytes were inoculated
into 100 mL siliconized flasks at a concentrati
on of 5.0 x 10¢/mL.

RESULTS In culture on microcarriers
hepatocytes tended to aggr egate on Cytodex-
3 obviously after being inoculated. Typical multi-
cellular aggregated spheroids could be found in
the two systems 24 h-48 h after hepatocytes
were cultured. The morphological charact-
eristics and syntheti c functions were maintained
for 5 wk in FCS culture system and 8 wk in PPVS
culture system. In spheroidal aggregate culture
about 80%-90% isolated hepatocytes became
aggregated spheroids 24 h after cultured in
suspension and mean diameter of the spheroids
was 100 um. The relationship among the
hepatocytes resembled that in the liver in vivo.
Synthetic functions of albumin and urea of the
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spheroids were twice those of hepatocytes
cultured on monolayers.

CONCLUSION As high-yields and high-activity
modes of culture on microcarriers or in
spheroidal aggregate culture with portal vein
serum are promising to provide biomaterials for
bioartificial liver (BAL) efficiently.

INTRODUCTION

Great attention was paid world-wide to the
bioartificial liver (BAL) aiming to release the
clinical symptoms of severe acute liver diseases
or liver injuries and act as atransitional bridge for
liver transplantation. Modern BAL is main ly
characterized by its multiple biofunctions
resembling those of liver in vivo and such
functions may be completely derived from the
biomaterialsin BAL. Years of researches at home
and abroad showed that primary hepatocyteswere
the most ideal biomaterial of BAL. But for the
morphological and functional changes of primary
hepatocytes cultivated in vitro occurred obviously
in short time, it was deadly restrained to use them
as the biomaterial in BAL. To probe into this
guestion, together with our proceeding researches
on this subject™™, we took the method of two-step
orthotopic collagenase perfusion to isolate
hepatocytes and cultured them on microcarriers
Cytodex-3 statically in flasks in the systems
supplemented with FCS or PPV Srespectively, and
also cultured theminthe matrix DMEM containing
porcine portal vein serum at a concentration of
100 mL/L through the way of spheroidal
aggregating, then estimated the po ssibility of such
hepatocytes acting as the biomaterial in BAL in
view of their morphology and- biofunctions.

MATERIALS AND METHODS

Materials

The experimental animals were five native sex-
unlimited pigs aged 1 mo-2 mo and weighed 10 kg-
15 kg from the experiment animal center of SUN
Yat-Sen Medical University. Insulin, glucagon,
transferrin, collagenase |V, typran and microcarrier
Cytodex-3 were perchased from Sigma (USA).
Solution of 50 g/L methyl silicon resin ethyl acetate
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was confected by ourselves. Ten g/L osmic acid, 20 g/L
pentanal and gradient acetone solutionswere provided
by the Department of Electron microscope of First
Military Medical University. S-450 el ectron scanning
microscope was from Japan. PPV S was collected in
theexperiment. Theliver perfusion solutionwas prepared
accordingto Table 1.

Methods

Isolation of porcine hepatocytes The experimenal
pig was kept fasting for 12 h preoperatively and
anaesthetized with 30 g/L sodium barbiturateip. After
the abdominal skin being prepared and disinfected,
celiotomy was performed, then portal veinandinferior
caval veinbelow theliver exposed and 0.25 mg(1251U)
heparin injected into the inferior cavalvein. After
being dissected, the portal vein and theinferior caval
vein were ligated at the distal end and intubated at
theproximal end respectively. When theinferior caval
vein abovetheliver ligated at the superior end of liver
vein, successive perfusing solutions | and Il pre-
warmed in 37°C water bath were perfused along the
circuit viaportal veintoinferior cava vein. Perfusing
speed was about 50 mL/min-60 mL/min for 20 min.
Perfusion was ended until the liver became pallor or
yellow in color. Then the well digested liver were
taken out, tore off the liver sheath and the isolated
hepatocytesdelivered into solution 111 pre-warmedin
37°C water bath. After being filtered by 150 um, 100
pum and 80 um sieve, the hepatocytes were suspended
in solution and centrifuged at a speed of 1 000r/min
for 3 min-5 min repeated three times. The deposited
hepatocytes were added into solution 1V to prepare
the hepatocyte suspension for use. Portal vein blood
was gathered from the distal end of theligated portal
veinand in atotal amount of 1 300mL from 5 pigs. It
was centrifuged at a 2 000r/min to isolate the portal
vein serum, and thevery serum centrifuged threetimes
more to prepare the refined serum which finally
amounted to 714 mL. Therefined serum wasfiltered
to be excluded from bacteriaand preserved separately
for use. Sample from the suspension was observed
under light microscopeto calculate theyielding rate
of hepatocytesand stained by typran for determination
of their activity.

Static culture of hepatocytes on microcarriers in
flasks

Porcine hepatocyte suspension was divided
randomly into two halves, then one half was cultured
on microcarriers in FCS system and the other in
PPV S system. Five pigs were done separately and
by the same method. (U Culture of hepatocytes in
FCS system: five flasks were prepared and each
one added with 2 mL-3 mL 50 g/L sterile methyl
silicon resin ethyl acetate solution. After the flasks
being shaken mildly and equably, the remained

solution was discarded. The flasks were parched in
60°C eectricovenfor use. 20 mg-30 mg Cytodex-3was
deposited into the siliconized flasks and rinsed with 40
mL Ca¢" and Mg free phosphate buffer solution (PBS)
for three times, then dipped in PBS over night. After
being sterilized at 15 poundsfor 30min, themicrocarriers
were dipped in DMEM matrix over 10 h foruse.
Hepatocytes were inoculated into the flasks at the
concentration of 5 x 10mL and DMEM matrix
containing 100 mL/L FCS, 100 pg/L glucagon, 100 ug/L
transferrin, 200 ug/L hydrocortisone, 100 pg/L insulin
and 200 pg/L fortum addedup to the total volume, 50
mL. Then theflasks were deposited into an incubator
with 100% humidified atmosphere containing 5% CO,
at 37°C and shakenredlingly onceevery 15min-30min
at thefirst 4 h, once every 2 h after 4 hand laid quietly
after 8 h without further shaking. Ten mL supernatant
fluid of the culture matrix was changed after 24 h and
once every 2 d from then on. The supernatant fluid was
centrifuged at 1 000r/min for discarding the cell
fragments. Synthesized albumin and urea were
determined. @ Cultureof hepatocytesin PPV'S system:
100 mL/L refined PPV S was added into the culture
systemingtead of FCS, and the other demandswerethe
same as those of the FCS culture.

Spheroidal aggregate culture of primary porcine
hepatocytes

Five flasks were prepared and each one added with 2
mL-3mL 50g/L sterilemethyl sliconresinethyl acetate
solution. After theflasksbeing shakenmildly and equiably,
the residual solution was discarded. The flasks were
parchedin 60°C electric ovenfor use. Hepatocyteswere
inoculated into the flasks at the concentration of 5 x 10°/
mL and DMEM matrix containing 100 mL/ L porcine
portal vein serum, 100 pg/L glucagon, 100 pg/L
transferrin, 200 pg/L hydrocortisone, 100 pg/L insulin
and 200 pg/L fortum added up to atotal volume, 50mL.
Then theflasksw ere deposited into the incubator with
100% humidified atmosphere containing 5% CO, at
37°C and shakenredingly onceevery 15min-30 min at
thefirst 4 h, onceevery 2 h after 4 h and laid quietly
after 8 h without furt her shaking. 10 mL supernatant
fluid of the culture matrix was changed after 24 h and
once every 2 d from then on. The supernatant fluid was
cent rifuged at 1 000r/min for discarding the cell
fragments. Syntheses of albumin and urea were
determined.

Morphological observation and counting of
hepatocytes

The porcine hepatocytes cultured on microcarriers
and those cultured as aggregat ed spheroids were
observed under phase- contrast light microscope
and photograph ed on an automatic microscopic
photographing device successively (Olympus,
Japan ). In culture on microcarriers 1 mL samples
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were collected every day to cal culate the amount
of cellsin the culture system by means of trypan
blau. On d7, cell sample was taken at a well-
distributed state, culture matrix discarded, rinsed
with PBS, then fixed for 0.5 h with 2 mL 20 g/L
pentanal, rinsed with PBS again, fixed for 0.5 h
with 10 g/L osmic acid, and next dehydrated
gradientially for 10 min each stage, exchanged
with acetic isopental ester for 4 hours, dried by
CO, drier (Hitachi HCP,, Japan), and finally
splashed with ionic platinum in vacuum. Growth
of the cells was observed on S-450 electron
scanning microscope (Japan). In spheroidal
aggregate culture, 1 mL samples were taken well-
distributedly from the matrix for cell calculation
on the d7 and d12.

Determination of albumin and urea syntheses
When the culture matrix was changed, sampl es of
supernatant fluid were obtained from the cultu re
on microcarriers and spheroidal aggregate culture
to determine the contents of albumin and urea
through an automatic biochemical analyzer
(Beckman, USA).

RESULTS

Isolation of porcine hepatocytes

We successfully took the improved Seglen’s two-
step orthotopic perfusion method with collagenase
to isolate the porcine hepatocytes. About 2.82 x 10%°
hepatocytes were obtained and the survival rate
91.2%. Each gram pig liver offered 7.01 x 107
hepatocytes.

Cultivation of porcine hepatocytes

In culture on microcarriers, the amount of
hepatocytes on the d7 in the two systemsis shown
in Table 2. Hepatocytes growth curve (Figure 1) was
drawn on the basis of Table 2. On d18 hepatocytes
in FCS culture system amoun ted to (1.1 + 0.53) x 10’
and those in PPV S system (3.1 + 0.71) x 10%. In sp
heroidal aggregate culturethe amount of hepatocytes
on d7 was (3.12 £ 0. 26) x 10" and that on d10
(1.39 + 0.51) x 10°.

]

- PPVs
“—FCS

[
=4

Amount of
{x lo’fﬂukg
8

time (day)
Figure 1 Hepatocytes growth curve in different culture systems
on microcarriers.

Morphological observation of hepatocytes
cultured on microcarriers

Observation under phase-contrast light
microscope Four hours after inoculation
microcarriers were observed to be adhered with
hepatocytes and the hepatocytes were beginning
to expand. The phenomenon of bridge-link could
be observed between microcarriers (Figure 2), i.
e. themicrocarriers were linked with each other
through hepatocytes and arranged as slices or a
str ing of beads (Figure 3). There was “snowball”
effect between some microcarrier s and
hepatocytes. Twenty-four hours after culture
over 1/3 microcarriers were covered with cells.
The hepatocytes adhering to microcarriers was
inirreg ular polygonal shape and thereafter these
cells were observed to expand and grow. Forty-
eight hours after culture most vivid hepatocytes
were attached to micro carriers directly or
indirectly. Growth of hepatocytes on
microcarriers resemble d that of monolayer
growth in flasks. In FCS system hepatocytes
began to adhere to microcarriers and expanded
2 h after inoculation. Double-nucleus hepato
cytes could be observed and some linked to
others in insular configuration. Twen ty-four
hours later about 60%-70% hepatocytes were
attached. Three daysafter i noculation they began
to proliferate and there were anile hepatocytes 6
days later. About 22 days later microcarriers
were covered fully with hepatocytes. Five weeks
after inoculation hepatocytes tended to become
rough and blurry-edged. Granules and vacuoles
could be observed in most of them. About 2 days
later hepatocytes began to detach from
microcarrier s and died. Morphology of
hepatocytes in PPV'S system resembled that in
FCS syste m at the first 24 h except that there
were more double-nucleus hepatocy tesin PPVS
system. Three days after inoculation most
microcarriers were covered with neonatal
hepatocytes and they linked to others in
spheroidal or trabecular conformation. Eighteen
days later microcarriers were covered fully with
hepatoc ytes and such condition could be
maintained to the d52. Fifty-four days | ater
hepatocytes could be observed to begin falling
off from microcarriers and c ompleted on the d56.

Observation under electron microscope On d18
of culture, the electron microscope showed that the
hepatocytes adhering firmly to the microcarriersin
semi-spherical form. The microvilli on the surfaces
of hepatoc ytes could be observed clearly. Theamount
of hepatocytes adhering to the microc arriersvaried
and they were distributed unevenly. Some
microcarriers aggregated with others through cell-
bridge as shown in Figure 4.
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Morphological observation of spheroidal
aggregated hepatocytes

When successively observing the normal primary
porcine hepatocytes cultu red in spheroidal-
aggregates under the phase-contrast microscope,
we found that: about 80%-90% hepatocytes began
to aggregate spheroidally 24 h after being inocul ated
and diameters of the spheroidsranged from 62 pm
to 134 um. Each spheroid contained 10-20
hepatocytes. The hepatocytes at this time linked
with each other loosely and were likely to be

dispersed. When observed under light microscope,
they looked like “cell flowers” (Figure 5). On the
d7 they were hyperplastic and linked with others
tightly and looked like “cell spheroids” (Figure 6).
On d10 they took the shapes of spheroid and
irregular column as “algoid plant” (Figure 7). On
the d20, the algoid hepatocytes began to atrop hy
and vacuol ous granul es appeared in them, the nucl ei
began to lyse and the hep atocytes ended in falling
off and dying. On the d23, all of the spheroidal
aggregating hepatocytes died.

Figure 2 Four hours after inoculation cell-bridge could be observed between microcarriers (under phase-contrast microscope x200 ).
Figure 3 Microcarriers were arranged as a string of beads by adhered hepatocytes (under phase-contrast microscope x400).

Figure 4 Stringed microcarriers with adhered hepatocytes (under phase contrast microscope x730).

Figure 5 Hepatocytes looked like “cell flowe rs24 h after being cultivated in suspension and aggregated spheroids (under phase contrast

microscope x400).

Figure 6 On the d7 hepatocytes aggregated into “cell spheroids” (under phase contrast microscope x400).
Figure 7 On the d10 hepatocytes in the forms of algoid plants (under phase contrast microscope x200).
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Table 1 Ingredients of different liver-perfusing solutions (g/L)

NaCl KCI NaOH CaCl, MgCl, Na,SO, HEPES Collagen ase(IV)  Tricine Tes pH
| 8.3 0.5 0.22 2.4 7.4
1 3.9 0.5 2.6 0.53 24 0.5 7.4-7.6
111 4.0 0.4 2.1 0.136 0.13 0.1 7.2 6.5 6.9 7.4
IAV4 8.3 05 0.11 0.136 2.4 7.4

Table 2 Amounts of hepatocytes at various time in different culture systems on microcarriers (X + s, x10%pore)

1st 2nd 3rd 4th 5th 6th 7th(day)
FCSs 5.0+0.4 5.0+£0.1 6.9+£0.2 9.8+0.6 19.3+0.2 34.3x0.3 58.6+£0.7
PPVSs 5.0£1.2 5.0+£0.4 11.4+0.52 24.3+0.12 40.4+ 0.42 70.7+0.72 136.1+0.1°

2P<0.05 (compared with FCSs group)

Concentration{g/L)

0 e —t R .y
1 3 53 7 9 11 12 13 14 16 18 30 50
time{day)

Figure 8 Changes of albumin synthesis in hepatocytes from
different culture systems on microcarriers.

Concentration (mmol /L)
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Figure 9 Changes of urea secretion in hepatocytes from different
culture systems on microcarriers.
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Figure 10 Dynamic changes of albumin and urea in the supernatant
fluid.

Determination of albumin and urea syntheses
By using theautomatic biochemica anayzer (Beckman,
U.S.A.) wedetermined the contentsof albuminand urea
inthe supernatant fluid at different times successively.
In the two culture systems on microcarriersthe values
were kept in high levelsfrom the d7 to d14 and got the
summit onthed11tod12 (Figures8 and 9). AsFigures
8and 9 showed, functionsof hepatocytesin PPV Ssystem
3-5 days after inoculation were obviously higher than
thosein FCSsystem. Hepatocytesin PPV Scanmaintain
their activity for about 50 days. In spheroidal aggregate
culture the valueswere kept in high levelsfrom d7 to
d14 and got thesummit on d10. Fromthen on, the values
degraded gradud ly and finally the hepatocyteslost their
biofunctionson d23 (Figure 10).

DISCUSSION

Years of researches at home and abroad showed
that primary hepatocytes were the most ideal
biomaterial for BAL. But for the morphological
and functional changes of primary hepatocytes
cultivated in vitro occurred obviously in short
time, it was deadly restrained to use them as
biomaterial in BAL. The specific functions of
hepatocyteslost inin vitro culture accounted for
the lack of some in vivo elements. Then it was
proposed that syntheses of albumin and ureacould
be promoted by adding some nutritional factors
and hormonesinto the monolayer culture system.
By now some improvements has been achieved
in searching for a new effective system to
cultivate primary hepatocytesinvitro by thefollo
wing methods: (U adding hormonal agents such
asinsulin, glucagon, transferrin an d hydrocortisone
into the basal culture medium¥; @ adding
extracellular biological matrix into the culture
system(?4; (3) enriching the cultu re system with
hepatocytes growth stimulating factors such as
hepatocytes growth factor and epithelial cell
growth factor etc!>®; @) co-culturing with other
endodermal and mesodermal cells; ® three-
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dimensional cultivation such as microcapsular and
macrocapsular culture, spheroid aggregate, microcarrier
culture and hollow fiber culture”®; ® adding several
amino acids and nutritional substancesinto the culture
system; and (7)) adding penetrating-inducer such as
pentobarbiturate to the culture system!®. The above
measures all aimed to make a circumstance mimic to
the in vivo enviroment for the hepatocytes.

It iswell-known that about 70% blood supply of
liver comes from portal vein system. The growth of
liver and maintainence of its functions depend
mainly onthe nutritional circumstance provided by
the portal vein system, that is, hepatocyt esin vivo
are norished by the contents of portal vein blood.
The later prov ides various amino acids, energy
substances and several growth factors. Our
experiments were based on this very point and
PPV Swas added into the culture matrix. Theresults
showed that hepatocytes in this system could
durably surviveand maintaintheir biofunctions. This
fluid was the ideal circumstance to cultivate the
biomaterial for BAL.

Microcarriers Cytodex-3 were used to provide
three-dimensional spacefor adher ing and suspending
hepatocytes so asto bring benefit from fully utilizing of
the nutritional componentsin the culture system. Our
proceeding studies had prove d that Cytodex-3 wasthe
best microcarrier for primary hepatocytest®.
Hepatocytes on Cytodex-3 were readily to shape the
microstructuresimilar toth at of liver sothey could grow
andfunctionwell.

Landry™*® et al found that when no adhering agent
in the spheroidal-aggregate culture system theisolated
hepatocytes tended to be changed less in morphology
and could survive and maintain their activitiesfor 4 wk-
6 wk due to the resemblance of the structure between
the aggregating spheroids and normal liver. Clayton!**
et al found that the specific transcription gene of
hepatocyte in little masses of liver could be kept well
thanthat of isolated hepatocytesand obvioudy thethree-
dimens onstructureof hepatocytesisof great importance
in maintaining their specific functions. Relationship
between cell skeleton and specific proteinsreflected the
influences of morphology to funct ions, that is, cell
functions directly related with levels of mMRNA and
specificproteins, andinversay rdatedwithlevelsof actin
and canaliculous protein. S akai*et al found that the
inoculation concentration was of great influenceto
the formation of hepatocyte spheroids in the

suspending spheroidal aggregate culture system. When
hepatocytes being inocul ated at a high concentrationit
often occurred that pH of culture matrix declined, cell-
to-cell and sp heroid to spheroid rel ationships changed
and multiple necrotic foci could be ob served in
hepatocyte spheroids. When hepatocytes being
inoculated at alow conce ntration they were difficult to
aggregate into spheroids. Sakai et al consid ered 5.0 x
10%mL to be the optimal inoculation concentration in
suspending spheroid aggregate culture system of

hepatocytes.

Onview of the above factors, we concluded that
primary porcine hepatocytes cultured on Cytodex-3in
PPV Ssystem or in spheroidal-aggregatewerepromising
to act asthe biomaterial of BAL. Still thereismuch to
bedesired to promotethedensity, functionand surviving
time of hepatocytesfor clinical use.
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Abstract

AIM To study the relationship between
insulin A chain regions and insulin biological
activities, we designed a series of insulin
anal ogues with changes at A21, A12-18 of C-
terminal helical region and A8-10 located in the
region of A6-Al1 intra-chain disulphide bond.
METHODS Insulin A-chain analogues were
prepared by stepwise Fmoc solid-phase
manual synthesis and then combined with
natural B-chain of porcine insulin to yield
corresponding insulin analogues. Their
biological activities were tested by receptor
binding, mouse convulsion and immunological
assay.

RESULTS [A21Ala]lIns retains 70.3%
receptor binding capacity and 60% /n vivo
biological activity. [DesA13-14, A21Ala]Ins
and [DesA12-13-14-15, A21Ala]Ins still have
definite biological activity, 7.9% and 4.0%
receptor binding, and 6.2% and 3.3% in vivo
biological activity respectively. [A15Asn,
A17Pro, A21Ala]lIns maintains 10.4%
receptor binding and 10% /n vivo biological
activity. [A8His, A9Arg, A10Pro, A21Ala]Ins,
[A8His, A9Lys, A10Pro, A21Ala]Ins and
[A8His, A9Lys, A10Arg, A21Ala]Ins have 51.
9%, 44.3% and 32.1% receptor binding
respectively, 50%, 40% and 30% in vivo
biological activity respectively, and 28.8%,
29.6% and 15.4% immunological activity
respectively.
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CONCLUSION A21Asn can be replaced by
simple amino acid residues. The A chains
with gradually damaged structur al integrity
in A12-18 helical region and the demolition
of the A12-18 helical region by the
substitution of Pro and Asn for A17Glu and
A15GIn respectively can combine with the
B chain and the combination products show
definite biological activity, the helical
structure of A12-18 is essential for biological
activities of insulin. A8-10 is not much
concerned with biological activities, but is
much more important antigenically in
binding to its antibodies, these results may
help us design a new type of insulin analogue
molecule.

INTRODUCTION

To elucidate the multi-functions of insulin molecule,
hundreds of insulin anal ogueswith changesinvolving
90% of the constituting 51 amino acid residues at
various parts of insulin molecule have been prepared
by either chemical modification or synthesisduringthe
past two decades. In thiscommunication wereport the
influences of threedifferent regionsof insulin A chain,
especially the secondary structureregion, i.e. A12-18
helical region, oninsulinbiologicd activities.Recently,
thorough studies of insulin analogues with del etion of
fragments of the molecule were also undertaken, but
restricted mostly to changesin the C-terminal part of
the B chain™?, presumabl y dueto itslocation outside
thedisulfide linkage and therefore ease of splitting off
atryptic or peptic fragment and recombining with a
modified or shortened fragment by chemical or
enzymatic semi-synthesis. No such enzymatic sitewas
found in A chain, and most of itsamino acid residues
are confined inside disulfide linkages. Chemical
synthesismight beabetter choicefor making analogues
with modification or deletion in part of the A chain,
which constitutes the main feature of this
communication.

To obtain insulin analogues, we first set up the
semisynthesis strategy of insul in. Insulin A chain
was synthesized by the Fmoc solid phase synthesis
strategy, and then synthetic A chain S-sulphonate
was combined with porcine insulin B chain S-
sulphonate forming crystallineinsulin®. Based on
these experiences, the following insulin anal ogues
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were semisynthesized. They are [A21Ala]Ins¥,
where A21Asn is replaced by Ala, and its
derivatives with deletions in the A12-18 helical
region, [DesA13-14, A21Alg] Ind“ and [DesA12-
13-14-15, A21Ala]Ing“, and [A15Asn, A17Pro,
A21Al a]lns, where the helical structure of A12-
18 was also demolished by the substitutions of Pro
for A17Gluand Asnfor A15GIn predicted by Chou-
Fasman met hod, and [A8His, A9Arg, A10Pro,
A21Ala]Ins®, and [A8His, A9Lys, A10Pro,
A21Ala]Ins!®, and [A8His, A9Lys, A10Arg,
A21Ala]Ins® , in which His reminiscent A8 of
chicken insulin with high biological activity took
the place of A8Thr and Arg, Lys, Pro replaced
A9Ser and A10lle to examine the influences of
these alterations on receptor binding and
antigenicity of insulin. The sequences of insulin A
chain analogues are asfollows (Figure 1).

1 5 10 15 2

lsin A Chain ~ G.LV.E.Q.C.C.T.8.1C.SLY.QLEN.Y.CN
G.LV.EQCCTSILCSLY.QLENY.CA
G.LV.EQC.CTSILCS.....QLENY.CA
G.LV.EQCCTSIC.........LEN.Y.CA
G.ILV.EQC.CTSLCSLY.NLPNY.CA
G.LV.EQCCHRPCSLY.QLENY.CA
G.ILV.EQC.CHKP.CSLY.QLENY.CA
G.LV.EQC.CHKR.CSLY.QLENY.CA

~1 O A B L B =

Figure 1 Insulin A chain analogue sequence.

MATERIALS AND METHODS

Materials

Porcineinsulin (26.4U/mg), Shanghai Bioch-emical
Plant; Sephadex G-15, G-50, Sepharose CL-6B,
Pharmacia; Fmoc amino acid, prepared in the la
boratory; DCC, acetonitrile, trimethylsilyl
trifluoromethane sulfonate (TMSOTF), thioanisole,
Fluka Co. trifluoro- acetic acid (TFA) Merck Co.;
DTT, ServaCo.

Methods

Peptide synthesis Base labile N-Fmoc protected
amino acid was coupled by DCC-HOBt to the 2%
cross linked fi-alkoxybenzyl alcohol resin. The
functional side chain groups were protected by tBu
for Cys, Glu, Tyr and Ser. Scheme of manipulation
was the same as reported®. The peptide chainwa's
detached from the resin support with simultaneous
removal of all tBu protectin g groups by TFA except
S-tBu of cysteine. S-tBu was deprotected by M
TMSOTf-t hioanisole-TFA system™ and transformed
to S-sulphonate by tetrathion ate and sulfite with the
procedure as reported!™.

Isolation and purification of ASSO; Crude
ASSOs fractions were purified by HPLC with
gradientelution (A: 0.1% TFA, B: 60% CH5CN, 0.125%

TFA).

Recombination with thenatural (porcine) BSSO; and
purification Thiswascarried out according to modified
Chance sprocedure . The crude product was purified by
HPL C using the same procedure asthat f or ASSO;..

Receptor binding, in vivo activitiesand RIA The
receptor -binding of insulinand ana ogueswasdetermined
by the displacement of labelled insulin from theinsulin
receptor onthe human placental membrane according to
Feng' §9 procedure. The in vivo activity was estimated
semiq uantitatively by mouse convulsion assay. RIA kit
produced by the Shanghai Biolog ical Product Institute
wasused for RIA of insulin and analogues.

RESULTS

Peptide synthesis

Insulin A chain analogueswere prepared starting from
300 mg-500 mg each of Fmoc-aanyl resin and products
obtained from each step and the final overall yield is
giveninTable 1.

Table 1 Data on the synthesis of A chain analogues

A Chain FmocAla-resin Target peptide- ~ After Overall
analogues mg(mmol) resin(mg) HPLC(mg)  yield(%)
1 500(0.19) 769 62.1 12.3
2 500(0.19) 749 54.6 12.0
3 500(0.19) 724 45.4 12.4
4 500(0.32) 865 20.0 4.5
5 300(0.135) 657 39.6 10.6
6 300(0.135) 648 40.1 11.2
7 300(0.135) 660 41.3 11.1

Reconstitution of A and B chain and purification
of the products

Accordingtothemodified Chance sprocedure, insulin
anal ogues were obtained by purification of the crude
recongtituted products. Theidentific ationsof aminoacid
analysisand HPL Cindicated homogeneous products of
insulin anaogues.

Biological activities

The receptor-binding capacities calculated from the
receptor binding curve, in vivo activities and
immunological activitiesareshownin Table2.

Table 2 Biological activities of insulin analogues (%)

Sample  Receptor binding ~ Mouse convulsion Immunological activity
Ins 100 100 100

1B 70.3 60

2B 7.9 6.2

3B 4.0 3.3

4B 10.4 10

5B 51.9 50 28.8

6B 44.3 40 29.6

7B 33.1 30 15.4
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DISCUSSION

A21Asn was considered to be a key amino acid of
theinsulinmoleculeinregardtoitsreceptor binding.
It has been very conservative in the evolutionary
process, and when replaced the anal ogues showed
remarkabl e diminution of biological activity. Our
results showed that the analogue with the A21 Asn
replaced by Ala exhibited substantial activity in
vivo and especially higher level of recept or binding,
indicating thenon-essentiality of A21Asninreceptor
bindingand biological activity aswell. It could well
be replaced by other amino acid residu eswith good
retention of biological activities. Better resultswere
observed wh en the side chain of the A21 amino
acid is smaller or not present (Gly)!®. However,
deletion of the A21 residueis fatal as the activity
of desA21 insu lin showed only lessthan 1% of the
activity. Apparently, like somenon-essenti al amino
acid residues in the insulin molecule, A21 is
important in maintaining the specified spatial
configuration of insulin required for its biological
activities.

Itisgenerdly accepted that during the recongtitution
of A and B chain to insulin A6-11 disulfide bond
formed first and this led to the formation of right
natural conformation by self adjustment. When the
B chain was getting in touch with the intrachain
disulfide, A6-11, ahydrophobic nucleus wasformed
to enhance the proper pairing of two Cysin both
ends of the B chain to corresponding Cys of the A
chain®®. The success of our reconstitution with
deleted A chain supports to a certain extent this
suggestion. It showed that the C-terminal helical
regioninthe A chain of insulin was not asimportant
astheN-terminal helical regioninreconstitutionwith
the B chain. The biological activities of insulin
anal ogueswith gradually damaged structural integrity
inA12-18 helical regionweresimilar tothat of insulin
analogue with the demolition of the A12 -18 helical
region by the substitution of Proand Asnfor A17Glu
and A15GIn res pectively. The observations
suggested that the helical structure of A12-18 is
essential for biological activitiesof insulin.

It was generally suggested that the enhanced
activities of [A8His]Ins*Y, chicken and turkey
insulinswere ascribed to the Hisat A81*24, which
should account for the higher affinity for insulin
receptor. Our results showed that the presence
of His at A8 apparently did not enhance the receptor
binding. The receptor binding of [A8His] Insshould
lie at the range of about 50%. The enhanced

potency of theseinsulins containing Hisat A8 may not
result solely from an apparent and direct effect dueto
the presence of A8His. A8Hisand A10Arg signify a
higher influence on insulin antigenicity. A8His will
enhance thebinding activity to theanti-insulin serumY,
while A10Argwill decreasethisbinding, but aminoacid
at A9 had very little to do with antigenic activity. In
addition to studies on how to elucidate the action of an
insulin m olecule to its receptor and express the
physologicd activity that followssuchaction, thepurpose
of sudiesonthestructureactivity relationship of insulin
will rely more on how to get abetter and oguewith high
potency but low a ntigenicity. We hope that the
information provided in thisstudy will bebeneficia to
the devel opment of anew type insulin analogue with
those qualities through design of an appropriate
architecture of thisimportant hormone.
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Abstract

AIM To evaluate the effects of Helicobacter
pyloriinfecti on and other environmental factors
on the development of gastric cancer.
METHODS A population-based case-control
study was conducted i n Changle County, Fujian
Province. The primary gastric cancer cases were
histolo gically confirmed or diagnosed by surgery
between January 1996 and March 1998, Healthy
controls were randomly selected and matched
by age, sex, and neighborhood of residence. A
total of 101 pairs were included in the study. Spec
ially trained interviewers conducted face-to-face
interviews with the subjects according to a
standardized questionnaire. Helicobacter pylori
infections w ere measured by serum IgG
antibody to Helicobacter pylori. Conditional
Logis tic Regression analysis was used.
RESULTS The presence of IgG antibody to
Helicobacter pylori was 63.7% in study subjects,
56.0% in patients with cardiac cancer, and 60.5
% in patients with non-cardiac gastric cancer.
The risk factors of gastric canc er in Changle
County were identified such as low
educational level [OR=3.864; 95% confidence
interval (95%CI) 1.604-9.311], low
consumption of fresh veget ables (OR=4.925;
95% CI 1.356-17.885), high intake of fish
sauce (OR = 10.587; 95% CI 2.821-39.738),
unscheduled meals (OR = 4.254; 95% CI 1.445-
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12.552), and Helicobacter pyloriinfection (OR =
3.453; 95% CI 0.901-13.224).

CONCLUSION Helicobacter pylori infection may
be important in the etiology of gastric cancer,
but major risk factors other than Helicobacter
pylori are responsible for the high gastric
morbidity in Changle County.

INTRODUCTION

Helicobacter pylori (H. pylori) infection is
associated with gastric cancer™. However, only a
small proportion of individuals developed gastri ¢
cancer in comparison with the relatively high
prevalence of H. pylori infection in the general
population. In this study we evaluated the effects of
H. pylori infection and other environmental risk
factors on the development of gastric cancer in
Changle County, one of the areas with highest
morbidity of gastric cancer intheworld.

MATERIALS AND METHODS

Study subjects

Onehundred and onegastric cancer patients (87 males
and 14 females) and the same number of normal
controls, individually matched withregion, sex and age
(x 3 years) wereincluded in the study. The studied
subjectsmust haveresidedin Changle County for more
than 20 years. The primary gastric cancer patients
were histologically confirmed or diagnosed by
operation during January 1996 - March 1998. Those
who have ever been diagnosed as having gastric
diseases in the past 3 years were not eligible as
controls.

Data collection

Trained interviewersinterviewed the patients and
controls. A standardized questionnaire was used
to obtain information on basic demographic
characteristics (gender, race, year and place of
birth, and education), dietary habits, personal
habits (smoking and drinking), medical history and
SO on.

H. pylori assay

The presence of anti-H. pylori - IgG was assessed
using the commercially available high-molecular-
weight cell-associated protein H. pylori -immuno-
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assay (Enteric ProductsInc, Westbury, New York). The
assay wasdonein 96-wel | microtiter plates. Seradiluted
1:101 were added, and peroxida se conjugated anti-
human 1gG was used as the detector. The absorbance
of the so lution was measured at 450 nm.

Statistical analysis

Datawere handled by Epi-info. Oddsratios (OR) and
95% confidenceintervals (95%CIl) were calcul ated by
Conditiona Logistic Regressionusing STATA software

RESULTS

A tota of 101 pairswereincluded in the study. They
wereall Han nationality. The age of the patientsranged
from 32 yearsto 78 years, averaging 58.93 years. The
educational level was higher in controls than in the
patients. The serum samples of 101 patients and 100
controls were tested for antibodies against H. pylori.
Among them, 128(63.68%) wereH. pylori positive. The
prevalence of H. pylori infection was not significantly
different in different age (above 30 years) and sex
groups. The demographic characteristicsaswell asthe
distributions of prevalence of H. pylori infectionin
different sex and age groups are presented in Table 1
and Table 2.

Table 1 Demographic characteristics as well as Helicobacter
pylori infection in patients and controls

Patients Controls
P value

n % n %
Age (years)
30-39 4 (4.0) 5 (5.0)
40-49 18 (17.8) 18 (17.8)
50-59 25 (24.8) 22 (21.8)
60-69 34 (33.7) 38 (37.6)
=70 20 (19.8) 18 (17.8) 0.9597
Gender
Males 87 (86.1) 87 (86.1)
Females 14 (13.9) 14 (13.9) 1.0 000
Education
College 1 (1.0) 1 (1.0
High school 17 (16.8) 68 (67.3)
Elementary school 65 (64.4) 24 (23.8)
Illiterate 18 (17.8) 8 (7.9) 0.0 000
H. pylori
Positive 60 (59.4) 68 (68.0)
Negative 41 (40.6) 32 (32.0) 0.2 064
Table 2 Helicobacter pylori infection in study subjects

Men Women
Age group
(years) n Hp(+) % n Hp(+) %
30-39 7 7 (100.0) 2 2 (100.0)
40-49 29 18 (62.1) 7 5 (71.4)
50-59 46 28 (60.9) 1 1 (100.0)
60-69 58 39 (67.2) 13 6 (46.2)
=70 33 18 (54.6) 5 4 (80.0)
Total 173 110 (63.6) 28 18 (64.3)

X>=5.68, P = 0.2241; x*= 4.22, P = 0.3769

No statistical difference was found in respect to
presence of 1gG antibody to H. pylori between patients
and controls (Table 3). No significant difference was
observedinanatomic distribution, dthoughtheprevaence
of H. py lori infection was higher in non- cardiac gastric
cancer (60.5%) than in cardiac cancer (56.0%), (Table4).

Table 3 Helicobacter pylori infection and gastric cancer

Patients
Controls Pairs
Hp(+) Hp(-)
Hp(+) 39 29 68
Hp(-) 20 12 3
Pairs 59 41 100

c2=1.31, P=0.25

Table 4 Helicobacter pylori infection in gastric cancer cases

H. pylori infection
Gastric cancer n

n %
Cardiac 25 14 56.0
Non-cardiac 76 46 60.5

X2=0.04, P = 0.8395

Further anadysiswas conducted using Condit-iona
L ogistic Regression. Theresultsshowed therisk factors
of gastric cancer in Changle County were fish sa uce
intake, low consumption of freshvegetables, unscheduled
meals, low educatio nal level and H. pylori infection
(Tableb).

Table 5 The results of multivariate Conditional Logistic
Regression analysis

Factors B s OR 95%ClI

Low educational level 1.3517 0.4487 3864 1.604-9.311
Low consumption of vegetables 1.5944 0.6580 4.925 1.356-17.885

High intake of fish sauce 2.3596 0.6748 10.587 2.821-39.738
Unscheduled meals 1.4479 0.5508 4.254 1.445-12.552
H. pylori infection 1.2392 0.6852  3.453 0.901-13.224
DISCUSSION

Changle County is a hyperendemic area of gastric
cancer™, Chronic H. pylori infection hasbeenidentified
as the most important risk factor of gastric cancer(®.
Theresultsof our study showed that residentsin Changle
County had a high prevalence of H. pylori infection.
This coincided the fact the concept of high prevalence
of H. pylori infection in the high risk area of gastric
cancer. However, nogtatistica significant differencewas
found in respect to presence of H. pylori infection
between patients and controls. The lack of association
in this study may be due to the high prevalence of H.
pylori in Changle County. H. pylori infection caninitiate
aseguenceof higtologicd dterationsinthemucosathat may
finally result in the development of gastric cancer,
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but not all infected subjects will eventually develop
gastric cancer. H. pylori alone cannot account for
development of gastric cancer. Apart from H. pylori
infection, other factors may play important rolesin
carcinogenesis.

The development of gastric cancer isbelieved to
beamultistep and multifactoria process. Inthe Correa
model of gastric carcinogenesis, environmental factors
arerelated to the evolution from normal gastrictissue
through superficial gas tritis, atrophic gastritis,
intestinal metaplasia and dysplasiato carcinoma”.
Environmental co-factorsother than microbial agents
may play rolesininitiation, promotion or progression
of gastric cancer.

The results of this study suggest that dietary
factors, such as high intake of fish sauce and low
consumption of fresh vegetables possibly increasethe
risk of gastric cancer. Fish sauceisakind of traditional
sauce consumed daily by Changle residents. It is
usualy produced from several kindsof seafishesafter
long fermentation processes. Themutagenicity of fish
sauce has been reported by several experimental
studies®?. There was alarge amount of important
precursors of N-nitrosamines detected in fish sauce.
High intake of fish sauce wasan important risk factor
involved in the etiology of gastric cancer. However,
consumption of diets high in vegetablesis the most
effective means in preventing gastric cancer.
Vegetablescontainmany biol ogically activecompounds
that may be responsiblefor an anticarcinogenic effect
against gastric cancer™. Additionally, unscheduled
meals may cause injuries of gastric mucosa and
potentiate the effects of carcinogens. Our study
indicated that unschedul e d meals might be one of the
etiological factorsfor gastric cancer. In thisstudy the
educational level washigher incontrolsthanin patients.

This supported the results of previous studies that
socioeconomic statusisarisk factor for gastric cancer,
whichinturnisrelated to diet and education.

These findings indicate that primary prevention
should be focused in Changle County on reducing the
etiological factors: fish sauceintake, deficiency infresh
vegetables, and H. pylori infection. Further elucidation
of theserisk factorsfor stomach cancer in Changleand
assessment of theinteraction bet ween theserisk factors
and H. pylori infection areimportant for investigating
the possible mechanisms of gastric carcinogenesis.
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Abstract

AIM To construct the recombinant of HDV cDNA
and HBV-specific ribozyme gene by recombinant
PCR in order to use HDV as a transporting vector
carrying HBV-specific ribozyme into liver cells for
inhibiting the replication of HBV.

METHODS We separately cloned the ribozyme
(RZ) gene and recombi nant DVRZ (comprising
HDV cDNA and HBV-specific ribozyme gene) into
the downstr eam of T7 promoter of pTAdv-T
vector and studied the /n vitro cleavage activity
of their transcripts (rRZ, rDVRZ) on target RNA
(rBVCF) from ijn vitro transcription of HBV C
gene fragment(BVCF).

RESULTS Both the simple (rRZ) and the
recombinant ribozyme rDV RZ could efficiently
catalyze the cleavage of target RNA (rBVCF)
under different temperatures (37°C, 42°C and
55°C) and Mg?** concentrations (10 mmol/ L, 15
mmol/L and 20 mmol/L) and their catalytic
activity tended to increase as the temperature
was rising. But the activity of rRZ was evidently
higher than that of rDVRZ.

CONCLUSION The recombinant of HDV cDNA
and ribozyme gene had the potential of being
further explored and used in gene therapy of HBV
infection.
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INTRODUCTION

Hepatitis B virus (HBV) can cause acute and chronic
B-typehepatitisinman. Theconventiona waysavailable
for curing this disease have not been very effic ient.
This promotes people to explore novel genetic
therapeutical ways. Hammerhe ad ribozymeisakind of
antisense RNA which can specificaly cleavethetarget
RNA™, Inthelight of this, peoplehavedevel oped many
effective gen etic vectors containing ribozyme genes,
thetranscriptsof which showed catalytic activity invitro
and in vivoi*®. But how to improve the stability and
efficiency of ribozyme and specificaly carry ribozyme
geneinto only target cells or tissues hasbeen atackling
problem. HDV, ahuman hepatitis agent, isa defective
RNA virusithereplication cycle of which relieson the
infection of HBV!®. So HDV can be developed as a
specific transporting and replicating vector in vivo for
ribozymeto reach liver”. In this study, we constructed
HBV -speci fic hammerhead ribozyme gene (RZ) and
the recombinant (DVRZ) of HDV cDNA (DV) and
ribozyme gene (RZ) and made acareful investigation of
their invitro catalytic activity under variousconditions.
The positive results encouraged us to further explore
thefeasihility of-usngHDV asavector carryingribozyme
for inhibiting the replication of HBV invivo.

MATERIALS AND METHODS

Plasmids

The plasmid pSVC-D3 (containing HDV cDNA) as
one of two templates of recom binant PCR waskindly
offered by Prof. Taylor of American. pTAdV-T vector
used for cloning was purchased from Clontech
Corporation.

Major reagents

RiboMax transcription kit, acrylamide, bisactylamide,
dNTR rNTPand Tag polymer asewere purchased from
Promega.[a-#P|UTPfrom Beijing Yahui Corporation.
Advantage-TM PCR purekit (gel purificationkit) from
Clontech. X-filmfromK odak. DNA polymerasel klenow
from Biolabs. T7/Sp6 sequencing kit from Pharmacia

PCR primers

Primers P1 and P2 covered the whol e sequence of
designed HBV -specific hammerhea d ribozyme
gene(RZ) and were used to amplify ribozyme gene
(53bp) because of 9nt base-pairing of their 3’ ends.
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The sequence of HBV -specific hammerhead ribozyme
was designed according to the requirement of domains
of ribozyme!¥ and the sequence of HBV C gene
fragment.

The ribozyme gene (RZ: 53bp) was also used as
one of two templatesfor recombinant PCR to construct
therecombinant (DVRZ) of HDV cDNA and ribozyme
gene (mentioned below).

P3, P4 were both recombinant primers,each of
which was composed of partial sequences of ribozyme
and HDV in order to replace the sequence (17-67) of
near 5 -end of HDV withribozymeby recombinant PCR.
P5 was the 3’ -end sequence of HDV cDNA.

P3, P4, PS5 were used to construct the recombinant
(DVRZ) of HDV cDNA (DV) and HBV-specific
ribozyme gene (RZ) by one-tube recombinant PCRI,

P6, P7 were used to amplify HBV C genefragment
(BVCF), which wasthe transcription template of target
RNA (rBVCF). T7 waspartia sequenceof T7 promoter
region of pTAdV-T vector and was used for sequencing
(with Sp6) and identifying(with P2, P5, P7) whether 5'-
end of foreign fragment forwardly inserted the
downstream of T7 promoter.

The sequencing of all gene fragments was
performed on ABI391 automatic sequenc er
(Pharmacia). The sequences and positions of these
primersarelistedin Table 1.

Table 1 The sequences and positions of primers

Primer Positions

name

Sequences

Pl 5-AACATTGACATAGCTCTGATGAGTCCGTGAG-3
P2 5-TCCAGGGAATTAGTAGTTTGTCCTCACGGAC-3’ RZ:53-23

P3 5-AGCAAGCTTGAGCCAAAACATTGACATAGCTCT-3 HDV:1-16,RZ:53-37
P4 5-CTCCGACGTTCCAATGCTCCAGGGAATTAGTAGT-3' HDV:84-68,RZ:53-37
P5 5-GTCGAATTCGGGCTCGGGCGGCGATCCAGCAGTC-3' HDV:1680-1647
P6 5-GATAAGCTTTTACATAGAGGACTCTTGG-3’ HBV:1650-1677

P7 5-CTGGAATTCGGCGAGGGAGTTCTTCTTCTAG-3’ HBV:2480-2450

RZ:1-31

Construction and cloning of HBV-specific
ribozyme gene(RZ)

Because of 9nt base-pairing between 3’ ends of P1 and
P2, direct PCR could pr oduce complete 53bp ribozyme
gene (Figure 1). After gel-purification (according to
Advantage-TM PCR purekit, Clontech Corporation),
the PCR product (RZ) was directly cloned into the
downstream of T7 promoter of pTAdV-T vector and so
theresulting recombinant plasmid pTA-RZ wasobtained.
PCR with T7/P2 as primers and pTA-RZ as template
could produce about 100 bp DNA fragment if 5’ -end of
ribozyme gene was forwardly inserted in to the
downstream of T7 promoter of pTAdV-T vector and so
could beused toidentify therecombinant plasmid pTA-
RZ of forward insert. The preparation of comp etent
DH5a cells and transformation of plasmids were
performed according to the referencel®. The cloned
ribozyme gene was finally verified by sequencing
with T7/Sp6 primers.

Construction, cloning and sequencing of the
recombinant (DVRZ) of HDV cDNA and HBV-
specific ribozyme gene

Thirty uL PCR reaction system was established®: 20
mmol/L Tris-HCI (pH 8.3), 50 mmol/L KCl, 2 mmol/L
MgCl,, eechdNTP200 umol/L ; PrimersP3, P4, P5Swere
separately 0.05 umol/L, 0.005umoal/L, 0.05umol/L . The
two templates were recombinant plasmids pTA-RZ
(containing ribo zyme gene) and pSV C-D3 (containing
HDV cDNA), each 10 ng. Taq polymerase 2 uL,
denaturation at 92°C-50s; annealing at 53°C-50s;
elongation at 70°C-120s; 33cycles, thefinal elongation
a 70°C lasted 5min. PCR product (DVRZ, 1.7kb) was
identified by agrose-gel (1.5%) electro phoresisandthen
purifiedwith Advantage-TM PCR purekit. Theobtained
DNA fragment (DVRZ) was directly cloned into the
downsteam of T7 promoter of pTAdV-T vector. The
resulting recombinant plasmid pTA-DVRZ (positive
cloneson Ampr & white-blueplate) wasverified by PCR
with primersT7/P5and sequencingwith Sp6/T7 primers.
PCR with primers T7/P5 could produce about 1.7kb-1.
8kb DNA fragment and was used to identify theforward
insertionof 5'-end of DV RZ. Sequencingwasperformed
on ABI 391 automatic sequencer (Pharmacia).

Cloning and isolation of target gene fragment
(HBV C gene fragment-BVCF)

PCR with primers P6, P7 was performed to amplify
HBV C gene fragment from serum of HBV. Extraction
of sample DNA and PCR reaction were performed
according to the reference™. PCR product (BVCF)
wasdirectly clonedinto thedownstream of T7 promoter
of pTAdV-T vector and the resulting recombinant pla
smidpTA-BV CF (positivecloneson Ampr & blue-white
plate) wasverified by PCR with T7/P7 and bidirectiona
sequencing with T7/Sp 6 primers. PCR with primers T7/
P7wasutilizedtoidentify theforward-directioninsertion
of 5'-end of BVCF.

Linearization of recombinant plasmids pTA-RZ,
pTA-DVRZ and pTA-BVCF

These plasmids were seperately digested with BamHI
and then filled with Klenow fragment for in vitro
transcription of inserted gene fragments (RZ, DVRZ,
BVCF).

In vitro transcription of linearized plasmids pTA-
RZ and pTA-DVRZ

2p-UTP-label ed transcription of the two plasmids
was first carried out in order to test the effect of
transcription. But the plasmids’ transcripts (rRZ,
rDVRZ) used for cat alyzing the cleavage of target
RNA (rBV CF-transcript of plasmid pTA-BVCF
cont aining HBV C gene fragment-BV CF) were
not 3?P-label ed. Invitro transcription was performed
with T7 RNA polymerase according to RiboMax
Transcripti on kit and the reference!®. The
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transcripts(rRZ, rDVRZ) would additio nally contain
100nt partial sequence of pTAdV-T vector at their
both end s. rRZ and rDVRZ were extracted by
phenol/chloroform/iso-propyl alcohol (25:24:1),
precipitated with ethanol and resuspensed with H,O
(RNase-free). The latter was the recombinant of
HDV and ribozyme.

Preparation of 2P-UTP-labeled target RNA (rBVCF)
Linearized plasmid pTA-BV CF (containing HBV C
gene fragment) was in vitro transcripted and the
target RNA (rBVCF) was produced. 20 uL
transcription system was so established: ATP, CTR,
GTPeach 2.5 mmol/L and UTP 0.1 umol/L, 0.5 uCi/
UL[a**P]JUTPR, 2 ug linearized plasmi d pTA-BVCF,
T7 RNA polymerase 20U, RNasin 10U, 37°C-60min.
The product was loaded for 5% PAGE-7M urea
autoradiographed electrophoresis. Gel-band of 1cm
lengt h and 0.5 cm breadth was cutted off from the
position of target RNA and so aked overnight with
NES buffer (0.5 mol/L NH;Ac, 1 mmol/L EDTA, 0.
1% SDS) and extracted with phenol/chloro form/iso-
propyl alcohol (25:24:1). The supernate was
precipitated with ethanol and then the pellet was
harvested and resuspensed with H,O (RNase-free).
rBVCF(831+100nt) contained also 100nt partial
sequenc e of pTAdV-T vector at itstwo ends.

Cleavage reaction

Ten lIL reaction systemwasestablished: 0.1 mol/L Tris-
HCl (pH 8.0), 20 mmol/L MgCl,, rRZ or r-DVRZ and
their target RNA (rBVCF) each 2 uL, mixed and
incubated under different temperatures(37°C, 42°C, 55
‘C) for 1h. Negative control with*P-labeled rBVCFin
cubated at 55°C without rRZ & rDVRZ was performed.
In the meanti me, rRZ and rDVRZ were separately
incubated with target RNA (rBVCF) at 37°C und er
different Mg?* concentrations (10mmol/L, 15mmol/L).
Intheend, 10 L ion-freeformamideand 1 pL loading
buffer (50% glycerol, 1Immol/L EDTA, 0.04%
brompheno | blue) were added to terminatethereaction.
Then after incubated at 65°C for 10 min, 5 pL reaction
sample was loaded for 5% PAGE-7M urea
electrophoresis.

RESULTS

Construction and cloning of ribozyme gene
53bp DNA fragment was obtained by PCR with primers
P1/P2 (Figure 1). Thiswasin accordance with the size
of anticipated ribozyme gene. PCR using T7/P2 as
primersand plasmid pTA-RZ asthetempl ateamplified
a DNA fragment of about 100 bp, which identified
forward-dir ection insertion of ribozyme geneinto the
downstream of T7 promoter of pTAdV-T vector.
Sequencing verified the HBV-specific ribozyme gene.
The sequence of ribozyme gene was asfollows:
5-AACATTGACATAGCTCTGATGAGTCCG-
TGAGGACAAACTACTAATTCCCTGGA-3

Construction, cloning and sequencing of the
recombinant (DVRZ) of HDV cDNA(DV) and HBV-
specific ribozyme gene(RZ)

About 1.7kb DNA was amplified by recombinant
PCR, which indicated the anticip ated recombinant
DNA molecule DVRZ (Figure 1). After DVRZ’s
cloninginto pTAdV-T vector and transforming into
DH5a on Ampr & white-blue plate, PCR with
primers T7/P5 produced about 1.8 kb-DNA
fragment and identified the positive recombinant
plasmid pTA-DVRZ of correct DVRZ’s insertion
direction. Sequencing of DVRZ with primers T7/
Sp6 (pTA-DVRZ as template) confirmed the
construct DVRZ.

Cloning and isolation of target gene fragment
(HBV C gene fragment-BVCF)

Anticipated 831bptarget DNA fragment wasamplified
by PCR from the serum of HBV (Figure 1). After its
cloning into pTAdV-T vector and then transformed i
nto DH5a, PCR with primers T7/P7 produced an about
0.9 kb DNA fragment and so identified the positive
recombinant plasmid pTA-BV CF of BV CF's correct
insertiondirection. Finally, sequencingwith primersT7/
Sp6 confirmed theinserted BV CF.

2 | I 3

168X hp

B3 lbp

Figure 1 Construction of HBV-specific ribozyme gene (R2), its
recombinant with HDV cDNA (DVRZ) and target DNA (BVCF)
by PCR.a: Lane 1-PCR marker, Lane 2-ribozyme gene RZ (53bp).
b: Lane 1- A DNA/-Hind Il1+Eco R | marker, Lane 2-recombinant
DVRZ (1682bp) Lane 3-target gene BVCF (831bp).

In vitro transcription of linearized recombinant
plasmids pTA-BVCF, pTA-RZ and pTA-DVRZ
Target RNA (rBV CF) of 931nt was transcripted from
pTA-BVCF. HBV-specific ribo zyme (rRZ) of 153nt
was transcripted from pTA-RZ.

HBV -specific recombinant ribozyme (rDVRZ,
containing HDV) of 1782nt wastranscripted from pTA-
DVRZ (Figure 2). All these transcripts (rBVCF, rRZ,
rDVRZ) contained the samepartia sequenceof pTAdV-
T vector at their both ends after transcription with T7
RNA polymerase.

Cleavage reaction

RibozymesrRZ and rDV RZ without *P-label were
separately inc ubated with target RNA (**P-labeled
rBV CF) under different temperatu res(37°C, 42°C,
55°C) and Mg* concentrations. The results from
autoradiog raphed el ectrophoresi s showed that under
these temperatures and Mg** concentrations, both
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rRZ and rDVRZ could catalyze the cleavage of target
rBVCF into two RNA fragments (721nt, 210nt) and
their cataytic activity tended toincreasewiththerising
of temperature. Comparatively, the catalytic activity of
rRZ was higher than that of rDVRZ. But it seemed that
Mg?* from10mmol/L to20mmol/L hadnoobviouseffect
ontheir cleavage activity (Figure 3).

1782nt

93 1m

153m

Figure 2 In vitro transcription of linearized pTA-RZ, pTA-DVRZ
and pTA-BVCF (Lane 1-rDVRZ,1782nt. Lane 2-rBVCF,931nt. Lane
3-rRz,153nt).

55C42TITC S5C42TCITC
= = O3m - 93 I n - - 931nt

T2Int T21nt

T21m

. 21 0nt 210mt 1 0mnt

1] b c

Figure 3 Cleavage of target RNA(rBVCF) catalyzed by rRZ and
rDVRZ.a: Cleavage of target RNA (rBVCF) by rRZ under 37,42
C and 55°C with 20 mmo I/L Mg?*. b: Cleavage of target RNA
(rBVCF) by rDVRZ under 37°C,42°C and 55°C with 20 mmol/L
Mg?*. c: Cleavage of target RNA (rBVCF) separately by rRZ and
rDVRZ at 37°C under different Mg?* concentrations (10 mmol/L,
15 mmol/L) (Lane 1,2-cleavage by rRZ separately unde r 10 and
15 mmol/L Mg?*; Lane 3,4-cleavage by rDVRZ separately under
10 and 15 mmol/L Mg#)

DISCUSSION

Hammerhead ribozymeisakind of antisense RNA with
specific catalytic activity, which can catalyze the
specific cleavage of target RNA!®2, So far, many
specific ribozyme constructs have demonstrated their
catalytic activity both invitro and in vivol*>%%, HDV,
isadefective RNA virus, the replication cycleof whic
h must be dependent on the infection of HBV®©. In
view of the charac teristics of hammerhead ribozyme
and HDV, we constructed the recombinant(rDV RZ)
of HDV and ribozyme by one-tube recombinant PCR
with 3 primers and intended to have HBV -s pecific
ribozyme carried into liver cellsby using HDV asa
trangporting vector. Asthefirst step, we studied thein
vitro cleavage activity of HBV-specifi c ribozymes-rRZ
and rDVRZ. The results showed that both rRZ and
rDVRZ hadtheabili ty of catalyzingthepecific cleavage
of target RNA (rBV CFinvitro transcript of HBV C gene
fragment) into two RNA fragments (721nt, 210nt).

Theactivity of ribozymerRZ (without containing HDV)
wasmuch higher thanthat of recombinantrDVRZ, which
in part cleaved thetarget RNA. One possiblereasonis
that rDV R Z hasmuch longer two armsoutsideitsbase-
pairing region and can easily form acomplex secondary
or tertiary structure, an obstacle to subsequent base-
pairi ngwithtarget RNA (rBVCF). Itsthree-dimensiona
structure simulated by comput er (not presented here)
supportsthis conclusion. However, we could conclude
that the pogt-transcripted hammerhead ribozyme shoul d
not betoo long though weareunsurehow long ribozyme
and itstarget RNA are optimal to their interaction.

We found that with the temperature rising, the
ribozyme activity increased, possibly because higher
temperature hel ped transit the compl ex tertiary structure
into comparatively extended stateand so partialy delete
the st ructural obstacle to base- pairing. We a'so found
that the requirement of ribozymefor Mg? wasnot strict.
It appeared that different Mg?* concentrationsfrom 10
mmol/L to20mmol/L couldmeettheribozymes' activity.
But overhigh Mg seemed to cause the non-speci fic
cleavage of target RNA (not presented). The reason
for this was unclear. Presently, we are studying the
activity of the recombinant r ibozymein vivo and its
repressive effect on HBV replication.
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Abstract

AIM To understand the anti-HBs persistence
and the long-term preventive efficacy in rural
newborns after vaccination with plasma-derived
he patitis B vaccine.

METHODS In the time of expanded program on
immunization (EPI), the newborns were
vaccinated with 10 pg x 3 doses of hepatitis B
vaccine and 762 newborns who were HBsAg
negative after primary immunization were
selected for cohort observation from 1986 to
1998. Their serum samples were detected
qualitatively and quantitatively for hepatitis B
infecting markers, including HBsAg, anti-HBs and
anti-HBc by SPRIA Kits. The annual HBsAg
positive conversion rate was counted by life-
table method.

RESULTS (U The anti-HBs positive rate was 94.
44% for the babies born to HBsAg negative
mothers and 84.21% for those born to HBsAg
positive mothers in the 1st year after
immunization, and dropped to 51.31% and 52.
50% in the 12th year respectively. GMT value
was dropped from 31.62 to 3.13 and 23.99 to 3.
65 in the 2nd to the 12th year respectively. There
was a marked drop in GMT at the 3rd to the 5th
year, and in anti-HBs positive rate at the Sth to
the 10th year. @ In the period of 12 years
observation, the person-year HBsAg positive
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conversion rates were 0.12% (5/4150.0) in
newborns born to HBsAg negative mothers
and 0.20% (1/508.0) in those born to HBsAg
positive mothers, and none of the HBsAg
positive converted children became HBsAg
chroni ¢ carriers. Compared with the
baseline before immunization, the
protective rates were 97.19% and 95.32%
respectively.

CONCLUSION The protective efficacy of
plasma-derived hepatitis B vaccine
persisted at least 12 years, and a booster
dose seems not necessarywithin at least 12
years after the primary three-doses
immunization to newborns born to HBsAg
negative mothers.

INTRODUCTION

In recent years, many studies on the efficacy of
hepatitis B plasma-derived vaccine demonstrated
that the anti-HBs antibodies were declined
gradually, but the protective rate for children
vaccinated with three-doses hepatitis B vacci ne
was still more than 80%!*Z. To understand the anti-
HBs persistence and long-term efficacy in newborn,
a 1-12 year experimental study on hepatitis B
plasma-derived vaccine was carried out among
newborns vaccinated with three doses 10 mg/L
vaccinein rural area

MATERIALS AND METHODS

Objects

Newborninfants from one township in Zhengding
County, Hebei Province, were vacc inated during
1986-1989. A total of 762 infants who were
HBsAQ negative after pr imary vaccination were
selected for cohort observation, of them 688 born
to HBsAg-negative mothers, and 74 to HBsSAg
carrier mothers. The annual HBsSAg positive
conversion rate for newborn infants was 4.72%
beforeimmunization.

Vaccine and immunization

Hepatitis B plasma-derived vaccine was produced
by Beijing Institute of Biologi cal Product. The
newbornswereimmunized with three dosesvaccine
at Omo, 1mo and 6mos of age by well-trained
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nurses between 1986-1989 under the rural area
immunization program launched in 1986. Thefirst dose
was vaccina ted at 2.7 mo-0.3 mo (95% CI). The
coverage rate of vaccination with acompl ete course of
3-dose hepatitis B vaccine was 91.5%.

Blood collection and laboratory study

Blood samples were collected from infants by
venipuncture at intervals of one or two years. Serum
HBSsAg, anti-HBs and anti-HBc were tested by RIAS
from Beijing I ngtitute of Biologica Product. Thosewho
showed HBsAg (S/N value =2.1), anti-HBc (CO/S
value =2.0) or both were defined as HBV infection,
and anti-HBs (S/N value =2.1) asimmunity.

RESULTS

Persistence of anti-HBs after vaccination

The 688 new born babies were born to HBsAg
negative mothers, and 74 were born to HBsAg
positive mothers. Anti-HBs positive rate was
gradually dropped from 94.44% to 51.31% and
84.21% to 52.50% in the 1st-12th year
respectively. GM T value was dropped from 31.62 to

3.13and 23.99t0 3.65inthe 2nd-12th year respectively.
Therewasamarked drop in GMT vaue at the 3rd-5th
year, and in anti-HBs positive rate at the 9th-10th year.
Comparedwithinfantsbornto HBsAg negativemothers,
GMT vauewaslower ininfantsbornto HBsAg positive
mothers(Table 1).

HBsAg annual positive conversion rate for
vaccinated children

In the period of 12 years follow-up, 5 children
born to HBsAg-negative mother s became
HBsAg positively conversed. Two of them
occurred at the 5th year and the rest occurred
at the 9th-10th year. The person-year HBsAg
positive conversi on rate was 0.12% (5/4150.0).
One child born to HBsAg positive mothers
becam e HBsA(g positively conversed, and it
occurred at the 5th year. The person-year
HBsA(g positive conversion rate was 0.20% (1/
508.0). None of 6 HBsAQ po sitive converted
children became HBsAg chronic carriers (Table 2).
Compared with the baseline before immunization, the
protectiverateswere 97.19% and 95.32%respectively
(Table3).

Table 1 Dynamic change of anti-HBs positive rate and GMT after vac cination

Mothers HBsAg (-)

Mothers HBsAg (+)

\\/(ggcr?nated No.tested Positive rate (%) GMT (S/N) No.tested  Positive rate (%) GMT (S/N)
1 18 94.44 26.30 19 84.21 15.14
2 134 89.55 31.62 48 95.83 23.99
3 232 89.22 26.30 51 92.16 22.91
4 344 85.17 18.62 51 73.33 6.46
6 296 79.39 9.77 54 79.63 8.71
7 608 80.76 9.33 58 86.21 7.78
8 599 78.30 6.17 56 75.00 5.25
9 517 57.79 4.17 48 60.24 3.47
10 412 50.24 3.09 23 34.78 2.51
11 173 51.80 2.86 30 56.00 291
12 424 51.30 3.13 20 52.50 3.65
x’m-h 226.12 338.58

P value P<0.001 P<0.001

Table 2 HBsAg person-year positive conversion for immunized children

Mother HBsAg (-)

Mother HBsAg (+)

Follow-up

(year) No. person No. positively Annual positive No. person No. positively Annual positive
year converted conversion rate year converted conversion rate

1 9.0 0 0.00 9.5 0 0.00

2 76.0 0 0.00 33.5 0 0.00

3 183.0 0 0.00 49.5 0 0.00

4 288.0 0 0.00 51.0 0 0.00

5 454.0 2 0.44 55.5 1 1.80

6 428.0 0 0.00 57.0 0 0.00

7 450.0 0 0.00 56.0 0 0.00

8 602.0 0 0.00 57.0 0 0.00

9 482.0 2 0.34 52.0 0 0.00

10 486.0 1 0.20 35.5 0 0.00

11 292.5 0 0.00 26.5 0 0.00

12 298.5 0 0.00 25.0 0 0.00

Total 4150.0 5 0.12 508.0 1 0.20
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Table 3 Protective rate to vaccinated neonates
Mother Observed Person year HBsAg positive Annual Positive Effec tive
HBsAg numbers numbers conversion numbers conversion rate protective rate
Negative(-) 688 4150.0 5 0.12 97.19
Positive (+) 74 508.0 1 0.20 95.32
Total 762 4658.0 6 0.13 96.96
Baseline 562 1124.0 48 4.27
DISCUSSION to those newbornsborn to HBsA g negative mother was

The ultimate strategy for newborn vaccination with
hepatitis B vaccineis contr olling and eliminating
hepatitis B. Many specialists think that newborns
should be vaccinated within 24 hours which ismore
effective for preventing HBV mother -infant
transmission. In recent studies, somereports say that
therisk of HBV infection should increase with the
decline of anti-HBs positive rate and GMT value
after vaccination of hepatitis B vaccinel?®. Thus, a
booster of hepatitis B vaccine should be given. In
this study, anti-HBs positive rate declined with age,
so was GMT value. The anti-HBs positive rate
declined markedly from the 9th to the 10th year, and
maintained 50% or so at the 10th-12th year. GMT
value declined markedly from the 3rd to the 5th year.
Therefore, if we only analyze anti-HBs positiverate
and GMT value, it isthe best scheduleto revaccinate
at 3-5 years of age after the primary 3-doses
regimen.

With the long-term observation of hepatitis B
vaccine, more and more scholars think that the
protectiveefficacy for immuneresponder could persist
severa years, even if anti-HBs may have declined to
undetectable levels. This may be due to the good
memory responseto hepatitisB vaccination. Thehigher
anti-HBs level after booster immunization dropped
quickly withtime, and at the end of 3-5 yearsdropped
to thelevel of children who had not received booster
immunization*®. Theeval uationof theimmuneefficacy
of hepatitisB vaccine should induce antibody level, but
the dynamic of HBSAg and the chronic carrier rate
during ten years of immunization. Cao et al'® reported
that anti-HBslevel declined withyearsafter vaccination
and HBsAg positive conversion had not been detected
among children born to HBsAg negative mothersin
Hunan. Our study indicated that none of children born
to HBsA(g negative mother became HBsAg chronic
carrier within 12 years after vaccination with hepatitis
B vaccine, although afew children wereinfected with
HBYV and positive for HBsAg. The protective rate

still more than 95% within 12 years. We believed that
long-term efficacy of hepatitis B vaccinewas better and
thechildrenwould havebenefited fromlife-long hepatitis
B vaccine. A booster dose seems unnecessary for
childrenborntoHBsAg negativemotherswithin 12 years
after primary 3-dose regimen. It was reported by Cao
et allthat HBsAg positive conversion children born to
HBsA(g carrier mothers may become HBsAg chronic
carriers after vaccination with hepatitis B vaccine, and
most of them occurred at 2-3 years of age. In our study,
only 1 of 74 children born to HBsAg carrier mother
becameHBsAg positively conversed, but did not become
HBsAg chroniccarrier within 12 yearsafter vaccination.
Inorder toimprovetheimmuneefficacy for thosechildren
bornto HBsAg positivemothers, thedynamic of HBSAg
carrier rate should be observed further in vaccinated
childrenonalarge scae.
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Abstract

AIM To propose a hypothesis defining the
absorption, distribution, metabolism and
elimination of traditional Chinese recipe
(TCR)component in blood of healthy subjects
and patients, and estimate its correctness.
METHODS The pharmacokinetics (PK) of
same dose of drug was studied in the animal
model of traditional Chinese syndrome (S)
and healthy animals. The classification,
terminology, concept and significance of the
hypothesis were set forth with evidence
provided in the present study. The
hypotheses consisted of traditional Chinese
syndrome PK (S-PK) and traditional Chinese
recipe PK (R-PK). Firstly, the observed
tetramethylpyrazine (TMP) PK in healthy,
chronically reserpinized rats (rat model of
spleen deficiency syndrome, RMSDS) and
RMSDS treated with Sijunzi decoction
(S1ZD) for confirmation were used to verify
S-PK; secondly, the ferulic acid (FA) PK in
healthy and high molecular weight dextran
(HMWD)-induced rabbit model with blood
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stasis syndrome (RDBSS) was also used to
verify S-PK; and lastly, TMP PK parameters
in serum of healthy rats afterorally taken -
Ligusticum wallichii (LW), LW and Salvia
miltiorrhiza (LW&SM) decoctions were
compared to verify R-PK.

RESULTS The apparent first-order
absorption [Ka, (13.61 + 2.56)h"!], area
under the blood drug concentration-time
curve [AUC, (24.88 £ 9.76) ug-h* mL1],
maximum drug concentration [C,.y,
(4.82 £ 1.23)ug: mL'] of serum TMP in
RMSDS were increased markedly (P<0.05)
compared with those [Ka = (5.41 £ 1.91)h?,
AUC = (5.20 = 2.57)pug h*: mL?, Cax = (2.33
+ 1.77)pg-mL'] of healthy rats (HR). The
apparent first-order rate constant for
a and B distribution phase [a = (0.38 + 0.09)h,
B = (0.06 £ 0.03)h'], the apparent first-order
intercom partmental transfer rate constants
[Kio= (0.24 = 0.07)h?, Ky = (0.11 £ 0.02)h?,
K>y = (0.11 £ 0.02)h'] of serum TMP in
RMSDS were decreased significantly
(P<0.01) compared with those [Kio =
(0.88 = 0.20)ht, Ki; = (1.45 £ 0.47)h, Ky =
(0.72 £ 0.22)h'] of HR. However, no
apparent differences occurred between
HR and RMSDS treated with SJZD. The
serum FA concentration and its AUC [(5.
6690 = 2.3541)ug-h'-mL'] in RMBSS were
also higher than those [AUC=(2.7566 £ 0.
8232)pug-h*-mL] of healthy rabbits (P<0.
05). The Ka (11.51 + 2.82)h*, AUC (0.84 +
0.17)pg-h*mL* of LW & SM-derived TMP
in serum were much lower (P<0.05) than
those [Ka = (19.58 = 4.14)h™?, AUC = (1.27
+ 0.26)ug-h''-mL']of LW-derived TMP in
serum after oral decoctions.
CONCLUSION The SDS and blood stasis
syndrome state could affect significantly the
pharmacokinetic parameters of drugs and
the abnormal SDS pharmacokinetic
parameters could be normalized by SJZD.
The combination of Chinese medicine in
TCR could reciprocally affect the
pharmacokinetic parameters of other
components absorbed into the systemic
circulation. These results support the S and R-
PK hypothesis.
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INTRODUCTION

Three progressesin the related subjects arouse usto
propose hypotheses defining the traditional Chinese
syndrome (S) and recipe PK (S-PK and R-PK)-6,
Firstly, in the field of traditional Chinese medicine
(TCM), their characteristic PK has not devel oped as
aconseguence of what are the chemical components
absorbed into the circulation after administering
traditional Chinese recipe (TCR) is not clear yet.
Then, the progressesin successful detection of TCR-
derived component in serum from 1985 to 1989
supported theconcept of abovehypothesid”®. Finaly,
the theoretical and practical achievements of
chronopharmacokinetics are not only an example but
also enhanced our intention of presenting the
hypothesi g%4,

The investigation of TCR-derived compound in
vivo affords a sound basis for advancing the
hypothesis of S and R-PK 281213 gnd the inspiration
from the theory and practice of
chronopharmacokinetics greatly encouragesusi®*!.
The knowledge dealing with the rhythmic changes of
pharmacokinetic phenomenonin living organismsis
called chronopharmacokinetics™, in which, PK of
administering drug at different time is not constant
and isrelated to its therapeutic and toxic effects4.
Similarly, arethere possibledifferencesof serumdrug
concentration and its pharmacokinetic param eters
between different TCS and different Chinese
medicines of TCR? In other words, does TCS state
and thedrugscombinationin TCR affect significantly
theblood drug concentration and their pharmacokinetic
parameters after oral administration? We have
postulated the above positive differences in the
previously published hypotheses™ €.

Thefour applicationsaccording to above concepts
have been supported by National Natural Science
Foundation of Chinasince 1991. Under the support of
grants, we choose Ligusticum wallichii (LW)
prescriptions and its chemical components as the
examplesto verify the above hypotheses.

MATERIALS AND METHODS

Drugs, chemicals and reagents

Tetramethyl pyrazine phosphate (TMPP) intravenous
infusionin2 mL ampule (25 g/L, lot No. 90101) and
sodiumferul ate (SF) were purchased from Guangdong
Limin Pharmaceutical Factory (Shaoguang, China);
reserpine injection solution in 1 mL (1mg, lot No.
901008) was purchased from Red-Flag
Pharmaceutical Factory of Shanghai Medical
University (Shanghai, China).

LW was purchased from Dujiangyan City
Pharmaceutical Company (Sichuan, China) which
was identified by Professor Hu ZH (the Department
of Botany, Northwest University, Xi’an, China).
Salvia miltiorrhiza (SM), Panax ginseng C.A.Mey,

Atractylodes macrocephala Koidz, Poria cocos
(Schw.) Wolf, Glycyrrhiza uralensis Fisch were
purchased from Xi’ an Pharmaceutical Company (Xi’an,
China). All organic reagents were bought from Xi’an
Chemical Reagent Factory. All chemicals were of
analytical reagent grade unless otherwise stated.
M ethagual onum (internal standard) was presented by
Ingtitute of MateriaMedica, Beijing Medica University
(Beijing, China). Coumarin (internal standard) was
purchased from Sigma. High molecular weight dextran
(HMWD) (M,500 000) was bought from Tianjin Air
Forcehospita (Tianjin, Ching).

Instruments

The following main instruments were used in the
experiment: Shimadzu L C-6A HPLC system; SPD-6A
ultraviolet detector; shimadzu QP-1000 gas
chromatography-mass spectrometer. 7650 infrared
spectrometer. RH-90 NMR meter.

Definitions of S and R-PK hypotheses**

The S-PK hypothesisindicatesthat the pharmacokinetic
differences between the different TCS have statistical
significance and R-PK hypothesis means that one of
TCM could influence markedly the pharmacokinetic
parametersof other TCM-derived componentsin blood
when administered together in same TCR. The above
two pharmacokinetic characteristics are related to the
therapeutic, toxic responses and theory of TCM.

The verification of S-PK

Thepreparation of SIZD (TCR): it consistsof Panax
ginseng C.A.Mey, Atractylodes macrocephala
Koidz, Poriacocos (Schw.) Wolf and Glycyrrhiza
uralensisFisch (2:2:2:1). The 7000 g of SJZD drugs
were divided into 7 parts. Each part of 1000g was
macerated with 7000 mL of distilled water (drug:
water=1:7, v/v) at room temperature for 1 h and
then boiled for 40 min. The residues were boiled
by same volume of water for 40 min once again.
Firstly, the two boiled water extracts were mixed,
then filtered through several layers of cotton gauze
to remove the coarse particles and concentrated
by evaporation, repeated preparation of the other
parts of SIZD in the same way. The mixture of the
seven parts of extraction gives the final
concentration of 3 g- mL™.

Serum TMP and FA PK in healthy and modeled
animals were studied to verify the hypotheses.
Healthy animalsand animal modelsweredividedinto
fivegroupsand thelatter included rat model of spleen
deficiency syndrome (RMSDS) treated with SJZD;
and rabbit model with blood stasis syndrome
(RMBSS). Group 1 (HR-1, n = 72): healthy male
Wistar ratsweighing 240 g + 20 g afforded from the
Experimental Animal Center, the Fourth Military
Medical University were injected ip with normal
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saline (0.1 mL-kg*-d?, 14d). Group 2 (RMSDS,
n = 72): healthy Wistar rats were injected ip with
reserpine (0.5 mg-kg*-d?, 14d). Group 3 (RMSDS
treated by SJZD, n = 72): healthy Wistar ratswere
prepared the same as Group 2 and treated with
intragastric admi nistration of SJZD (30 g-kg™?,
d?, 14 d). The above three groups were given po
10 mg-kg™* of TMPP 24 h after the final injection
of normal saline or reserpine. Group 4 (HR-2,
n = 6): healthy male New Zealand white rabbits
afforded from the Animal Center of our university
were injected intravenously with normal saline
(15 mL-kg?). Group 5 (RMBS, n= 6): rabbitswere
prepared by in travenous injection of 100 g/L
HMWD in normal saline (15 mL-kg?). FA was
injected in travenously of 5 mg-kg* 30 min after
the end of injection of normal saline or HMWD.
Rats and rabbits were fasted 12 h before
administration.

The 0.5 mL of serum samplesof ratswere obtained
by decapitation after asingle oral TMPP at 0.083 h,
0.5h,1.0h,3h,5h, 8h, 12hand 24 h, respectively.
At each time point, 6 samples were obtained. The
rabbit blood sample of 0.5 mL was directly
withdrawn and collected from the ear vein at 2 min,
5 min, 10 min, 20 min, 30 min, 45 min, 60 min, 90
min, 120 min, 150 min and 180 min after intravenous
FA. The blood samples were centrifuged (3000
r-min?, 5min), and 0.2 mL of the resulting serum
was used.

Chromatographic condition

Determination of serum TMP concentration'*>": the
chromatographic system (Shimadzu L C-6A, Japan)
consisted of two pumps (LC-6A), asampleinjector
(Rheodyne, model 7125), a SPD-6AV detector
(Shimadzu) and a C-R3A data processor
(Shimadzu). A Shim-Pach CLC-ODS column
(particles 5 um, 150 mm x 4.6 mm ID) was used for
guantitative analysis, AUFswas 0.04, the flow rate
was 1 mL/min, the paper speed was 3 mm/min,
column temperature was 38°C, the detection
wavelength was 280 nm, the mobile phase consisted
of methanol and water (72:28 v/v). The serum
concentration data of HR-1 and RMSDS were
analyzed by the 3P87 (Chinese Pharmacological
Association) software.

Determination of serum FA concentration™®: the
detector was set at 320 nm (AUFs: 0.01); the mobile
phasewasacetonitrile0.1 mL -min* phosphoricacid (pH
2.5) (3:7,viv); theother chromatographicconditionswere
the same as those in determining serum TMP
concentration.

Sample preparation
Serum sample contained TMP: internal standard of
Methaqualonum (428 ng) was added to 5 mL of

ground conical centrifuge tube containing 100 pL
of methanol. The mixture was oscillated on
vortex mixer and evaporated to dryness at 48°C
on water bath under the stream of nitrogen.
Successively added 0.2 mL of blank rat serum,
the different amount of TMPP (0.044 pug- mL ™,
0.087 pg- mL*, 0.168 pg- mL™*, 0.336 pug- mL?,
0.671 pg- mL* and 1.342 pg- mL™%), 0.2 mL 0.
05 mol/L of NaOH solution and 2 mL of
trichloromethane to the above centrifugate. After
the mixture was vortex mixed again for 15 s, it
was centrifuged at 3000 rmin* for 10 min. The
organic layer was transferred into another 5 mL
ground conical centrifuge tube contained 100 puL
of 1mol/L hydrochloric acid-methanol solution (50
mL/L) and evaporated again to dryness on water
bath at 48°C under a stream of nitrogen. The
residue was dissolved with 100 pL of methanol
solution and then 20 pL was determined by HPLC
each time!*®,

Serum sample contained FA: to 0.2 mL of rabbit
serum added 0.4 mL of acetonitrile contained 1.
5 ug of coumarininternal stand ard. The mixture
was vortex mixed and then the deproteinated
precipitate was sep arated by centrifugation
(3000 r-min?, 5 min). The supernatant was
evaporated at 60°C water bath under a stream of
nitrogen. The residue was dissolved in 60 pL
acetonitrile and 20 pL of solution was directly
injected into HPL C system for determination. To
each 0.2 mL of rabbit blank sera 20 to 800 pg-L-
1 of FA were added respectively. Their serum
samples were analyzed separately by the
corresponding method described aboveld,

The verification of R-PK

The preparation of LW decoction, LW&SM (LW:
SM=3:1) decoction: the dried roots of them were
pounded to about 2 mm x 4 mm x 4mm pieces. The
other procedure was the same as those for
preparing SJZD. The final concentration of LW
decoction and LW& SM decoction were 3 g- mL™*
and 4 g- mL™, respectively. TMP content of LW
and LW& SM decoctions were determined before
administration”.

Only healthy rats were used to verify R-PK.
Twelve Wistar rats were divided into two groups.
LW decoction (30 g-kg*) was given intragastricly
to one group (n = 6) and LW& SM decoction (40
g-kg?) was given to another group (n = 6). The
blood samples of 0.2 mL each were obtained by
cutting theanimal tailsat 0.083 h, 0.25 h, 0.50 h, 0.
75h, 1.00 h,1.50 h, 2.00 h, 3.00 h and 5.00 h after
oral TCR.

Analytical method: all quantitative but
qualitative detections of TMP were the same as
those described above. Chromatographic
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conditions: Shim-Pach CLC-ODS column (particles
5 um, 150 mm x 4.6 mm ID) was also used for
guantitative analysis; the half-preparative column
(particles 10 um, 250 mm x 10 mm ID) was used for
the separation and purification of LW decoction
components in serum; Nebulizer and vaporizer
temperatures were 250°C. The drift voltage was
70eV.

The identification of LW-derived component in
serum!*: the related component was firstly
separated, purified, enriched and then identified
by 3-dimentional HPLC, mass spectrum, and
NMR. Calibration curve and statistical analysis
were the same as the correspondings described
above.

Statistical analysis

The results are expressed asX + s. Comparison of
serum drug concentration and pharmacokinetic
parameters between controlsand studied model of LW
and LW& SM decoctionsweremadeby t test for paired
samples. Differenceswerecons dered significant when
P<0.05.

RESULTS

The methodological results

One of the chemical components in serum after oral
administration of LW extract to ratswasidentified as
TMP by three- dimensional HPLC, UV, IR, MS and
NMR (datanot shown)!*",

The chromatographic retention time of TMP,
methaqualone (internal standard), FA and
coumarin (internal standard) were 3.992 min, 6.
223 min, 3.82 min and 7.68 min, respectively
(Figure 1, A-B)[*"8 They were separated well
under their own chromatographic conditions. The
ratios between the peak areas of the TMP and
methaqualon (internal standard) in serum of rat,
and of the FA and coumar in (internal standard)
in serum of rabbit were calculated to make the
calibration curves and the good linearity over the
range (220-6710) pg- mL2 (TMP, r = 0.9990, n
= 6) and (20-800)pug- mL* (FA, r =0.9986, n =
6) were obtained. Their equation of the curves
were Y = 0.1889+0.0440X(TMP) and Y = 0.
5826X+0.1718(FA). If the concentration of FA
was above 800 pg- mL™*, the sample was diluted.
The detection limit of TMP and FA in serawere
68 mg-L* and 15 mg-L* respectively with a
signal-to-noiseratio at 3.

Therecoveries of TMP and FA contentsfrom
sera of rat and rabbit were determined. Their results
areshownin Table 1.

The precision in serawith three levels (0.22
pg-mLt, 0.8388 ug-mL* and 6.7100 pg-mL 1)
of TMP and (0.030 pg-mL-*, 0.450 pg-mL* and
0.700pg-mL 1) of FA wasdetected (Table 2).
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Figure 1 HPLC chromatography of A. TMP (methaqualone,
IS) added to rat serum; B. FA (coumarin, IS) in rabbit
serum 1. FA (tr:3.82 min), 2. coumarin (tg: 7.68 min); C.
serum sample after oral administration of LW&SM extracts
in rats; D. sample serum after oral administration of TMPP.
1: TMP (tg: 3.992 min). 2. coumarin (tz:6.233 min). 3. methanol
(tr: 1.017); 4,5: impurities in serum (tg: 1.725 min and tg:
2.467 min); 6,7: unknown components (tz: 3.000 min and
tg: 3.201 min)
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Table 1 Recovery of TMP added to rat serum and ferulic acid
added to rabbit serum

Drug Added(mg/L) Found+SD(mg/L) Recovery+RSD(%)
TMP 0.2200 0.2126 = 0.0081 96.64 + 3.18
TMP 0.8388 0.8294 + 0.0181 98.99 + 2.18
TMP 6.7100 0.6657 = 0.1973 99.34 + 2.96
FA 0.0300 0.0280 + 0.0009 95.00 + 1.60
FA 0.4500 0.43804 + 0.0043 97.40 + 1.00
FA 0.7000 0.6883 + 0.0053 98.30 + 0.80

Table 2 Precision of tetramethylpyrazine from rat serum and
ferulic acid from rabbit serum

Drug Amount added(mg/L) Interday cv(%) Intraday cv(%)

TMP 0.2200 2.45 5.57
TMP 0.8388 1.25 5.67
TMP 6.7100 1.44 4.72
FA 0.030 5.5 6.1
FA 0.450 3.2 4.3
EA 0.700 2.1 3.8

The results of verifying S-PK

RMSDS: Four days after ip injection of
reserpine, RM SDS showed decreasein activ ity,
severe muscular hypotonia, pal pebral ptosisand
diarrhea, which were similar to those reported
in our previously paper™™ and accorded with the
pu blished diagnostic standard of spleen
deficiency syndrome by Chinese Association of
Integrated Traditional and Western M edicinel*®,
In RMSDS, the body weights of rats were
reduced by 40% (242 g+ 22gvs145g+ 20 Qg)
, and in RMSDS treated with SJZD, they had
not shown any significant changes (re sults not
shown).

The above analytical method of TMPwas used to
study TMP PK following oral TMPP. The
pharmacokinetic profiles of oral TMPPin HR-1,
RMSDS and SJZD treated RMSD S were the 2-
compartment models according to the calculation
of serum TMPP conc entration-time data (Figure
2), which wasin agreement with theresults obtaine
d from human and ratsf?°2l, The serum
concentrations of TMP in RMSDS were higher
than those in HR-1 (P<0.01, Figure 2). The
pharmacokinetic parametersof TMPPin RMSDS
(Table 3) with the exception of V/F(C) and T peak
were significantly different from thosein HR-1(P
<0.01); ka, Ty, ka, AUC, absorption of TMPP;
a, B, Tuzp, T2, CLS, K1z, and Ko demonstrated
that RMSDS dec reased the rate of the
distribution, transportation and clearance of TM PP
(P<0.01). The state of the syndromein RMSDS
affected obviously the absorption, distribution,
metabolism and excretion of TMPP.

Table 3 Pharmacokinetic parameters of TMP in serum after
oral admin istration of TMPP (10 mg/kg) to healthy rats and
RMSDS with or without SJZD treatment

Parameter Healthy rat RMSDS SJZD

a(h?) 2.83 £0.70 0.38 £ 0.09° 2.33 + 0.65
B(h™) 0.22 £ 0.02 0.06 + 0.30° 0.24 + 0.05
Ka(h?) 541+ 191 13.61 =+ 256 5.28 +£ 1.39
Kio(h?) 0.88 £ 0.20 0.24 £0.07° 0.82 £0.11
Ki(h™) 1.45 + 0.47 0.11 £ 0.02° 1.39 + 0.68
Ko (h?) 0.72 £ 0.22 0.11 £0.02° 0.77 £0.18
t1.a(h) 0.14 * 0.09 0.05 + 0.04> 0.16 + 0.10
ti/200(h) 0.27 £ 0.11 1.92 £0.44> 0.31 +0.09
t2P(h) 3.19 £ 0.39 13.35 £5.92° 3.21 +0.28
AUC(pg-h- mL?) 5.20 £ 2.57 24.88 £ 9.76° 5.11 + 6.81
Tp(h) 0.30 + 0.05 0.34 £0.03 0.33 +£0.02
Crmax(Mg/mL) 2.33 £ 1.17 482+123" 218+ 1.14
Vec(Hg/mL) 2.81 +1.30 2.03+0.58 2.19+0.98

2P<0.01 vs healthy rabbit.

RMBSS: the above method of detecting FA used
tostudy PK inhedlthy rabbit and FA serum concentration
in RMBSS compartment model was fitted and then
pharmacokinetic parameters were calculated with a
MCPKP program on a COMPAQ 80 -386 computer.
Compartmenta andys syiel dedatwo-compartment open
model. A rapid distribution phasefollowed by ad ower
elimination phase was observed. The mean
pharmacokinetic parameters are givenin Table 4 and
serum concentration-timedatain Figure 3.

The results of verifying R-PK

Theresultsof detecting TMP concentrationsin LW and
LW& SM decoctionswere’574.50 g-kg™*-L* and 463.02
gkg*L?, respectively.

The chromatograms of TM P and methagual onum,
the latter was added into serum, and then
extracted, were the same as shown in Figure
1A, 1B. The serum TMP chroma togram after
administration of LW or LW& SM decoctions
was different from that of TMP and of 1S added
to blank serum (Figure 1A) as well as that of
post-adm inistrative TMPP injection solution
(Figure 1D). There were two more peaks of
un known significance in Figure 1C than that
in Figure 1A and one more unknow n peak than
that in Figure 1D . The serum TCR-derived
component parameters of 4 spectraof UV, IR,
MS and NMR (data not shown) are similar to
that of TMP stan dard substance and the
reference value. Thus it gives an evidence to
reveal that this TCR-derived component is
undoubtfully TMP. The TMP PK were calculated
by 3P87 program (Chinese Pharmacological
Association). The fitted figures from two
compartment open model and their parameters are
indicated in Table5.
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Table 4 Pharmacokinetic parameters of FA in serum after
intravenous administration of sodium ferulate (5 mg/kg) in
healthy rabbit and rabbit with general blood stasis syndrome
(x£s,n=06)

Parameter RMBSS Healthy rabbit
Kaao(h™) 1.01 £ 0.86 1.62 £ 1.18
Ka(h?) 1.45 £ 0.99 2.47 = 0.99
Kel(min?) 4.49 + 1.10° 7.37 £1.40
Ti20(h) 0.12 £ 0.10 0.07 = 0.02
T12B(h) 0.62 £ 0.12° 0.36 + 0.09
AUC(ug-h-mL?) 5.67 + 2.35° 2.76 + 0.82
Cl(L-kg™) 0.88 + 0.55 1.81 +£0.95
Vec(L/kg) 0.71 + 0.03 0.95 + 0.22

3P<0.05; °P<0.01 vs healthy rabbit. Mean + SEM, n =6

Table 5 Pharmacokinetic parameters of TMP in serum after
oral admini stration of LW or LW&SM extracts to rats mean +
SEM (n = 6)

Parameter LW LW&SW

a(h?) 1.928 + 0.719 2.328 £ 0.719
B(hY) 0.479 + 0.205 0.479 £ 0.289
Ka(h?) 19.58 + 4.139 11.508 + 2.8212
Kio(h™) 1.090 + 0.502 0.788 + 0.255
Kiz(h™) 0.470 + 0.160 0.205 + 0.092
Ty0(h?) 0.354 + 0.101 0.298 + 0.223
T.,B(hY) 1.448 + 0.880 1.447 + 0.901
AUC(ug-h- mL?) 1.273 + 0.255 0.836 + 0.168°
Vee(LZKQ) 9.665 + 1.810 7.390 + 1.089?

2P<0.05; °P<0.01 vs LW.
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Figure 2 TMP concentration-time curve in serum after oral
administration of TMPP in healthy rat (n = 6), RMSDS (n = 6) and
RMSDS treated by SJZD (n = 6), 2P<0.05 vs; "P<0.01 vs healthy rat.
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Figure 3 FA concentration-time curve in serum after intravenous
administration of sodium ferulate(5 mg/kg). 3P<0.05;>P<0.01 vs
healthy rabbit.
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Figure 4 TMP concentration-time curve in serum after oral
administration of boiled water extract to rats. ®P<0.05 vs LW extract.

DISCUSSION

Hypothesis

The concept, terminology, essentials and
significance, especially scientific evidences, of S-
and R-PK hypothesis were firstly reported and
theoretically elab orated in our previous paperst*
1. These ideas were exclusively cited(?2¢],
Besidesthe definition described in above method,
we summarized t he main elements as follows: @O
TCR-derived components in vivo are possibly to
be detected; @ their number are relatively
restricted; 3 they could repres ent the therapeutic
effect of the parent recipe; @ their concentration
and PK could be affected by the combination of
TCM in TCR; ® effects of new bioactive
componentsrelated with those of their parent TCR;
and ® the syndrome state could affect their PK
significantly. All theideasof S- and R-PK exhibited
the characteristics of combination of TCM theory
and PK. The other two published papers only co
ncerned the element 11*%. So far, over 20
evidencesin the available published literaturest*
81213 sypported the element 1.

Methodology
It is necessary to develop scientific analytical
method, mainly chromatography, for verifying the
hypothesisof S- and R-PK. In general, western drug
component (single chemical substance) in blood is
only identified by the consistency of retention time
of peak in chromatograms as compared with its
standard substance de rived from the national and
international authorized unit!?-?°!, However, this
method isnot sufficient in analysing the serum TCR-
derived component because the coherence of
retention time may result fromtwo possibilities, i.e.,
only a single component peak or an overlap of two
or more component peaks according to the theory
of chromatography*”.

We developed the above HPL C method, to
determine the serum TMP PK after the
admi nistration of TMPP or TCR-LW. When TMPP
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solution (Figure 1D) was administered, determination
of TMP qualitatively and quantitatively by HPLC is
enough corres ponding to the method for determining
ordinary western drugi?-?. Asorally administering
LW or LW& SM decoctions, the structure of TMP
wasfirstly id entified by HPL Cin combiningwith UV,
IR, MS and NMR (Figure 1C) and then its
concentration and pharmacokinetic value were
determined by HPLC. Thus, itislikely to avoid the
analytical errorsin serum TMP derived from LW or
LW & SM in our present experiments®>*", Tables 1
and 2 indicated t hat these methods for the
determinations of serum TMP and FA concentrations
were simple, rapid, sensitive, accurate, specific and
reduplicable, with high recoveries. All theseinde xes
were sufficient in studying S- and R-PK.

The verification of S-PK

S-PK hypothesi swasadvanced according to thetheories
of TCM and PK8, Toverify thishypothesis, theanimal
model sof spleendeficiency and blood stasiswerechosen
and their pharmacokinetic characteristics of TMP and
FA were studied. One of these models, RMSDS, was
induced by injecting reserpine, which h ad been used as
ananima modé for “ spleendeficiency syndrome” (SDS)
in TCM B°3U becauseits physical signsweresimilar to
those seeninthe SDS.

The“spleen” digestsfood, transports, distributes
and transforms nutrients and replenishes gi®*?. We
inferred from the above “spleen theory” that the
“spleen” should beal so responsiblefor the absorption
and disposal of dru gs. So, syndrome state of “ spleen”
islikely to affect the PK. The aim describ ed in the
S-PK hypothesis is to demonstrate the
pharmacokinetic differences bet ween syndrome and
non-syndrome. Our experimental design from S-PK
hypothesisi sthat the poor absorption of drugin SDS
state would decrease its blood concent ration and
bioavilability. On the contrary, Figure 2 and Table 3
show the resu Its of the increases in TMP serum
concentration and AUC in RMSDS. Moreover, the
parametersof thedistribution and elimination of TMP
in RMSDS (Table 3) were slowish. The SDS state
could markedly affect the absorption, distribution,
metabol ism and elimination of TMPPinrat, and the
observed results from Figure 2 and T able 3 show
that SJZD could restore the above abnormal PK of
TMPP in SDS model rats. All these TMP
pharmacokinetic characteristicsin RMSDS and the
normalizing effect of SJZD on PK of TMPinRMSDS
provided evidencesfor S-PK.

The mechanism of forming TMP
pharmacokinetic characteristics in RMSDS is
unknown. It was reported that the gastric and
intestinal motility!®! and the absorptivity of D-xylose
[341 were all decreased in reserpine-induced
RMSDS and the patients with SDS. These

observations are paradoxical to theincrea sed serum
TMPconcentrationin RM SDS. Thisconfusion should
be settled by further studies. Figure 3 shows that at
corresponding time points the FA concentration in
RMBSS increased markedly (P<0.05) as compared
with normal rabbits. From Table 4 we a so found that
in RMBSS both the total volume of distribution (V)
andtotd diminationrate(CL g) decreased significantly
while FA elimi nation half-life time (ty,) and AUC
increased signific antly. Thisphenomenon may bedue
to the impairment of microcirculation induced by
HMWD infusion. HMWD can|ead to abnormal blood
rheology (dense, sticky, aggregative, coagulative). So,
itisimpossiblefor FA to be metabolized quickly and
distributed widely. In conc lusion, through this
experiment we found a significant difference in the
pharmac okinetic parameters between healthy rabbits
and RMBSS. Thisresults are coincide nt with S-PK
hypothesi g8,

The verification of R-PK hypothesis
Sofar, the orthodox academic society hasthought that
TCR-derived chemical com ponentsin vivo and their
PK are not detectable and enable to study because
they or their components are too complicated, trace
in quantity or unable to rep resent curative effect of
their parent TCR*>%, Therefore, the article related
to above problem israrely seen in recent years, and
resultedin hard to explore the basi c pharmacodynamic
substance of TCR. The R-PK hypothesis emer ged
in literature since 1991 holds the idea that TCR-
derived chemical componentsin vivo and their PK
are possibly to be determined*®.. However, t he
qualitative and quantitative analysis of LW and
LW& SM-derived TMPin vivo from Figure 1(C) and
itsPK from Figure 4 and Table 5 supported the R-PK
hyp othesis. Similarly, the determinations of over 20
TCR-derived chemical componentsinblood/urineand
their PK12812133 jn published papers are consistent
with the viewpoint of R-PK hypothesis. All these
achievements help elucidate the pharmacology of
TCM and TCRE,

From the results provided in Figure 4 and Table 5
we found that the absorption ( Ka), transport (K;)
and distrubution (Vc/F) of LW& SM-derived TMP
inrat serum were decreased significantly compared
with those of LW-derived TMP. In Figure 4 and
Table5 it also showsthat the concentration and AUC
of LW& SM-derived TMP in rat serum were lower
than those of LW-derived TM P, which could explain
why LW and SM are rarely used alonein a TCR.
This viewpoint supported the hypo thesis that the
combination of drugs in TCR could affect
pharmacokinetic paramet ers of TCR-derived
component invivo. It isextremely urgent to explore
whi ch component play animportant rolein thefield
of interaction of LW or LW&SM derived
components in vivo.
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INTRODUCTION

At present hepatitisB vaccineimmunizationisan unique
effective measure for controlling hepatitis B. It is
important to determine optimal immunization st rategy
for controlling HB and to rationally allocate health
resources. Fromt he angle of health economics, cost-
effectiveanalysis (CBA) isused for the evaluation of
economic benefit of the immunization strategies
implemented in different endemic areasof HB in China
in order to provide the evidences for decision-making
and revision of the current HB immunization strategy.

MATERIALS AND METHODS

Basic data

The data for low and medium endemic areas of HB,
involvingmorbidity andmortdity of HB andliver cancer,
cost of HB vaccine administration, overage personal
income, GNP, and expenses for medical treatment of
patientswith acute, chronic hepatitisB and hepatocel lular
carcinoma, were collected from the medical literature™?.
The corresponding datarelated to heavy endemic area
were obtained from the survey.

Definition of immunization strategies and
protective effectiveness
The principal immunization strategies currently
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implemented in Chinaand their effectiveness, which
were used as the basis for evaluation, were selected
from the related literature® for the sake of fair
comparison between the different endemic areas. The
definition of these strateg iesis as follows: () Low-
dose immunization strategy is defined as without
maternal predelivery HBeAg and HBSAQ screening,
and infancy vaccination with three or four doses (one
dose of booster) of 10 pg plasma-derived hepatitis B
vaccine, andyielding aprotective effectivenessof 85%.
(2) Based on maternal predelivery HBeAg and HBsAg
screening, high-doseimmunization strategy isknown
as infancy vaccinatio n with one of the following
regimens: infant with maternal HBeAg- and HBsAg-
negative only receives three doses of 10 ug plasma-
derived hepatitis B vaccine; infant with maternal
HBeAg and/or HBSAg-positive receives one dose of
30 pg and two doses of 10 pg plasma-derived hepatitis
B vaccine; or three doses of 20 pg plasma-derived
hepatitis B vaccine and one dose of hepatitisB immune
globin (HBIG); or three doses of 20 pg and one dose
of 10 ug (for booster) plasma-derived hepatitis B
vaccine. All provided aprotectiveeffectivenessof 90%.

Definition of heavy, medium and low endemic
areas

Therangeof HBsAg-positiveratefor heavy, medium
and low endemic areas of HB is defined as over
11%, from 5% to 10%, and less than 4%
respectively. Longan County, Jinan City and Beijing
were selected as the representative areas for the
heavy, medium and low endemic levels of HB in
China, respectively. The HBsAg- positive rate for
the whole population and pregnant women was 18.
0% and 11.9% in Longan County, 7.59% and 5.40%
in Jinan City, and 2.0% and 1.4% in Beijing,
respectively. The data collected from these three
places were used for CBA.

Study methods

CBA method was used to compare the data of
economic benefit between the different places.
Comprehensiveweighted scoreanalysis(CWSA) was
made for determining the optimal immunization
strategy. Definition and calculation formularelative
to four scales for evaluation of the strategies are as
follows: (a) proportion of individuals with HBSAg
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carriage prevented among imm unized population:
HBsAg-positive rate before immunization-HBsAg-
positiverate after immunization = HBsAg-positiverate
beforeimmunization x protective effectiveness; (b) net
benefit (NB) = total benefit-total cost; (c) benefit cost

ratio (BCR) =

here, thesignal B, denotesbenefit; C,, cost; r, discount
rate; t, time; n. lifetime saved. (d) Direct BCR
(DBCR) was known as a BCR which only involved
the expenses of medical treatment in hospital. The
basic principle and procedure of CWSA: First, four
kinds of standards, A,B,C,D, used for assessment of
every strategy to endemic areas of HB were defined
in terms of different weight score (from 0 to 4) of 4
scales. Standard A was designated as comprehensive
effectivenessin four scales: 4 scores (very important)
to scale | (HBsAQg) which denoted the reduced
proportion of HBSAg-positive rate between pre- and
post-vaccination; 1 score (lessimportant) to scale |l
(NB); 3 scores (important) to scalelll (BCR), and 2
scores (fairly important) to scale IV (DBCR).
Standard B: 4 scores to scale HBsA(Q; 3 scores to
scale NB; 2 scoresto scale BCR; and 1 scoreto scale
DBCR. Standard C: 4 scores to scale HBsAg; 3
scores to scale NB; 3 scores to scale BCR; and 0
score (not important) to scale DBCR. Standard D: 0
scoreto scale HBsSA(Q; 4 scoresto scale NB; 4 scores
to scale BCR; and 3 scores to scale DBCR. Then,
the score rank for four sca les was calculated
according to their corresponding value in each
strategy, the maximal score of any scale in all
strategies was 10. The cal culation of the score rank
was that a measured or estimated value of the scale
in each strategy wasdivided by the greatest measured
or estimated value of this scale among all strategies
being compared, then multiplied by 10. The total
comprehensive scores for each strategy was calcu
lated by the following formula: score rank for each
strategy x weighted score for each scale. Finally,
based on the same standard, for example, B, the total
comprehensive scoresfor al strategieswere compared
to screen astrategy with maximal scores. The strategy
possessing greatest total comprehensive scoresin all
standardseval uated was considered asthe optimal one.

Data analysis
All datawas analyzed with the software of verson SAS
6.0 and Excd 5.0.

RESULTS

Benefit from hepatitis B vaccination of different
strategies in differ ent endemic areas

Benefit of the low-dose strategy in three places
CBA wasconducted based on the actual epidemiologic
data of Longan County, Shanghai and Jinan City,

andassumingthat after theimplementation of theinfancy
low-dose strategy same protective effectiveness of
85% and coverage of 100% could beyielded in these
places. Theresultsindicated that the outstanding benefit
was obtained for all places inspite of their different
economic development level and different endemicity.
Longan had alower value of benefit scales compared
with Shanghai and Jinan except the DBCR scale. The
greatest value of dif ference between BCR and BCR
excluding the cost of liver cancer was found in Long
an (Table 1).

Table 1 Benefit of HB vaccination of the low-dose strategy for
three places with different economic development level and
different endemicity

Place

Longan Shanghai lJinan
HBsAg-positive rate before vaccination (%) 18.0 10.2 7.6
No. of neonates in 1987 7666 12 000 18519
Direct benefit* 286 345 562
Indirect benefit* 683 1571 1852
Total benefit* 969 1916 2414
Total cost* 18 22 42
Net benefit* 951 1893 2372
BCR 52.7 85.8 57.9
DBCR 155 15.4 135
BCR excluding cost of liver cancer 23.6 67.9 34.8
DBCR excluding cost of liver cancer 9.2 142 10.1
HBsAg-positive rate after vaccination (%) 3.1 2.2 15

*10 000 Yuan RMB.

Comparison of benefit from different strategiesin
three places Assuming that different immunization
strategieshad beenimplementedineach place, theresults
of CBA for three places showed that the low-dose strat
egy in Longan and Shangha would provide the highest
valuesin both scales, BCR and DBCR,; the high-dose
strategy (30 pug + 10 pg x 2 regimens) in Jinan would
yieldadightly higher BCR vauecompared withthelow-
dose strategy, 55.35 vs 54.52; and if exclud ing the
influence of difference of economic level between the
places (assuming that average persona incomefor three
placeswasthe samei.e.10 000in 1998), L ongan would
have agreater economic benefit, BCR, than Shanghai
and Jinan.

Determination of the optimal immunization
strategy in different endemic areas of HB

Analysis of sensitivity Based on the assuming
parameters invo lving birth number (10 000),
coverage (100%), screening proportion (90%), and
sensitivity for screening (90%), the influence of
changing endemicity level and strategies on benefit
was determined. The results indicated that if the
same immunization regimen and strategy was
adopted, rank of NB valuefor every strategy would
be seen in order of medium, heavy and low endemic
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aress, if BCR of the changing immunization strategies
in same endemic area was compared, the low-dose
strategy for al endemic areas would yield the greatest
BCR and DBCR compared with other strategy, leading
to BCR value of 49.91, 54.53 and 37.68 for heavy
medium and low endemic arearespectively; and DBCR
of 14.63, 12.69 and 5.61 for corresponding threeendemic
areas. No matter which strategy wastaken, the greatest
difference between DBCR and the BCR excluding liver
cancer might be seen certainly in the heavy endemic
area; the high-dose strategy would yieldthegreatest NB
compared with other strategy in any endemic area.

Comprehensive weighted score analysis Total
comprehensive scor e for each strategy of different
endemic areaswere cal culated according to four scales
of standard, A, B, C, D. Theresultsindicated that when
the goal of e xpectation (representative of standards A,
B, C) wasto decrease HBsAg-positive ratein general
popul ation, thelow-dosestrategy yie ded thehighest total
co mprehensive score. Even through ignoring the
decrease of HBSAg-carriage, i.e. only concerning the
economic benefit (representativeof standard D), thelow-
dosestrategy till yieldedthehighest total comprehensive
scorein different endemic areas. But whichever thefour
standards, the regimen of 10 pg x3 + HBIG classified
into the low-dose strategy always had the |east
comprehensive score, compared with any regimen of
bothlow and high-dose strategies. Thedetailsareshown
inTable2.

Table 2 Comprehensive weighted score analysis of the
immunization strategies in different endemic areas

Standard

Endemic- Immunization

area strategy A B C D

Heavy 10pg x 3 97.3 96.2 96.2 107.9
10 ug x 4 847 885 885 90.2
10pugx3+HBIG 834 89.9 89.9 86.5
30 ug + 10 pgx2* 931 959 959 100.4
20 pg x 3+ 10 pg*  90.6 94.3 94.3 96.8
20 ug x 3+ HBIG* 91.4 948 948 97.9

Medium 10pug x 3 97.3 96.2 96.2 107.9
10 ug x 4 847 885 885 90.2
10ugx3+HBIG 805 88.1 88.1 82.4
30 pg + 10 pgx2*  92.6 95.6 95.6 99.6
20 pg x 3+ 10 ug*  90.2 941 941 96.3
20 ug x 3+ HBIG* 91.2 947 947 97.7

Low 10 pg x 3 97.3 96.3 96.3 108.0

10 ug x 4 847 885 885  90.2
10pgx3+HBIG 781 866 866  79.0
0pg+10pugx2* 908 945 945  97.1
20pgx3+10pug* 883 929 929 936
20ugx3+HBIG* 896 937 937 954

"High dose strategy.

DISCUSSION

Theresultsof CBA and sensitivity analysisontheactua
datafrom Longan, Shan ghai and Jinan indicated that
the low-dose strategy yielded higher NB and BCRin
Shanghai and Jinan with higher level of economic
development; and DBCRinLonganwasdightly higher
than that in Shanghai and Jinan after excluding indirect
benefit; and the distribution of HBsAg-positiveratein
these three placeswas positively correlated with their
DBCR, suggesting that the higher theendemicity level
was, the bigger the DBCR obtained; the difference
between BCR and BCR exclud ing expenses of liver
cancer inLonganwasthe greatest compared with thatin
other two places, and the half of total expenses was
used for the treatment of liver cancer in Longan,
revealing that asignificant economic benefit would be
obtainedin hyperendemic areaof liver cancer assuming
that the morbidity of liver cancer could be prevented
through the HB vaccination. It is demonstrated from
theresults mentioned abovethat thelow-doseregimen
isan optimal strategy in economic benefit and hepatitis
B control for areas with different endemic and
economic levels/ However, the strategy, i.e., the
maternal HBV M s screening before d elivery and high
dosage vaccination (30 pug + 10 ug x 2), should be
adopted toim provethe protective effectiveness of HB
vaccine. Also, the results of CWSA use d for
determining an optimal strategy demonstrated that for
any endemicity level thelow-dose strategy yielded the
maximal comprehensive score compared with other
strategies, providing same conclusion with CBA based
on the actual data.

It isrecommended that in different endemic areas
of hepatitis B in China, the high-dose strategy is
suitable for the econom ically developed areas in
obtaining better protectiveeffectivenessin decreasing
HBsAg-positiverate. However, thelow-dose strategy
is optimally used for poor rural areas based on its
outstanding economic benefit and better protection
against HBV.
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INTRODUCTION

Hepatitis B is one of the common infectious diseases,
which severely impairs the health of the peoplein our
country and has close relationship to theinitiation and
progression of chronic hepatitis, cirrhosis, and liver
cancer. Therecent researchesindicate that the mutation
of HBV precoreexigtsinthe patientswith these diseases
as stated above>®l. According to the recent publicati
ons, the mutation of HBV attracts great interests of
investigators. Themajor mutation pointsinHBV precore
arethepoint in sites 1896 (A 1893) and 83 (A83), which
areboth of G— A point mutationg®.Based onthe DNA
sequence of precoreregion of HBV, the method of 3'-
base specific polymerase chain reaction (3'-BS-PCR)
isapplied to analyze the 1896 sitemutation of HBV in
126 clinical serum samplesand 23 patients’ tissuesand
ser awhose tumors have been surgically excised and
pathologicaly diagnosed.

MATERIALS AND METHODS

Reageants and Instruments

Primers were ordered from Life Technology
Company, USA; Proteinase K, Taq Polymerase,
MgCl,, PCR reaction buffer ordered from HuaMei
Biotechnology Company; other reagents were of
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andytical purity and madein China. HemaThermocycler
wastheproduct from Zhuhal HemaMedica Instruments

Company.

Specimens

The 126 serum samples were collected from
outpatientsand inpatients of Department of I nfectious
Disease, theFirst Affiliated Hospital of Anhui Medical
University from November 1996 to August 1997.
Seventy-two patientswere infected by HBV, and 14
by HAV. Forty were HBSAQ negative diagnosed by
the method of RPHA.. The 23 samples of liver cancer
tissues were the surgical specimens from HCC
patientsin Department of Surgery, theFirst Affiliated
Hospital of Anhui Medical University who were
corroborated by pathological diagnosis. The
corresponding serum was obtai ned before operation.
These patients are diagnosed according to the
diagnostic criteria stipulated by the Sixth National
Meeting of Hepatitis, 1990.

DNA extraction from serum

Into 125 pL of the serum to be examined, add
125 yL HBV DNA extraction buffer (200
mmol-L* NaCl, 2 mmol-L*- EDTA, 1% SDS, 100
mmol-L* Tris-HCI, pH 8.0) and 6.25 puL
Proteinase K (2 g-L ). Incubate in 37°C water
bath for 6 hours. Extract with phenol and
chloroform, precipitate the HBV DNA with
ethanol, dissolvein 20 uL sterilere-distilled water
and store at -20°C.

DNA extraction from the liver cancer tissues
Into the 200 ug HCC tissue, add 500 pL. of DNA extract
buffer (100 mmol-L* NaCl, 1 mmol-L* EDTA, 0.5%
SDS, 50mmoal-L* Tris-HCI, pH 8.0). Homogenize onic
e. Add 50 pL of ProteinaseK (2 g-L ™). Incubatein 37°C
water bath for 6 hours. Extract with phenol and
chloroform, precipitate the HBV DNA with ethanol,
dissolvein20 uL erilere-digtilled water and storeat -
20C.

PCR

The primers are designed according to the recorded
HBV-DNA sequence, the principle of 3'-BS-PCR,
and the papers published by Goergen!® i.e. 3 °
primer (GW-1-1d) TCCACA CTCCAA AAGACA
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(2287-2270), wild type 5’ primer (GW-1-1a)
GTGCCTTGGGTGGCT TTG (1879-1896) and
mutant type 5’ primer (GW-1-1b) GTG CCT
TGG GTG GCT TTA (1879-1896). Into the 10
puL DNA extracted from serum or tissue diluted
into 5ng- puL!, add PCR reaction buffer
[10mmol-L-t, Tris, 50 mmol-L-* KCI, 2 mmol -L*
MgCl,, 0.001% Gelatin, 200 pmol-L*dNTPs, 0.
5 pumol-L* primers (wild type: GW-1-1la+GW-1-
1d; mutant type: GW-1-1la+GW-1-1b) and 0.5 uL
Taq DNA polymerase (3U-uL™1)], covered with
mineral oil, run PCR: 93°C 1min, 64°C 1 min, 72
C 1min, 30 cycles, 72°C 5min. Aspirate 8 pL of
PCR products, check the results with 1.5%
agarose gel electrophoresis. The positive band
is of 408bp.

RESULTS

3’-BS-PCR of HBV DNA

Using the specific oligonucleotides designed
according to the DNA sequences of mutant and
wild types the results showed that the amplified
specific DNA of wild and mutant types of HBV
in precode C were both of 408 bp. Figure 1
shows the PCR results of the DNA extracted
from 126 patients’ serum obtained at dif ferent
stages, which demonstrates that constant results
can be achieved when repeated. The PCR
results of the 14 patientsinfected by HAV were
all negative.

Figure 1 PCR results of HCC patients’ point mutatio n in site
1896 of HBV precore.

1. 100bp DNA Marker; 2. positive control; 3. negative control; 4.7.
sample numbers

Analysis of the 126 patients’ point mutation in site
1896 of HBV precore

Of the 72 patients with chronic hepatitis examined
withthe 3'-BS-PCR of HBV DNA, 58 were positive
inwildtype, 13 werepositivein mutant typeonly, 21
were positive in both types. The positive rate of
mutant type was 47.2% (34/72); the positive rate of
mutant type only was 18.1%, the positiverate of both
types was 29.1% (21/72). Neither of these types
were detected in the 40 patients with negative
HBsAg.

Detection of HBV precore gene in the 23 HCC
patients (Table 1).

Table 1 The HBV precore and its mutant type detection in 23
HCC Patients n (%)

HBV precore positive
Total HBV precore HBV precore.
positive negative Mutant type Wild type Mixed type

Tissue 23(100%)  12(52.2)
Serum 23(100%) 7(30.4)

6(26.1) 5(21.7) 12(522) 5(21.7)
16(69.6) 6(26.1) 4(17.4)  3(13.0)

The positive rate of the 23 HCC patients’
surgically excised tissues and pre-operational serum
was 52.2% (12/23) and 30.4% (7/23) respectively. In
order to exclude the possibility of contamination,
negative controlsand positive controlswere performed
eachtime.

DISCUSSION

The establishment of 3'-BS-PCR method for the
analysis of point muta tion in site 1896 of HBV
precore

The mutation of HBV may have aclose relationship
tothe continuousHBYV infection and the deterioration
of liver after the infection. The research on the
mutation of HBV will greatly promote the clinical
analysisof HBV infection and its subsequent di seases.
The common methods to detect point mutation are
DNA sequencing and SSCP, which are expensive,
time-consuming and unsaitable for clinical practice.
In order to fulfill the requirements of further
researches on HBV mutation and its application to
the clinic, we established the 3'-BS-PCR method for
the analysis of point mutation in site 1896 of HBV
precore.

According to the principle of primer design that
only when the last base of primer’s 3' end must
strictly matchits corresponding template could PCR
be accomp lished, the reports of Georgen!® and the
phenomenon that the nucleotide of site 1896 of HBV
precore mutates from G to A, the corresponding 5’
primers of wild and mutant typeswhose 3' terminal
base are G and A respectively were des igned to
amplify the wild or mutant type DNA of the HBV
precoreregion. Georgen!® has successfully applied
this kind of method to detect the point mut ation of
site 1896 in the HBV precore in the patients with
positive anti-HBe re sults, which have been
confirmed by DNA sequencing. The positive rates
of thissite’s point mutation were slightly higher
than the other reports'®. It may be because most
patients investigated were inpatients from the
Department of Infectious Diseases whose liver
damages were more severe than those from out
patients. This explanation is supported by the
recorded reports that the positive rates of mutant
type are unanimous with the conditions of theliver



Wang Y, et a/. HBV mutation in HCC patients

397

damages. The establishment of this method providesa
new approach to study the HBV infection and analyze
theliver damage.

The study on the integration of HBV precore gene
in HCC

Many researches have shown that the infection of
HBV has a close relationship with the
carcinogenesis of liver cancer and is one of
important factors inducing the liver cancer. With
theresearch progressesin molecular oncology, two
kinds of genes, oncogenes and anti-oncogenes, that
have closerelationship to carcinogenesis have been
discovered. In the development of HCC, the
activation of oncogene and theinactivation of anti-
oncogene are frequent events, which cause the
changes of the qualities or quantities of the
important proteins that they are encoded and
eventually lead to the carcinogenesis of normal
cells. Theintegration of HBV DNA in the genome
of the cells infected by the HBV is an important
factor that bringsthe instability of chromosomesin
liver cellg®.

Therefore, itismeaningful to investigate the HBV -
DNA fragments'integration and its effect on the
activation of oncogene and inactivation of anti-
oncogene. Our research showsthat 12 of 23 primary
HCC patients were found to have the HBV precore
in the cancer tissues whose positive rate was 52.
2%. Among thes e patients, the HBV precore DNA
were detected in 7 patients’ serawhose positiverate
was 30.4%. The results indicate that the HBV
precore gene widely exists in liver cancer tissues
and the replication of HBV is accompanied by the
development of HCC.HCC patients (21.8%,

5/23) had negative resultsin serum but positiveresults
in cancer tissues, which indicates that these patients
had HBV precore DNA fragmentsintegrated in their
liver cellsand there was no virusreplication. We plan
to study whether thereisan integration in the genome
of liver cellsusing Southern Blot. Among these HBV
precore positive patients, the patients with mutant type
detected in thetissueswereall wild type. Only half of
the patients with mutant type detected in the serum
were also wild type. A hypothesis could be made that
the HBV precore may mutate during long host in the
liver cell and may play an important role in the
transformation of normal liver cells.

REFERENCES

1 Ulrich PP, Bhat RA, Kelly I, Brunetto MR, Bonino F, Vyas GN. A
precore defective mutant of hepatitis B virus associated with
eantigen-negative chronic liver disease. J Med Virology, 1990;32:
109-118

2 Fattovich G, Mclntyre G, Thursz M, Colman K, Ginliano G, Alberti
A, Thomas HC, Carman WF. Hepatitis B virus precore/core varia-
tion and interferon therapy. Hepatology, 1995;22:1355-1362

3 Guptan RC,Thakur V,Sarin SK, Banerjee K, Khandekar P. Fre-
guency and clinical profile of precore and surface hepatitis B
mutants in Asian-Indian patients with chronic liver disease. Am J
Gastroenterol, 1996;91:1312

4 Luber B, Arnold N, Sturzl M, Hohne M, Schirmacher P, Lauer U,
Wienberg J, Hofschneider PH, Kekule AS. Hepatoma derived inte-
grated HBV DNA causes multistage transformation in vitro.
Oncogene, 1996;12:1597-1608

5 Robinson WS, Klote L, Aoki N. Hepadanaviruses in cirrhotic liver
and hepatocellular carcinoma. J Med Virol, 1990;31:18-32

6  Georgen B. Comparison of mutation specific PCR and direct se-
guencing of PCR-products for the detection of the HBV pre-C
stop codon. Hepatology, 1992;16:232

7 Wang Y, Li X, Zhou Q. Analysis of precore site mutation of
hepatitis B virus by polymerase chain reaction. Anhui Yike Daxue
Xuebao, 1998;33:251-253

8  Robinson WS. The role of Hepatitis B virus in development of
primary hepatocellular carcinoma. J Gastro Hepatol, 1992;7:622

9 Wang XF,Liu HD, Wang JR, Zhou F, Lei PJ.Studies of HBV precore
region 1896 site mutation of patients with hepatitis B and
hepatoma. Zhonghua Chuanranbingxue Zazhi, 1996;14:11-13

Edited by You DY
proofread by Sun SM



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

World J Gastroentero, 2000; 6(3):398-399
World Journal of Gastroenterology
Copyright[12000 by the WJG Press ISSN 1007-9327

Orthotopic liver transplantation for fulminant

hepatitis B

Xiao Shun He, Jie Fu Huang, Gui Hua Chen, Qian Fu, Xiao Feng Zhu, Min Qiang Lu,Guo Dong Wang and

Xiang Dong Guan

Subject headings hepatitis B; liver transplantation;
lamivudine

He XS, Huang JF, Chen GH, Fu Q, Zhu XF, Lu MQ, Wang GD,
Guan XD. Orthotopic liver transplantation for fulminant hepatitis
B. World J Gastroentero, 2000;6(3):398-399

INTRODUCTION

When fulminant hepatitis progresses to deep
encephaopathy, withstagelll or IV coma, itiscommonly
irreversible with ahigh mortality rate (80%-100%)!™.
Liver trangplantation may bethe soletrestment of choicein
such circumstan ces. However, the early results have been
disgppoainting, largdy duetothefrequency of posttransplant
HBV infection’>¥, Thisrecurrent disease often developsin
an aggressve manner characterized by highlevelsof HBV
replicationandrapidly progressiveliver graftdamage. Inrecant
years, however, asnew antivird agents, suchaslamivudine
came into being, the patient’s survival ha s much been
improved. The purposeof thisstudy is to assessthe effect
of OLTx inaseriesof 7 paientswith fulminant hepatitisB,
andto evduate the fficiency of lamivudine on preventing
paientsfromHBV reinfection.

MATERIALS AND METHODS
Between October 1993 and August 1999, 7 adult male
patients with hepatitis B wer e referred for liver
trangplantation. Their ageat thetime of operation ranged
from 32 yearsto 49 years (median age 42.9 years). All
patientswerepositivefor HBV surfaceantigen (HBSAQ),
and 2 had evidence of viral replication. The latter was
demonstrated by positive hepatitis B eantigen or/and
HBV-DNA. Patient profilesare shownin Table 1.
All patients received orthotopic liver
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transplantation 1 to 10 days after admission. Initial
immunosuppression with cyclosporine A(CsA), and
methylprednisolonewasusedindl cases. Inthelatter 3
cases, tacrolimus (FK506) was given orall y when the
patients resumed oral intake. Doses were adjusted in
thefirst monthto maintain 12 htroughlevelsof 10g/L to
15g/L. Prophyl axisfor cytomegalovirusinfection was
started immediately after surgery with acyclovir or
ganciclovir for 2 week. Lamivudine was administered
orally, 100 mg or 150 mg daily in 5 patients when it
became commercialy available, and thetreat ment was
not interrupted in any patient.

RESUITS

All patientsin this series recovered consciousness 24
h after OLTx. Of them, five recipientswere still alive
and well with normal liver function during afollowing
up period of 3-7 months. One patient with grade 111

hepatic encephal opathy died dueto HBV reinfection
36 days after liver transplant. Another pat ient with
preoperative esophageal varicosis bleeding died of

multi-organ failure 3 daysafter transplantation. Various
medical and surgical complicationsoccu rredintwo of

the five survived patients. One developed recurrent
onset of epil epsy necessitated continuous antiepileptic
therapy. Another devel oped stenosiso f inferior vena
cava, whichwassuccessfully treated by balloondilation
and stent replacement.

No acute or chronic graft rejection occurred in
any patient. In patient 1,viral replication disappeared
within 1 month following OLTx and became positive
thereafter. The other 6 patients had anegative HBsAg
within 3to 14 days after OLTx and all had a negative
viral replication. No side effectswere noted concerning
| amivudinetreatment.

DISCUSSION

Hepatitis B isacommon disease in mainland China. It
was estimated that HBSAg c arriers accounted for 10%
of thetotal population. However, the natural history of
hepatitis B can be quite variable. Even once signs of
portal hypertension develop, many patientscangoyears
before complicationsdevelop that impair the quaity of
their lives. By contrast, others can have stableliver dis
ease for quite some time and then deteriorate quickly,
oftenrelatedwith bleedi ngorinfection. Thusitisdifficult
to make accurate decisions about the timi ng of liver
transplantation. In general, once the patient’s liver
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disease beginsto imp air quality of life, the physician
should consider an eva uationfor transplantation. Based
on this understanding, fulminant or sub-fulminant
hepatitisisjustifiablefor liver transplantation. According
tothe experienceof King'sCollegeHospital inLondon,
the selection criteriafor transplantation in hepati tis B
are based on the occurrence of three of the followings:
aprothrombin time greater than 50 seconds; ajaundice
to encephal opathy time of more than 7 days; non-A,
non B hepatitis or drug-induced hepatitis, age younger
than 10 years or older than 40 years; bilirubin greater
than 300 umol/L; or thefinding of aprothrombintime of
greater than 100 secondsin isolatio n. In the present
series, dl 7 patients met the above mentioned criteria.
Theoveral survival rate of our seri eswas 71.4% after
a3-7 monthfollow-up period. Themortdity rateof those
p atientswith fulminant hepatitis B was 29.6%. Of the
two patientswho died, one died 5weeksfollowing OLTx
of recurrent fulminant hepatitisB, indicating thehighrisk
of HBV reinfection when the serum HBeAg was
positive. The other patient died of multi-system organ
failureon postoperativeday 3. Neverthel ess, the overall
outcomes were to our satisfaction and support the
continued application of liver transplantation as a
therapeutic measurefor fulminant hepatitis B.

It has been found that nearly 100% of patients
showing evidenceof activeviral replication, i.e. serum
HBV-DNA or/and HBeA(g positive, and 70%-80% of
those with HBV DNA or HBeAg negative prior to
OLTxandreceived noimmunoprophy laxis, devel oped
recurrent HBV infection of thegraft following OLTX(®.
The recurrent disease may manifest as rapidly
progressive disease. In our series, patient 1

devel oped fulminant hepatic failure 5 weeksfollowing
OLTx. Interfe ron (IFN) has been used both
prophylactically and therapeutically after OLTx in pat
ientswith recurrent HBV, but it has proved to be mostly
ineffective and may lead to further complications™. In
recent years, perioperative administr ation of hepatitisB
immunoglobulin (HBIg) hasbeen reported to reducethe
incid ence of recurrence. But, it requires prolonged
parenteral treatment and does not suppress viral
replication. Additionaly, availability of HBIg could be
limited and the costsrelated to prolonged use of HBIg
arevery high'®. These disadvantages of HBIg prevent
it from wide clinical use. Because high level viral
replication seemsto beimportant in the pathogenesis of
HBV recurrence, ther e has been great interest in the
potential role of nucleoside analogue with anti -HBV
activity. Themost promising arelamivudineandfaciclovir.
Both agents have been eva uated in both anima m odel
of HBV andclinical trial and have been showntorapidly
suppressvird replication. Lamivudineprophylaxisafter
liver transplantation resultedinacompl eteand sustained
suppression of vird replicationin OLTx recipients. In
our study, 5 patientsreceived lamivudinetreatment, no
side effect has been identified, and the treatment was
not interrupted in any patient. Thedosesof 100mgdaily
suppressed HBV-DNA to undetectable levelsin one
patient. Serum HBsAg became negative and HBeAb
became positive after transplantationin all the patients.
No casesof HBV reinfection were noted in lamivudine-
treated patients. Theresultsindicated that lamivudineis
abeneficia and well-tolerated therapy in OLTx with
HBV infection. Thelong-termeffectsof lamivudinearebeing
investigated.

Table 1 Details and results of 7 patients underwent OLTx for fulm inant hepatitis B

Patients Age/Sex Medical history Bilirubin  Encephalopathy =~ ABO Lamivudine Outcome  Cause of death

No. (umol/L) compatibility  regimen

1 32/male 478.0 1 Identical ) Died HBV reinfection

2 44/male Biliary surgery x 2 756.1 | Identical ) Alive

3 49/male Nasopharyngeal carcinoma 141.3 | Identical -) Alive

4 48/male Epilepsy due to brain trauma, PE x 3 787.1 1 Identical +) Alive

5 48/male Hepato renal syndrome duodenal ulcer, PE x 4 500.7 \Y Identical +) Alive

6 44/male Esophageal varicosis bleeding,PE x 2 937.5 11 Compatible ) Died Massive bleeding and
multi-organ failure

7 35/male Tuberculosis, PE x5 432.6 | Incompatible +) Alive

PE: plasma exchange
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INTRODUCTION

The hepatitis A virus specificimmunoglobulin M(IgM)
antibody isaspecificserologica marker for early diagnosis
of hepatitisA. At present, the methods used at home or
abroad for detecting anti-HAV IgM areRIA, ELISA and
SPHAI. Thedot immunogold combination assay that has
been devel oped since 1989 isanew technique with the
property of smpleand rgpidimmunol ogica detection, by
usingthered colloidd gold particlestolabdl theantibodies
asindicator, and themilliporefiltering membrane coated
with antigen as the carrier. Affected by filtration and
condensation, the antigen antibody reactionisenabled to
goonrapidly. Whenthereactionispostive, red dotsappear
on the membrane. It takes about 2 min to 4 min for the
wholereactiontobecarried out. Withtheabovetechnique,
we have established the dot immunogol d filtration assay
(DIGFA) for rapid detection of anti-HAV 1gM with
comparatively satisfactory results.

MATERIALS AND METHODS

Materials

The hepatitis A virus antigen (HAAG) was the cell-
cultured antigen, some of which were purchased from
the Reagent Factory of Chinese PLA 302 Hospital and
therest was prepared by our ingtitute. The anti-human
I chain monoclonal antibody was purchased from the
teaching and research group for immunology of our
university. The sheep anti-human IgM antibody was
purchased fromtheimmunol ogica roomof ChinesePLA
302 Hospital. The chloroauric acid was the product of
the Chendu Chemical Plant with the batch number of
93082. Part of the serum samplesfrom hepatitisA patients
was supplied by the Department of Epidemiology
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andtherest wascollected fromthe Xi’ anMunicipa Chil
dren Hospital and the Railroad Central Hospital with
diagnosisin accordance with the standards revised by
the Shanghai Conference heldin 1990. The seraof the
patientssuffering fromepidemichemorrhagicfever were
supplied by Professor Sun of the Department of
Epidemiology. The remaining serum samples were
obtained from the Xijing Hospital. The ELISA kitsfor
anti-HAV 1gM detection were purchased from the
Nanjing Military Medical Research Ingtitute.

Methods

Principle Theserumto betested wasput onthemillipore
membrane previously coated with HAAGg. If therewas
anti-HAV IgM, theHAAg-anti-HAV I1gM colloida gold
complex wasformed onthe membraneasred dotswhich
werevisibleto the naked eyes.

Preparation of colloidal gold It was prepared
according to the methods by Dar et al'. Fifty mL of O.
2 g/L chloroauric acid was heated to the boiling point
with 1.2 mL of the 10 g/L sodium citrate added |ater.
Theboiling lasted 5 min. The preparation waswell done
and finished when it became dark red in color.
Anti-human p chain antibody colloidal gold
labelling It was prepared according to referencel? with
themain proceduresasfollows: Using 0.1 mol/L K,COs;,
1 mL colloida gold wasregulated to havethe pH of 8.0
or 9.0. With the help of magnetic stirring, the F(ab’)2
anti-human 1 chain monoclonal antibody or sheep anti-
human IgM was added. After 10 min, thebovine serum
albumin (BSA) was added to get the concentration of
10 g/L. After that, the mixture was centrifuged at 2 500
x gfor 5 min. The supernatant was further centrifuged
at 12000 x g for 20 min. The supernatant was discarded
and the precipitate was dissolved by 5 g/L BSA-PBS,
thusforming thecolloidal goldlabelling reagent.
Millipor efilteringmembr anetreatment and antigen
immobilization The nitrocellulose membrane with
millipore diameter of 0.65 um produced by the attached
factory of the Beijing Chemical School was soaked by
triple-digtilled water and then dried spontaneoudy. The
disc, 1 cm in diameter was made from the prepared
membrane with a punch, was soaked in 0.05 mol/L
carbonate buffer and then dried in air.One uL HAAg
solution was dripped onto the center of the disc. After
dried at room temperature, the disc was enclosed
with 5 g/L BSA, thenrinsed with the PBS-T twicefor
10 mineach time. After being dried, it was put into the
sdlf-madeimmunefiltration plate.
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Testing methods The immune filtration plate was
numbered with the corresponding serum numbers, tothe
center of the membrane, dripped adrop of 0.01 mol/L
PBS-T to activate the surface of the membrane. After
the PBS-T wasfiltered into the membrane, 10 uL of the
serumwasdripped dowly tothe center of themembrane.
Then, themembrane center wasflushed by 2-3 drops of
washing solution. After that, 30 uL of the colloidal gold
labelling reagent wasadded. After thelatter wasfiltered
intothemembrane, the center wasflushed with 2-3drops
of washing solution. Red dotsinthe center denotepositive
results, while colorlessmeans negative.

Blocking test A: Ten pL of anti-HAV IgM positive
serumwas added to 10 pL of anti-human IgM working
solution. B: Ten L of the positive serum was added to
20 L of theHAAg origina solution and mixed evenly.
The solution was kept in the water bath at 37°C for 1
h. The sera treated in both ways were put on the
membrane. The DIGFA was made following the steps
depicted above.

2-ME destruction tests Ten uL of 0.2 mL/L -
mercaptoethanol (2-ME) was added to 10 pL of anti-
HAV IgM positiveserumand mixed evenly. Thesolution
waskept in water bath at 37°C for 1 h. Thetreated sera
were used to do thetests of DIGFA as described above.
ELISA tests Thetests were performed according to
the operativeinstructionsin astrict way.

RESULTS

Comparison between DIGFA and ELISA Two
hundred and seventy nine serum samplesweretested in
acontrast way with the DIGFA and ELISA. Theresult
was that 148 samples were positive and 125 samples
negative with both methods. If the EL1SA was used as
thereference standard, the specificity of the DIGFA was
98.4% and the sensitivity 97.3%. The coincidental rate
of both methods was 97.8%.

Blocking tests and 2-ME destruction tests Ten
samples of anti-HAV IgM positive seratested by the
DIGFA and EL I SA were chosen at random, al changed
to negative after undergoing the blocking affect.
Besides, the 10 serum sampleswhich were treated by
the 2-ME also changed to negative. Thistestifiesthat
what was detected by the DIGFA was surely the anti-
HAV IgM.

Results of detection on non-hepatitisA sera Forty
serum samples from epidemic hemorrhagic fever
patients, 10 serum sampleswith positiveanti-HBc IgM
and 41 serum samples from the blood donors were al
negative when tested by the DIGFA.

Rheumatoid factor interference tests Twenty
sampleswith positive rheumatoid factor (RF) wereall
shown negative resultsby DIGFA.

Repetitive tests Ten anti-HAV IgM positive
samplesand 10 negative sampleswhich were chosen
at random weretested repeatedly for fivetime. They
all showed theidentical results.

DISCUSSION
The dot immunogold test is a new immunological technique
which has been developed in recent years®*4. Since the
milliporefiltering membrane not only absorbsprotein, but dso
affords rapid filtration and acts as capillaries, the antigen or
antibody in serumisableto combinergpidly with the counterpart
on the membrane. Moreover, as the colloidal gold labelling
reagent isred in color, red dots appear after the combination
takes place. Therefore, no color devel oping reagent is needed.
This method that has aroused our interest greatly not only
keeps with the sensitivity and specificity of the ELISA and
RIA, but dso with the advantage of affording prompt result.
In China, to detect Anti-HAV IgM, the ELISA

and RIA are mainly used®™®, but the successful employment
of the solid-phase immunoadsorption hemaggl utination
inhibition test™ has been reported. However, the drawbacks
of ELISA and RIA lie on their requirement of prolonged
operation time, complicated procedures and instruments,
and some reagents having carcinogenic or radionuclide
effects may be harmful to the handlers or polluted the
environme nt if not properly disposed. Furthermore, the
activity of HAAg is unstable and may be likely influenced
by temperature, so it is hard to obtain a reagent kits with
reliableefficiency. Asfor the solid-phaseimmunoadsorption
hemagglutination inhibition test, the operation timeisalso
long and no kit isavailable. The advantagesin using DIGFA
to test the Anti-HAV IgM are as follows: The operation
period is shortened from a few hours to 5 min and the
results are reliable and visible to the naked eye. The
specificity and sensitivity are approximately equal to those
of the ELISA and not influenced by RF. The HAAg from
cultured cellsiscoated on thenitrocellulose milliporefiltering
membranein asolid phase, with durableactivity; the colloidal
gold labelling reagent can be preserved beyond one year;
the manipulations are simple and no sophisticated testing
instrument required; the operator can betrainedinasimple
way, and may become acquainted with whole operation
technique in a short time.

Therefore DIGFA is an ideal method utilized in the
early diagnosisand the epidemiological study of hepatitisA.
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INTRODUCTION

Salvianolic radix, one of the most commonly used
traditional Chinese herbs, waswidely studied about its
actionsagaingt liver injury and fibrosis, and was one of
the focuses of recent researchi*?. Salvianolic acid-A
(SA-A) was an aqueous soluble component of
Salvianolic radix. In our previous work!?, SA-A was
found to have protective effectsagainst liver injury and
fibrosisinduced by carbon tetrachloride (CCl,) inrats.
Inorder toinvestigatethe effect of SA-A on peroxidation
in hepatocytes, weinduced theinjured hepatocyte model
by CCl, fumigationinvitro, treated the cell model with
SA-A or agueoussolublevitamin E (VitaminE), thelatter
served asthe control drug, and observed theinfluences
of the drugs on the functions of the hepatocytesinjured
by peroxidation.

MATERIALS AND METHODS

Animals

Wistar rats, male, specific pathogens free (SPF),
weighing 140g-160g, wereprovided by the Experimental
Center of Animals, Shangha University of Traditiona
ChineseMedicine.

Drug
SA-A, molecular formula CyxH»,0,, molecular
structure as Figure 1, weight 494, was extracted and
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Chinese Academy of Sciences. Vitamin E was
purchased from Hoffman Co. USA.
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Figure 1 SA-A molecular structure.

Main reagents

Purified type Il collagenase (specific activity,
960U/mg), insulin and dexamethasone were
purchased from Sigma Co. USA. Soybean trypsin
was from Institute of Biochemistry, Chinese
Academy of Science; ficoll was from Shanghai
Second Chemical Reagent Factory; medium 199
(M199) from Gibco Co., USA; carbon tetrachloride
(CCly), analytical grade, from Yixin Third Chemical
Reagent Factory, Jiangsu Province; and newborn
bovine serum (NBS) from Shanghai Sino-American
Co.

Isolation and culture of hepatocytes

According to a modified method™, hepatocytes
wereisolated and primarily cultured from rats. In
brief, after anesthesiawith ether, therat liver was
perfused in situ with Ca?* and Mg®* - free Hank’s
solution viathe portal vein for 5 min, followed by
perfusion with Hank’ s solution containing 0.5 g/L
collagenase for 20 min. Theliver wasthen excised
and minced with forceps to remove Glisson’s
capsule and theliver cellsdispersed. Theliver cell
suspension was filtrated with double layers of
gauze and was adjusted to 2 x10'%L. Then 5 mL
cell suspension was added onto the top of 20 mL
492 g/L Ficoll, and centrifuged at 50 x g, 4C, 5
min to purify the hepatocytes. The cell recovery
was about 1 x 10 cells per liver, the purity was
more than 95% identified by the cell typical
appearance viaphase contrast microscope, and the
viability was more than 90% assessed by trypan blue
exclusion. Hepatocyteswere suspended with M 199
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containing 5% (v/v) NBSto adjust their density to5x 10°
cellg/L, seeded on plastic dishes (Nunc, Denmark) and
primarily cultured at 37°C inahumidified aamosphere of
50mL/L CO,and 950 mL/L air.

Induction of hepatocyte peroxidative injured
model

According to David method!, the peroxidatic injury
of hepatocytes was induced by CCl, fumigation.
Briefly, after 48 h of isolation and culture, the cells
were placed in sealed box, to which 1 mL/L CCl,
was added, and the cells were fumigated with CCl,
at 37°C for 24 h.

Drug treatment

Normal hepatocytesin disheswere divided into the
following groups: thenormal, the control, vitamin E
(2 x 10mol/L™) and SA-A treated groups at
different concentrations (10*mol/L-10®mol/L) . All
but the normal group, were incubated with vitamin
E or SA-A at different concentrations and
fumigated with CCl, spontaneously for 24 h, then
the culture medium was col |l ected respectively and
stored at -70°C until assay.

Biochemical index assay

TheALT and AST in culturemedium were assayed with
Rriman and Frankle method, malondiadehyde (MDA)
with Bacon' smethod®. Superoxide dismutase (SOD),
catalase (CAT), lactase dehydrogenase (LDH),
glutathione peroxidase (GSH-PX), glutathione (GSH)
were measured following the protocol s provided by the
manufacturer (Jianchueng Biochemical Technological
Ingtitute, Nanjing).

Statistics
Chi- square test and q test.

RESULTS

The cell morphological changes

After 48 h of isolation and culture, primary
hepatocytes gathered, attached and grew very
well. At 24 h after fumigation with CCl,, the
hepatocytes partially shrank, their plasma
membrane became rough and organelles swollen.
When the cell models were incubated with SA-A
or Vitamin E, the plasma membrane became
smoother and the organelles less smother than
those of controlled model cells.

Effects of SA-A or Vitamin E on ALT, AST and
LDH activity in hepatocytes injured by
peroxidation

The activities of ALT and AST both increased,
while the former increase more obviously. LDH
activity enhanced approximately 20 folds. SA-A
inhibited these pathological increase in dosage

dependent manner, and among al concentrationstested
the 10“mol/L SA-A had the best effect on the cell
structure and enzymes. The effect of SA-A was better
than that of Vitamin E, but 10’mol/L-10®*mol/L SA-A
was not effective compared with the control (Table 1).

Effects of SA-A or Vitamin E on MDA contents
and the activities of SOD and CAT in hepatocytes
injured by peroxidation

MDA content in the control nearly doubled that of the
normal, and the activities of SOD and CAT increased
remarkably. SA-A decreased thesepathol ogical changes,
and 10*“mol/L SA-A had asignificant inhibitory action.
Vitamin E a so decreased the MDA content markedly,
but had no obviousinfluenceon SOD activity (Table2).

Effects of SA-A or Vitamin E on GSH content and
GSH-PX activity in hepatocytes injured by
peroxidation

After the hepatocyteswereinjured by peroxidation, the
GSH-PX activity increased but GSH content decreased
remarkably. 10*mol/L SA-A or Vitamin Einhibited the
increase of GSH-PX activity and the decrease of GSH.
For the extent of inhibitionin GSH lowering, SA-A 10
“mol/L issuperior to Vitamin E (Table 2).

Table 1 Effects of SA-A on ALT, AST and LDH activities in
hepatocytes injured for 24 h (n =6, X £ 3)

Group ALT(ULY)  AST(ULY LDH(U-LY)
Normal 18 + 2.8° 56 + 3.8° 77 + 38°
Control 103 £ 6.5 176 £ 9.1 1674 + 128
10“*mol-L* SA-A 49 + 2.9vd 134 + 5.0 1050 + 83
10°°mol/L SA-A 72 + 3.9 177 £ 8.3 1551 + 88
10mol/L SA-A 91 + 11.12 177 £ 9.2 1602 + 88
10"mol/L SA-A 96+ 7.9 181 £ 6.7 1657 + 81
10¥mol/L SA-A 93 +11.4 181 + 10.7 1684 £ 71
Vitamin E 86 + 7.6° 182 + 10.7 1509 + 302

2P<0.05; °P<0.01, vs Control; 9P<0.01 vs Vitamin E.

Table 2 Effects of SA-A on the contents of MDA and GSH and
the activities of SOD, CAT and GSH-PX in hepatocytes injured
by peroxidation (n =6, X = s)

Group MDA(umol L% SOD(U-LY) CAT(U-L?) GSH(UL?) GSH-PX(U-L?)
Normal 511+091° 304+286° 128+345 127+013> 16.7+8.84°
Control 9.17+080 59.0+223 866+1300 036+0.07 90.9+1100
10°mol/L SA-A 679+ 081 456+3.26™ 17.3+350" 095+0.02¢ 652+ 1.24°
10*mol/L SA-A  767+111 552+244 383+11.82° 040+004 81.8+17.54
10°mol/L SA-A  827+150 57.6+327 49.9+678 038+010 841+19.11

Vitamin E 752+0.69 558+4.03 27.6+322° 0.49+0.07* 63.64+10.57°

2P<0.05, °P<0.01, vs Control; 9P<0.01 vs Vitamin E.

DISCUSSION

In this study, 24 h after fumigation of hepatocytes
with CCl,, the ALT, AST and LDH all increased
remarkably, the rate of elevation was in order of
LDH, ALT and AST. It is suggested that the
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hepatocytes were acutely injured, cell membrane
integrity was broken and the enzymes in cell
plasma leaked out. However, after the
hepatocytesinjured by peroxidation which were
incubated with SA-A, the pathological increases
of ALT, AST and LDH reduced markedly. Itis
indicated that SA-A had apotential effect against
hepatocyteinjury.

Thefreeradicasanditstriggered lipid peroxidation
were involved in the main mechanisms by which
carbon tetrachlorideinjured hepatocytes. MDA was
one of main lipid peroxidatic products, its elevated
levels could reflect the degrees of lipid peroxidatic
injury in hepatocytes. GSH, a peroxide scavenger
with a lower molecular weight, could eliminate
superoxideanionand hydrogen peroxide. Thecontent
of GSH reflected the ability against peroxidation!™.
Inthisstudy, GSH in hepatocytes of the model group
wasreduced remarkably, suggesting that the potency
of antioxidationininjured cellswasdecreased. There
were many other markers that could reflect lipid
peroxidation, e.g. SOD, ascavenger of peroxideanion
radicals, which could inhibit the initiation of lipid
peroxidation by freeradicals, GHS-PX, which could
particularly catalyzethereductive action of GSH to
H.,0O, to protect the integrity of plasma membrane
and functions; CAT etc. All the above-mentioned
enzymes increased in the model cells. This may
result from acute compensation after injury, and
peroxidatic reaction stimulated by CCl, in

hepatocytes. SA-A markedly inhibits the increase of
MDA level and the decrease of GSH, a so reduced the
activities of GSH-PX, CAT, SOD in different extents.
Amongtheseresults, SA-A had better effect thanvitamin
E, whichisawidely recognized antioxidationdrug. Itis
indicated that SA-A had potential action against lipid
peroxidation, thiseffect perhapsisthe main mechanism
of protection on liver injury. Theresultsare also in
accordance with the other reportg® and our previous
work?,
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INTRODUCTION

Our previous study has proved that Kupffer cells may
have an inhibitory effect on the process of
hepatocarcinogenesisi, however, their inhibitory
mechani sm needs exploring deeply. We performed a
comparative study on the expression of PCNA, Bax,
P53 and apoptosis of liver cancer cells using
immunohistochemical technology and terminal
deoxynucleotidyl transferase(TdT)-mediated dUTP-dig
oxigenin nick end labeling (TUNEL) in the
diethylnitrosamine-induced hepatocell ular carcinoma
(HCC) in rats with or without pretreatment with
gadoliniumchlori deor zymosanwhichmight effectively
block or enhancethe activity of Kupffer cellsin order to
know the role of Kupffer cells in apoptosisin the
experimental HCC and explore further the inhibitory
mechanism of Kupffer cells on the process of
hepatocarcinogenesis.

MATERIALS AND METHODS

Establishment of animal models and pathological
examination

One hundred and forty male Sprague-Dawley rats
were divided into six groups. () DENA group, 40
rats received diethylnitrosamine (DENA) at adose
of 70 mg/kg in distilled water once/wk till wk15. @)
GC+DENA group, gadolinium chloridewasinjected
iv at a dose of 10 mg/kg once 2 wk to suppress
Kupffer cellsin 40 rats till wk15 and these rats
simultaneous |y rec eived DENA just as DENA
group. 3 ZM+DENA group, zymosan was injected
iv at a do se of 20 mg/kg once 2 wk to activate
Kupffer cellstill wk15 and DENA wasreceived just
as DENA group. @ GC group, gadolinium chloride
was in jected iv at a dose of 10 mg/kg in 0.85%
NaCl once 2 wk till wk 15. & ZM group, zymosan
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was injected iv at a dose of 20 mg/kgin 0.85 %
NaCl once 2 wk till wk15. ® Control group, these
rats were maintai ned on a standard laboratory
diet and tap water. All ratswerekilled at the wk21
of hepatocarcinogenesis. Theliver sampleswere
taken, fixed in 40 mL/L paraformaldehyde and
embedded in paraffin. Each specimen was cut
into 5 um serial slices, stained with hemotoxylin-
eosin and subjected to histopathological
examination.

Immunohistochemical staining

The SP method was used, the 1st antibody was
mouse-anti-human PCNA monoclona | antibody
(Calbiochem Co., dilution 1 : 50), rabbit-anti-human
Bax (Santa Cruz, dilution 1 : 50) and mouse-anti-
human P53 monoclonal antibody (Novocastra
Laboratories, dilution 1 : 50). The SP kit was
purchased from Boehringer Mannheim , Germany.
DAB staining was used. The dark brown staining of
nuclei was taken as PCNA and P53-positive
reaction. Thedark brown granulesin cytoplasmwere
taken as Bax-positive reaction. We used PBS to
replace the 1st antibody as negati ve control.

Terminal deoxynucleotydial transferase-
mediated biotinylated-dutp nick end labeling
method (TUNEL method)

Insitu Cell ApoptosisDetection kit waspurchased from
Boehringer Mannheim, Germany. After
deparaffinizationandrehydrationinethanol , thesections
wereincubated with 0.2 mol/L HCI for 20 min at room
temperature (RT). They were then deproteinized by
incubationwith 30mg/L proteinase(in50mM Tris-HCI,
pH 8.0; 5mM EDTA) for 30 min at RT. Terminal
deoxynucleot idyl transferase (TdT) and biotinylated
dUTP in TdT buffer (30mM Trizma base, pH 7.2;
140mM sodium cacodylate; 1mM cobdt chloride) were
added to cover the sections, which werethen incubated
for 60 mininahumid atmosphereat 37°C . Thesections
then reacted with alkaline phasphatase (ALP) for 30
minat RT. Visulizationwascarried out withNBT/BCIP,
Nuclei with clear blue staining w ere regarded as
positive. TUNEL incubation solution without terminal
deoxynucleo tidyl transferase was used as negative
control.

Proliferating index (Pl) and apoptosis index (Al)
Pl and Al were determined by Leitz ASM 68K
image analyzing system purchased from Germany.
Fivevisual fields (orginal magnificantion, 10 x 40)
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from every positive slide would be chosen and
the TUNEL and PCNA-positive parenchymal
cellsaswell asthe total number of parenchymal
cellsin the same field would be counted . PI or
Al was expressed as the percentage of the
number of PCNA or TUNEL-pos itive
parenchymal cellsin thetotal parenchymal cells
of the samefield.

number of PCNA-positive cells

Proliferating index (PI)= x 100%
number of total cells

number of TUNEL -positive cells

Apoptosisindex(Al)= x 100%

number of total cells

Statistical analysis
Fisher’s exact test, Student’ stest and Spearman rank
correlation were employed.

RESULTS

Macroscopic observation and histopatholog-
ical examination (at wk21 of
hepatocarcinogenesis)

Meither the control group, nor the GC group and ZM
group showed any changes macro and microscopicaly;
on the contrary, the liver surfacein DENA group and
GC +DENA group were covered with alot of white
nodules. The diameter of the largest noduleswas 0.5
cmin DENA group and 2.0 cm in GC+DENA group.
Thes enoduleswere diagnosed asHCC histologically.
Somewhite grey focal nodules sc attered over theliver
surfacein ZM+DENA group, were a so diagnosed as
HCC with many apoptotic cellsand apoptotic bodies.

Bax staining

Cytoplasm of cancer cellswith clear brown stainingwas
regarded as positive (Figure 1). The positive rates of
BaxinZM+DENA group, DENA groupand GC+DENA
group were 84.6% (11/13), 28.6% (2/7) and 27.3%
(3/11) respectively. It was significantly higher in
ZM+DENA group thanthat in DENA group (Fisher's
exact test, P<0.05).

P53 staining

A clear brown staining of the nuclel in cancer cells
wasregarded as positive (Figure 2). The positiverates
of P53 in ZM+DENA group, DENA group and
GC+DENA group were 76.9% (10/13), 14.3% (1/7)
and 36.4% (4/11) respectively. It wasmarkedly higher
inZM+DENA groupthanthatin DENA group (Fisher's
exact test , P<0.05).

PCNA staining
Nuclei with clear brown staining were regarded as
positive(Figure3).

No expressions of Bax, P53 and PCNA in
the control group, GC group and ZM group were
found.

Apoptosis of cancer cells using TUNEL method

Apoptotic cells were observed in DENA group,
GC+DENA group and ZM+DENA group by means
of TUNEL method. The cells with clear nuclear
labeling were defined as TUNEL -positive cells.
Apoptotic cells were scattered in the cancer tissue

(Figure4).
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Figure 1 Expression of Bax in rat HCC in ZM+DENA group.
SP x 400

Figure 2 Expression of P53 in rat HCC in DENA group. SP x 400
Figure 3 Expression of PCNA in rat HCC in DENA group.
SP x 200

Figure 4 Apoptotic cells in rat HCC in ZM+DENA group.
TUNEL x 200

Proliferating index (PI) and apoptosis index (Al)
(Table 1)

Table 1 Pl and Al in ZM+DENA group, DENA group and
GC+DENA group

Groups Number PI(%, x £s)  Al(%, x£s) PI/AI

15.22 + 2.17°
24.97 £ 2.53
38.69 + 3.17°

7.53 +1.61° 2.20
4.36 +£1.18 5.73
252 £0.81° 15.40

ZM+DENA group 13
DENA group 7
GC+DENA group 11

®P<0.01, vs DENA group, Fisher’s exact test.

Correlation between apoptosis index, Bax and
P53 expression

There was a positive correl ation between apoptosis
index and Bax or P53 proteinreactivity inZM+DENA
group, DENA group and GC+DENA group
(Table2).
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Table 2 Correlation between apoptosis index and Bax or P53
expression

Al vs Bax Al vs P53
Groups Bax-positive—— P53-positive
cases/total P cases/total P

ZM+DENA group 11713 0.63 <0.05 10/13 0.73 <0.05
DENA group 2/7 0.79 <0.05 1/7 0.61
GC+DENA group 3/11 0.74 <0.01 4/11 0.82 <0.05

Spearman rank correlation.

DISCUSSION

Gadolinium chloride is believed to be a specific
suppressor of Kupffer cells'*d. Zymosan is an
immunopotentiator and may be used to activate Kupffer
cellg¥. We performed acomparative study on apoptosis
in DENA-induced hepatocellular carcinomainratswith
or without pretreatment with gadolinium ch loride or
zymosan which might effectively block or enhancethe
activity of Kupffer cellsin order to clarify whether the
Kupffer cellsplay arolein apoptosisof the experimenta
hepatocarcinogenesisor not.

Proliferating cell nuclear antigen (PCNA) isan
auxiliary protein of DNA polymerize-delta. It
accumulateslittleintheresting stagecell, but prominently
inthenuclei of proliferating cells during G;-late phase
and S-phase and decreases in G,-phase and M-phase.
Itisassociated with cell proliferation and regarded asa
biological marker for cell proliferation”. BaxisaM,21
000 protein with extensive amino acid homology with
Bcl-2. Thisprotein hasbeen showntoformheterodimers
with apoptosisinhibiting protein, B cl,, soit caninduce
cell apoptosis®. When DNA isinjured by toxicant, wild-
type p53 drives cell to G; and arrests or inhibits cell
prolifer aionuntil DNA isrepaired. Whennuclear DNA
isbadly damaged or cannot berep aired, wild-type p53
induces transcription of apoptotic genesand drivesthe
cell to bein apoptosig®. Gottlieb et all” thought that
overexpression of P5S3wasrdatedto cell apoptosis. Zhao
et al® observed that there w as a positive correlation
between apoptos sindex and P53 protein, and supported
therole of P53 in regulating apoptosisin human HCC.
The positive correlation between apoptosisindex and
P53 proteinimmunoreactivity observedinour study also
supports these findings. A new method to detect
apoptosisinsitu, terminal deoxynuclectidyl transferase-
mediated (TdT) dUTP-digoxigenin nick end labeling
(TUNEL) was recently devel oped by Gavridli et alt®,
and was applied to detect cell apoptosisof human HCC
and other tumorg?,

Our results showed that the positive rates of
Bax and P53 protein were markedly higher in ZM +

DENA group than in DENA group with significant
differences. Proliferating index and apoptosis index
respectively increased or decreased in ZM+DENA
group, DENA groupand GC+DENA groupsuccessively.
Theseresultsdemonstrated that the bl ockage of Kupffer
cells with gadolinium chloride might suppress cell
apoptosis and the activation of Kupffer cells with
zymosanmight promotece | gpoptosisintheexperimenta
hepatocarcinogenesis.

One of the characteristic features of cancer isthe
continuousgrowth andtheratio of cell proliferationand
cell apoptosis determine the fate of tumor growth!**-
3, In normal tissues, apoptosisis an efficient way of
eliminatin g transformed cells. However, inability of
cells to undergo apoptosis may advanc e their
development, both by allowing the accumulation of
dividing cellsand by impairing theelimination of genetic
mutants that may harbor malignant potential™*3. Our
results proved that Kupffer cells could promote
apoptosisintheexperimental hepatocarcinogenesisand
reveaed further that they played an inhibitory rolein
hepatocarcinogenesis through inducing apoptosis of
tumor cells.
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INTRODUCTION

Since the late 1980s, studies on the expression of
intercellular adhesionmolecule-1 (ICAM-1) in patients
with malignancies have demonstrated that ICAM-1
may strongly express in two formsin such diseases:
membranous one on the surface of tumor cells
(membrane-bound ICAM-1) and soluble one in
circulation (soluble ICAM-1, sICAM-1)*2,
Furthermore, increased expression of SICAM-1in
various malignant diseases, such as gastric cancer,
colonic and pancr eatic cancer was reported by
Tsujisaki et al®, who found that th e incidence of
positivity of SICAM-1in the malignant diseases was
significantl y higher than that in benign diseases.
Therefore, the diagnostic value of detecting SICAM-1
for somemalignancieshasbeen proposed. Therecent
studies on detecting serum sICAM-1in patientswith
hepatocellular carcinoma (HCC) have revealed that
serum levelsof SICAM-1werewel| correlated to progr
on and prognosis of the disease*®, from which it
has been conside red that SICAM-1 may be useful for
monitoring the response to treatment! . However,
whether SICAM-1 is a diagnostic marker is still
controversial. Our recent study demonstrated that in
HCC patients with normal or low levels of serum a-
fetoprotein (AFP) measurement of SICAM-1 is of
clinicd vauefor detecting early HCC anditsrecurrence after
hepatectomies”®. To further evaluate the clinical

Department of Hepatobiliary Surgery, 2Institute of Hepatobiliary
Surgery, Guilin Medical College, Guilin 541001, Guangxi Province, China
Ming Hui Mei, M.D., graduated from Guangxi Medical Collegein 1968,
from Tongji Medical University as a postgraduate in 1981 and from
Hannover Medical University, Germany in 1989, receiving a doctor’s
degree of medicine, having more than 40 papers published.
Supported by the grants from the Guangxi Science and
Technology Commit tee (N0.9817093).

Correspondenceto: Dr. Ming Hui Mei, Legun Road 95, Department
of Hepato-Biliary Surgery, Guilin Medical College, 541001 Guilin, PR
China

Tel. 0086-773-2824373, Fax. 0086-773-2822194

Email. meimh@gliet.edu.cn

Received 2000-01-03  Accepted 2000-02-16

significance of measur ing SICAM-1inHCC, theserum
levels of SICAM-1 in 134 patients with HCC were
examined and the resultswere analyzed.

MATERIALS AND METHODS

Patients

Therewere 134 patientswithHCC, including 115 males
and 19 females, aged from 12-80 years, median 49
years. The diagnosis of HCC for all patients was
confirmed pathologically either by surgical resection
of liver tumors or by liver biopsies. Tumor was less
than 5 cmin diameter in 17 patients, lessthan 10cmin
37 and morethan 10 cm or with extrahepatic metastasis
in 80 cases. Hepatitis B surface antigen (HBSA Q) was
positivein 112 cases and hepatitis C antibody positive
in 10 patients. Surgical treatment was carried out in 638
patients, of whom 57 underwent tumor resection and
11 underwent laparotomy or selective catheterization
of the hepatic artery. The rest of the patients were
treated by transcatheter arterial embolization (TAE)
or acohol injection of tumors. Ascontrols, serumlevels
of SsICAM-1weremeasured in 42 patientswith chronic
hepatitis B (CH), 40 with liver cirrhosis (LC) and 50
healthy blood donors.

Methods

Blood sampleswere collected early inthemorning. The
serumwasimmediately separated by centrifugationand
frozen to -80°C. Concentrations of serum sIC AM-1
were measured with an enzyme-linked immunosorbent
assay kit (Biosource Europe, Fleurus, Belgium). The
quantitativedeterminationsof serum AFPin patientswith
HCC wasdone by radio-immunoassay (RIA), using an
AFP kit (Jiuding Biolo gical,Tianjin, China). The
reference ranges of serum AFP concentration were
classfied asfollows: above 200 ug/L, positive; 20 pg/L -
200 pg/L, questionable positive; and below 20 pg/L,
negeative.

Statistical analysis

Databetween groupswere compared by Wilcox’sRank
Sum test and Fisher test. P<0.05 means significance
datigticaly.

RESULTS
The median of SSICAM-1 in 134 patients with HCC
was 1801 pg/L, which was significantly higher than
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those in patients with CH (median = 462 ug/L), LC
(median = 587 ug/L) and the healthy subjects (median =
305 ug/L) (Table 1). The compared analysis of serum
levels of SICAM-1 and AFP in the HCC patients was
shownin Table 2. Serum AFP concentration was positive
in 85cases, negative in 22 and questionable positivein
27. The serum levels of SSICAM-1, in the corresponding
patients were 2018, 1370 and 1453 pg/L respectively. A
correlated analysis of serum concentrations of AFP and
sICAM-1 demonstrated that there was a close
correlation between the two parametersin patients with
AFP positive (r = 0.249, P<0.05). However, the
correlation did not exist in patientswith AFP negative or
quegtionable positive. Although the serum concentrations
of AFPin thesetwo groups of patients were normal or in
alow level, that of SCAM-1 inthese patientsall exceeded
1000 pg/L, the median values of which showed no
significant difference compared with the median of the
whole group of HCC patients (P>0.05). The ranges of
serum levels of SSICAM-1in the pati entswith HCC are
shown in Table 3. One hundred and seven patients (80%)
had asl CAM-1level higher than 1000 pug/L and 126 (94%)
higher than 700 pg/L. There was no close correlation
between the serum value of SICAM-1 and the tumor size
among 134 patients with HCC (Table 4). The medians of
serum levels of SSICAM-1 in patients with different sizes
of tumor showed no significant di fference (P>0.05).

Table 1 Concentrations of serum sICAM-1 in patients with
HCC and c ontrol groups

Group Number of patients sICAM-1 (ug/L)?
Normal control 50 305
CH 42 462
LC 40 587
HCC 134 1801°

a median P<0.01 vs compared with other groups; "P<0.01 vs other
groups each.

Table 2 Comparative analysis of serum levels of SICAM-1 and
AFP in HCC patients

Group Number of patients sICAM-1 (ug/L)" AFP (ug/L)"
AFP<20 pg/L 22 1370 11
AFP 20-200 pg/L 27 1453 89
AFP>200 ug/L 85 2018 31610
‘median.

Table 3 Ranges of serum sICAM-1 concentration in 134 patients
with HCC

sICAM-1 (ng/L) Number of patients (%)
330-690 8 6
700-990 19 14
1000-1990 72 54
>2000 35 26

Table 4 Serum concentrations of SICAM-1 and tumor size in
134 patie nts with HCC

Tumor size in diameter (cm) sICAM-1 (ug/L)* Number of patients

<5 1518° 17
<10 1769 37
>10 1897 80

a median; °P>0.05 vs others groups each.

DISCUSSION

One obvious phenomenon from the present study was
that a much higher level of sSICAM-1 was observed
in our HCC patientsthan those reported by the others
(46121 According to the following researches, we may
explain the discrepancies: It has been known that
ICAM-1 expression can be upregulated by several
cytokines!®® of which interferon-gamma (INF-
gamma) was the main cytokine trigger for ICAM-1
expression in a human hepatoplastoma cell line. In
addition, hepatitis B virus-DNA- transfected cells
expressed mem branous ICAM-1, the triggering
mechani sms of which may be geneactivation by virus
genome or autocrine virus-induced hepatocellular
cytokineproduction. Furthermore, theclinical research
of relationship between serum levelsof SICAM-1and
HCC showed that the high levels of SSICAM-1 were
closely related to the progression and prognosis of
HCC!*®12 |n this study, the rate of hepatitis B
infection was 84% (112/134) and 87% of the patients
were in the middle or late stage of HCC (117/134).
Thusit can beseen from our study that ahighinfectious
rate of hepatitis B and a delayed dia gnosis of HCC
inthisgroup of patients may be the main reasonsfor
the high expression of serum levels of SICAM-1.

However, with regards to the study on SICAM-1
and HCC, one more important point, which is still
controversial and to be resolved is whether detecting
SICAM-1inpatientswithHCCisof clinical significance
for early diagnosing the disease and detecting its
recurrence after surgical resection. Asthe study results
by Hyodo et al.[ showed that there was no difference
inserumlevesof SICAM-1 between their patientswith
HCC and liver cirrhosis. Based on this they declared
that SsICAM-1 is only a marker for progression and
prognosisof thedisease, but not adiagnostic marker for
HCC. However, this conclusion was at odds with the
observations from other reportsi®82, in which
sgnificantly higher serumlevelsof SICAM-1in patients
with HCC than thosewith L C, HC and healthy controls
were demonstrated. Theresults of present study by the
authorsfurther confirmed the observations.

Moreover, thefollowing resultsfrom theliteratures
seem to be more useful to resolve the controversial
problem: enhanced expression of ICAM-1onHCC ce
[l surface exists in most patients with HCC (ranged
from 80% to 96.2%)>3, which did not exist in peri-
tumor and normal liver tissues. Regarding the
associ ation between membranous and soluble | CAM-1
expression, ahighly consistent expression rate of the
two forms of ICAM-1 was reported by Momosaki et
al®®. They found that in tumor lines, the consistent
expression rate of thetwo formsICAM-1 was 87.5%
(present or absent conc omitantly). There were two
forms of SSICAM-1 in HCC patients: inflammation-
asociated d CAM-1 and HCC-spexcific circulaing form of
sICAM-1. The latter mainly came from HCC cells,
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from which the membranous ICAM-1 were shed
into the circulation continuously and became the
important source of sSICAM-1 [*  In addition,
recent studies by the authors!® found that
regardless of positive or negative serum AFP, after
aradical resection of liver tumor, the sSICAM-1
level would be decreased to the normal within 1-2
months postoperatively. However, in patients
underwent non-radical resection due to vascular
invasions of the liver or extrahepatic metastasis,
the serum levels of SICAM-1 will maintain at a
high level. It has been suggested from all of the
studies mentioned above that the high level of
serum sSICAM-1 in HCC may originat e mainly
from tumor itself. Thus we believe sSICAM-1in
HCC patients may be auseful marker for detecting
HCC and a monitor of recurrence after
hepatectomy.

Asthe strong correl ation between serum level s of
SICAM-1 and AFPin patientswith positive AFP was
disclosed (Table2), theclinical significanceof SICAM-
1 detection for diagnosing HCC will be focused on
patients with normal or low levels of serum AFP.
Serum AFPisstill thebest diagnostic marker for HCC.
But AFPlevelsmay benormal in20%-40% of patients
with HCC, depending on the severity of the disease
(351 |n China about 30% of HCC patients can not be
diagnosed by this serum marker, which results in
delayed diagnosisand, consequently, hampersefforts
toimprove effective surgical treatment of thedisease.
Therefore, more sensitive serum markersarerequired
for detecting HCC.

From the study, one of the interesting resultswas
that there were 22 (16.4%) and 27 (20.2%) patients
with HCC, whose serum levels of AFP were
negative (median = 11 pg/L) and questionable
positive (median = 89 ug/L). However, that of
sICAM-1inthose patients were 1370 and 1453 pg/
L respectively (Table 2), which showed no
significant difference compared with the median
level of total group of HCC(P>0.05). Furthermore,
analysis of ranges of SICAM-1 levelsin patients
with HCC demonstrated that 80% of the patients
had ahigh serum level of SICAM-1 exceeding 1000
ug/L. According to the study by Shimizu et all®,
sICAM-1 level above 1000 ug/L is adeterminant
for prognosis and progression of HCC, the
proportion of patientswith high levelsof SICAM-1
(>1000 pg/L) in patientswith HCC in our study was
obviously higher than that of AFP (>200 ug/L). As
mentioned in our previou s studiesthe diagnosis of
HCC should be strongly suspected when a patient
with an uncertain intrahepatic lesion had a serum
level of SICAM-1 higher than 1000 pg/L™. The
results of the pre sent study further confirm our
previousconclusion.

Another interesting finding from the study was

that a significant correlation between serum level of
sICAM-1andtumor szeof HCC wasnot observed (Table
4). Themedian of SsICAM-1 concentrationin 17 patients
withtumor diameter lessthan5cmwas 1518 ug/L, among
them 4 being negative, 8 questionable positive and 5
positive for AFP. In addition, atumor recurrence was
diagnosedin 4 of the 17 patients after 1-3 hepatectomies
during the postoperativefollow-up. The median of tumor
size in the 4 cases was only 2.8 cm whe n recurrence
was confirmed, however, the median of serum level of
SICAM-1 in the same patients was 1378 pg/L. It was
stronglly suggested by our observation that measurement
of SCAM-1isof clinical significancein detecting early
HCC and monitoringitsrecurrence postoperatively when
tumor issmall in diameter, particularly for patientswith
normal or low serum concentrations of AFP.
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INTRODUCTION

Hepatocellular carcinoma (HCC) isthe most common
cause of death from cancer in China. The mechanisms
of hepatocarcinog enesis are not yet known clearly.
p16lNK4agene, the multiple tumor suppressor gene 1
(MTSL), encodes P16 protein, which actsasan inhibitor
by binding directly to CDK4 and CDK 6 and preventing
its association with acyclin. It was supposed to exert
negative control on cell proliferation. p15INK4b gene,
multipletumor suppressor gene2 (M TS2), isahomologue
of p16INK4aand has asimilar role in control of cell
proliferation. Both of them were mapped to chromosome
9p21 region*?. Althoughdeetionor mutationof p16INK4a
occurred in melanoma, biliary tract cancers, gastric
carcinoma, hepatocarcinoma, and dterationsof p15INK4b
wereshowninprimary lungcancers, acuteleukemia, biliary
tract cancersand bladder tumors, there hasbeen no report
about whether p15INK4b gene alterated in primary
hepatocelular carcinoma®?. Inthe present study, exon 1,
exon 2, exon 3 of p16INK4aand p15INK4b exon 2in 35
HCC, 35 corresponding adjacent noncancerous liver
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cirrhosiswereanayzed for somatic mutation with PCR-
SSCP and one case of aberrant SSCP DNA was cloned
and sequenced.

MATERIALS AND METHODS

Specimens and extraction

Tissue specimens used in the study were paraffin
embedded and stored in Department of Pathology, the
First Affiliated Hospital, West China University of
Medical Sciencesfrom 1991-1993. The 35 samples of
human primary hepatocarcinomaand 35 corresponding
adjacent noncancerousliver cirrhosiswere stained with
HE and examined under microscope. More than 70%
sections used in PCR were hepatocarcinoma sections.
And more than 80% cirrhosis sections were the
noncancerous liver cirrhosis sections. DNA was
extracted from 1-3 sections (10 um) of paraffin
embedded tissue bl ockswith xylene, ethanol and phenol
method, and dissolved in 50 uL of distilled water™. Ten
samples of norma human blood DNA were extracted
with standard method. The ¢ oncentration of DNA was
determined with spectrophotometer.

PCR

The exons of pl6INK4a gene and exon 2 of
p15INK4b gene were amplified using the following
primers(Table 1):

Table 1 Primers for p16INK4a and p15INK4b genes analysis

Gene Primers Fragment Ref

length (bp)

P16INK4aexonl 5'GGGAGCAGCATGGAGCCCG 3'(sense) 204 [6]
5’ AGTCGCCCGCCATCCCCT 3'(antisense)
p16INK4a intronl 5’GGAAATTGGAAACTGGAAGC 3'(sense) 168 [1]

and exon2 5’'GCTGCCCATCATCATGACCT 3'(antisense)

pl6INK4aexon2 5'GGCAGGTCATGATGATGGGC 3'(sense) 362 [1]

and exon3 5TCTGAGCTTTGGAAGCTCT 3’(antisense)

P15INK4b exon2 5’'GGCCGGCATCTCCCATACCTG3'(sense) 345 [9]
5TGTGGGCGGCTGGGAACCTG 3'(antisense )

The PCR reaction was performed asfollows:
200 ng DNA from paraffin embedded tissue or 100
ng DNA from normal human blood cells, 200 pmol/
L each dATP, dGTP, dCTP and dTTP, 20 pmol
primers, 1.5 u of Tag DNA polymerase (Sino-
American Biotechnology Company) with a
buffer provided by the manufacturer, in atota
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reaction volume of 25 pL. Thethermal cycle profile
was1lminat 94°C, Iminat 66°C (pl6 exon 1, 204 bp) or
57°C (pl6 exon 2, 168 bp) or 55°C (p16 exon 2, exon 3,
362 bp) or 68°C (pl5exon 2),2minat 72°C, 40 cycles.
The PCR reaction mixture for p16INK4aexonl (204
bp) exon 2 and exon 3 (362 bp) contained 5% dimethy|
sulfoxide.

SSCP

PCR products were directly subjected to silver-
staining SSCP analysis according to the method of
Peng et allll. Ten uL of PCR products were
denatured in 30 uL of 98% formamide, 10 mmol/L
NaOH, 20 mmol/L EDTA, 0.05% (w/v) bromphenol
blue and 0.05% (w/v) xylene cyanol, at 98°C for 5
min. The sampleswereimmediately |oaded on an 8%
polyacrylamidegel andrunat 1.25v/cmin1 x TBE
in4°C for approximately 14h. Ten pL of PCR products
of p16INK4aexon 2 and exon 3 (362 bp) wasdigested
with Smal. It generated two fragments (114 bp, 248
bp) which were then subjected to SSCP analysis.
After electrophoresis, the gel swerefixed, and stained
withsilver.

PCR cloning and sequencing

The gelswere stained with silver. The staining was
stopped by immersing the gel in 5% acetic acid, 16%
methy! alcohol for 30 min. The gel wasrinsed for 1
h in distilled water (changed each 5 min). The
abnormal migration single strand DNA band of
p15INK4b exon 2 was cut from gel and put into the
same volume of distilled water. The gels were
incubated in 37°C water bath for 4 h, centrifuged at
10 000r/min for 5 min, then the gel was discarded.
The supernatant was extracted with phenol/
chloroform, and chloroform. The DNA from
approximately 90 mg gel was placed in the PCR
mixture for amplification under the same conditions
astheinitial PCR.

Following reamplification by PCR, the PCR
productswereisolated on 1.8% agrosegel. The 345 bp
DNA band was cut from the gel and purified with
Glassmilk Isolation Kit (madein our Lab). The DNA
was blunted and phosphorated with E.coli- Klenow
fragment and T, polynucleotidekinase, ligated to Smal
siteof pUC118. Theligation reaction was transformed
into E.coli- IM109. The recombinants were screened
by minipreparation of plasmid and digesting with
restriction endonuclease. The DNA from theclonewas
screened by PCR-SSCPto identify the clone containing
the shift single strand and was sequenced onaABI 377
DNA sequencer by CyberSyn BJ. Company.

RESULTS

Polymorphism of the p16INK4a gene intron 1 and
exon 2

Mutation of p16INK4a gene was analyzed in 31 of

the 35 patientswith HCC and 8 healthy blood donors.
The PCR amplified 168 bp fragment of p16INK4a
intron 1 and exon 2 containing 15 nucleotideswithin
exon 2 and 153 nucleotidesof its5’ flanking sequence
within intron 1. Three patterns (A, B, B’) of
pl6INK4aintron 1 and exon 2 (168 bp) at SSCP
analysiswere observed in hepatocel lular carcinoma
and corresponding adjacent noncancerouscirrhosis
(Figurel). TheB pattern (48%, 15/31) outnumbered
the B’ pattern (26%, 8/31). A pattern was the least
(13%, 3/31). Two patterns (B, B’) at SSCP analysis
were observed in healthy human blood cells. The B’

pattern (62.5%, 5/8) out numbered the B pattern
(37.3%, 3/8). The PCR amplified 362 bp fragment
covered exon 2, exon 3 and intron 2 sequences. The
PCR products were cleaved into two fragments 114
bp and 248 bp by digestingwith Smal. Neither band
shift nor polymorphism at SSCP analysis was
observed. The PCR amplified 204 bp fragment
containing exon 1 and 19 nucleotides of 5° flanking
upstream sequence and 41 nucleotides of 3' flanking
downstream sequence. No band shift was detected
in all of the samples.

SSCP analysis of p15INK4b exon 2

A 345 bp fragment containing p15INK4 b gene
exon 2 and 60 nucleotides of its 5’ flanking
sequence within intron 1 was amplified by PCR
from all of the hepatocellular carcinomas,
adjacent noncancerous cirrhosisand normal blood
cells. No evidence of allele deletion was detected
(Figure 2). On repeating SSCP analysis, one case
of adjacent noncancerous cirrhosis showed an
abnormal migration single strand (Figure 3). But
no additional shift band was found in either the
corresponding tumor tissue from the same patient
or the other hepatocarcinoma and cirrhosis
tissues. Theidentical migration single strand was
detected in all of the 10 normal human blood cells.
No evidence of polymorphism was found.

Cloning and sequencing of the abnormal single
strand

The abnormal migration single strand DNA of Cs
(adjacent noncancerous cirrhosis) was purified and
clonedinSmal steof pUC118. Therecombinant plasmid,
pP15E,, containing the p15INK4a exon 2 insert, was
selected after minipreparation. The restriction
endonuclease map analysisby Hind-I11, EcoR |, Bgll
reveaed that pP15E, plasmid contained a 345 bp insert
(Figure 4) and the insert was placed in antisense
orientation. PCR-SSCP analysis of the pP15E, showed
anidentical abnormal migration single strand with that
of Cs (Datanot shown). Sequencing analysisof theinsert
of pP15E; indicated that its sequence wasidentical to
that of p15INK4 b exon 2 anditsupstream 60 nucleotides
reported by Kamb (Figure5).
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Figure 2 PCR product analysis of p15 gene exon 2 in human
hepatocarcinoma on agarose gel.

M = pBR322/Hea IlI; N = Normal human leukocyte; T = Human
hepatocarcinoma; C = Adjacent non-cancerous liver cirrhosis
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Figure 3 PCR-SSCP analysis of p15 gene exon 2.
N = Normal human leukocyte; T = Human hepatocarcinoma; C =
Adjacent non-cancerous liver cirrhosis
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Figure 4 Restriction enzyme analysis of recombinant plasmid
which contains aberrant single strand of p15 gene exon 2.

M = pBR322/Hea Ill; 1 = Vector (pUC118) digested with EcoR |
and Hind IlI; 2 = pP15E, digested with EcoR | and Hind 111

Figure 5 The sequence of p15 gene exon 2 in pP15E, recombinant
plasmid.

DISCUSSION
The p16INK4agene has been confirmed to beatumor-
suppressor gene by the analysis of p16 gene knock-
out mice and its abnormalities have been reported
in various kinds of primary cancers and cell lines,
such as malignant melanomas, gliomas,
glioblastomas, and esophageal squamous-cell
carcinomas'?4, But there have been relatively
few studies concerning the alteration of p16INK4a
gene in hepatocellullar carcinoma. Kita et al
reported only three (5%) intragenic mutations of
pl6INK4ain primary HCC*®, Chaubert et al found
four patients carried hemizygous germ-line point
mutations of the p16INK4a gene, suggesting the
existence of familial HCC involving this genel®.
Hui et al found higher proportion of HCCs may fail
to express p16INK4a at the protein level*®l, The
general conclusion isthat alterations of p16INK4a
gene are infrequent in HCC. Our study
showedpolymorphism of p16INK4aintron 1 and
exon 2 at SSCP pattern. The A pattern was only
preasented in HCC patients, not inthe healthy blood
donors. It isworthy to study whether people with
the A pattern has HCC susceptibility. Five patients
showed different SSCP patterns in tumor and
noncancerouscirrhosis, most of which (4/5) ocurred
in large HCC (no statistical significance was
revealed). It suggested that intragenic mutation may
occur during the progression of HCC, and advanced
HCC, but not in the early stages of HCC.
Thereisargument on whether the inactivation of
p1l5INK4b contributes to the carcinogenesis.
Okamato et al observed that non-small-cell lung
cancer showed homozygous deletions of
p15INK4b (23%), somatic mutation (12%) in exon
2, G— A and C— A polymorphism (8%) withinthe
noncoding sequence of 23 nucleotides and 27
nucleotides of 5’ of exon 2, respectively. The
latter was named 15Int1-27A gene patternt”. But
Russin et al detected only the 15Int1-27A
polymorphism (13%), no mutation in non-small-
cell lung cancersi*” . Sill et al reported 15Int1-
27A polymorphism (13%), no somatic mutation
in 80 acute leukemia®. Orlow et al observed
deletions of p15INK4bin primary bladder tumors
(8%). Yoshidareported nosomaticmutation of p15INK4b
gene in biliary tract cancers!®. The general
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consensusisthat frequency of mutation of p15INK4b
in progression of cancer isvery uncommon. In the
present study no intragenic mutation of p15INK4b
exon 2 was detected. Although one case of adjacent
non-cancerous liver cirrhosis showed abnormal
migration singlestrand, the cloning and sequencing of
the aberrant SSCP DNA showed the sequence is
identical to wild type p15INK4b exon 2 and 60
nucleotides upstream of exon 2. It suggested that
intragenic mutation of p15INK5b exon 2 was an
uncommon event in progression of HCC. Thisresult
is in agreement to the infrequent mutation of
pl6INK4aocccuring in HCC, and also similar to the
studies in AML, bladder cancers and biliary tract
cancers“®9, Whether the high frequency of
p15INK4b somatic mutation in non-small cell lung
cancersis related to the different types of tumor
deservesfurther investigation.
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INTRODUCTION

Hepatocellular carcinoma(HCC) isclosdly related with
hepatitis and cirrhosis. In order to investigate the
pathogenesis and early pathologic diagnosis of HCC,
HCC and related lesionswere analyzed qualitively and
quantitively by automatic image analysor and
immunohi stochemical assay.

MATERIALSAND METHODS
Materials
Specimensobtai ned from surgical resection, autopsy and
needleaspirationbiopsy of liversduring 1966-1997 were
fixedin 10% formalin, embedded in paraffin, madeinto
serial sections, and stained with routine HE. They were
divided into seven groups: |. normd liver tissuesused as
controls (10 cases); I1. chronic hep atitis (10 cases); I11.
chronic hepatitis with early cirrhosis (10 cases); IV.
micronodular cirrhosis (13 cases); V. micronodular and
macronodular mixed cirrhosis (14 cases); VI.
paracancerouscirrhosis (27 cases); VII. HCC (39 cases).
All of the specimenswere examined and diagnosed
by two pathologists. The diagnosis of hepatitis and
cirrhosiswasreferred tothestandard of the Beijing Confe
rencein 1995 and WHO' s criteria.

Morphometry

Thirteen morphometric parameterswere determined
by the automatic image analysor (Type Q-900,
Cambridge Company). And the sections were
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enlarged 1000timesund er light microscopeonthescreen
of monitor. The cells and nuclel in the sections were
traced by light pen. The automatic image analysor was
used to determinethenucleusarea(NA), the coefficient
of variationof NA (NACV), thenucleusperimeter (NP),
the nucleus diameter (ND), the roundness of nucleus
(NR), the average volume of nucleus (NAV), the cell
area (CA), the cell perimeter (CP), the cell diameter
(CD), the cell roundness (CR) the average volume of
cell (CAV), theratio of area of the nucleocy-toplasm
(A-N/C), the ratio of volume of the nucleocytoplasm
(V-N/C). After 50-100 cells in each section were
examined at random, of the data were analysed by
variance(g-test) and stepwisediscriminat ional andysis.
Then the equation of discriminational function was set
up, the results were compared bas ed on the
histopathological classification.

Immunohistochemical staining

M ouse monoclonal antibody against human AFP and
Immunostain S-P Kit were purchased from Fuzhou
Maxim Biotechnical Company. |mmunostaining of AFP
was performed by the S-P method in each case. The
procedures of S-P staining weretaken acc ording to the
manufacturer’s recommendations.The color was
developed with diaminobenzidine and hematoxylin.
Positiveand negative control sweres multaneoudy used
to ensure specificity and reliability of the staining.

RESULTS

Morphometry

The values of nucleus parameters (NA, NP, ND,
NAV, A-N/C and V-N/C) increased gradually and
those of cell parameters (CA, CP, CD and CAV)
decreased gradually in the sequence of chronic
hepatitis, cirrhosis without tumor, paracancerous
cirrhosis and HCC. The difference was statistically
significant between the group of HCC and the other
groupswithout tumor (P<0.05). Thevaluesof NACV,
NRand CRinall groupsvariedirregularly. Thevaues
of most parameters (NA, NP, ND, CA, CP, CD, CAV,
A-N/C and V-N/C) of the paracancerous cirrhosis
werein between those of the cirrhosis without tumor
and HCC. Thedifferencewasstat istically significant
(P<0.05). Thedifferenceof thevadueof most parameters
was not significant among chronic hepatitis with early
cirrhosis, micro nodular cirrhosis, mixed
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micronodular and macronodular cirrhosis (P<0.05).
Resultsof stepwisediscriminational analysis: because
the difference of most parameterswasnot statistically
significant among chronic hepatitis wi th early
cirrhosis, micronodular cirrhosis, micronodul ar and
macronodular mixed cirrhosis, thethree groupswere
merged into one cirrhosis group of asawhole. Six of
13 parameters processed by stepwise discriminational
analysiswerechoseninchronichepatitis(Y,), cirrhosis
without tumor (Y ,), paracancerouscirr hosis(Y5) and
HCC (Y ,). Theequation of discriminational function
was setup.

Y, = -526.540-32.768(NP)+631.477(NR)+6.046(CP)+1.887(CA)
+19.264(A-N/C)-0.016(CAV)
Y, = -453.402-29.633(NP)+590.223(NR) +5.466(CP)+1.636(CA)
+17.903(A-N/C) -0.011(CAV)
V5 = -441.556-28.851(NP)+603.816(NR)+3.875(CP)+1.854(CA)
+17.991(A-N/C) -0.014(CAV)
Y, = -623.687-36.878(NP)+698.493(NR)+5.217(CP)+2.074(CA)
+23.555(A-N/C) -0.011(CAV)

Fifty-three specimens had been tested, only
one of the chronic hepatitis with early cirrhosis was
falsaly classified into chronic hepatitis and the general
conformation rate was 98.2% to pathol ogic diagnosis.

Expression of AFP

Immunostaining of AFP was seen in paracancerous
cirrhosisand HCC cytoplasms. The positive rateswere
33.3% (9/27) and 43.6% (17/39) respectively. The
expressionof AFPwashegativeinhepatitisand cirrhosis
without tumor. The positive rate of AFP in the
paracancerouscirrhosis(33.3%) wassignificantly higher
than inthe cirrhosiswithout tumor (0%, 0/27) (P<0.01,
X?=10.8).

DISCUSSION

HCC which isrelated with hepatitis and cirrhosis,
isone of thecommon malignant tumorsintheworld.
Popper et al considered the occurrence of HCC
wasamultistep process: HBV infection— persistent
inflammation— necrosis—regeneration and repair
— hyperplasia—HCC. The course had been studied
by morphometry and the results showed that the
valuesof parametersof nucleusincreased gradually
and those of cells decreased gradually. These
suggested that HCC was associated closely with
hepatitis and cirrhosis, especially paracancerous
cirrhosis.

Paracancerous cirrhosis differed essentially from
cirrhosis without tumor. Ren et al'¥ considered the
regenerative nodulesin the paracancerous cirrhosis had
regenerated more actively than those in the cirrhosis
without tumor. Watanabe et al'? reported that the rate of
dysplasiainthe paracancerouscirrhog s(25.9%) washigher
than that in the cirrhosis without tumor (12%). Dai

et al™® reported that someliver cellsaround the HCC t
riggered the closed gene to resynthesize AFP. Zhang'¥
reported that the re presented different degrees positive
expression of AFPinthehost hepatocyte saround cancer
and hepatocytes non-neoplastic animalsin late stage
experiment a hepatocarcinomain rats. All the results
showed that the carcinogenesis in pa racancerous
cirrhosiswasmoreliabletooccur thanincirrhos swithout
tumor. We discovered that values of most parametersin
the paracancerous cirrhosis were in between those of
the cirrhosiswithout tumor and HCC by morphometry
(P<0.05). The expression of AFP was positive in the
paracancerous cirrhosis and negative in the cirrhosis
without tumor (P<0.01). Evidently the paracancerous
cirrhosisdiffered from thecirrhosiswithout tumor inthe
respect of function and morphology. Itismorelikely to
beprecancerouslesionthan cirrhosiswithout tumor. The
va ues of morphometric parametersin cirrhosiswithout
tumor, regardless of early cirrhosis, micronodular
cirrhosis or micronodular and macronodular mixed
cirrhosis, were not different significantly. It suggested
that the cirrhosis without tumor may be the result of
regeneration and repair after HBV infection. Therefore,
weinferred that the posthepatitiscirrhosis, the result of
persistently affecting HBV, should be evolved into
“precancerous cirrhosis’ similar to paracancerous
cirrhosis, and then some of liver cellswere selectively
developed into HCC in the circumstance suitable for
carcinogenesis. The multistepsin the genesisof HCC
may beHBYV infection—chronic hepatitis— cirrhosis—
“precancer-ous cirrhosis’—HCC. The paracancerous
cirrhosis may be a sequential lesi on of precancerous
cirrhosis. Thisinference should be verified by further
study. Now, since we can not differentiate the
precancerous cirrhosis from the cirrhosis without tumor
under light microscope, the precancerous cirrhosis was
diagnosed merely by morphometry and
immunohistochemica method, which suggested that t he
patient with precarcinouscirrhosswould probably suffer
from HCC inthe near future or they had dreedy suffered
from HCC somewherein theliver. It was significant to
diagnose HCC as early as possible, especially by using
needle aspiration biopsy of liver, thus to decrease the
possibility of missngamal HCC(SHCC, diameter <<3cm).
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INTRODUCTION

Peptic ulcer, asacommon disease, serioudly affected
people’ s, work andlife. Itsoccurrence, development and
change have close relationship with the change of
people’s moods. Animal experiment proved that
significant changes occurred in the endocrine system of
the gastric ulcer rats¥. Recent study also showed that
the number of lymphocytesincreased markedly in the
gastric mucosaof peptic ulcer patients?. All the above
indicated that peptic ulcer is closely related neuro-
endocrine-immune system. |APP, anove idet hormone,
not only takes part in the regulation of blood glucose™®,
but also protects gastric mucosal®and regulates
gastrointestinal movements®. On the basisof previous
studies, we observed the expression change of |IAPP
and expl ored therel ati onship between theendocrineand
the immune system in gastric mucosa of peptic ulcer
patients, so as to provide morphologic data on the
existence of neuro-endocrine-immune network and the
changesin peptic ulcer.

MATERIALS AND METHODS

Twenty-one samples, including 6 casesfrom normal
human stomach, 15 cases from gastrectomy of
gastric ulcer patients, were collected. The paraffin
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sectionswere prepared asusud . Immunohi stochemical
PAP method was used to show IAPP-IR cells.
Briefly five-micron sections were placed on glass
slidesdeparaffinizedinxylene, rinsed in ethanol, and
brought to PBS through a series of descending
concentration of ethanol; endogenous peroxidase
activity was blocked with methanol-H,O, at room
temperature for 30 min; rabbit anti-IAPP serum
(peninsula, USA) wasdiluted 1/6000 with PBS, and
the sections were incubated overnight at 4°C. Goat
anti-rabbit 1gG (Huamel, Beijing) (1/50), peroxidase-
anti-peroxidase (Capital Medica University) (1/100)
and DAB kit (Zhongshan, Beijing) were used for
staining. As the negative control, the primary
antiserum was replaced by PBS and other stepswere
the same as stated above. All the sections were
counterstained with Mayer hematoxylin.

RESULTS

Thel APP-IR cell wasnot observed inthegastric mucosa
of normal subject (Figure 1A). In comparison, agreat
number of plasma cells IAPP-IR were found in the
gastric mucosa of peptic ulcer patients (Figure 1B,C).
Most of IAPP-IR p lasmacells wereweak and only a
few were strong for IAPP staining (Figure 1D). Of the
negativecontrol sections, noimmunoreactive product to
IAPPwasfoundin plasmacells (Figure 1E).

DISCUSSION

The gastric mucosa, in which there are a lot of
neurons, endocrine cells and immunocytes that may
interact with each other, isan important field for the
study of neuro-endocrine-immune network. It will
undoubtedly provide valuable data for the study on
this network by exploring the change of immune-
endocrine of gastric mucosa of peptic ulcer patients.
Based on the observation of T and B lymphocytes
which increase obviously in the gastric mucosa of
peptic ulcer patientsl? and the action of IAPP, a
novel islet hormone, which inhibits gastric acid
secretion!® and protects gastric mucosa“, we further
studied the expression change of IAPPinthegastric
muc osa. Unexpectedly, it wasfound that the plasma
cells of gastric mucosa increase d in number,
moreover most of them expressed | APPto some degree.
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Figure 1 Immunohistochemical PAP method, Mayer Hematoxylin
counterstained showing IAPP-IR cells.

A. The gastric mucosa of normal human, no IAPP-IR cell was
found. x 200

B-E. The gastric mucosa of peptic ulcer patients.
B. The more IAPP-IR plasma cells ( 1 ). x 1000

C. The weak positive ( 1 ) and negative (A) plasma cells. x 1000
D. Thestrong (1) and weak (A) positive IAPP-IR plasma cells. x
400

E. The negative control section in which IAPP antiserum was
replaced by PBS. (1) showing plasma cell. x 1000

Firgtly, the specificity of the above findings should be
confirmed because there was no |APP expression in
the plasmacells on the negative control sections; and
therewerealso | APP-IR negative plasmacellsaround
the positive ones. Secondly, the significance of IAPP
expression in plasmacells should be studied. IAPPis
mainly secreted by islet B cells”l. Recent study
indicated that besidesregul ating blood glucose, |APP
could inhibit gastric acid secretion!®!, and protect
gastric mucosal®. |APP -IR cells of islet were
markedly increased during the healing process of rat
gastric ulcer'®. The above-mentioned studies all
suggested that IAPPisbeneficial to ulcer healing. As
itisknown, the plasmacells of gastric mucosacome
from B lymphocytesand they respond by synthesizing
and secreting IgA. It isobserved, for the first time,
that plasma cells in gastric mucosa of peptic ulcer
patients not only increased in the number, but also
expressed |APP. Combined with our previous
observation that T and B lymphocytes of gastric
mucosa increased in peptic ulcer patients, it is
reasonable to infer that some plasmacellsin gastric
mucosaof peptic ulcer patients may transform to ones
expressing |APP so as to maintain the high level of
IAPP in the gastric mucosa and help promote ulcer
healing just as agrowth factort®.

CONCLUSION

Itisfound, for thefirst time, that | APP was expressed
in plasmacellsof gastric mucosaof peptic ulcer patients,
which provides morphol ogic evidencefor theexistence
of neuro-endocrine-immunenetwork.
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INTRODUCTION

Billroth gastrectomy has some advantages of inhibiting
acid secretion, low ulcer recurrence and low mortality.
However, postoperative complications, such asdumping
syndrome and reflux gastritis, often occurred as aresult
of pylorectomy™. To minimize these complications,
pylorus-preserving gastrecto my (PPG) had been
performed for gastric ulcer with satisfied clinical results.
P ositive correlation was not found between ulcer
recurrence and serum gastrin levell. In this study, we
performed distal partial gastrectomy with Billr oth 11
anastomosis (DPG-BII), pylorus-preserving gastrectomy
(PPG) and highly seclective vagotomy (HSV) on dogs
and investigated the relationship between dif ferent
antrum disposal and gastric acid secrection, serum gastrin
level and G-cell density and functional activity.

MATERIALS AND METHODS

Eighteen hybrid adult dogs, with body weight ranging
from 10 kg to 20 kg , mean weight 13.9 kg, were
randomly divided into 3 groups, and underwent PPG,
DPG-BII or HSV respectively. In PPG group, antrum
was strictly retain ed within 1.5 cm-2.0 cm and stomach
was resected about 40%. DPG-BII, in which stomach
was resected about 75%, and HSV wereroutinely done.
After laparotomy biopsy was taken at antrum 2 cm
beyond the pyloric sphincter, the first segmental
duodenum and jejunum 4 cm beyond Treitz ligamenta,
3 mo after operation, biopsies were done again around
the original biopsy sites. Gastric acid secretion was
analyzed using neut ralization method (subcutaneous
injection of tetra-gastrin 4 pug/kg). Fasting and
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postprandial serum gastrin levels were measured by
radioimmunoassay. The G cell density and itsfunctional
activity were determined by immunohistochemical assay
using an antigastrin antibody (Zymedco) at adilution of
1:200 in PBS. G cdll density was measured according to
the method of Creutzfeldt™®, in which G cell functional
activity was divided into 4 grades, asfollows: 1+, brown-
red cyto plasm, without granule; 2+, minutebrown granules,
occupied within 1/3 cyto plasm area; 3+, brown granule
or clusters occupied, 1/3-2/3 cytopl asm areg; 4+, brown-
black granules or clusters, above 2/3 cyto plasm area.

RESULTS

Effects of different operative procedures on
gastric acid secretion

In DPG-BII, PPG and HSV groups, preoperative basal
acid output (BAO) was 1.80 mmol/h, 2.25 mmol/h and
2.19 mmol/h; maximal ac id output (MAO) was 5.19
mmol/h, 4.49 mmol/h and 5.30 mmol/ h, respectively; 3
mo after operation, BA O decreased to 0.48 mmol/h, O.
98 mmol/h and 0.97 mmol/h; while MAO decreased to
1.04mmol/h, 1.76 mmol/hand 1.29mmol/h, respectively.
Gadtricacid secretionwass gnificantly suppressed by 56%-
80%, which sho wed that al of the three operations can
effectively inhibit gastric acid secret ionindogs (Teble 1).

Effects of different operative procedure on serum
gastrin level

Pre and post-operative fasting and postprandial serum
gastrin levels of DPG-BII, PPG and HSV groups are
shownin Table 2. In DPG-BII, post-operative fasting
and postprandial serum gastrinlevelsweresignificantly
decre ased (P<0.05), theinhibiting rate was 49.7% and
48.4% respectively ; whilein PPG, serum gastrin levels
weredightly decreased withaninhibiting rateof 25.9%
and 24.4%; inHSV, post-operative serum gastrin levels
wereincreased by 65.2% and 54.1%, respectively.

Effects of different operative procedure on G cell
density and functional activity
Postoperatively, G cell density increased in all sites
checked. Theincreasing rate in duodenum was about
75.0% and 50.0% in antrum or residual antrum (Table
3). Theincreaseinjegjunumhad no statistica significance.
Stained by immunohistochemical method, G cell
was stained in brown color and there were brown-
black granules in cytoplasm, which were the
product s of gastrin acted with its antibody and
presented as the index of activity of G cell. If 1+
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and 2+ grade cell was taken as normal- or hypofunction,
while 3+ and 4+ as hyperfunction, the number of grade 3+
and 4+ G cells as awhole constituted 44% and 60% of the
total G cells examined in pre and post-operative specimens
respectively, and particularly in duodenum the corresponding
postoperativ e date was 63%. It reveals that no matter what
procedure of gastrectomy was perf ormed, the post-
operative G cell functiona activity, especidly in duodenum
wa s enhanced with statistical significance (Table 4).

Table 1 Effects of different operative procedures on gastric
acid secretion

ration r Pr rati i ibiti
Operation  Group PIECREIS" " inhaizhs” "k (7

DPG-BII BAO 1.80 £0.25 0.48 + 0.20° 73.7

MAO 5.19 £ 0.56 1.04 £ 0.19° 80.0

PPG BAO 2.25 %0.27 0.98 £ 0.26° 56.4

MAO 4.49 +£0.34 1.76 £ 0.19° 60.7

HSV BAO 219 £0.21 0.97 £ 0.262 55.9

MAO 5.30 £0.14 1.29 £ 0.47° 75.7

3P<0.05; "P<0.01, vs preoperation.

Table 2 Effects of different operative procedure on serum
gastrin level

Operation Grou Pre-operation  Post-operation Changin
j R
DPG-BII fasting 179 + 104 90 + 117% 449.7
postprandial 181 + 86 94 +39% | 488
PPG fasting 190 + 153 144 + 63 1 25.9
postprandial 239 + 115 180 + 47 | 24.4
HSV fasting 100 + 10 166 + 75 165.2
postprandial 103 * 48 186 + 63 154.1

2P<0.05, vs preoperation.

Table 3 Effects of different operative procedure on G cell
density

Operation Site Preoperation Postoperation Incerasin

(cell/field) (cell/field) rate(%
DPG-BII Duodenum 23.1+£50 413+ 4.9° 78.9
Jejunum 11+11 32%30 190.4
PPG Antrum 66.2+ 2.1 103.3+ 18.82 56.0
Duodenum 156 +5.3 271+ 3.6% 74.3
Jejunum 1.0+ 42 11+19 11.0
HSV Antrum 69.8 £ 23.2 103.3+19.3* 476
Duodenum 33.7+t15.1 60.1 215 785
Jejunum 55+ 3.3 17.3+£9.2 218.3

3P<0.05; °P<0.01, vs preoperation.

Table 4 Effects of different operations on G cell function

Operation  Site Group 1+ 2+ 3+ 4+
DPG-BII Duodenum Preoperation 21 142 106 29
Postoperation 24 73 157 46°

PPG Antrum Preoperation 32 136 71 61
Postoperation 23 115 64 98?2

Duodenum Preoperation 50 124 81 45
Postoperation 24 93 117 68°

HSV Antrum Preoperation 55 105 84 56
Postoperation 38 94 73 952

Duodenum  Preoperation 67 107 74 52
Postoperation 24 99 81 96°

3P<0.05; ®P<0.01, vs preoperation.

DISCUSSION

According to the theory “ no acid, no ulcer”, anti-acid
secretion has been the dominant measure in treating
peptic ulcer. For suppressing acid secretion, how to
treat the antrum has been a much controversial question
in general surger y!. Total antrum excision would make
the serum gastrin level and gastr ic acid output lowered,
which was accompanied with relatively lower ulcer
recurr ence; on the other hand, damage of sphincter function
resulted in dumping symdro me, reflux gastritis,

dyspepsia and even carcinogenesis of residual stomach .
Under this condition PPG was presented, which not only
removed the ulce r lesion and suppressed gastric acid
secretion, but also preserved the sphincter function'®.
Our results showed that all the three proce dures can
effectively inhibit gastric acid secretion in spite of the
different p ostoperative serum gastrin levels. Clinically,
similar results were observed that absolute serum gastrin
value of patients were all kept within normal limits,
regardless their gastrin level decreased or increased after
DPG-BII, PPG or HSV™. Thisimplied that different
disposal of antrum did not obviously affect the inhibition
of gastric acid secretion.

Gastric acid secretion is a complex physiological
process, which was regulated by several factors, such as
vagus nerve, G cell, parital cell and its receptor, some
alimentary endocrine substances, gastric mucosal blood
supply!®. Of them any change may inhibit the gastric and
secretion and keep it at lower ou tput level. In addition to
regulating acid secretion, gastrin has important effe cts
on nourishment of gastric mucosa and pancreas”. Our
results showed that there were many G cellsin duodenum
and jgunum besides antrum. After operation, the number
of G cells in the nongastric tissue increased and their
function enhanced, this was not only associated with the
gastric acid deplation, but also was demanded by other
physiological effects. Thereforeit is evidently impossible
and unnecessary to eliminate gastrin from serum by
operation of peptic ulcer. To some extent, hypergastrinemia
subsequent to treatment of peptic ulcer, such asHSV and
antiacid drugs, isthe main determinant of ulcer healing®.
It isthe key point that how to keep the whole function of
sphincter. Fukushima et al®® has discovered that the length
of preserved antrum was closely related to the residual
stomach function. In our study, the length of preserved
antrum was strictly limited within 1.5 cm to 2.0 cm,
vomiting, decline of food intake and loss of body weight
were not found postoperatively in the animals which
suggested that the function of sphincter had been fairly
maintained.
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INTRODUCTION

The blood irrigate flow obstruction, especially the
gastrointestinal (Gl) ischemid, isthe main factor of
thedamagetothedigestivetract caused by seriousburns.
Theeffect of Gl ischemiaonthewholebody isextensive
and profound, which not only causes the increase of
intestinal permeability and themovement of bacteriaand
toxinintheintestina cavity, but releasesalarge quantity
of inflammatory media. Neuroendocrine element after
burnsis closely related to intestinal damagée?. Asis
known at present, abundant nitric oxide synthase (NOS)
is distributed in GI tract, whose product NO is a
nonadrenergic and noncholinergic (NANC) restraining
trangmitter in enteric nervous system which participates
extensively in various physiological functionsin the
intestind tract®. Few reportsabout theeffectsonintesting
NOS after serious burns are available. We used scalded
rat model with degree I11 40% of body surface area
(TBSA), and enzymatic histological and biochemical
methods to observe dynamically the active changes of
empty myenteric plexusNOSand changesof jgund tissue
MDA SOD and GSH-PX and probeinto therelationship
between NOS and intestinal tissue and function damage
aswell astheir mechanism soasto providemorphologica
experimenta basisfor clinical treatment.

MATERIALS AND METHODS

Materials

B-NADPH, TY PE, nitroblueterazolium (NBT) (Sgma);
SOD reagent kit (Wuhan Xiehe Hospital Science and
Technology Development Centre); thibarbiluric acid
(Shanghai Reagent Factory); self-madephosphatebuffer;
and hedlthy SD ratsweighing 250g provided by theAnimal
Laboratory Centreof Tongji Medical University.

Methods
Eighty rats were randomly divided into five groups:
sham-burn control (SBC) and 4 groups of 8, 24, 48
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and 72 hours postburn, each group having 16 rats (40
were measured for biochemical indexes, and other 40
for morphological indexes). The rats, before being
scalded, had their hair depilated on the neck and back
with 80 g/L N&a:S under the anaesthesiawith 100 g/L
trichloroacetal dehy-demonohydrate after they became
conscious, depilated parts were soaked into the 100°C
boiling water for 16 sec and scalded to degree 11 400g/
L TBSA. They werethen fed in different cageswithout
treat ment. And thosein sham-burn control group were
soaked into 37°C water.

Ratsin different groups, after being scalded, were
sacrificedat different time points,al0cmempty intestine
was taken out and madeinto thick liquid. SOD activity
wasdetermined with modified pyrogal lol auto-oxidation
[, GSH-PX activity by active DTNB™®, and the content
of MDA with modi fied thiobarbituric acid fluorescence
anaysig®.

The rats in each group were anaesthetized with
100 g/L trichloroacetal deh y demonohydrate (300 mg/
kg) , opened up to expose the heart, the blood was qu
ickly rinsed away with 200 mL warm normal salinefrom
left chamber through ascending aorta, and then 450 mL
of 40 mL/L cold parafor-maldeh yde wasingtilled for
one hour, a 10 cm empty intestine was taken out, the
inte stinal content waswashed off and filled again with
the same liquid to make the intestinal track full, both
endswereligated andfixedintheabove-mentionedliquid
(4°C) for 4 hours. The outer longitudinal tunica
muscul ariswas peded off carefully fromthering tunica
muscul arisand telasubmucosa, and the specimenswere
made.

The specimens after being washed with 0.1 mol/L
of PBS, wasput into reduction type NADPH-d hatching
liquid at 37°C for 50 min (cosisting of 0.1 mol/L of PB
(pH 8.0) which contained 30 g/L tritonx-100, 100 mol/L
of nitrobluetelbrazolium and 1 g/L of NADPH-d, and
washed thoroug hly with0.1 mol/L of PBS. Afterreaction
[1, it was pasted onto a galative glass piece and
conventionally dehydrated, made into transparency,
sealed and observed under microscope. The staining
result of NOS was achieved using IBAS automatic
picture analyzer to determine semi-quantitatively the
contentsin myenteric plexusneuron NOSandinternode
bindNOS.

Statistical treatment
The datawere expressed as X + s, and t test was used
to compare theresullts.
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RESULTS

Changes of the contents of MDA, SOD, GSH-PX
in the empty intestinal tissues of burned rats

The content of MDA in the empty intestinal tissues
gradually rose with the time of burns; compared with
the SBC, the contentsin each group increased significa
ntly (P<0.01). But the activity of SOD and GSH-PX
decreased markedly the difference being significant as
compared with SBC (P<0.01).

Active change of myenteric plexus NOS in the
empty intestine of burned rats

Observation under light microscope In the control
group, most ganglion cellsin myenteric plexusand
their scabrosity appeared strongly positivein NOS,
while a small number had moderate stai ning, most
being distributed around myenteric plexus and the
cell being comparatively large and variousin shape,
i.e., ovate, triangle or irregular. There were NOS
positive productsin dark bluein the cytoplasm and
the nucleuswas negative. Most of intersegment bind
fiber contained bulge, and some had division and
intersect with varying size (Figure 1). In the group

of 8 hours post-burn, the cell NOS stain appeared
obviously lighter but intersegment bind fiber had
no obvious change (Figure 2). In the 24 hours
post-burn group, ganglion cell NOS staining was
intensified obviously with clear cell outline and
larger size. Intersegment bind fiber and bulge
became markedly dense (Figure 3). In the 48 to
72 hour post-burn groups, ganglion cell and
intersegment bind fiber staining gradually became
lighter, especially inthose of 72 hour group (Figure
4), perikaryon and OD change of myenteric plexus
NOS in the empty intestine of burned rats. In
burned rats after 8 hours the OD of myenteric
plexus and intersegment bind fiber NOS were
significantly lower than that in the control group
(P<0.01) and in those after 24 hours, the OD of
ganglion cells and intersegment bind fiber NOS
was significantly higher than that in the control (P
<0.01); whilein those after 48 to 72 hours, OD of
ganglion cells and intersegment bind fiber NOS
decre ased gradually, being significantly different
from the control group and those of 24 hours post-
burn (P<0.01).

Figure 1 Myenteric plexus neuro bind ganglion cell (AA) and positive reaction of NOS of intersegmental bundle ( 1 ) in the control group.

x 400

Figure 2 Myenteric plexus neuro bind ganglion cell (/) and positive reaction of NOS of intersegmental bundle ( t ) reduced obviously in

the group of 8 hours post-burn. x 400

Figure 3 Myenteric plexus neuro bind ganglion cell (/\) and positive reaction of NOS of intersegmental bundle ( * ) increased obviously in

t he group of 24 hours post-burn. x 400

Figure 4 Myenteric plexus neuro bind ganglion cell (/) and positive reaction of NOS of intersegmental buridle ( 1 ) ieduced obviously in
th e group of 48 hours post-burn compared with the group of 24 hours post-burn. x 400
Figure 5 Myenteric plexus neuro bind ganglion cell (/) and positive reaction of NOS of intersegmental bundle ( t ) reduced obviously in

the group of 72 hours post-burn. x 400
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DISCUSSION

NO, anewly discovered active biosubstancein recent
years, isadual-functional messenger and venenosity
molecule with short half-life and instable nature. The
invivo NO, in the form of L-Arg as primer, exists
through the catalyzation of NOS, which indicatesthat
the distribution of NOS is closely related to the
physiological functionsof NO. Itisreasonabletoinfer
bioeffects of NO through theresearch of NOS, Nathan
et al®® divided NOS into two types, i.e. cNOS and
iINOS. cNOS is mainly distributed in neurocyte and
endothelium and catalyzes NO which acts chiefly as
neurotransmitter and secondary messenger, while
iNOS, mainly distributed in macrophage and
endothelium cell, catalyzes NO, which has cytotoxic
effect. However, the physiological effect of NO tothe
body depends chiefly on the quality and strength of
stimulat ive elements, the dosage and reactive sites.
Thus we can presume that after serious burns bad
perfusionof intestinal blood, disorder of motor functions
and damaged enteromycoderm may be related to the
abnormal intestinal NOS activit y. It was suggested
that MDA content in the jejunal tissues of the burned
rats increased, the result was consistent with that of
Peng et al®®. At the same time, SOD and GSH-PX
antioxidase activitiesin jgjunal tissues decreased after
being burned, indicating that lipoperoxidation reactions
participate in the pathophysiological course of the
mucosal damage of burned rats. Some studies
demonstrated that cNOS was distributed extensively
inplexusesof Gl wall, and itsoutput NO wasinhibitory
neurotransmitter of NANC nervesin Gl tract, which
may cause angiectasis of intestinal tract and laxation
of smooth muscles’?. Eight hours after serious burns
myenteri ¢ plexusNOS activity decreased obvioudly in
our experiment suggesting burn stress caused
adrenergic nerve excitation, and inhibited NANC
nerves, leading to the decrease of cNOS activity and
the catalyzed NO, causing excessive contrac tion of
smooth muscles. These may be the main causesin bad
perfusion of intesti nal blood and disorder of motor
functions. In this experiment, 24 hours post-burn,
myenteric plexusNOS activity increased significantly,
possibly because the enterogenous infection after
serious burn, activated the endotoxin on macrophage
cdl of intestinetorel easeaseriesof suchbody fluid agents
as TNT IL-1, etc, leading to increased iNOS

activity. A large amount of high-concentr ation NO
produced inthisway had cytotoxic effectswhich further
damaged the intestinal tissues. Excessive amounts of
NO and O, free radical s produced more toxic ONOO
freeradicals which further react to produce HO,NO,,
NO;, etc. while HO and NO, are catalyst of
biomembrane lipid peroxidat ion and can cause a
succession of peroxidation of high unsaturation and
adipoaci d occurring onthe membrane, thusproducing a
largeamount of metabolin MDA worsening thedamage
of intestinal tissues. Therefore 48-72 hours post-burn,
wefou nd that intestinal myenteric plexusganglion cell
and perikaryon reduced obviously, and changes caused
by thelowered NOS activity and other delayed neurona
damage. It can be inferred that NO in the intestine of
seriously burned rats and ONOO reacted by O, are
important mechanisms that NO damages intestin al
structure and functions. It suggests that the damaged
structure and functi ons in seriously burned rats are
related to theincrease of NOS activity. It is concluded
that using theinhibitor of NOS to lower NOS activity
level may be beneficid to lessening the degree of post-
burnintestinal damage.
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INTRODUCTION

Gastric mucosal injury isoneof thecommon disorders,
there are many reports subjected to its pathogenesis
treatment and prevention!**. We investigated the
protective effect of electroacupuncture and
moxibustion of Zusanli point on gastric mucosal
damage and itsrelation with nitric oxide (NO) onthe
animal model with acute gastric mucosal damage
induced by ethanol. The detected indexesincludethe
content of NO, gastric mucosal blood flow (GMBF),
gastric mucosal lesion index (L1) and transmucosal
potential difference (PD).

MATERIAL AND METHODS

Drugs L-arginine (L-arg)—the precursor of
NO (purchased from Huamei Biological
Engineering Corporation); Natrii Nitroprussidum
(SNP)—the donor of NO (provided by
Experimental Drug Plant of the Beijing Institute
of Pharmaceutical Industry), diluted with
distilled water prior to use, Nw-nitro- L-arginine
(L-NNA), an inhibitor of NOS (produced by
Sigma), and diluted with 0.2 mol-L* PBS; 200g-L*
pentobarbital sodium was prepared with distilled
water immediately before use.

Animal grouping

Wistar rats weighing 180 g-250 g (provided by the
Ingtituteof Acupunctureand Moxibustion, Anhui College
of Traditional Chinese Medicine) were
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fasted for 12 h and allowed free accessto water. The
animalsweredividedinto 16 groupsrandomly, including:
control group (c), model (m),m+electroacu puncture
(EA), m+moxibustion (M), L-arg+m , SNP+m, L-
NNA+m, L-NNA+L-arg+m, L-arg+m +EA, L-
arg+tm+M, SNP+m+EA, SNP+m+M, L-NNA+mM+EA,
L-NNA+m+M, L-NNA+L-arg+m+EA, L-NNA+L-
arg+tm+M.

Preparation of acute gastric mucosal damage
model®

Theratsfasted for 12 hwereinjected with pentobarbital
intraperitoneally at adose of (30-40) mg-Kg?. The
middle line incision below xiphoid process after
anesthesiawas performed, then stomach was exposed
and injected with 2 mL 700 mL/L ethanol, and the
abdomen closed, 30 min later the preparation of model
wasfulfilled.

Experimental procedure

Different procedureswere used for different groups.
In groups injected drugs or equivalent amount of
physiological saline, thesewereinjected respectively
into blood flow slowly through the great saphenous
vein of the anesthetized rats 15 min before the
preparation of the model. In groups which required
el ectroacup uncture or moxibustion, weretreated with
€l ectroacupunctureor moxibustiononbilateral Zusanli
points after the model was successfully prepared. The
electroacupuncture was performed with PCE,
el ectroacupuncture therapy device on the condition
of frequency 20Hz, voltage 5v-8v for 30 min
(produced by the Institute of Acupuncture and
Moxibustion of Anhui Collegeof Traditional Chinese
Medicine). During moxibustion, thelighted puremoxa-
cigar wasmaintained 1 cm from the bilateral Zusanli
points. The GMBF and PD values were measured
for all rats. Then the blood was obtained through
decephalization or from retro-ocular vassel for the
NO assay. Subsequently the rat stomach was
resected for the analysis of L1, and the mucosafrom
gastric antrum and the body for assaying NO
contents.

Index detection
GMBF was assayed by analyzing hydrogen gas
clearance curves®; PD was assayed with direct Ag-
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AgCI. Electrode measurement techniquelwith few
alterations, i.e. the efficient electrode was put on
the mucosa while the reference one on the serosa.
The electric potential difference between two
membranes was recorded. For the detection of LI,
the stomach was resected and incised along the
greater curvature, washed with physiological saline.
Guth index assessment!® (slightly modefied) was
used to compute the damage, on ascale of grades
1-5asfollows: Grade 1, the petechiaor ecchymosis,
Grade 2, 3, 4 and 5, pathological focus of 1 mm; 1
mm-2 mm, 2 mm-4 mm, and over 4 mm,
respectively. The NO content in blood and mucosa
of gastric antrum and body were assayed based on
the method from Green et al'®. The Kit for NO
assay was provided by the Department of
Biochemistry, Institute of Radiology, Academy of
Medical Science of PLA. The analysis was based
on the protocol, but the mucosawere hom ogenized
before the assay.

Statistical analysis

All datawere expressed asx + s, and the Student’ s
t test was used for the comparison between
groups.

RESULTS

The effect of acupuncture and moxibustion of
Zusanli point on GMBF, PD and LI in rats with the
gastric mucosal damage (Table 1)

The mean of GMBF, PD in group m showed
statistically significant difference comp ared
with the control group (P<0.01), demonstrating
marked decrease of GMBF and PD after
gastric mucosal damage, theintegrity of gastric
mucosa was depended on adequate blood flow.
GMBF and PD in group m+M was obviously
incr eased (P<0.01) compared with group m,
suggesting the electroacupunctur e and
moxibustion of Zusanli point may relieve and
cure the gastric mucosal damage induced by
ethanol.

Changes of NO content in blood and gastric
mucosa and their relation with LI after
electroacupuncture and moxibustion on the
Zusanli point of rat models

From Table 1 we can find, NO contents in group
m showed significant difference compared with
normal control (P<0.01); L1 in group m+EA and
group m+M was markedly lower than that in group
m (P<0.01). The results showed that the gastric
mucosal damage aggravated as NO content
decreased while NO cont ent increased and the
gastric mucosal damage relieved, which suggests
that NO content is associated with the integrity of
gastric mucosa.

Effect of L-NNA, L-arg and SNP on the response
of electroacupuncture and moxibustion
(Table 1)
The L-Arg (150 mg-Kg?), SNP(200 pg-Kg?) and
L-NNA (3 mg-Kg*) were administered through the
great saphenous vein respectively 15 min beforeig
administration of 700 mL/L ethanol in different
groups. After that the electroacupuncture and
moxibustion of Zusanli point were performed for 30
min. Subsequently, the GMBF, PD and LI as well
as NO content in blood and gastric mucosa were
assayed and detected respectively in each group. It
was found that there was little difference in the
indexes when group L-arg +m and group SNP+m
were compared with group m+EA or group m+M (P
<0.05), indicating thefunction of electroacupuncture
and moxibustion on gastric mucosal damage was
similar to that of L-arg or SNP. Comparing group
L-Arg+m+EA (or M) and group SNP+m+EA (or
M) with group m+EA (or M), and group SNP+m+EA
(or M) with group m+EA (or M), NO content, GMBF
and PD values were markedly increased, and LI
value was obviously decreased (P<0.01 or P<0.05),
which suggested that electroacupuncture and
moxibustion of Zusanli point had the effect of
strengthening NO pathway and protecting gastric
mucosa.

In comparison of group L-NNA+mwith group m.,
NO content, GMBF and PD value dec reased,
and LI value increased (P<0.01 or P<0.05),
showing that L-NNA aggravated ethanol
induced gastric mucosal damage. When we
compared group L-NNA+m+EA (or M) with
group m+EA (or M), NO content, GMBF and
PD value also decreased, but L1 value increased
(P<0.01 or P<0.05), which suggests L-NNA
decreased the protective action of
electroacupunctureand moxibustion on gastric
damage. While we compared group L-NNA +L-
arg +m+EA (or M) with group L-NNA+m+EA
(or M), NO contents, GMBF and PD value
increased and LI value decreased (P<0.01 or P
<0.05), demonst rating L-arg may reverse the
inhibitory function of L-NNA. In conclusion, the
above me ntioned results further suggest that
the protective action on gastric mucosa by the
electroacupuncture and moxibustion of Zusanli
point is NO mediated.

Effect of electroacupuncture of Zusanli point on
pH value of gastric fluid (Figure 1)

pH in group c was 4.33 £ 0.40 and that in Group m
2.92 + 0.37, decreasing si gnificantly in the latter
group (P<0.01). The pH value in Group m+EA,
3.84 £ 0.69 was much higher than that in Group m
indicating 700 mL/ L ethanol promotesthe stomach
to secrete acidswhile el ectroacupunctureinhibitsthe
secretion.
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Table 1 Effect of electroacupuncture and moxibustion of Zusanli point on LI, GMBF, PD and NO after gastric mucosal damage in

rats (x = s)
NO
Group n LI GMBF PD
(mL-min*100g™) (mV) Blood (umol-L?)  Antrum(ng-mg?)

C 5 0 138.20 + 4.37 20.82 £ 0.99 21.12 £ 1.89 53.30 + 2.65
m 5 45.6 £ 3.2° 60.60 + 6.09% 11.85 + 0.82° 12.84 + 1.54 35.17 + 1.572
m + EA 5 31.4 £ 3.3° 92.55 * 6.35° 15.84 + 0.48° 18.65 + 0.69°¢ 48.51 + 2.12¢
m+ M 5 33.8 £24° 95.91 + 5.59° 15.96 + 0.34° 18.53 + 1.04°¢ 48.49 + 2.39¢
L-arg + m 5 324 +3.2 106.22 + 5.30 17.73 £ 0.22 18.93 = 1.30 47.57 £ 2.86
SNP +m 5 30.0+3.1 104.03 = 7.57 17.89 £ 0.39 19.07 £ 1.29 47.18 £ 2.17
L-NNL + m 5 55.8 + 2.8° 56.85 + 5.96¢ 6.97 + 0.32¢ 8.37 £ 0.27° 27.29 £ 1.71°
L-NNA + L -arg + m 5 46.8 £ 2.6 78.90 £5.10 10.93 £ 0.39 12.10 £ 1.23 33.76 + 2.44
L-arg + m + EA 5 21.0 £ 0.9° 121.50 + 3.55¢ 18.14 £ 0.44 24.70 £ 0.75¢ 50.63 + 2.34
L-arg+ m+ M 5 27.1+2.7¢ 97.46 £ 4.90 16.08 + 0.45 21.06 = 1.17 44.26 + 2.01
SNP + m + EA 5 20.9 £ 0.8° 118.50 + 4.21¢ 17.79 £ 0.59 24.80 + 0.50¢ 45.17 £ 2.01
SNP+m+ M 5 26.8 + 2.2¢ 101.11 £ 5.23 14.73 £ 0.61 23.14 + 1.52¢ 43.33 £1.97
L-NNA + m + EA 6 418 + 2.1° 73.57 +5.43¢ 11.87 + 0.41¢ 12.37 £ 1.78° 39.25 + 1.66¢
L-NNA+m + M 6 40.5 + 3.0¢ 66.42 + 5.42¢ 10.25 £ 0.72¢ 11.43 £ 1.03° 32.17 + 2.35°
L-NNA + L-arg + m + EA 5 31.0 £ 1.29 95.00 + 3.78f 16.15 + 0.749 19.24 + 0.549 51.51 + 2.14f
L-NNA + L-arg+ m+ M 5 31.5+2.19 70.76 £ 4.78 11.81 £ 0.53 12.88 = 0.68 36.37 £ 2.29

3P<0.01 vs Group C; "P<0.05, °P <0.01 vs Group m; 9P<0.05, *P<0.01 vs Group m+EA (orM); P<0.05, 9P<0.01 vs Group L-

NNA+m+EA (or M).

pH 6 / Group C  Groupm Group m+EA
] 1 -

N

. 7

Figure 1 Effect of electroacupuncture on pH value with gastric
mucosal damage in rats.
3P<0.01 vs Group C; ’P<0.01 vs Group m.

DISCUSSION

Acupuncture and moxibustion may treat and prevent
gastrointestinal disorders, the mechanism of whichis
being further investigated. The acupuncture and moxib
ustion on Zusanli pointsshow thetwo-way regul ation of
gastrointesting function. Inrecent years, itisfrequently
reported that they may relieve symptom an d promote
the ulcer healing to certain extent™™. Thereisrelative
point specificity, thefirst choiceisthe Zusanli pointin
stomachchannd of foot yangming. Our study investigated
the therapeutic and protective effect of the acupuncture
and moxibustion on acute gastric mucosal damage
induced by 700 mL/L ethanol. It is found that

GMBF and PD value as well as NO content, pH
value in rat gastric mucosa of model group with
acupuncture and moxibustion increased more
markedly than those without any therapy (P<0.01),
whilethe gastric mucosal damage alleviated (P<0.
01) which denotes the therapeutic and protective
effect of acupuncture and moxibustion on the
damage and suggests that the protective action is
related with the level of NO content.

NO isasmall molecular gas produced from the
procursor L-Arg under the NOS catalysis. The
process is called as L-Arg-NO pathway, NOS
activity playsakey rolein NO synthesis. NOS
is existed in many kinds of tissues including
vascular endothelial cell, thrombocyte, brain cell,
renal epithelial cell, macropha gocyte,
neutrophil, hepatocyte, etc. Some factors can
induce the expression of NOS and increase the
NO synthesis. As a special bioinformational
molecule, the neurotransmitter or the humoral
factor, NO involvesin the functional regulation
and pathophysiology of many diseases. Our
study investigates the prot ective effect of
acupuncture and moxibustion on acute gastric
mucosal damage and in the meantime
measures NO content in blood and gastric
mucosa and finds that NO content is negatively
correlated with the severity of gastric mucosal
damage, which provesthat the protective action
of acupuncture and moxibustion of Zusanlipoint
is NO mediated; and in other words NO
involvesin theregulative effect of acupuncture and
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moxibustion ongastrointestinal function.

The good balance between NO and ET keepsthe
endothelium intact, If the unbal anceis devel oped, the
gastric mucosa damage will beformed and thegastric
dysfunction presented. Our study showed!” that when
NO content decreased ET content increased and gastric
mucosal damage aggravated, and on the contrary, the
damage aleviated. Our results have verified it. When
L-arg or SNP was administered 15 min before
establishing the model with 700 mL/L ethanol; NO
content was higher than that in the model group and
concurrently GMBF and PD value increased, and L1
value decreased; if NOSinhibitor -L-NNA wasgiven,
NO content, GM PF and PD vauewerelower thanthose
in the model group while LI value increased, which
indicatesthat NO playsanimportant roleinmaintaining
the intact gastric mucosa. GMBF decrease may
prominently respond to thegastric mucosal damageafter
ethanol induction. It is thought that NO is an EDRF,
whichiscapableof relaxing thevascular smooth muscle
obviously, Our research further confirmed that the
vascular relaxing action of NO can protect gastric
mucosafrom damage.

NO initiates the protective effect of acupuncture
and moxibustion on gastric mucosa, which has been
proved in our work. During experiment, in the model
rats , the NO content in their blood and gastric
mucosaincreased after acupuncture and moxibustion
were performed, and GMBF and PD values were
alsoincreased while LI value decreased. If L-NNA
was preliminarily given, the above effect of
acupuncture and moxibustion of Zusanli point
disappeared, but concurrently givenL-ary, theaction
of L-NNA could bereversed. In addition, if L-arg
or SNP was preliminarily administered and then the
model established, NO content in the group with
the acupuncture and moxibustion of Zusanli point
increased morethan that in the corresponding groups
without acupuncture and moxibustion, moreover,
GMBF and PD valuesincreased and L1 decreased
correspondingly, showing the synergetic action
between them. The above phenomena further
confirm that the acupuncture and moxibustion of
Zusanli points alliviate gastric mucosal damage,
which isNO mediated, and thisillustratesthat the
acupuncture and moxibustion of Zusanli point can
activate endogenous NOS.

Asfar as the possible mechanism why Zusanli
point can initiate NO system is concerned, we consider
that themain nervesregulating gastric function arevagus
nerves, thedorsa vagusnucleus(DMV) being themgjor
motor nucleus. The efficient stimulus transmitted to
DMV by the somatic sensory nervesthrou ghthe spina
cord. DMV aso receives afferent information from
gastrointestinal tract and integrates other information
from central nervous system (CNS), and transfersto
the stomach by efferent vagus nerves, resulting in the
increase of NO synthesisand release.

The possible mechanism about how NO can
protect gastric mucosafrom damageisasfollows. NO
acts as one of endothelial diastolic factors which can
causethedilatation of vascular smooth muscles, resulting
in GMBF increase, improvement of blood supply of
gastric mucosa, maintaining the integrity of gastric
mucosal epithelium, protecting the gastric mucosafrom
the stimulation of gastric contents and from damage,
preventing from H* invasion and keeping normal ionic
concentration gradient across gastric mucosaaswell as
mai ntaining appropriate PD va ue, whileacupunctureand
moxibustion may activating NOS to increase the
synthesisand release of NO. Further research remains
to be done ashow doesthe acupuncture and moxibustion
activate NOS.
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INTRODUCTION

Héelicobacter pylori (Hp) infection hasbeen considered
to play significant rolesin pathogenesis of peptic ulcer.
Additionally Hpisassociated with the devel opment of
gadtric epithelid hyperplasaandlymphoidmalignancies.
The International Agency for Research on Cancer has
classfied Hp asaclass| carcinogen and adefinite cause
of gastric cancer in humans. Hp infection first causes
chronic active gastritisand may dowly lead toinfection
of whole stomach. Inthelate stagesof infection, mucosal
atrophy and intestinal metapl asia (IM), and even
dysplasia (DY S) occurt™.Chronic atrophic gastritis
(CAG), IM and DY S are considered markers for
devel opment of gastric cancer in high-risk individuals.
In our study we analyzed Hp infection prevalencein
486 patientswith precancerousgastric lesions.

MATERIALS AND METHODS
Themucosal biopsy specimenswere collected from 486
patients subjected to routi ne gastroscopy, including 163
cases of CSG, 207 cases of CAG, 71 casesof IM and
45 casesof DY S. Biopsiesweretaken fromfivesitesin
the stomach: one fro m the angel, four from the lesser
and greater curvature of gastric body and gast ric antrum.
Each biopsy was classified according to the presence or
absence of C SG, CAG, IM and DY S, and scanned by
Warthin-Starry method.

Data analysis was made with Chi-square test.
Statistical significancewasdefined as P<0.05.
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RESULTS

Table 1 Relation between precancerous gastric lesions and
age and sex

CSG CAG IM DYS
Variables n

n % n % n % n %
Sex
Male 314 96 306 142 452 43 137 33 105
Female 172 67 389 65 378 28 163 12 7
Age (yrs)
=40 184 64 349 98 535 13 700 9 4.6°
41-55 171 52 303 70 412 30 173 19 108
=56 131 40 305 46 354 28 21.1*@ 17 13.0°

3P<0.05, °P<0.05.

Gastric pathology data was available for 486
cases. Asshown in Table 1, there was no significant
difference between the two sexes (P>0.05), but the
preva enceratesincreased with age, being significantly
higher in =56 age group than <40 group for IM and
DY S(P<0.05).

Table 2 Hp infection rate in precancerous gastric lesions

) Hp(+) Hp(-)
Variables n
n % n %
CSG 163 39 23.9 124 76.1
CAS 207 88 42.52 119 57.5
IM 71 54 76.1° 17 23.9
DYS 45 40 88.9¢ 5 11.1

3P<0.05, CAG vs CSG; PP<0.01, IM vs CSG; °P<0.01, DYS vs CSG.

The prevalence of Hp increased steadily with
increasing severity of gastric histopathology (Table 2).
Thedetectionratesof HpinIM (76.1%) and DY S(88.
%) weresignificantly higher thanthat in CSG (23.9%,
P<0.01), andin CAG thanin CSG (P<0.05).

Table 3 Hp infection distribution in precancerous gastric
lesions by biopsy sites

ALC AGC A BLC BGC
Variables n
n % n % n % n % n %
CSG 39 37 949 36 923 32 821 18 462 10 256
CAG 88 84 954 80 909 78 886 53 59.9 41 462
IM 54 49 907 46 852 40 741 34 6277 32 588
DYS 40 36 900 33 85 30 750 28 70.0° 26 63.9°

ALC:antral lesser curvature; AGC:antral greater curvature; A:
angulus ; BLC:body, lesser curvature; BGC:body, greater curvature
3P<0.05, IM vs CSG; "P<0.05, DYS vsCSG.
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Asshown in Table 3, the prevalence of Hp
positivity tended to increase from BLC to BGC, Hp
positiveratesinIM and DY Sweresignificantl y higher
than that in CSG in both BLC and BGC (P<0.05).

DISCUSSION

Thefirst compelling evidencelinking Hp infection to
gastric carcinomawas generated by seroepidemiologic
studies®?, bacterial seroposit-ivity wassignificantly
more common in those with gastric adenocarcinoma,
with an oddsratio ranging from 2.8 to 6.0, suggesting
a strong association between Hp and gastric
malignancy.

Hp infection wasrelated to both the intestinal and
diffuse types of cancer as well as the precancerous
lesionof IM or DY S, and greater than 70% of gastric
carcinomasarelinked to IM, although DY Smay aso
be seen without n eoplastic disease.

Our study demostrated that the prevalence rates
of precancerouslesions varied w ith age, for IM and
DYS, it had an upward trend with aging, while for
CSG, it had adownward trend with aging, but were
not different between the two sexes.The prevalence

rose steadily with increasing severity of gastric
hi stopathol ogy, the detection rates of Hp in CAG (42.
5%), IM(76.1%) and DY S (88.9%) wer esignificantly
higher thanthat in CSG (23.9%), suggesting that Hp may
play aroleinlateaswell asearly stagesof carcinogenesis.

Our study also showed that Hp positive ratesin
IM and DY Sweresignificantl y higher thanthat in CSG
in the lesser and greater curvature of gastric body, s
uggesting themore seriousthegastric histopathdogy, the
higher the Hp infe ction rate, furthermore, the higher
level of Hpinfection site. The stud ysuggestswe should
take multiple site biopsy for histopathology and Hp exa
mination.

REFERENCES

1  Kuipers EJ.Helicobacter pylori and the risk and management of
associated diseases: gastritis,ulcer disease, atrophic gastritis and
gastric cancer. Aliment Pharmacol Ther, 1997;11(Suppl 1):71-88

2 Nomura A, Stemmermann GN, Chyou PH, Kato |, Perez-Perez Gl,
Blaser MJ.Helicobacter pylori infection and gastric carcinoma among
Japanese Americans in Hawaii. New Engl J Med, 1991;325:1132-1136

3 Parsonnet J, Friedman GD, Vandersteen DP, Chang Y, Vogelman
JH, Orentreich N, Sibley RK. Helicobacter pylori infection and the
risk of gastric carcinoma. New Engl J Med, 1991;325:1127-1131

4 Craanen ME, Dekker W, Blok P, Ferwerda J, Tytgat GN. Intestinal
metaplasia and Helicobacter pylori: an endoscopic bioptic study of the
gastric antrum. Cut, 1992;33:16-20

Edited by Zhu LH
proofread by Sun SM



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

World J Gastroentero, 2000; 6(3):430-432
World Journal of Gastroenterology
Copyright[12000 by the WJG Press ISSN 1007-9327

Antisense telomerase RNA induced human gastric

cancer cell apoptosis

Fang Xin Zhang!, Xue Yong Zhang?, Dai Ming Fan?, Zi Yun Deng!, Yan Yan?, Han Ping Wu'! and Jun Jie Fan!

Subject headings stomach neoplasms; RNA, antisense;
telomere; gene therapy

Zhang FX, Zhang XY, Fan DM, Deng ZY, Yan Y, Wu HP, Fan JJ.
Antisense telomerase RNA induced human gastric cancer cell
apoptosis. World J Gastroentero, 2000;6(3):430-432

INTRODUCTION

Human tissue homeostasis is precisely regulated by
cdlular divison, differentiationand death. Normal human
somatic cells progressively lose telomere restric tion
fragment (TRF) length witheach successivecd| division,
eventualy leadi ngto cellular quiescence, chromosomal
end-degradation and apoptosis’™. On the contrary,
stabilizationof tel omerel engthsby expressingtel omerase,
an RNA-dependent DNA polymerase, may beinvolved
incellular immortality and carcinogenesis#. Changes
of telomerase activity and telomere lengths have been
foundinamost al human cancers**?, but the evidence
of their relationship withimmortalization of cancerscell
remain to be directly demonstrated. Since shortened
telomerewasfirst discoveredin Helacellswith antisense
RNA techniquesin 1995*Y, anticancer agentsbased on
inhibition of telomerase RNA have been reported™2*,
However, therd ationship betweentelomeraseinhibition
and cell apoptosishas not been fully understood. Inthis
& udy, weinvestigated the effect of blocking telomerase
activity on apoptosis of human gastric cancer cellsin
vitro using an antisense vector for human telo merase
RNA component (hTR) into human gastric cancer cells.

MATERIALS AND METHODS

Reagents

EcoRlI,BalL I, SalL I, SP6 or T7 polymerases (Promega),
hygromycin (B oehringer Mannheim) and lipofectamine
(Gibco BRL) were commercially obtained. Antisense
hTR expression construct vector (pBBS212) and hTR
recombinant plasmid (P GRN83) werekindly donated by
Dr Villeponteal| (Geron Corporation, USA).
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Cell line

The human gastric cancer cell line SGC7901 (Fourth
Military Medical University, China) was cultured in
RPM11640 (Gibco BRL) containing 100 mL/L fetal
bovineserum.

Transfection of antisense hTR expression vector
The TRC; piece (hTR) was flanked by 2 EcoR | sites
and wasinserted into EcoR | site of pBBS212 to make
the plasmids pBBS-hTR, which can express the
antisense of hTR under the MPSV promoter(*4, Cells
at density of 2 x 10°/well (2mL) in 6 well plateswere
transfected with purified plasmids (pBBS-hTR) and a
selectablemarker, hygromycin, by lipofectin procedure
as descri-bed!*®. As a control, cells were transfected
ether withan hTR-fr eeplasmid (pBBS212) containing
hygromycinmarker or withhygromycinaonefour clona
cells from each group were used for a series of
experiments.

hTR expression by blot hybridization

Total RNA wasprepared from each group cellsby RNA
isolation kit (Promega). PGR N83 waslined with BaL |
or SaL | and transcribed in vitro using T7 RNA
polymeraseand SP6 RNA polymeraserespectively. The
transcrition was carr ied out according to the
manufacturer’ singtructionsin the presence of 370GBg
[a-*P]JUTP(Beijing Huri Co, China). ThenasensehTR
or antisense hTR probe synthesized was used for RNA
blot hybrization*¥,

Telomerase assay

Cell extracts were prepared by detergent CHAPS
(Pierce), and telomerase activity was measured by
telomericrepeat amplification protocol (TRAP) methods
as descr ibed by Kim et al'>%®, The TRAP reaction
productswere separated by 100 g/L polyacrylamidegel
el ectrophoresis and autoradiographed. The basal level
of telomerase activity was measured by serial dilution
of the protein extracts.

Determination of TRF length

Genomic DNA extracted fromthegenetransfected cells
and the control cellswere digested with Hinf | and Rsa
|. DNA samples (8 ug eac h) wereloaded onto a8 g/L
agarosegel and e ectrophoresed for bromphenol blueto
thebattomof gel & 90V Thegd wasdried, denatured, neutraized
and hybr idized to a 5'-[**P](TTAGGG), probe (T,
polynucleotide kinase, Promega) and autoradi-
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ographed 48 h at -20°C217, thegenetransfected cells(11.0 £ 5.6) wasal so shorter
than that of the cont rol plasmids transfected cells
Cell cycle analysis (Figure 3) . Compared with the control plasmids

Cdlsinlog phasegrowth werecollected, washedtwice  transfected cells, G1 phase decreased by 25% in the
with phosphate buffered saline (PBS) and fixedin70  genetransfected cells and its apoptotic peak reached
mL/L ethanol &t 4°C overnight. Cellswerewashedwith  in 46.2% of cell cyclein acomputer apoptotic progr
PBS, digested with 20 mg/L RNase A at room am analysis (Figure 4). Either denaturation and
temperature for 1 h, and then resuspended in 50 mg/L necrosisor chromatin compaction and apoptotic body
propidum iodied solution. Cell cyclewasanalyzed on appeared in the genetransfected cellswhilethe none-
the FAC/ Scan (ELITEESP, Coulter Co) using a  genetransfected cellsshowed no changes of thiskind

computer prog ram interfaced with theintegrator. (Figureb).
Ultrastructural observation 4 : ’ :
Ultragructureinthegenetrandfected od | swas observed under .

atranamissvedectron microscope (JEM-2000EX, Jgpan).

RESULTS . .

Antisense telomerase RNA inhibited the sense

telomerase RNA expression in the ge netransfected - . . .
cells. Antisense hTR expression was high and sense

hTR expression wasweak in RNA blot hybridization .

analysis (Figure 1). Sense hTR suppression r ate - . B

analyzed by thin layer scanning reached 60%

gFllgure 1)' At\-n!:::sensedRNA to T;Edm?ﬂl ating Figure 1 Blotting hybridization of hTR. (A) Antisens e hTR
elomerase aclivity was O\,Nn_regu In egene expression. (B) Sense hTR expression. (1) SGC7901 cells. (2)
transfected cells but not in the control plasmids  sgc7901 cells transduced with control vector (pBBS). (3) SGC7901
transfected cells (Figure 2). Mean TRF length of cells transduced with vector expressing antisense hTR (pBBS-hTR).

- |

B ' - .‘ - ,..;ﬁ
Figure 2 Telomerase activity of SGC7901 cells analyz ed by TRAP. (A) SGC7901 cells transduced with control vector (pBBS). (B) SGC7901
cells transduced with vector expressing antisense hTR (pBBS-hTR).
Figure 3 Telomeric lengths of SGC7901 cells analyzed by hybridization of nucleic acids directly in agarose gels. (M) A -DNA/Hind 11
Molecular Markers. (A) SGC7901 cells transduced with control vector (pBBS). (B) SGC7901 cells transduced with antisense hTR
expressing vector (pBBS-hTR).
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Figure 4 Cell cycle analyzed by flow cytometry. (A) SGC7901 cells. (B) SGC7901 cells transduced with control vector (pBBS). (C)
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Figure 5 Ultrastructure observed under transmissive electron
microscope. (A) SGC7901 cells transduced with control vector
(pBBS). (B) SGC7901 cells transduced with antisense hTR
expressing vector (pBBS-hTR).

DISCUSSION

Cell gpoptosisisclosely associatedwithtumourigenes's,
tumor growth and tumor metastasis. Changes of
telomerelengthsmay play animportant rolein maintai
ning cell division, proliferation, apoptosis and
immortalization!>®. N ormal human somatic cells
progressively lose their telomeric sequence with
repli cative senscence till cell “crisis” or
apoptosis occurred*#% | n contrast, almost all
tumor cells and tissues express telomerase and
maintain telomere length through an indefinite
number of cell divisiong*%1-24 Antisense hTR,
hammerhead ribozyme TeloRZ and antisense
oligonucleode against hTR could suppress tumor
cell growth by inhibiting telomerase activity or shor
tening TRF length!**3, Therefore, it has been
proposed that antisense RNA based on telomerase
inhibition may potentially reverse uncontroled
prolifer ation of tumor cells and induce apoptosis
of cancer cells!?>?®, The pr esent study is
undertaken to investigate the possibl e relationship
between the antisense hTR expression and
apoptosis of human gastric cancer cells.

Our study has demonstrated that the antisense
hTR expression level of SGC7901 cellswas high.
Based on the histogram of flow cytometry, G1
phase was arrested and there was a typical
apoptotic peak in the antisense hTR expression
vector transfected cells. Meanwhile, compaction of
nuclear chromatin and apoptotic body were
observed under atransmissive el ectron microscope.
These results suggest tha t antisense hTR may
mediate apoptosis of human gastric cells. Also, we
have found that the antisense hTR expression of
SGC7901 cell could down-regulate te lomerase
activity and shorten telomere length. This supports
the changes of telo mere length and telomerase
activity in antisense hTR transfected tumor
cellst'12 indicating that telomerase can mediate
telomeric sequence replicati on in gastric cancer cells

and that shortening of td omerelength by theantissnse hTR
may be associ ated with apoptosisof human gastric cancer.
Thus, the induc tion of cell apoptosisin SGC7901 cells
expressing antisense hTR demonserates the potential of
tdlomeraseinhibitionasathergpeutictarget for humancancer.

REFERENCES

1 Pathak S, Dave BJ, Gagos S. Chromosome alterationsin cancer develop-
ment and apoptosis. In Vivo, 1994;8:843-850

2 Counter CM, Avilion AA, LeFeuvre CE, Stewart NG, Greider CW, Harley
CB, Bacchetti S. Telomere shortening associated with chromosome insta-
bility isarrestedinimmortal cellswhich expresstelomerase activity. EMBO
J, 1992;5:1921-1929

3 Wright WE,Brasiskyte D,Piatyszek MA, Shay JW. Experimental elonga-
tion of telomeres extends the lifespan of immortal X normal cell hybrids.
EMBO J, 1996;15:1734-1741

4 Rhyu MS. Telomeres, telomerase, and immortality. J Natl Cancer Inst,
1995;87:884-894

5 KimNW, Piatyszek MA, Prowse KR, Harley CB, West MD, Ho PLC, Covidlo
GM, Wright WE,Weinrich SL, Shay W. Specificassociation of humantelomerase
activity withimmortal cellsand cancer. Science, 1994;266:2011-2015

6  Counter CM, Hirte HW, Bacchetti S, Harley CB. Telomerase activity in
human ovarian carcinoma Proc Natl Acad Sci USA, 1994;91:2900-2904

7  Zhang FX, Zhang XY, Fan DM, Deng ZY, Yan Y. Expression of telomere
and telomerase in human primary gastric carcinoma. Zhonghua Binglixue
Zazhi, 1998;27:429-432

8  Zhang FX, Zhang XY, Fan DM, Den ZY. Andyss of teomerelength in human
gadtric cancer and precancerad's Zhonghua XiaohuaNejing Zazhi, 1998;15:351-352

9  Zhang FX, Zhang XY, Fan DM, Yan Y, Xu ZK. Telomerase activity in
gastric cancer and precanceross. Dis Junyi Daxue Xuebao, 1998;19:457-459

10 Park KH, RhaSY, Kim CH, Kim TS, Yoo NC, Kim JH, Roh JK, Noh SH,
Min JS, Lee KS, Kim BS, Chung HC. Telomerase activity and telomere
lengthsin various cell lines: changes of telomerase activity can be another
method for chemosensitivity evaluation. Int J Oncol, 1998;13:489-495

11  FengJL, Funk WD, Wang SS, Weinrich SL, Avilion AA, Chiu CP, Adams
RR, Chang E, Allsopp RC, YuJH, Le S, West MD, Harley CB, Andrews
WH, Greider CW, Villeponteau B.TheRNA component of human telomerase.
Science, 1995;269:1236-1240

12 Kanazaway, OhkawaK, UedaK MitaE, Takehara T, Sasaki Y, Kasahara
A, Hayashi N. Hammerhead ribozyme mediated inhibition of telomerase
activity in extracts of human hepatocellular carcinoma cells. Biochem
Biophysic Res Communication, 1996;225:570-576

13 Kondo S, Kondo, Li GY, Silverman RH, Cowell JK. Targeted therapy of
human malignant gliomain a mouse model by 2-5 A antisense directed
against telomerase RNA. Oncogene, 1998;16:3323-3330

14 LinJH, Wang MP, Andrews WH, Wydro R, Morser J. Expression effi-
ciency of the human thrombomodulin encoding gene in various vector and
host systems. Gene, 1994;147:287-292

15 DavisLG, Kuehl WM, Battey JF. Basic methods in molecular biology.
Norwalk Connecticut: Appleton Lange, 1997:189-633

16  Piatyszek MA, Kim NW, Weinrich SL, HiyamaK, HiyamaE, Wright WE,
Shay JW. Detection of telomerase activity in human cells and tumors by a
telomeric repeat amplification protocol (TRAP). Methods Cell, 1995;17:1-15

17 T se0SGS, Brunk CF, Pearlman RE. Hybridization of nucleic acidsdirectly
in agarose gels. Alytical Biochem, 1983;131:365-372

18 Levy MZ, Allsopp RC, Futcher AB, Greider CW, Harley CB. Telomere
end-replication problem and cell aging. J Mol Biol, 1992;225:951-960

19 Holt SE, Wright WE, Shay JW. Multiple pathways for the regulation of
telomerase activity. Eur J Cancer, 1997;5:761-766

20 Brown T, Aldous W, Lance R, Blaser J, Baker T, Williard W. The
association between telomerase, p53, and clinical staging in colorectal
cancer. AmJ Surg, 1998;175:364-366

21  KyoS TekekuraM, TanekaM, KanayaT, InoueM. Tdomeraseadtivity incarvic canoer
isquertitativey didinct fromthet initsprecursor lesions Int J Cancer, 1998,79:66-70

22 SudaT, Isokawa O, Aoyagi Y, Nomoto M, Tsukada K, Shimizu T, Suzuki
Y, Naito A, Igarashi H, Yanagi M, Takahashi T, AsakuraH. Quantitation of
telomeraseactivity in hepatocellular carcinoma: apossibleaid for aprediction
of recurrent diseasesin the remnant liver. Hepatology, 1998;27:402-406

23 Seol JG, Kim ES, Park WH, Jung CW, Kim BK, Lee YY. Telomerase
activity inacutemyel ogenousleukaemia: clinical and biological implications.
Br J Haematol, 1998;100:156-165

24 Asai A, KiyozukaY, Yoshida R, Fujii T, Hioki K, Tsubura A. Telomere
length, telomerase activity and telomerase RNA expressionin human esoph-
ageal cancer cells: correlation with cell proliferation, differentiation and
chemosensitivity to anticancer drugs. Anticancer Res, 1998;18:1465-1472

25 MoinGB.Istdomeraseauniversa cancer target. JNatl Cancer Ingt, 1995;12:859-860

26 Yokoyama, Tekahashi Y, ShinoharaA, Lian ZL, Wan XY, NiwaK, Tamaya
T. Attenuation of telomerase activity by ahammerhead Ribozymetargeting the
templateregion of tdomerase RNA inendometrid carcinomacells. Cancer Res,
1998;58:5406-5410

Edited by Ma JY



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

World J Gastroentero, 2000; 6(3):433-434
World Journal of Gastroenterology
Copyright[12000 by the WJG Press ISSN 1007-9327

Expression of lung resistance protein in patients
with gastric carcinoma and its clinical significance

Zhong Min Liu!, Nan Hai Shou? and Xi Hong Jiang?

Subject headings lung resistance protein/expression;
pathology ; gastric cancer; drug resistance

Liu ZM, Shou NH, Jiang XH. Expression of lung resistance protein
in patients with gastric carcinomaand its clinical significance. World
J Gastroentero, 2000;6(3):433-434

INTRODUCTION

Theéefficacy of chemotherapy inthetreatment of cancer
patientsisoften hampered by the presence or appearance
of multidrug resistance (MDR) of tumor cells. One of
the most important mechanisms of MDR is
overexpression of P-glycoprotein (Pgp) whichisencoded
by mdr1 gene. Recently, another MDR-related protein,
lung resistanceprotein (LRP), hasbeenidentified 2. Our
primary study indicated that LRP overexpressed in
gastrointestina carcinoma?®. Inthispaper, theexpression
of LRPinhuman gastric carcinomaand itssignificance
were studied.

MATERIALS AND METHODS

Patients

All the 36 patients (21 men, 15women; aged 32- 78 years,
mean age 54.6 years) were in-patients of our hospital
admitted between September 1997-August 1998 and
surgically resected specimens were diagnosed as
adenocarcinomaby pathologi sts. No patientsreceived
chemotherapy before operation.

Methods

The expression of LRP in tumor tissues was detected
by SABC (dreptavidin-biotincomplex)immunohiochemica
staining as described before®, and in 14 of 36
gpecimens, theL RPwasa so analysed by flow cytometry
(FCM), thematched mucosas served asnormal controls,
and peripheral blood lymphocytes as negative controls.
Thespecific LRP monocolonal antibody L RP-56
was kindly supplied by Dr. R.J. Scheper
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(Department of Pathology, Free University Hospital,
Amsterdam, the Netherlands), and the SABC
immunohi sto-chemical kit was purchased from Boster
Biotechnology Company (Wuhan).

RESULTS

Expression of LRP in gastric carcinoma tissues
The LRP positive rate was 72.2% (26/36). LRP
immunoreactivity was cytoplasmic, and in some
specimens, the interstitial cells were also LRP
immunostained. The intensity of the reactions was
frequently strong and, in general, most of the cancer
cellswere LRP-positivein LRP-positivetissues.

Expression of LRP and pathologic parameters

Therdationship between L RPexpressionand pathologic
parametersisshownin Table 1. TheLRP expressionin
highly andmoderatdly differentiated carcinoma(9/9) was
higher than that in mucoid carcinoma (6/11). Therewas
Nno associ ati on between L RP expression and tumor size,
lymphnodd involvement, serosd invasion,or TNM stages.

Expression of LRP detected by FCM

LRP expression wasat low to moderate levelsin gastric
cancer tissues (0%-20% in 10 patients, 21%-40%in 2
patients, and 41%-60% in 2 patients), and the mean
LRPpoditivity ratewas29.9%= 9.8%, Sgnificantly higher
thanthat innormal (16.9%+ 7.5%, t = 3.94, P<0.01) and
negative controls (1.72% + 0.23%, t = 5.63, P<0.01).

Table 1 The pathologic parameters and expression of LRP

Pathologic parameters LRP(+) n LRP(-) n
Tumor size

<3 cm 7 2
3cm-5cm 11 3
>5 cm 8 5
Differentiation

well 1 0
moderate 8 0
poor 11 5
mucoid 6 52
Nodal metastasis

) 15 2
+ 11 8
Serosal invasion

(-) 7 3
(+) 19 7
TNM stage

| 6 1
11 8 3
11 9 3
v 3 3
N 26 10

aP<0.05, vs well and moderately differentiated carcinoma.n:
number of cases
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DISCUSSION

LRPisthe human magjor vault transporter proteinand is
suggested to confer anticancer drug resistance. The
mechanism that LRP confers MDR is unknown, but
concerning the reduced nuclear accumulation of
daunorubicinin theL RP-overexpressngMDR cdll line
2R120 and the evidence supporting a role of vaultsas
transporter unit of the nuclear pore complexes, it is
tempting to hypothesize that LRP can mediate drug
resistance by regulating both the cytoplasmic
redistribution and the nucleocytopl asmic transport of
drugs®. LRP was overexpressed in ovarian cancer,
leukemia, and several cancer cell lines of MDR
phenotype, and LRPis of high predictive vaue for
response to chemotherapy and prognosis®”. Ikedaet
al'® quantitated thelevel of LRPmMRNA expressionin
10 gastric cancer cell linesby RT-PCR, and examined
therelationship betweenitsleve inthese cellsand their
sensitivities to anticancer drugs. LRP mRNA was
expressed inall cell lines, and LRP correlated with the
resistanceto cisplatin. But up to now, there hasbeen no
study about L RP expression in specimens of gastric
cancer and therelationship between LRPexpressonand
pathologic parameters. Our study revealed that LRP
was frequently overexpressed in untreated gastric
cancer, suggesting that gastr ic carcinoma holds high
intrinsic resistance. Anaysisof LRP can help evaluate
thechemosengitivity of patientsto anticancer drugs, and
choose more effective drugs.

Meanwhile, our results disclosed that LRP
positivity ratesin well and moderat ely differentiated
carcinomas were 100%, in poorly differentiated
cancer was 11/16, and in mucoid carcinomawas 6/
11, showing the descending tend ency, and LRP
positivity rate in patients with well and moderately
differentiated adenocarcinomawas higher than that
inmucoid carcinoma, which was consistent with the
clinical observation that well-differentiated cancer
cells have less satisfactory chemosensitivity than
poorly differentiated. LRP expression was
independent on tumor size, lymph nodal

involvement, serosd invasion,and TNM stage, indicating
that these parameters represent the progression of the
tumor only, and have no correlation to chemotherapy
drug sengitivity. Our previous studiesshowed that mdrl
MRNA and MRP were overexpressed in gastric
carcinoma®?, and the present study demonstrated that
LRP overexpressed in gastric cancer, suggesting that
MDR can be mediated by all of them simultaneoudly,
and combined adminigtration of different MDRreversing
agents, which can overcome MDR by increasing the
intracellular drug accumulation of cancer cells, could
achieve a better effect.
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INTRODUCTION

Cedll apoptosis, whichinvolvesthebiol ogic regul ation of
the numbers and vital activity of cells, isan important
metabolic processin both normal cellsand tumor cells.
Deayed processof cell apoptosiswill probably leadtoa
disturbance of metablism, and occurrence and
development of neoplasms. Song et al have proved the
relationship between apoptosis delay and tumor
development throughinhibitionof cell gpoptosisinduced
by tumor promotort™. Thus, induction of cell apoptosis
could be anew strategic measure against tumor. Inthis
paper, we studied whether arsenic oxide will induce
apoptosisof gastric cancer cell lines(GCCL) to explore
the use of such chemical agent against gastric cancer in
dinic.

MATERIALS AND METHODS

Target cells

Human gastric cancer cell lines, MKN45 and SGC7901
(provided by Chinese Academy of Sciences) were used
astarget cells. Human leukemia cell line K562 and
human peripheral blood lymphocytes (PBL) were
used as controls. All of cellswere cul turedin RMPI
1640 medium (GIBICO-BRL), supplemented with
10% heat-inactivated fetal calf serum, 100U/mL
penicillinand 100mg/mL streptomycin,inahumidified
atmosphere of 95% air/5% CO, at 37°C. The
numbers of four kinds of cells were maintained at
1 x 10%/mL by daily adjusting cell concentration.
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Product of arsenic trioxide (As;03)

Ai-Lin No.1 containing As,O; was prepared by
pharmacy of our hospital. Stoc k solution was made at
the concentration of 1mmol/L with phosphate-buffered
sdline (PBS) and diluted with RMPI 1640 to working
concentration before use.

Cytocide test
MTT[3-(4,5-dimethythiazoyl-2-yl)2,5-diphenylte-
trozoliumbromide] colori metric analysis was used to
measure the cytocide rate of As,O;. Well grown cells
were collected and were put into 96 well culture plate at
1 x 10%wel |. As,0; was added to culture plate at the
concentration of 5 umol/well, whilecellsstuck onwall,
6 duplicate wells were set up in each samplein both
experimental and control groups. Cellswere cultrured
for 24 h, 48 hand 72 h separately, MTT(5 mg/mL) was
addedat 10 pL/well. Acidulatedisopropanol wasfinally
added at 100 pL/well-after 2 h culture; valuesof OD570
were obtained on autocol orimeter. Cytocide rate was
cdculated by thefollowing formula:

Control OD-Experimental OD

Cytocide rate(%) = x 100%

Control OD

Apoptosis detection

Céll treatment MKN45 and SGC7901 cells of 10°
weretreated with As,O; of the concentration of 5 pmol
and 10 umol, or with5-Fu (0.5g/L), or without any treat
ment as control. Cells were harvested after 24 h, 48 h
and 72 h culture for apoptosis detection.

TDT label Consulting Gregory modified method?: PBS
containing 1% formalinwasaddedto cellsat 4°C. Thirty
min later, it was washed twice with PBS, then reacted
with 0.5 ugtermina deoxynucleotidyl transferase(TDT)
and 0.5 umol biotinylted dUTP at 37°C for 30 min.
Afterwards it was washed again with PBS, finally
labelled by affinitin-fluorescinisothiocyanate (FITC) at
room temperaturefor 30min. DNA strandwill bebroken
off during apoptos s, which can belabelled by dUTPand
the positive observabl e fluorescences were seen under
fluorescent microscope.

Flow cytometry(FCM) assays and fluor escent
photographing The stimulating wave length of
FCM (Becton Dickson FAC Scan)is488 nm, FITC
detec tion spectrum is between 80 and 630 nm. A
total of 2000 cells were counted. Results were
recorded and analyzed automatically.
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Prepar ation of specimen for electr onic microscopy
MKNA45 cellstreated with As,O; of concentration of
10 umol for 72 h were washed with PBS and fetal calf
serum; 25% glutaraldehyde was added to fix the cell
specimensfor 12 h. Then it was washed twicewith 0.1
mol/L phosphoric buffer solution; the specimenswere
fixed with 1% osmi c acid, and were dehydrated step by
stepwitha cohol and acetone; then covered upwith Epon
812 epoxy vesin. Sectionsweremadeby ultramicrotome
and dyed with uranium acetateand citric acid, andfinally
observed under transmission €l ectr onic microscope.

RESULTS

Cytocide rate of As,0O; on GCCL

Our results showed that As,O; had higher cytotoxicity
on GCCL thanon K562 (P<0.05). Theeffect of cytocide
was observed at 24 h after reac tion, and it increased
withtime(Table 1).

Table 1 Cytocide effects of As,O; (5!1mol) on various cell
categories (%, X * S)

Group MKNA45 7901 K562 PBL

30.31+5.12°
35.67 +4.37°
39.74 +8.27°

24h 69.45 +11.12
48 h 71.40 +£10.15
72h 80.53 +10.18

68.27 +8.27
69.04 +11.31
82.74 £9.14

51.36 + 10.25%
57.11+7.45
65.33 + 8.24°

Comparison of cytocide rate between GCCL and controls by As,Os,
3P<0.05(t>2.2262), "P<0.01(t>3.250)

Table 2 Apoptosis rate(%) of MKN45 by different treatment
methods (X £ S)

Group Controls 5-Fu As,051 As,032

24h 4.71 £ 0.36
48 h 14.90 + 0.94
72h 28.98 + 3.12

18.04 +1.50
24.39 + 3.45
4147 £ 2.24

32.33 £ 3.75*
90.59 + 10.35°
98.10 + 13.24°

60.02 + 7.41°
97.05 + 8.24°
98.75 + 11.53°

Comparison of apoptosis rate between As,O; and 5-Fu group, P
<0.05 (t>2.2262), ®P<0.01 (t>3.250).

GCCL apoptosis rate induced by As,O;
AsshowninTable2, apoptosisratesof 2kindsof GCCL
induced by 5-Fuweredso obvioudy higher than natural
cell apoptosis rate, of controls, which sugg ested that
antitumor drug can kill tumor cells by inducing cell
apoptosis. Never theless, amores gnificant cytocideeffect
of As,0O; on GCCL was demonstrate d in our study
compared with that of 5-Fu. Wefound that apoptosisrate
of GCCL induced by As,O; is correlated with the
concentration and reaction time of As,0; (Table 3).

Table 3 Apoptosis rate (%) of SGC7901 by different treatment
method s (X £ S)

Group Controls 5-Fu As,0s51 As,032

48 h 7.44 + 0.60
72h 30.90 + 2.54

78.31 + 9.14°
89.28 + 10.26°

34.28 £ 4.15
56.32 + 4.56

51.33 + 5.16%
78.15 + 6.78%

Comparison of apoptosis rate between As,O; and 5-Fu group , 2P
<0.05(t>2.2262), "P<0.01(t>3.250)

The morphology of GCCL apoptosis under
fluorescent microscope:

Under fluorescent microscope, the apoptosiscell can
be seen after being terminally labelled (positive),
but nonapoptotic cellswerenot labelled by fluorescin
isothiocyanate (negative). The positive staining
showed bright green fluorescence. Fluorescent spots
appeared in early stage, and these fluorescent bodies
gathered like a bunch of grapesin late stage. The
cellular volume can be seen shrunken under the
mi croscope.

The morphology of GCCL apoptosis under
electronic microscope:

Under the transmission el ectronic microscope, typical
morphologic changes of apoptotic GCCL (mainly cell
nucleus) took place after treatment of As,0s. These
changesincluded cell nucleusfixation and shrinkage of
GCCL, chromatin condensation, and fragmentation of
apoptotic bodies. These changes coexisted.

DISCUSSION

Some researchers have proposed that the uncontrolled
growth of neoplasms would be due to the loss of the
nature of autoapo ptosisrather than over proliferation.
Previous studies have proved that there existed
autoapoptosis blockage in tumor cells. Lauwerset al
Blexamined bcl-2 gene in 46 cases of gas tric
adenocarcinoma by immunochemical method,
revealling 75% positivity.Of bcl-2 geneintumor tissues,
which indicated that apoptosis was blocked in gastric
cancer. Bcl-2 has been considered as one of survival
genes which plays an important role in the specific-
inhibition of tumor cell apoptosig*]. Based on these
findings, anew proposal of inducing apoptosistoinhibit
tumor growth wasintroduced®™. Many factors such as
high temperature, cytokine, radiationsand all kinds of
anti-tumor chemotherapy drugs have acer tain effect
on inducing tumor cells apoptosis. But some of these
arenot satisfactory. Our aimisto find aspecific-agent
which can induce apoptosisof tumor cells. Vollmerset
al®® reported the suppressive effects of monoc lonal
antibody (SC-1) onbothinvitro proliferation of gastric
cancer cell line and growth of atumor inoculated on
nudemice. Theinhibition of proliferation of tumor cells
was produced through the induction of autoapoptosis,
which has been proved by the observation of
ultrastructure.

Arsenic isamajor composition of traditional
Chinese medicine, white arsenic. White arsenic has
been considered asacarcinogen. It caninactivate some
impor tant enzymes in cells, change the metabolic
process and induce chromosome aberration'™. Zhang
et al® reported a satisfactory result by using As,Os for
thetrestment of early acutepromye ocyticleukemia(APL).
Com pleteremission was 73.3% in patients after thefirst
therapeutic course, and 52.83% in recurrent
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patients. The longest remission period of APL
patient was over 10 years. No obvious toxic
reactions were found when As,0O; was given by
iv drip, which is appropriate. Similar result has
also been obtained by researchers at Shanghai
Institute of Hematology of Shanghai Ruijin
Hospital!®, Recently, Zhang et alf*!
demonstrated that Arsenic Oxide can inhibit
growth of | ymphosarcoma cells and induce
apoptosis to these cells.

Based on the above studies, we applied As,0O; for
the treatment of Gl solid tumor. The results from
in vitro study are impressive. Proliferation of
MKN45 and SGC7901 was inhibited by As,0;
through apoptosisinduction. Results al so showed
that As,0O3; has a stronger effect of apoptosis
induction than 5-Fu. Induction of apoptosis was
enhanced with increase of concentration and time
of As,0s. The question iswhat the optimal dosage
isfor clinical use so asto produce maximal effect
with no toxicity. Further comprehensive
researches are needed to clarify the significance
of As,O; for the treatment of GI solid tumors.
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INTRODUCTION

Conceivably the presence of basement membrane (BM)
in aneoplasm might be aresult of interaction of tumor
cellswith the extracel lular matrix. Collagen 1V isone of
themgjor intrinsic componentsof BM. Recent study!® has
shown that collagen |1V hascdl adhesionfunctionandis
involved inthe process of tumor invasion and metastas's,
including colorectal cancer'? and breast cancer. But there
arefew systemetic studieson gadtric cancer and theresults
areequivocd. Inthisstudy weeva uated the expression of
collagen!V immunohistochemicalyin148advancedgadtric
cancer cases in an attempt to clarify the relationship
between the patterns of expression and the biological
behavior of gastric cancer.

MATERIALS AND METHODS

Patients

Surgical specimens(148) of gastric carcinomasresected
at theOncology Department of ChinaMedica University
from1988t0 1992 werestudied. Routinely formalin-fixed
and paraffin-embedded tissue blocks were sectioned at
5 um thickness. HE-stained dides were a so collected
andavailable.

Immunohistochemistry

The avidin-biotin-peroxidase complex (ABC)
method by Hsu et al'® was applied. Briefly, paraffin
sections were deparaffinized, dehydrated and
pretreated with pepsin (0.1%in 0.1M- HCI for one
hour at 37°C) to restore the immunoreactivity to
type 1V collagen. After blocking of endogenous
peroxidase with 0.3% H,O, in methanol and
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washingin phosphate-buffered sdine (PBS) for 3x 5min,
the sections were incubated with anti-collagen IV
monoclond antibody (DakoPuttsCo., diluted 1: 75) overnight
a 4°C inamoist chamber. After washing in PBS the
sections were incubated with secondary antibody for 30
minand ABCfor60minat 37°C , then sectionsweregtaned
with 0.05% DAB freshly prepared to visualize the
immunoresctivity. Tumorsweredassfiedas* postive’ with
regard totheimmunoreectivity for collagenV whenthere
wasuneguivoca immunaostaining of themetrix components
at least in one representative area of thetumor.

Statistical analysis
Statistical analysiswas performed by x? test.

RESULTS

Collagen IV stained the basement membrane of normal
gastric glands and vessels and also the basement
membrane of the smooth muscle cellsin the muscular
layersof the gastric wall.

Relationship between collagen IV expression and
histological type, growth pattern of gastric
cancer

Seventy patients (47%) has continuous or, more
frequently, disrupted linear structuresaround cancerous
gland ducts or solid nests of tumor cells. The positive
ratesin undifferentiated or signet ring cell cancerswere
much lower than thosein other cancers (P<0.01). Fifty-
five percent of carcinomas with the nest-fashioned
growth pattern showed collagen IV positive staining
(Table 1), whichwasdightly lower than the percentage
of collagen-1V positivecarcinomaswith mass-fashioned
growth pattern, but significantly higher than that of
diffuse-gastric carcinomas (P<0.01).

Relationship between the distribution of
collagen IV and liver metastasis of gastric
cancer

Thedistribution patterns of collagen 1V in cancer tissue
ingastricwall arequitedifferent. Collagen 1V wasseen
lessoftenin the deep layer than in the mucosa. Collagen
IV positive BM wasfoundin 70 (47%) of 148 patients
in the mucosa and only 36 (24%) in the deep layer of
stomach. Based on the difference of collagen 1V
distribution, we divided the casesinto three groups as
follow: Group A, tumorspositivefor collagen |V inboth
mucosaanddegplayer; Group B, tumorspastivefor collagen
IV in mucosa but negative in deep layer; Group C,
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tumors negative for collagen 1V. From Table 2, we can
findthat liver metastasisratein Group A ismuch higher
than that in Group B or C (P<0.01).

Table 1 Relationship between collagen 1V expression and
histological type, growth pattern of gastric cancer

Collagen 1V n(%)
(+) )

Type Number

Growth pattern

Mass-like 56 43(77) 13(23)
Nest-like 38 21(55) 17(45)
Diffuse 54 7(13) 47(87)
Histological type

Well differentiated 37 30(81) 7(19)
Moderately differentiated 22 13(59) 9(41)
Poorly differentiated 23 10(43) 13(57)
Undifferentiated 27 3(11) 24(89)
Signet-net cell 25 2(8) 23(92)
Mucoid 14 12(86) 2(14)

Table 2 Relationship between the distribution of collagen 1V
and liver metastasis of gastric cancer

Liver-metastasis Group A Group B Group C
n = 36(%) n = 34(%) n = 78(%)

(+) 10(28) 2(6) 1(1)

) 26(72) 32(94) 77(99)

The blood vessels BM in gastric wall are also
positively stained

In differentiated carcinoma, alarge number of blood
vesselswere observed in the vicinity of cancer glands
and collagen |V waslocalized around the blood vessels
and cancer glands. But in poorly differentiated
carcinoma, only asmall number of blood vesselswere
distributed sporadically in stroma. In addition,
vasoinvas onof tumor cellswerehighlighted by collagen
[V immunostaining of the blood vesselsBM.

DISCUSSION
Normal basement membrane is one of the biological
barriersto tumor invasion and metastasis. In carcinomas,
adynamic interaction occurs at the interface between
tumor cells and the surrounding extracellular matrix
components. Tumor cdllsnot only destroyed thebasement
membraneby producing collagenase, includingthespecific
typelV collagenase, but aso synthesize the components
of basement membrane®. And dso asahost reaction to
theinvading tumor, extracel lular matrix componentsmay
be deposited around the tumor cells. The appearance of
these componentsmay symbolizethecharacterigtic of the
tumor and reflect itsbiologica behavior. Collagen |V is
oneof themgjor componentsof the basement membrane,
Burtin et al'® showed that expression of collagen |V was
related to the differentiation of the colorectal cancer.
Histological growth pattern could be considered
asthe objectiveindicator of the biological behavior
of gastric cancer. In this study, we found that the
presence of collagen IV containing basement
membrane was closely related to the growth

pattern. In mass or nest-fashioned growth pattern of
gastric carcinomas, continuous or disrupted linear
structures stained positively for collagen 1V can be seen
around cancerous glands or solid nests of tumor cdlls.
But only afew scattered spotsor patcheswerepositively
sainedindiffusegastric carcinomas, most of whichwere
undifferentiated or signet ring cell carcinomas. Our study
demongtrated that the attenuation or absence of collagen
IV expressonwasfrequently seeninpoorly differentiated
anddiffusdly infiltrating gastric cancers. That is, theloss
andirregular distribution of collagen |V expressioncould
be considered as a biological marker of cancer cells
which had strong invading ability. Thisfinding may be
concerned with these tumor cellswhich could produce
collagenasewith higher activity or had poorer potential
of collagen 1V synthesis.

The prognosis of patients with advanced gastric
cancer is poor because the likelihood of recurrenceis
high. The most common patterns of recurrence are
peritoneal implantation and liver metastasis. According
to our study, the distribution patternsof collagen 1V are
related to liver metastasis in gastric cancer. Positive
expressionsof collagen 1V in mucosaand deep layer of
gadtriccancer areaccompanied by much higherincidence
of liver metastasis. Vascular spreading of gastric cancer,
whichisdifferent from direct invasion, isamulti-step
processin which cells must migrate from the primary
tumor and invade blood vessdls. David L et al'® found
that theexpression of collagen |V wasrelatedtoinvading
potential of tumor cellstoblood vessdls. All thesefindings
support the hypothesis that collagen IV may play an
important rolein the metastatic process after migration
from the primary tumor. The principa mechanismisan
interesting subject for further studies. In conclusion,
collagen 1V -positive basement membrane in the deep
layer of gastric wall in cancer tissue might be arisk
factor for liver metastasis. In addition, collagen IV
immunostai ningfacilitatesrecognitionof vasoinvasionby
highlighting the basement membrane of vessals.
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INTRODUCTION

Since 1982, Helicobacter pylori (Hp) has been
successfully isolated and cult ured™, and the fact
many diseases such as gastritis, peptic ulcer, gas
tric carcinomaand gastric lymphomawererelated
to Hp, and Hp as an etiological organism, has
attracted much attention. In 1991 Yokata et al!?
firstinduced theHp infectionin Mongolian gerbils.
From then on researches on Hp infection and its
eradication exploded worldwide.Nakajimaet al®
reported that mast cellswereincreased in gastric
mucosa and submucosa of patients with Hp
infection and found degranulated mast cellsin
these tissues. Now it is known that high affinity
IgE and Fc segment receptors exist on the mast
cell surface. When IgE bound to these receptors,
mast cells degranulated and then many kinds of
bioactive mediators were secreted so that the
inflammatory process could be effected. Therefore
it is extremely important to understand the
rel ationship between degranulation of mast cellsin
the mucosainfected with Hp and the inflammatory
response, and to conjecture of the effect of mast
cellson the pathogenesisof Hpinfection. Thisstudy
observed the inflammation of gastric mucosa and
the morphology, density, distribution and
degranulation of mast cellsin the infected gerbils
using the histochemical or immunohistochemical
methods and el ectron microscopy to elucidate the
effect of mast cells on the pathogenesis of Hp
infection.
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MATERIALS AND METHODS

Animals

Thirteen male Mongolian gerbilsinfected with Hp for
1moto 3 mos wereallocated to the experimental group,
while5 male Mongolian gerbilswith out Hpinfectionto
thecontrol group.

The induction of animal models

Six-week-old specific pathogen-free/lssamaeMongolian
gerbilsand Hp ATCC 43504 were used. Thegerbilswere
subjectedto ATCC 43504 and ethanol treestment according
to the method described by Hirayama et al'®. Normal
subjects were treated with the same amount of Brucella
Broth. The gerbilsinfected with Hp wereinjected with
BrdU subcutaneoudy onehour beforesacrifice. A portion
of the stomach was fixed in MFAA® and embedded in
paraffin, and cutin sequentia 3 um-4 um sectionfor light
microscopy; the remainder was fixed in 25 g/L
Glutaldehyde ,seridly dehydrated in ethanal, postfixedin
10g/L osmi umacid, embeddedin Epon, and cutin60nm
ultrathin sectionsfor electron microscopy.

Staining of mast cells

Alcian blue (AB1.0)/ PAS staining The
immunohistochemical staining of anti-mast cell
monoclond antibody, M SRM4 (produced by M oredum
Scientificlimited Co. Britain, diluted 200folds) by LSAB
method was applied.

Double-staining AB staining was followed by anti-
Brdu Ab and anti-CD3 lymphatic Ab complex staining
to observe the cellular marking rate of mast cellsin S
phaseand their relationship with T lymphocytes.

Staining for electron microscopy with uranyl
acetate and lead citrate

Bactericidal treatment Pogtivegroup wasdefined a 6
mos after Hp infection and then was cured with triad
treatment (L ansoprazole, Ampicillin, Clarithromycin) for
2 wks continuously. At wk 4, wk 8 and wk 12 after
withdrawl of medication, the gerbilswere sacrificed to
observe the changes in distribution, amount and
degranulation of mast cellsbeforeand after bactericida
treatment.

Counting of mast cells At the magnification
employed ( x 400), the positive mast cellsin the
mucosa and the epithelial layer in gastric antrum
and body in 5 consecutive areas were counted and
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their mean values represented the density of positive
cellsin this particular area. All the data according to
different areas were divided into different groups for
further statistic treatment and analysis compared with
thenormal subjects.

RESULTS

Light microscopy

Mast cells appeared blue stained with AB/ PAS and
brown when immunohistochemic a staining was used.
Positive mast cells, filled with granulesin cytoplasm,
dispersed in epithelium, lamina propriaand submucosa
and also commonly in muscular layer, having a close
relationship with the vessels and nervesin submucosa
and muscular layer. All of the above picture rarely
appeared in the gastric tissues of normal gerbils. At 2
wk after Hp infection, the mast cells began to increase
inamount withatendency of inflammatory-dependence,
sgnificantly different fromthenormal group (P<0.001).
On the double staining section, there existed varied
amountsof blue heterophilic granulesin the cytoplasm
and the nucleus was brown. The mast cellswith these
morphologic characteristics corresponded to the cells
in S-phase. The increase of cellsin S-phase signified
theactivehyperplasiaintheprogression of inflammation.
Thedoublegtaining of CD3and mast cellsindicated that
agreat deal of mast cells were around the lymphatic
folliclesinwhich CD3 existed. Theamount of mast cells
decreased 1 mo after bactericidal treatment and
recovered to the normal level 3 mos after treatment.

Electron microscopy

Under the normal circumstances, the specific high-
electron density granulesin cellswere stableand existed
independently, whileininflammatory statethemast cells
were activated to degranulate and form vacuoles and
tended to be vacuol ated after the fusion of vacuoles.

DISCUSSION

[tiswell knownthat mast cellsexist widely intrachea,
digestivetract, skin and many other organs and play
an important role in the pathogenesis of allergic
reaction characterized by bronchial asthma and
urticaria. Recent studies on mast cellsfound direct or
indirect evidences to reveal the close relationship
between the mast cells and the injury of gastric
mucosal®. The mast cells located in human
gastroenteral tract and induced by pathogen or some
antigens, may secrete bioactive substances such as

histamine and prostaglandin, which increase the
secretion of gastric acid, and then trigger a series of
events: theinjury of tissues and the inflammation of
mucosa. The rapid development in recent yearson the
cell culture and molecular biology provides the
possibility of explainingthat variouscytokinescan cause
the activation and proliferation of mast cells and mast
cells can produce and secrete these cytokines. TNFa,
GMCSF, IL-6 and IL-x can act asthe precursor inthe
local inflammatory reaction which leads to the
infiltration of inflammatory cells, and at the sametime
modul ates the development and proliferation of
themsel ves-the autoregul ative process. The results of
this study showed that the mast cellsin gastric mucosa
with infection of Hp increased significantly, the
infiltration of lymphatic cells depended on the
appearance of mast cellsand the conspicuousincrease
of degranulation of mast cellsininflammatory areas
was related to the degree of gastritis. All of the above
supported the fact that mast cells play arole in the
occurrence and development of the pathogenecity of
Hp. It has been reported that some of the mast cells
have the function of extending and movement so that
the mast cells can penetrate the basal membrane and
move toward the interepithelial space. During the
moving process, degranul ation appearsgradually, which
resultsinthephenomenaof vacuolation. Therefore, some
researchers believe that mast cells of mucosa-type are
the active state of mast cells of conjugated-type. At
present, the mechanis m of the degranulation of mast
cellsremains unclear. The relationship between m ast
cellsand Hp infection and the effect of the mediator
secreted by mast ¢ ells on the pathophysiology of Hp
infected gastric diseases need further in vestigation.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection is one of the
main pathogens of chronic gastritisand duodenal ul cer
(DU), and it may be considered as arisk factor in the
incidence of gastric cancer™. H. pylori infection may
lead totheanomaly of gastric epithelia cell proliferation
which is closely related to the devel opment of gastric
cancer. Vacuolating cytotoxin (VacA) is an important
virulence and vacA subtype determinesthetoxic activity
(2, According to its signal sequence, it can be grouped
into type sla, slb, slc and s2i34. Strains harboring
vacAslaaremoreclosdy related with digestive diseases
[ and may bethe strainswith high toxicity. The effect of
H. pylori infection on gastric epithelial cell proliferation
depends on the vacA subtypel®. Thereport of the effect
of strains with vacAsla on gastric epithelial cell
proliferation hasnot been foundin China. Weparticularly
study the effect of thisstrain in order to reveal whether
the patients suffering from H. pylori infection have
accelerated proliferation of gastric epithelium compared
with non-infected patients, and whether the strains
harboring vacAslahave more severe effect on it.

MATERIALS AND METHODS

Patients

Patients suffering from dyspepsia underwent
diagnostic endoscopy and biopsy. Those taking H,
antagonists, proton pump inhibitors, non-steroidal
anti-inflammatory drugs, antibioticsor bismuth salts
were excluded from the study. Patientswith gastric
ulcer or cancer were also excluded. Eighty-four
patients with chronic gastritis (CSG) and 16
patients with duodenal ulcer (DU) with mean age of
46.45 years (22 years - 76 years) entered the
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study. Biopsy specime ns were taken from the site
approximately 2 cm-5 cm fromthe pylori.

Histology and diagnosis of H.pylori infection
Two antral and one corpus biopsy specimens were
routinely processed, and stained with haematoxylinand
eosin. Examine H.pylori by fast urease test, modifie d
Giemsastainand culture. At least two positive results of
test regarded as H.pylori infection.

Immunohistochemistry

An antra biopsy specimen was put immediately into
RPMI containing bromodeoxyur idine (BrdU, 5g/L). It
was immersed in awaterbath for 60 min at 37°C and
thenfixedin Carnoy solution. Sectionswerestainedwith
anti-BrdU antibody by ABC technique. The nuclei of
proliferative cell were stained. Five hundred epithelia
cellswere counted and the number of positively stained
epithdlia cell nuclei expressedin percentageaslabelling
index (L1%). All sections were examined by the same
personwho wasunaware of thesubject’ sH. pylori satus.

Polymerase chain reaction

H.pylori DNA was extracted routinely, vacAsla
amplified by PCR, 50 pL reaction solution containsthe
following: 1 x reaction buffer, ANTP mixture (0.2mM

each), vacAsla primers (0.2uM each), 1.25 unit Tag
DNA polymerase and 4 pL template. PCR program
comprises predenaturation at 94°C for 5min, followed
by 37 cyclesof 1minat 94°C, 90sat 52°C, 45sat 72°C,

and afinal incubation at 72°C for 7 min. PCR products
wereinspected by el ectrophoresis on 2% agarose gel's
stained by ethidium bromide. It isregarded asvacAsla
positiveif aclear band can be seen at 190bp. Primers:

5-GTCAGCATCACACCGCAAC-3,5-CTGCTTG-
AATG CGCCAAAC-3' B,

Statistics

LI%istransformedto arcsin L1% 1/2, t test, Chisquare
and multi variate linear-regression analysis were used
to deal with the data.

RESULTS
The prevalence of H.pylori infection in CSG patients
was 50%, and that of DU reached 93.75% (P<0.01),
but thedi sparity of vacAslaproportion betweenH.pylori
positive CSG and DU was not significant (43.59% vs
58.33%, P>0.05).

There is significant difference on L1% between
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CSG and DU (P<0.05), but considering the different
prevalenceof H.pylori infection, we got negat iveresult
(P>0.05) from comparing the L1% between positive
casesof CSG and DU. Theresults(Table 1) of andizing
the effect of H.pylori infection and its different strains
on proliferation, showed that patientswith H.pylori had
higher L1% (6.14% + 1.21%) than H.pylori negative
ones (2.43% * 0.61%, P<0.001). Patients harboring
vacA slagrainshad significantly higher gastricepithdlid
cell proliferation L1% (n = 24, 8.00% + 1.46%) than
those with non-vacAslastrains (n = 27, 4.51% + 0.8
6%, P<0.02) or noninfected patients (P<0.001).

The sectionswere graded into mild, moderate and
severe according to the extent of inflammation and
intestinal metaplasia. Statistics shows a close
relationship between inflammation and H.pylori
status (P<0.005), however it is negative on
metaplasia(P>0.05). No significant relation shipwas
found between inflammation and vacAslagenotype
(P>0.05).

Theresultsshow that inflammation and neutrophil
infiltration were closely related to epithelial cell
proliferation (P<0.001), but not to metaplasia(P>0.05).
Multivariatelinear-regression anaysi sshowsthat among
the factors, such as age, sex, DU, inflammation,
neutrophil infiltration, intestinal metaplasia, vacAsla
strains, non-vacAslastrainsand so on, vacAslastrain
andinflammationaretheindependent factorsinfluencing
theepithdlia cdll proliferation.

Table 1 BrdU LI1% of the patients (X £ s)

LI1% case humber
H.pylori-positive 6.14 + 1.212 579
vacAsla positive 8.00 £ 1.46% 24
vacAsla negative 4.51 + 0.86°¢ 27
H.pylori-negative 2.43 +0.61 43

2P<0.001 vs H.pylori negative patients; °P<0.01 vs H.pylori negative
patients; °P<0.02 vs non-vacAsla H.pylori patients; 9vacAsla were
not examined in 6 cases because of loss of specimens.

Table 2 Multivariate linear-regression analysis

L1% coefficient ~ SD t P> | t | 95%confidence interval
vacAsla 4.47 1.37 3.27 0.002 1.76 7.19
inflammatory  3.89 1.21 3.22 0.002 1.49 6.30
coefficient 4.50 1.89 2.38 0.019 0.75 8.26
DISCUSSION

The genesis of gastric cancer isthe result of long-term
effect of multiple fa ctors of environment and host.
Epidemiologica investigationand histol ogical evidences
showed that H.pylori infection was related to gastric
cancer indep endently. H.pylori infectioninduced gastric
epithelial cell proliferation, increase of mitosis and
mutation™. Because of theungtability of thegenomeof the
proliferative cell, hyperproliferation increases the

possibility of DNA damage and aneuploidy. Dysplasia
may evolveinto carcinomaif damaged DNA cannot be
repaired ontimeor fail in promoting theapoptos ssystem.
Acclerated cdllular proliferation rateisthe property of
malignant tissue and has been confirmed in gastric
carcinomal®.

The genesis of most gastric adenocarcinomas
is believed tofollow aseriesof defined histologic steps
from normal gastric mucosato chronic gagtritis, atr ophic
gadtritis, intestinal metaplasia, andneoplasid®. Ithasbeen
postulated that H.pylori plays a causative role at the
early phasesin this chain of malignant progression{*®.
Therefore, we studied CSG and DU patients (part of
them had intestinal metaplasia).

The prevalence of H.pylori in DU patients (93.
75%) was much higher than that in CSG (50%) which
supports the conclusion that H.pylori is a closely
associated pathogen of DU.

Itisreported that gastric epithelia cell proliferation
in H.pylori associ ated gastritis patients increased
prominantly compared with normal control subjectsand
patientswith H.pylori negative chronic gastritis,and it
reduced after H.pylori was eradicated**¥, Our results
arein agreemen t with these reports.

No significant difference was found on BrdU
L1% between H.pylori positive DU and CSG patients
which reveals that the existence of DU does not alter
the stalas of proliferation, some factors other than
hyperproliferation such asincreased apoptosismay play
animportant role, in the genesis of DU by keeping the
dynamic equilibrium of the epithelium!*”2%, But some
CSG patientscannot keep efficiently thisequilibrium, in
other words, the proliferation increases without
corresponding apoptosis, DNA is proneto be attacked
by other carcinogens, resulting in canceration.

About 50% population infected by H.pylori,
gastric cancer or DU only occurred inasmall portion
of them. Thismay be associated with many factors, one
of thedeterminantsisthevirulenceof thestraininfected.

Compared with the non-vacAsla strainsinfected
patients, epithelial cell proliferation of the vacAsla
strains infected patients was much higher. So
vacAslaH.pylori strains may be ableto promote the
epithelial cell proliferation. Multivariate linear-
regression showsthat vacAslastainisanindependent
influencing factor,which further supports the
conclusion that vacA slastrainisof high virulence.
Inview of theimportance of hyperproliferation during
the genesisof gastric cancer, vacAslastrain may play
acritica role init.

There is much difference on the constitution of
the vacA subtype of H.pylori according the reports
from different areas. The proportion of vacAsla
strain s varied greatly®?Y. There have been few
reports on the genotype of vacA in China. She et
al reported the relationship between 60 H.pylori
strains and the alimentary diseases. Therelevance
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ratios of vacAsl in gastric cancer, peptic ulcer and
chronic gastritis were 87.5%, 78.9% and 9.1%
respect ively!??. There was obvious geographical
discrepancy in the distributi on of H. pylori vacA
subtype.

Wefound that intestinal metaplasia had nothing to
do with H.pylori infecti on, this result corresponds
with the report of Cahill et al. We also found that
intestinal metaplasia was not correlated with
proliferation, which differswith some other reportsin
its clinical importance, the relationship with ga stric
cancer and effect on cell proliferation. Therefore, we
cannot draw conclusion that intestinal metaplasiais
not associated with proliferation. Further studieswill
be conducted.

The mechanism that H.pylori and its different
strains accelerate proliferati onisnot clear. Ricci et al
found VacA caninhibit cell proliferationinvitro, while
cytotoxin-associated gene (CagA) does not affect
proliferation®. H.pylori caninduceproliferationinvivo,
so H.pylori may act by this suggesting that H.pylori
based onitsability of inciting inflammatory reaction,
influencing the gastrin secretion, but not thedirect action
of virulencesto exact the effect on cell proliferation.

Inflammation and neutrophil filtration are both
associated with H.pylori infection. That means
H.pylori infection can arouse acute and chronic
inflammation. Accelerated proliferation is
related to the extent of inflammation, and the
latter ishighly related to H.pylori infection. This
points out that H.pylori infection may promote
proliferation by inflammation,which was once
reported by Lynch et al®*'2, |t is also shown
that inflammation acts on proliferation as an
independent factor. H.pylori infection affects
proliferation at least partly by inflammatory
action. On the contrar y patients harboring
vacAsla strains have similar inflammatory
response to tho se with non-vacAslastrains, but
their ability of inducing proliferation differed.
Thereby H.pylori may promote proliferation by
inflammation, and vacAsla strains may act by
the mechanism other than inflammation, such as
the increase of ammonial?4, gastrin®!, and the
decrease of ascirbic acid concentration!?6:27,

We found that H.pylori infection was closely
related to gastric epithelial cell proliferation, and
the vacAsla strains had higher activity. The
vacAslast rain and extent of inflammation affect
proliferation independently. But the effe ct of H.
pylori and its different strains on apoptosisis not
clear and needs further studies. Besides, H.
pylori can be typed into m1 and m2 strains acc
ording to vacA middle sequence, and positive or
negative cagA. They may have different effects
on proliferation and apoptosis, these may play
impor tant rolesin the pathogenecity of H.pylori.
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INTRODUCTION

Carcinoma of the gallbladder is the most common
neoplasminbiliary tract, anditsincidencehasbeenrising
in recent years. Therate of correct diagnosisin early
gallbladder carcinoma has been raised after the wide
use of CT, ultrasound scans and frozen section
examination. Now radical cholecystectomy isadvocat
ed as the best management for patients with early
gallbladder carcinoma. Inthe present study, thediagnosis
of 27 patientswith gal|bladder carcinomawasconfirmed
correct, and the patients underwent radical
cholecystectomy, and their nutritional and immune
assessmentswere performed pre- and post-operatively.

PATIENTS AND METHODS

Patients

From September 1993 to December 1997, 27 patients
with g Ibladder carcinomawho had undergo neradical
cholecystectomy were selected, and they wereadmitted
to the First an d Second Affiliated Hospitals of Xi’an
Medicd University. Thepatientsincluded, eight males,
aged 46-65 years, with a mean of 57 years; ninteen
females, aged 50-67 years, with the mean of 59 years.
Four patients wer e diagnosed as having polyposis
preoperatively, and diagnosed ascarcinomaduring the
operation by thefrozen sectiontechnique. Infivepatients
with preoperativediagnosi sof carcinoma, metastasi shad
not been found during the operation. No severe systemic
disease was found, e.g. recent myocardial infarction,
cerebral vascular accidents, uncontrollable diabetes
mellitusor hypertension. Antibiot icswasadministered
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postoperatively topreventinfection, intravenousinfusion
was rountinely administered immediately after surgery
and maintained at least fo r oneweek. Thetumorswere
graded asstagel, Il and 111 (Nevinstage) by histologica
examination. All of the resected specimens were sent
for histological examination. No chemotherapy or
radiotherapy wasadministered preoperatively.

Methods

Thenutritional and immune status of the patientswere
assessed preoperatively (1 wk before surgery), and on
d 3,d7,d 14 and d 21 postoperatively.

Nutritional assessment Biochemical parameters
eval uating the patient’ snutritional status consisted of
serumlevel sof albumin, cholesterol, iron, magnesium,
zinc, and transferrin determined by an automated
calorimetrictechnique (SMAC), andtotal ironbinding
capacity (TIBC) determined by radio imm
unodiffusion.

Immune studies The immune status includes T
lymphocytesubpopulation-CD,, CDs; immunoglobulins
(19G, 1gA and IgM); complements (C; and C,); and
serum interleukin-2 and solubl e interleukin-2 receptor
wereeva uated. T lymphocytesubpopul ation assessment:
blood samples we re taken with venopuncture and
anticoagulated by heparin. Mononuclear cells were
isolated after the sample had been washed twice with
Hank’ sbalanced salt solu tion, and the concentration of
the cellswasregulated at 2 x 10%/mL with PRMI -1840
(Cow serum). Cell suspensions (0.2 mL) wereplacedin
24-wel| plat es, and added cow serum 0.1mL, PHA 0.05
mL, LPS 0.05 mL and 1 0% RPMI-1640 0.6 mL
respectively. The plates were incubated at 37°C with
5% CO, for 72 h. Cultured supernatants was harvested
and kept at -30°C. The cell suspension was assigned
equally into three parts, which was washed once, added
with CD, and CDg monoclonal antibody (monoclonal
antibody wasprovided by Luo YangHuaMe Co.), tand
for 2 h at 4°C; then each was washed twice again; a
sheep-anti-mouse | gG fluo resent antibody 50 uL was
added into each tube, stand for 2h at 4°C, and washed
twiceagain. After harvesting, cell suspensionwasstudied
under the fluoresence microscopy and the scintillation
cells were quantitated as percentage of 100 or 200

lymphocytes.
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Assay of IgA, 1gG, IgM and complements Serum
IgG, IgA, IgM, C; and C, were quantitated by
nephel ometricimmunoassay.

Assay of serum IL-2,sIL-2R SerumIL-2 and sIL-2
levelswer e measured by a“ Sandwich” enzyme-linked
immunosorbent assay withtwoantibodies, thediagnostic
reagents were supplied by Norman Bethune Medical
Univergty.

Statistical analysis

For each variable, multiple analysis of variance for
repeated measurementswas used to compare thevalues
measured before operation with those measured at four
subsequent time points. The results were presented as
mean and standard error (X £ S) based on the mixed
model of repeated measurment analysis. Statisical
analysis was performed with SAS software. P values
<0.05were consdered statistically significant.

RESULTS
Theresultsof thenutritiona andimmunol ogical assessment
at varioustime pointsare demonstrated in Table 1.

Preoperation

As shown in Table 1, in patients with gallbladder
carcinoma, thepreoperativenutritiona andimmunestatus
wasall within the assigned normal ranges.

Third postoperative day
All the nutritional parameters decreased greatly after
surgery, especidly theserumiron, transferrin, cholesteral,
TIBC, magnesium, and zinc (P<0.01, respectively).
The serum levels of immunoglobulins (IgA, 1gG,
IgM) and C;, C, complements decreased significantly
(P<0.01), serumIL-2 levels, CD, and CD, levelsalso
reduced greatly (P<0.01), and CDgand sIL- 2R levels
increased Significantly (P<0.01).

First postoperative week

Compared with the third postoperative day, all the
nutritiona parametersincreaseddightly, particularly the
seruma bumin, magnesiumal. Serum cholesterol, TIBC,
transferrin, iron and zinc were still lower than their
preoperative levels (P<0.01). CD,, CDg, CD./CDsg, IL-
2, sIL-2 valuesdiffered significantly from those of the
preoperative stage (P<0.01). The serum levels of
immunoglobulins(1gG, IgA, IgM) and complements(C;
and C,) weresignificantly higher than those of thethird
postoperative day, but they were still lower than those
of the preoperative day.

Second postoperative week

Compared with the third postoperative day and the
first postoperative week, albumin, magnesium and
zinc recovered to the preoperative levels (P>0.05),
however, the levels of TIBC, transferrin and iron
were still significantly lower than those of the
preoperative ones (P<0.01). Compared with thethird
postoperative day and the first postoperative week ,
theserumlevelsof immunoglobulins(1gG, IgA, IgM)
and complements (C; and C,) gradually recovered,
andIL-2,CD,, CDg, sIL-2R levelsand CD,/CDgratio
were not statistically different from the preoperative
levels.

Third postoperative week

The nutritional evaluation showed continous
improvement in thethird postoperati ve week, most of
thenutritional parametersreturned to the preoperative
levels, except for the serum levels of iron, transferrin
and TIBC. Theimmuneparameter siL-2, SIL-2R, CD,,
CD g, CD4/CDgratio, Cs, Csimmunoglobulinlevels(1gG,
IgA, IgM) also returned to the preoperative levels, with
no statistical difference (P>0.05).

Table 1 Nutritional and immunity status in patients with gallbladder carcinoma (X £ s)

Postoperative

Parameters Preoperative

3rd day 1st week 2nd week 3rd week
Nutrition
Albumin(g/mL) 3.6 £ 0.07 3.01+0.14° 3.49+0.13* 3.50 £0.12 3.58£0.15
Cholesterol(mg/dL) 215+ 7.81 78.16 + 7.22° 85.23 + 7.41° 131.45 + 6.85° 148.62 + 8.41°

TIBC(pg/dL)

251.15 +12.95

129.18 + 8.15°

Transferrin(mg/dL) 221.07 +12.11 99.77 + 8.98°
Iron(mg/dL) 65.12 + 6.15 23.39+4.93°
Magnesium(mg/dL) 2.13+0.06 1.57 + 0.05°
Zinc(mg/dL) 106.1 + 3.56 59.85+5.13°
Immunity

Cs(mg/dL) 148.1 £ 5.15 70.21 £ 5.6°
Cy(mg/dL) 2515+ 1.15 14.38 + 1.41°
T lymphocyte subpoulation

CD4(%) 4415+ 2,01 33.22+1.88°
CD4(%) 34.12 + 1.69 29.47 £ 3.77°
CD,/CDsg(ratio) 1.3+£0.18 1.1 +0.08°
IL-2(IU/mL) 9.95+2.95 481+ 1.81°
sIL-2R(U/mL) 754.2 + 1415 478.3 £ 87.57°

162.67 + 9.83°
131.29 + 9.01°

194.15 + 10.15°
175.25 +9.31°

199.34 + 9.68°
186.21 + 10.18°

23.41+5.01° 32.47 £5.42° 39.87 £ 5.87°
1.99 + 0.05° 2.04£0.06 2.06 +0.06
88.66 + 4.4 3° 105.8 + 3.71 109.9 + 3.81
96.23 +4.68° 118.56 + 5.11* 123.73 £ 6.22
18.79+1.45¢% 2482+121 2498 £1.16
39.96 + 2.02° 42.37 £ 2.00* 43.99 +1.97
26.21 +3.13° 39.69 + 3.00° 35.81+£1.20
1.5+0.19° 1.07 + 0.14° 1.20 + 0.16°
5.99 + 2.30° 8.41 £ 2.93* 9.89+3.01
597.4 + 96.81° 692.1 £ 112.6 748.9 +138.8

For each variable, multiple repeated measurments analysis of variance and t test were used to compare the values before operation with those
measured after operation, 3P<0.05, °P<0.01, vs before operation.
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DISCUSSION

Carcinomaof thegd Ibladder isoneof themost common
neoplasmsin biliary tract, and 40%-100% cases are
complicated with gallstones™3, but correct diagnosis
of gallbladder carcinomain its early stage accounted
for onl y 19.1%, and 53.3% casesare always diagnosed
as cholecystitis and gal Istone’*®l. More and more
clinical experiences indicate that radical
cholecystectomy for early carcinoma is the most
effective treatment!®® . In the present study, though
all patients with gallbladder carcinoma were well
prepared to receive theradical cholecystectomy, their
nutritional and immune status still deteriorated
remarkably immediately after the extensive surgical
resection. Thereasons might bethat: (U Largevolume
of body fluid lost du ring and after the surgery; @ the
radical cholecystectomy isacomplex operationneeding
long timeand wide scope of resection. Sumiyoshi® and
Wang et al*” studied the effect of surgery asaninjury
factor on nutritional andimmune statusin patientswith
carcinoma, it is coincident with our findingsin this
report. Our investigation showed that all of the
nutritional parameters but the serum levels of iron,
TIBC and transfe rrin recovered within 3 wk after
operation. Hickey et al™ advocated that supplemental
vitamins and minerals, e.g. iron should be given
postoperatively when deficiencies are suspected. Our
conclusionisthat adequateiron should be supplemented
after the radical cholecystectomy for gallbladder
carcinoma in the third postoperative week, and the
serum|evel sof mineralsshould bemonitored rountinely
after surgery.

The immune study showed remarkabl e decrease
of serum IgA, IgM, IgG and C;, C, complement,
IL-2, CD,, CD.,/CDg ratio, and the remarka ble
increase of serum SIL-2R and CDg (P<0.01) on d3
after operation. IL-2 is a T-cell derived soluble
lymphokine whose main bioactivity isto stimulate
theactivated T cell (Th, Ts, Tc) to reproduce conti
nually, proliferate and is the key mediator in cell
and humoral immunity and immuneregulation. The
balance between IL-2 and its receptor regulates
the immu ne status. T cell serves as the center in
controlling cellular immune status which can affect
d irectly the occurrence, development and
progression of tumor!*2. T cell ‘ sregulating function
ismainly performed by CD,and CD; T cells. CD,*
T cells can help B cell produce antibody and CDg*
T cells can suppress B cell to produce antibody.
The stable balance between them keeps normal
immune response of the organism. Surgery, as an
injurious factor, broke the balance between CD,
and CDsg, however T cell’s immune regulating
function is demanded finally by the organism. In
galIbladder carcinomain an early stage, the serum IL-2,
CD,, CDg, CD4/CDgrétio, sIL-2R recovered remarkably
in the first postoperative week. In early

postoperativestage, theserum|level sof immunoglobulins
and complement reduced remarkably. This evidence
suggeststhe results are possibly influenced by surgical
stressand thediluting effect of the postoperativemassive
fluid therapy. Theimmune parameters returned to the
preoperative levels within 2 wk-3 wk after surgery,
suggestingthat T cell playsamoreimpor tent roleinthe
immuneregulating system.

The present study suggests that radical
cholecystectomy for early gallbladder carcinomamight
have amild and transient adverse effect on the cell-
medi atedimmuneresponseduringtheearly postoperative
period. Because of tumor’ sow n direct products, tumor
cell’ smetabolitesand immuno-complex inbody circula
tion, which depressthe anti-tumor action of theimmune
cells!®34 patients’ immune status deteriorated
remarkably inthe middle and | ate stage. For gallbladder
carcinoma, radical cholecystectomy initsearly stagewith
complete resection of the tumor and removal of
lymphnodes should be performed, thus the immune
inhibitors in the tumor mass can be excluded. These
factorsplayedimportant rolesintherecovery of immune
function.
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INTRODUCTION

The advent of |aparoscopic cholecystectomy (LC) inthe
late 1980s gai ned widespr ead acceptance within ashort
period of time and has become the preferred treatment
for symptomatic gallstones*, but the management of
coexisting gallbladder and common bile duct (CBD)
stones hasremained controversial becauset hevarious
strategies proposed have their limitations®*Z, In fact,
ch oledocholithiasisis found in 10%-15% of patients
cholecystolithiasis, and most authors agreethat at least
90% of CBD stones are secondary to those of the
gdIbladder, and that CBD stones must be extracted in
timely manner inorder toavoid consequent complications
whichwould otherwise occur in at least 90% of patients
(4, This paper will introduce and eval uate anew appro
ach of management of coexisting gallbladder and CBD
stones-intraoperative endoscopic sphincterotomy
(IOES).

MATERIALS AND METHODS

From December 1997 to August 1999, twenty-seven
patientswith cholelithiass and CBD stonesweretreated
by LC and |OES. Choledocholithiasesweredetected in
9 patientshy preoperativeultrasonography and 18routine
intraoperativechol angiography (10C). They were5mades
and 22 females. The youngest patient was 23 yearsold,
the oldest being 74 years, averaging 50.3 years. The
preoperative diagnoses are summarized in Table 1.
All patients were treated accordin g to a standard
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protocol (Figurel).

Table 1 Preoperative diagnosis of 27 cases

Preoperative diagnosis No.of patients

Acute cholecystitis with multiple gallstones 3
Chronic cholecystitis with multiple gallstones 15
Acute cholecystitis with multiple gallstones and CBDs 3
Chronic cholecystitis with multiple gallstones and CBDs 6

Figure 1 Protocal of treatment of 27 cases.LF:liver function; US:
ultrasonography; LC: laparoscopic cholecystectomy; 10C:
intraoperative fluorocholangiography; CBD:common bile duct;
IOES: intraoperative endoscopic sphincterotomy.

L C was undertaken by the four trocar technique
and 10C was performed according t o the technique
described by Alfred Cuschieri and Hong!*?. Assoon
asthe CBD stones were confirmed, the endoscopist
was expected on call. The patient lay in supine
position, after deflating abdominal CO,, the
endoscope (Olympus JF100 or aside-view JF100,
JF140) was advanced into the duo denum. Once the
position of ampulla of Vater was determined, EST
wasundertakenroutinely. Thesize of sphincterotomy
was about 0.8 cm-1.5 cm. The CBD stones were
extracted in different ways according to their size,
shapeand number. Thesmall stones (lessthan 8 mm)
were expelled into the duodenum with the help of
surgeons by injecting normal saline through the
cholangiogram c atheter, medium sized stones(8 mm-
15 mm) were extracted with the basket (Olympus FG
-23Q-1) or by aballoon (Wilson-cook EBL-12-200,
EBL-8.5-200) monitor ed under fluoroscopy, large
stones (more than 15 mm in diameter) were elim
inated by basket or balloon after mechanical
lithotripsy. After IOES and removal of CBD stones,
the repeated 10C was performed to make sure that
there were no r etained CBD stones. The endoscope
was withdrawn while aspirating the residual air.
The LC was then compl eted.
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RESULTS

The IOES was technically successful in 26 of 27
patients (96.30%) and the CBD stoneswere removed
in all of these cases (100%). In 5 cases, the stones
were ex pelledinto theintestinal tract spontaneously,
in 17 cases, extracted by basket or balloonandin 4
cases, removed after mechanical lithotripsy. The
number of CBD stones ranged from 1 to 15, and the
size of the stonesvaried from 3 mm to 16 mm. In one
case, |OESfailed because the sphincterome could not
cann ulatetheampullaof Vater dueto stonesimpacted
tightly the distal portion of CBD. Two cases were
complicated with mild acute pancreatitis (7.69%)
which reso lved within 3 d and 7 d being fasted and
intravenously supplemented fl uid. No other
complications occurred. There were no operative
mortalities. The average operation time of LC
combined w ith IOES was about 160 min (from 80
min to 210 min). All but 3 cases recovered une
ventfully leaving bed and resuming food 8 h-24 h after
LCand IOES. On e patient devel oped pneumothorax
after LC procedure. In the other two cases reco very
was delayed due to the complication of mild acute
pancreatitis (mentioned above). The mean duration
of hospital stay was1dto26d (3d+1d). The
patient who had the pneumothorax was discharged
on the 26 th postoperative day.

DISCUSSION

It iswell known that LC has become the primary
method of treatment of symptomat ic gallstones. Of
the 500 000 chol ecystectomies performed annually
inthe United States, 85% of them are estimated now
to be performed laparoscopically!*. In ChinaLCis
also rapidly accepted. Likewise, theintrod uction of
ERCP and EST inthe 1970srapidly revolutionized
the management of CB D stones. Numerous series
of cases have shown successful endoscopic
clearance of the CBD stonesin approximately 90%
of patients, complicationsof EST occur in 5%-15%,
most of these are minor, and the mortality is less
than 1%. New instr umentation is being devel oped
and improved continuouosly enabling the endoscopis
t-surgeon to deal more and more successfully and
creatively withavarity of intra-abdominal conditions
(€1 But the management of coexisting gallbla dder
and CBD stones is now more controversial than
before, because many approaches to resolve this
problem have their limitations besides the expense:
and time (Table 2)&12,

From May 1994 to November 1997, 1794 cases
of LC and IOC were performed in o ur hospital. In
about 7%-8% of patientswith cholecystolithiasis
(231 CBD stones were also found, we removed
them by various methods such as convertin g to
open choledochostomy, laparoscopic
choledochostomy, laparoscopic choledocho scopy via

cystic duct and postoperative EST. Theresultsreveaed
that there was no best procedure for the patients, some
shortcomings existed as shown in Table 2. Therefore,
we employed anew approach of -l OES from December
1997 to August 1999 to remove CBD stonesidentified
at thetimeof LC.

Table 2 Alternatives of management of coexisting gallbladder
and CBD stones

Methods Shortcomings

Converttoopen
choledochostomy

Laparoscopic transcystic duct
choledochoscopy

Laparoscopic choledochostomy

loss of all advantages of minimally
invasive surgery

limited by cystic duct anatomy and

risk associated with cystic duct dilation
Installation of T-tube and high
technical demand

hard to precisely predict preoperative CBD
stones; if failed, subsequent operation
should be considered

If failed, another operation should

be performed

Preoperative ERCP and EST

Postoperative ERCP and EST

The magjor advantages of combining LC and EST
into one procedure are encouraging. The obvious
benefit isthat the patients have both problems solved
at one session. But our 27 cases treated by LC
combined with IOES only represent some o f the c
ommon bile duct explorations done at our hospital
during this period due to the following reasons
(among 1485 L C cases during this period). First,
some surgeons in our department thought that IOES
presentssignificantlogisticdifficultiesincoordinating
the necessary personnel and equipment. Second, it
was thought that the supine position may increase
the technical difficulty of EST!® 2!, But in our
experienceit iseasier to remove the CBD stones by
a combinati on of LC with IOES than by pre- or
postoperative EST. The endoscopist gets benefit fr
om general anesthesia. The surgeons can help the
endoscopist to locate the prope r position of the
ampullaof Vater and irrigate the CBD by injecting
normal sali nethrough the cholangiography catheter.
Small or fragmented stones can be washed out with
normal salineirrigation. Medium or large sized stones
in CBD c an be removed with the help of a basket
or balloon and by lithotripsy. By deflat ing the
peritoneal cavity of CO,, the endoscopist was able
to insufflate the d uodenum adequately for
performing |OES, after aspirating thegastrointestinal
ai r, LC was more easily accomplished. From our
study, IOES was successful in 26 (96.30%) of 27
patients and CBD stoneswere cleared in all of them
(100%), only two caseswere complicated with mild
acute pancreatitis (7.69%) resolved withi n3d-7d
withintravenousfluid and fasting. No death occurred
postop eratively. The case of pneumothorax after
L C recovered by conservative management. The
total operativetime comparesfavorably with that of
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standard L C with CBD explorationin our hospital.

We recommend |OES as a valid alternative

approach to the removal of CBD stonesduring LC. It
has been safe and effective, and less traumatic to the
patient than other intraoperative procedures or pre-or
postoperative EST.
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INTRODUCTION

Previousclinical and experimental studieshaveindicated
that an early endotoxemiaoccurred after amajor burn.
[t isunlikely that burn wound sepsisis the source of
circulating endotoxin in less than 12 hour after burn.
Increasing evidence demonstratesthat the bacteriaand
endotoxin in the gastrointestinal tract can passthrough
thegut barrier into blood circulation to form enterogenic
endotoxemia following burn*3, However, its
pathogenesis remains poorly understood. Platel et
activating factor (PAF), an endogenous phospholipid
mediator, has recently been proposed as a critical
mediator in shock, sepsisand multiple organ failure*®!,
In this study, the rel ationship between changes of PAF
and enterogenic endotoxemia was observed on rat
modelswith 30% TBSA 111°  burn. The purpose was
to investigate the pathogenetic effects of PAF on the
occurrence of enterogenic endotoxemiaafter burn.

MATERIALS AND METHODS

Animals

Widtar rats, maleor femae, weighing 220 g + 30 gwere
used, they were provided by Laboratory of Animal
Experiment, Institute of Burn Research, Third Military
Medica Universty.

Experimental design

Animals were randomly divided into three groups.
Group 1 (n = 10): normal rats served as control.
Group 2 (n = 40): burned rats that had undergone
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30% TBSAIII®  burn. Group 3 (n = 40): treated rats
that received PAF antagonist WEB 2170 (5 mg/kg) by
intraperitoneal injection after burn. WEB 2170 was
provided by Boeringer Ingelheim Pharmac-euticalsinc,
Germany.

Animals were killed on 6, 12, 24 and 48 hours
postburn. Blood and terminal ileum were obtained from
all animalsfor assay of PAF and endotoxin.

Burn model

Rats were anesthetized intraperitoneally with
ketamine hydrocloride 80 mL/k g body weight, and
their backs were shaved. They were placed in a
mould that left approximately 30% area of their
body surface exposed. These exposed surface s
wereimmersed in 92°C water for 18s. Thistype of
burninjury isafull-thick ness burn. Animalswere
resuscitated with 40 mL/kg of lactated Ringer’'s
solution.

Measurement of PAF contents in blood and
intestinal tissue

Blood (1mL) wascollected into polypropylenetube
containing 5 mL of methanol. The methanolic
extract was separated by centrifugation. The
supernata nts were collected and chloroform and
water were added to effect phase separation. The
lower chloroform-rich phase contained all PAF
activity. Chloroformwasevaporated under astream
of nitrogen. The sampleswere stored under -20°C.
Segments of ileum tissue (200 mg) were added to
2 mL of 0.25% bovine serum albumin, and after
homogenization, the mixture was added to 2 mL of
cold acetone, and then centrifuged. Two mL of
chloroform as added to the superna tants. After a
further centrifugation, the thin layer chloroform
containing PAF was collected and evaporated by
nitrogen. PAF activity was bioassayed by the
aggregation of rabbit washed platel ets.

Measurement of intestinal mucosal permeability
After overnight fast, rats were anesthetized, amidline
abdominal incision was made. Fifteen cm segments of
ileumwereisolated, cannulated proximally and ditally,
and perfused continuoudly with saline at rate of 1 mL/
min-2 mL/min. *"Tc DTPA (5.55-7.4MBg/kg) was
injected viathe carotid vein and allowed to equilibrate
for 30min. Afterthat,alOminperfusonfluidand 1mL blood
were collected for measurement of activity of *™Tc
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DTPA. Theanimalswerekilled and the perfused ileal
segment was excised and weighed. DTPA clearance
was calculated using the following formula: DTPA
clearance = (cpm perfusate x Q)/(cpm plasma x W),
and was expressed asmL/min + 100g. Where Q isthe
rate of perfusion; W, theweight of perfused ileum.

Measurement of plasma endotoxin
Plasmaendotoxinwasassayed withchromogeniclimulus
amebocytelysate technique.

Statistical analysis
All datawere expressed asx + s, and statistical analyses
were made using Student’ st test.

RESULTS

The changes of PAF content

PAF contents of blood and intestinal tissuein burn
group were significantly higher than those in
control group (P<0.01). The peak level occurred at
12 h postburn. In PAF-antagonist treatment group,
the PAF contents of bloo d and intestinal tissue were
significantly decreased compared with burn group,
but were higher than those in control group

Table 1 Levels of PAF in blood and intestinal tissue (X+s)

(Tablel).

The changes of intestinal mucosal permeability
Theintestind mucosal permesbility increased significantly
at 6h postburn and kept increasing during 48 h postburn
compared with control group. The intestinal mucosal
permeability intreatment group waslower thanthosein
burn group (Table 2).

The changes of plasma endotoxin

Thelevelsof plasmaendotoxinin burn group were
significantly higher than those in control group.
Thelevelsof plasmaendotoxinin treatment group
were significantly lower than those in burn group
(Table 3).

Correlation analysis

The correlations between intestinal PAF and
intestinal mucosal permeability, blood PAF and
plasmaendotoxin, intestinal mucosal permeability
and plasmaendotoxin in burn group were analyzed.
The results showed positive correlation among the
above three pairs with P<0.01, r = 0.94, 0.93 and
0.95 respectively.

After burn (h)

Group n
6 12 24 48
Control 10
Blood(ug/L) 0.56 + 0.07
Intestine(ng/g) 0.41 + 0.06
Burn 40
Blood(pg/L) 1.72 £ 0.21° 2.76 + 0.25° 1.54 £ 0.24° 1.19+0.13°
Intestine(ng/g) 1.80 + 0.21° 2.34+0.18° 1.68 + 0.15°  1.42 + 0.16"
Treatment 40
Blood(ug/L) 0.84 + 0.16% 1.46 + 0.27%® 0.93 + 0.18% 0.71 + 0.15¢
Intestine(ng/g) 0.67 £ 0.0792 1,24 + 0.13%3 (.83 £ 0.12% 0.64 + 0.08%
3P<0.05, ®P<0.01 vs control; °P <0.05, P<0.01 vs burn group.
Table 2 Changes of intestinal mucosal permeability (mL « min? « 100g?, X+ s)
After burn (h)
Group n
6 12 24 48
Control 10 0.07 + 0.02
Burn 40 0.33 £ 0.14° 0.58 + 0.18° 0.21 + 0.07° 0.13 + 0.04°
Treatment 40 0.19 £ 0.05% 0.27 + 0.06°° 0.10 £ 0.04%  0.08 + 0.03°
3P<0.05, °P<0.01 vs control; °P<0.05, 9P<0.01 vs burn group.
Table 3 Levels of plasma endotoxin (ng/L, X +s)
After burn (h)
Group n
6 12 24 48
Control 10 34+8
Burn 40 93 + 28° 129 + 32° 90 + 22° 59 + 16°
Treatment 40 57 £ 15« 66 + 13% 50 + 10% 43 + 8°

3P<0.05, °P<0.01 vs control, °P<0.05, 9P<0.01 vs burn group.
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DISCUSSION

Thepathogenesi s of enterogenic endotoxemiaremains
poorly understood. It isconsidered that the main cause
is injury of intestinal mucosal barrier. Under
physiologica condition, theintestina mucosafunctions
asamajor local defense barrier preventing intestinal
bacteria and endotoxin from invading distant organs
and tissues. However, under the circumstances of
trauma, shock and sepsis, theimpairment of intestinal
barrier may result from ischemic damage of the
intestinal mucosa, the bacteria and endotoxin in
gastrointestinal tract can pass through the intestinal
barrier to mesentericlymph nodesand systemic organs,
resultingin enterogenic sepsis (endotoxemia)®”. There
isincreasing evidencethat enterogenic sepsismay play
an important role in the development of systemic
infection as well as multiple organ failurel®®. The
present study results show that increased intestinal
permeability after burn is an important cause of
enterogenic endotoxemia.

PAF is a phospholipid mediator released from
stimulated leukocytes, platelets, endothelial and mast
cellsi'®, |t has been regarded as an important
endogenous mediator of shock, sepsis and multiple
organ failure. Our study demonstrated that PAF
contentsin blood and intestinal tissue after burn were
al sgnificantly increased andwerepositively correl ated
with theincrease of intestinal permeability and plasma
endotoxin. Treatment with PAF antagonist can
significantly decreaseintestina permeability andplasma
endotoxin. These suggest that PAF isinvolved in the
process of increasing the intestinal permeability after
burn and is also an important factor leading to
enterogenic endotoxemia.

Previous studies showed that endotoxin can
stimulate directly or indirectly macrophages and
endothelial cells to release PAF, which also

medi ates someendotoxin-induced pathol ogic processes
of multipleorganinjury!*>¥3, |tissuggested that aPAF-
endotoxin positive feedback relationship existed inthe
body. Therefore, administration of PAF antagonistshas
an important effect on preventing and treating
enterogenicendotoxemia.
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INTRODUCTION

Placental form glutathione S-transferase (GST-pi) is
agroup of isoenzymeswith protein combining ability.
Since the reports showing that GST-pi was
significantly increased in proliferative hepatic nodule
induced by chemical carcinogen and in well
differentiated carcinoma®, more studies have shown
(24 that GST-pi expressed highly in neoplasm, and
could be rega rded as a tumor marker. GST-pi has
theantimutagenes sand antitumor ability, andisrelated
closely with the resistance of tumor to anticancer
drugs. Asthe description about the immunoel ectron
microscopical localization of GST-pi in hu man
colorectal cancer cells was not available, we have
observed the ultrastruct ural localization of GST-pi in
colorectal cancer cells, and explored the distri bution
of GST-pi in these cells and its relationship with
colorectal carcinogen esis.

MATERIALS AND METHODS

Fresh colorectal cancer tissues (n = 6) were obtained
from surgical specimens, and the colorectal mucosal
tissues (n = 3) more than 10 cm away from the cancer
served as controls.

Reagents Monoclonal mouse anti-GST-pi antibody
(Dako Company ); 10 nm colloid gold labeled goat anti-
mouse |gG (Ingtitute of Basic Medicine, Academy of
Military Medica Science).

Tissue processing All fresh blocks of tissue were
fixed with 2.5 mL/L glutaraldehyde and 40 mL/L
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paraformaldehyde, routinely dehydrated and
embedded in Epon 812. Ultrathin sections were
placed on nickel grids, treated with 30 mL/L H,O,
(15 min), washed thoroughly with 0.05M, pH 7.4
TBS, blocked with 1% bovine serum (30 min),
dropped mouseanti-GST-pi monoclonal antibody (1:
20), and placed in refrigerator (4°C) overni ght.
Washed with 0.05M, pH 7.4 TBS, then with 0.02M,
pH 8.2 TBS, dropped 10 nm colloid gold labeled
goat anti-mouse 1gG (1:10), stand in room
temperature for 1 h, washed with TBS, and
restained with uranyl acetate followed by |lead
citrate. Thefirst antibody was replaced by TBS as
control. These specimens were observed under
el ectron microscope.

RESULTS

The most significant ultrastructural change of
colorectal cancer cell occurred inthe nucleus. It was
large and irregular in shape, with peripheral
aggregation of heterochromatin and plenty of
ribosomes and large nucleoli. There were co lloid
goldlabeled GST-pi positive particlesinall of thesix
cancer specimens. The positive particleswereround
in shape, high and clear electron density, distributed
as clusters or spotsin cancer cells. The mgjority of
positive particleswere in mitochondria, lysosomes
and some plasma, and some al so presented in nuclel
(Figure 1) or in the periphery of nuclei (Figure 2).
The positive particlesaccumulated in lumps. Visible
positive particleswere never found in normal control
cells.

i,u-l":n‘_‘ 'l__.
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Figure 1 GST-pi positive particles present in nuclei. EM x 40 000
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Figure 2 GST-pi positive particles present in the periphery of
nuclei. EM x 25 000

DISCUSSION

Biological characters of GST-pi

Placental form of glutathione included rat and
human forms named GST-p and GST-1t
respectively. Because they presented generally
in placenta according to the new category, they
were nominated as GST-placental isoenzyme
(GST-pi) as a whole. GST-pi could detox ify
chemical mutagenesis, cancer promoter, lipid and
DNA hyperoxidase, and protect normal cellsfrom
the influence of cance rigenic materials, so that
GST-pi played an important role in the anti-
mutation and anti-cancer process.Asanimportant
enzyme of detoxification, GST-pi was controlled
by the gene. The high expression of GST-pi gene
occurred while the carcinogen acted on the cells
to induce their mutation!®!. The high expression
of GST-pi in many neoplasms was related to the
resistance of anticancer drugs. Katagiri et al
reported that the expression of GST-pi negatively
correlated to the sens etivity of anticancer drug
in testicular tumort®. Dong J suggested that the
expression of GST-pi closely related to resistance
of anticancer drug in ovariogenic neoplasm!.
GST-pi could be regarded as a marker in
evaluating the effect of tumorectomy, or in
predicting the drug resistance of tumor cells. High
expression of GST-pi in precancer and cancer of
liver, and the protein synthesis ability could be
blocked by cyclohexamide, which showed that
GST-pi was controlled in transcription level.
Thismay bethe molecular base of thecancer cellsin

getting cytotoxic drug resi stance. Wefound that GST-pi
expressed only in cancer cells, but not in normal cdlls,
suggesting that this might be related to the action of
carcinogen. GST-pi specific expression in colorectal
cancer cellsmay be used as amarker for diagnosis of
colorectal carcinoma.

Ultrastructural localization of GST-pi

We found that GST-pi was located in cytoplasm,
mitochondria, lysosomesand nucl eusadjacent tonuclear
membraneof colorectal cancer cells. These agreed with
immunohistochemical studies’®. But normal mucosa
occasionally showed slight positivity in
immunohistochemical studies. Thisisdifferent fromour
findings. It might be related to the weak expressionin
norma mucosa. Therewerefew studiesabout the GST-
pi ultrastracturd localization. Inour study, GST-pi positive
particleswere found not only in cytoplasm, but also in
nucleus. Chen M reported the same result in bladder
carcinoma®. Why was GST-pi positive particles present
in nucleus? Wethink this can be an atavism, and if soiit
could not beused asamarker indicating col orecta cancer.
Whether itisaright concept or not needsfurther studies.
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INTRODUCTION

WhileVit.B12 deficiency iscommon, withaprevaence
of about 15% in the elderly*®, and recommendations
for treatment available, detection of deficiency at the
pre-clinical stage by appropriate screening does not
always take place. Our report is an example of life
threatening Vit.B12 deficiency diagnosed at age 56, with
theonset of Vit.B12 depletion likely to havebeguninthe
previousdecade. Further, thepatient had sicklecell trait
along with Vit.B12 deficiency, a combination only
sporadically reported.

CASE REPORT

A 56 year old caucasian male with no significant past
medical illnesspresented to our University hospital with
ahistory of lethargy, weakness, anorexia, pallor and
icteric sclera for a few months. He denied use of
medications inclusive of acid lowering agents (H2
blockersor proton pumpinhibitors) and vitaminsof any
kind. Dietary habits were omnivorous. Physical
examination confirmed marked palor andjaundice. Vita
signs were stable; rest of the examination including
nervous system was unremarkable.

Hemoglobin: 24g « L, Hematocrit: 6.9%, MCV:
75fl, Platelet: 64 x 10° « L1, Corrected reticulocyte
count: 0.004, Blood smear: anisocytosis,
poikilocytosis and macroovalocytosis with
hypersegmented neutrophils, Folate: 12.1ug « L*, Iron:
1.57 ug « L, TIBC: 59, Ferritin: 764 ug L, LDH:
15500U/L, and Haptoglobin: 31 mg « L. Hemoglobin
electrophoresis: HbA 0.67, HbS 0.30. Direct
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Coomb'stest: negative. Vitamin B12: 57ngL™* (Normal
200-900ng L), Intrinsicfactor antibodies: positive. Bone
marrow aspirate and biopsy: erythroid hyperplasiawith
megal oblastic features. Upper endoscopy and gastric
biopsy revealed chronic gastritiswith mucosal atrophy.
Colonoscopy was normal except for hemorrhoids.

Therapy included atota of 6 units of packed red
blood cells. Vitamin B12 therapy wasinitiated asdaily
intramuscularinjections, 1000 ugdaily for 3days. Clinica
improvement was dramatic and the patient was
discharged shortly.

DISCUSSION
Our patient presented with pancytopenia and alife-
threatening drop in Hb to 24 g « L™*. Though the
hematol ogic manifestationswere severe, interestingly,
there was no evidence of peripheral neuropathy,
myelopathy, dementia or any neuropsychiatric
manifestations. In view of omnivorousdietary habits, a
dietary deficiency frominadequate consumption of Vit.
B12wasunlikely. Neither wasthepatient onany antacids
or other acid lowering agents. Proton pump inhibito rs
and H; blockers, widely used as prescription and over
the counter agentsfor upper gastrointestinal symptoms
have been associated with Vit. B12 deficiency. Acid
peptic activity isimportant intheinitial step where Vit.
B12 is separated from food protein; lack of acid may
cause food-cobal amin mal absorption, acommon cause
of Vit.B12 deficiency*®.

An average omnivorous American diet provides
5 pug-15ug of Vit.B12 per day. Animal products such
as meat, poultry, fish, eggsand dairy productsarerich
sourcesof Vit.B12. Plant sourcescontain Vit.B12 only
if they are contaminated with microorganisms®”. As
aresult, vegans are at a higher risk of becoming Vit.
B12 deficient over aperiod of time. When consumed,
Vit.B12 attaches to an ‘R’ binder (haptocorrin)
presentinsaliva, after itisseparated fromfood protein
by acid in the stomach. The pancreas secretes
proteases, which at an akaline pH beyond the stomach
digeststhe ‘R’ binder facilitating the attachment of
intrinsic factor (IF) to B12. IF-B12 complex is
absorbed viareceptorsinthedistal ileum. Anefficient
enterohepatic circulation of Vit.B12, wherein most of
the Vit.B12 secreted in the bile is reabsorbed, is
the reason why it takes anywhere upto 20 years to
become Vit.B12 deficient if one stops consuming
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Vit.B1268,

PA wasthemost likely cause of Vit.B12 deficiency
inour patient. The age of onset with advanced disease
by midfiftiesand absence of any other basislikegastric
or small intestinal surgery, chronic pancreetitis, Crohn’'s
disease and other causes of malabsorption makes PA
the probable diagnosis. The presence of IF antibodies,
whichismorespecificfor PA thanparieta cell antibodies
and seen in about 40% of patients with PA, lends
credenceto our assumption®®. The additional finding of
Vit.B12 deficiency with sicklecell traitinthispatient is
not common. Patients with severe sickle cell disease
may have unrecognized Vit. B12 deficiency!?.
Furthermore, routinefol atesupplementationinsicklecell
anemia prior to determining Vit.B12 status has been
considered risky, asit can mask thefindingsof Vit.B12
deficiency!Y,

The spectrum of Vit.B12 deficiency has been
elaborately described in 4 stages®*?. Stages 1 and 2
represent Vit.B12 depletion and stages 3 & 4
represent Vit.B12 deficiency with lab abnormalities
and clinical manifestations. Our patient presented with
full-blown stage 4 disease, suggesting that he would
h ave been in the pre-clinical stage for many years
prior to presentation. Screening for Vit.B12 deficiency
would avert the morbidity associated with deficiency
states. While in the past there have been no precise
guidelines for screening, m ore recently several
approaches have been described. Screening isaimed
at reach ing adiagnosis at the onset of depletion, i.e.
at the pre-clinical stage. The literature suggests
several options-from doing nothing until oneis
symptomatic, to screening all individuals, or an
individualized approach!*+34,

Our approach to screening and treatment of Vit.
B12 deficiency hasbeen described previoudy™. Here
initial screeningisrecommended for aselect group of
individuals at first contact. Included are patientswith
unexplained anemia, gagtritis, acid lowering statesfrom
use of certain drugs, autoimmune diseases, HIV
disease, Crohn’s disease, multiple sclerosis, thyroid
disease, malabsorption syndromes and vegans. In all
other patientstheinitial screening isrecommended at
age 50, and thereafter every 5 years until age 65.
Annual screening is suggested after age 65. Although
normal Vit.B12 levelsrange from 200to 900ng * L™,
values between 200 and 400ng * L* may need further
evaluation in cluding serum (or urine) homocysteine
and methyl malonic acid to assess for pres ence of
true deficiency!*34,

Treatment for Vit.B12 deficiency is generally
initiated with intramuscular injections of Vit.B12,
the usual dose being 1 000 ug daily for 3-5 days.
Dosesvary from 100to 1 000 ug * d*larger doses
are accompanied by greater losses in the urinel®.
Maintenance therapy may be by any of 3 routes
intramuscular (IM), oral or intranasal. |M

injections are given every 1 to 3 months. Oral
administration necessitates larger doses; 500 to 1 000
ug * d* are needed to ensure absorption in PA where
1% maybe absorbed even in the absence of IF*d,
However compliancewithord administrationwill dways
remaininquestion. Intranasal administration of Vit.B12
has been approved in 1998; this form of Vit.B12is
administered weekly (500 ug * wk?) and attainslevels
comparable to maintenance with IM routel*3°1,

CONCLUSION

The caseillustrates theimportance and need for timely
screeningfor Vit.B12 deficiency. Delay indiagnosisand
treatment resulted in a near fatal presentation of a
common disease. The primary care physician should be
awarethat thereisawindow of opportunity for diagnosis
and treatment; several complications of Vit.B12
deficiency are irreversible if early treatment is not
provided. The treatment modalities are several and
inexpensive, with no sideeffects. Selection of screening
tests and choice of maintenance therapy may be
individualized based on patient and physi cian preferences.
Timely screening and treatment of Vit. B12 deficiency
will makeadifference.
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INTRODUCTION
Liver pseudotumor isavery rare benign lesion. Since
the first case reported by Pack and Baker in 1953%,
only 40 cases had been reported up to 1996. The
diagnostic challenge of hepatic inflammatory
pseudotumor isemphasized by the fact that most of the
reported cases were diagnosed by surgical procedures.
Pathogenesi sand etiol ogy of hepaticinflammatory
pseudotumor are uncertain. We report acase of hepatic
pseudotumor that was suspected to be a well-
differentiated hepatocellular carcinoma based on
abdomind ultrasound, CT andMRI, butthefind diagnosis
isparasitic granulomaof ascariasislarvaafter hepatic
|obectomy.

CASE REPORT

A soldiery multiple focal hepatic lesion was
discovered in a 52-year-old man under the
examination of ultrosonography when he was
undergoing the regular physical examination in
1998-12. The ultrasonography showed that the
nodule ap peared as well defined, hypoechoic and
hypovascular irregul ar solid masswithout posterior
acoustic enhancement on ultrasound (Figure 1).
Subsequently, CT scan and MRI also demonstrated
the existence of the lesion in the frontal segment
of the right hepatic lobe(Figures 2, 3). In January
1999, afine needle aspirat ion biopsy was performed
on the lesion and the cytological examination
showed the possibility of the well differentiated
hepatocellular carcinoma. Therefore, the patient
underwent the hepatolobectomy on January 12,
1999.
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Pathological findings

Gross findings: The specimen of partial hepatic
lobectomy measured 10 cm x 8 cm x 6 cm in size.
The cut surface of the lesion contained several pale
nodules, which were well-defined and slightly
hardened. The center of the nodul e was soft and pale-
brownishin color, but the contour appearanc e of the
surrounded liver wasnormal.

Figure 1 A nodule appeared as well-defined, hypoech oic and
hypovascular irregular solid mass by ultrasonography.

Figure 2 Two nodules of low density without early enhancemen
tdetected on CT scans.

Figure 3 Two nodules of low signal intensity on TIWI and iso-
signal intensity on T2WI by MRI.
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Figure 4 Solitary necrotic nodules of the liver. HE x 50

Figure 5 Central necrotic core enclosed by a hyalinised fibr otic capsule. HE x 100

Figure 6 Hyalinised fibrotic capsule infiltrated with eosino phils and lymphocytes. HE x 200
Figure 7 Charcot-Leyden’s crystals and eosinophils in the necrotic center. HE x 400

Figure 8 One degenerated larva in the center of necrotic nodule. HE x 100

Figure 9 Two pieces of the degenerated larva in the necrotic center of the nodule. HE x 200
Figure 10 Necrotic cells around the larva. HE x 200

Figure 11 Degenerated larva with Charcot-Leyden’s crystals . HE x 400
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Microscopic findings

Histopathologic examination. Thelesion contained
alarge are aof necrosiswithirregular border (Figure
4), around which there are fibrosis and infiltration of
lymphocytes, plasmacellsand eosinophils(Figures5,6).
In the center of the necrotic lesion, there are many
Charcot-Leyden’s crystals (Figure 7). The parasite
infection was suspected and 26 pieces of tissuesfrom
the specimen were sectioned and embedded to find out
the pathogen. Finally several parasites with certain
morphologicarchitecturecould befoundinthesphacel us
of thesame section (Figures8,9) only inoneof thedides.
Although the cells of the parasiteswere degenerated or
necrosed, the viscus and somatic texture could still be
recognized (Figures10,11).

DISCUSSION

Inflammatory pseudotumors are rare benign lesions
which may occur in anywhere of the body. They are
usually associated with fever, pain and massformation,
and arefrequently misdiagnosed asmalignant neoplasm.
Clinicd manifestationsandlaboratory findingsaresmilar
in hepatic pseudotumor and hepatocel lular carcinoma.
Thedifferentia diagnosisbetween thesetwo isdifficult
merely based on the images from ultrasonic and
radiological examinations. Thediagnostic ch alenge of
hepaticinflammatory pseudotumor isemphasized by the
fact that most of the reported cases were diagnosed
after surgical procedures.

Liver pseudotumors are especially rare and the
etiology and pathogenesisareunc ertain. Infectionwas
considered as a possible etiology'?. Only two cases
with organismswere reported: Escherichia coli was
detected in one case®, and Gram-positive cocci in the
other®. Other suggested mechanisms include
an immune reaction, liver hemorrhage and necrosis,

occlusivephlebitisof hepatic veins, and local reactionto
biliary tract’®. Thisisthefirst caseintheliterature which
demonstrated that the ascariasislarvawasfound in the
necroticfocusof theliver andit wasprimarily diagnosed
asinflammatory pseudotumor. It was suggested that
moresectionsshoul d betakenwhen hepaticinflammatory
pseudotumor was suspected.

Thelife cycle of ascariasisis complex but well
understood. Adult male and femalewormsliveinthe
small intestine, usually thejejunum, whereeach gravid
female worm produces 200 000 to 250 000 eggsdaily.
Fertilized egg spassinthefecesand devel opintoinfective
eggs in 3 to 4 weeks. The eggs hatch in the small
intestine, andtheemerging larvae penetratetheintestina
wall, enter t heporta veinor intestina lymphatic vessels,
migrate through the liver to the heart, and are pumped
through the pulmonary arteriestothelungs. Inthelungs,
the larvae break out of capillariesinto the air spaces.
Theselarvae migrate up from the bronchi to thetrachea
and down to the esophagus. In theintestine, the larvae
developintosexualy matureadults®. Fromthislifecycle,
we postul ate that the larvae are arrested in the liver
during their migration through the liver and become a
necroticnodule.
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INTRODUCTION

Secondary amyloidosisisararebut seriouscomplication
of Crohn’s disease (CD ). The incidence of the
associ ation of secondary amyloidosisin patientswith CD
has been reported to be 0.5%-8% in Western countries
[*6, However, in Japan, the number of patients with
CD complicated by amyloidosis is limited. The
characteristics of their clinical manifestations and the
incidence of association are uncertain. Therefore, we
report herein a patient with Crohn’s disease who
developed amyloidosis 13 years after the onset of CD.
The diagnosis of renal amyloidosis was confirmed by
rena biopsy. Wed so reviewed theliterature concerning
amyloidosisassociated with CD in Japan.

CASE REPORT

The patient wasa 29-year-old Japanesefemae. InMay
1985, at theageof 14, shedeveloped diarrhea. InMarch
1986, shedevel oped fever and arthralgia. A diagnosisof
CD was made by endoscopic and radiographic
examinations. Thereafter, shereceived corticosteroids
andsulfasdazine. However, hospitalizationwasrequired
several times. In May 1993, severe stenosis of the as
cending colon was found as shown in Figure 1.
Therefore, subtotal colectomy, ileocecal resection, and
ileosigmoid anastomosis were performed. Asshown
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inFigure 2, surgical specimen of theterminal ileum,
cecum, and ascending colon (May 26, 1993) showed
thickening of thebowel wall, cobblestoneappearance,
and longitudinal ulceration. Histological findings
showed transmural inflammation and noncaseating
epithelioid cell granuloma. In February. 1997, the
patient was admitted because of fever, anemia, and
hypoproteinemia. Asshownin Figure 3, gastrografin
enema examination performed on May 8, 1997
showed a stricture aroun d the ileosigmoid
anastomosis. The anastomosis and part of the
remaining ileum were resected because of the
stenosis. Cholecystectomy was also performed
becau se of gallstones (the biggest stone measured
11 mm x 5 mm, five stones in total, pigmented).
Immediately after surgery, right ureteral stricturedue
to retroperitoneal involvement was found and
indwelling double J-catheter was placed. In August
1998, she was admitted because of anemia and
hypoproteinemia. Her family history was
unremarkable. Her height was 158 cm and body
weig ht was 39.5kg. Physical examination revealed
marked pretibial edema. Laboratory findingsincluded
the followings: WBC 7.9 x 10%L, RBC 2.25x10%/
L, Hb-69 g/L, Ht 0.216, platelet 360 x 10°L, total
protein 53 g/L, albumin 11 g/L, CRP 8.9 mg/dL
(normal: less than 0.25 mg/dL), serum amyloid A
protein (SAA) 235 pg/dL (normal: less than 8 pg/
dL), BUN 7.5 mmol/L, creatinine 145 pmol/L,
creatinine clearance 0.38 mL/s, and urinary protein
9.3 g/day. Renal biopsy was performed in November
1998. Asshownin Figure4, amyloid deposition was
found inthe mesangial areasand blood vessels. The
deposits were Congo red positive. The positive
staining disappeared after pretreatment with
potassium permanganate. The deposits
immunoreacted with the antibody directed against
amyloid A (AA)-amyloid. Colonoscopy revealed
small discrete ulcerations around J-pouch. The
amyloid deposition was not observed inthedigestive
tract. The electrocardiogram was normal.
Ultrasonography did not show any abnormal findings
in the heart. Thyroid was not swollen. Thyroid
function tests were normal. Administration of
prednisolone (40 mg/day) and 5-aminosalicylate
(5-ASA) ( 2.25g/day) normalized serum levels of
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acute phase protein such as CRP and SAA. However,
massive proteinuria and hypoal buminemia persisted.
Then, when the dosage of prednisolonewas reduced to
10 mg/day, serum CRP and amyloid A protein became
positive. Thereafter, azathiopurine (50 mg/d ay) was
administered in addition to 5-ASA (2.25 g/day) and
prednisolo ne (10 mg/day).

The onset of CD in this patient was May 1985.
Diagnosis was made in March 1986. Proteinuria
developed in July 1997. Massive protei nuriadevel oped
in April 1998. Creatinine clearance was decreased in
July 1997. Amyloid deposits were supposed to have
aready been presentinmid 1997.

DISCUSSION

There iswide geographic variation in the incidence
of secondary amyloidosis, occurring in 6%-8% of
patients with CD in Northern Europe?+%, 2% in
England™®, but only 0.5%-0.9% in the United States™
¢, However, in Japan, the incidence of secondary
amyloidosisin patients with CD remains uncertain.
Only 18 Japanese patients with CD complicated by
secondary amyloidosis have been reported in the
literature from Japan (Table 1)!"4.

Secondary amyloidosisis caused by extracel lular
deposition of the N-terminal AA fragment of the
circulating acute phase plasma protein SAA.
Secondary amyloidosis can complicate any
inflammatory conditioninwhich thereisasustained
acute-phase response including CD, rheumatoid
arthritis, and chronic sepsis. It h as been reported
that the activity of the underlying inflammation is
an importan t factor in the development and
progression of secondary amyloidosis. In the 18
Japanese patients with CD complicated by

amyloidosis, there were no patients who maintained
prolonged remission. Therefore, in CD aswell, the
disease activity isconsidered animportant factor in the
development of secondary amyloidosis. In the present
patient, surgery had aready been pe rformed two times
asthediseaseactivity could not be controlled by medica
treatment. Nevertheless, serum CRPremained positive.
Moreover, inthe present patient, theinvolvement of the
retroperitoneum caused right ureteral stricture.

Inflammation is thought to precede the
development of secondary amyloidosis. However, the
time-course and progression of secondary amyloidosis
arenot under sood well. Inanimal experiments, amyloid
deposits were found 18h or a few weeks after
inflammatory stimuli’®!, Various factorshavebeenr
eported to influence the susceptibility, onset, and
progression of murine amylo idosis?#1, It remains
controversa whether amyloidosisisalatecomplication
of CD. In the present patient, nephrotic syndrome
devel oped and the diagnosis of secondary amyloidosis
was made 13 years after the onset of CD. When
proteinuriawasinitialy detected, it had already been 12
years since the onset of CD. In the literature, thetime
lapse between the onset of CD and the diagnosis of
amyloidosis has been reported to range from 3 to 15
yearsor from 1to 21 years??, In 11 of the 18 Japanese
patients, more than 5 years had passed after the onset
of CD. Thelongest period was 18 years. Conver sely,
in 2 patients, the diagnosisof amyloidosis preceded that
of CD. When CD wasdiagnosed in these 2 patients, the
lesion of CD had aready becometypica. Thesefinding
suggest that secondary amyloidosisusually occursasa
late compli cation of CD. However, asthe onset of CD
isusually gradual, CD and secondary amyloidosis
may bediagnosed dmost smultaneoudly.

Table 1 Japanese Crohn’s disease patients complicated by second ary amyloidosis

Case Age Sex Sites Duration of CD prior to Clinical course of CD before Major clinical manifestation type of Proteinuria Author
of CD amyloidosis diagnosis  amyloidosis diagnosis of amyloidosis amyloid (year)
1 23 M 1,C 6 year Not well controlled Intestinal AA Present Oshima T et al. (1988)
2 28 M 1,C 9 year Not well controlled Renal AA Present Tsutsui R et al. (1988)
3 37 M I,CR 11 year Not well controlled Renal AA Present Araki T et al. (1989)
4 20 F C 4 year Not well controlled Renal AA Present Kikuchi H et al. (1989)
5 25 M | 0* Renal AA Present Momiyama Y et al.(1989)
6 28 M JC 0 Renal AA Present Takashima H et al.(1990)
7 24 M | 0 Intestinal AA None Itoh T et al. (1991)
8 44 M | 8 year Not well controlled Intestinal AA None  Sakai Y et al. (1992)
9 26 M 1,C 13 year Not well controlled Renal AA Present Ohwan T et al. (1994)
10 34 M 1,C 15 year Unknown Intestinal AA None Yamamoto J et al. (1994)
11 28 M | 12 year Not well controlled Renal AA Present Itoh F et al. (1996)
12 28 M | 7 year Not well controlled Renal AA Present Itoh F et al. (1996)
13 26 M C 4.5 year Not well controlled Renal AA Present Yoshinaga Y et al. (1996)
14 43 M CR 15 year Not well controlled Renal AA Present YoshinagaY et al. (1996)
15 21 M 1,C 3.5 year Not well controlled Renal AA Present Horie Y et al. (1997)
16 43 M CR 18 year Not well controlled Renal AA Present Muro K et al. (1998)
17 35 F C 0* Renal AA Present Taki Fet al. (1998)
18 26 M C 11 year Unknown Thyroid AA Present Habu S et al. (1999)
19 29 F I,CR 13 year Not well controlled Renal AA Present Present case (1999)

#:The diagnosis of amyloidosis preceded that of Crohn’s disease. CD: Crohn’s disease, J: jejunum, I: ileum, C:colon, R: rectum, AA: amyloid A
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Figure 1 Barium enema examination perfoemed on March 18, 1993. Stricture associated with cobblestone appearance was seen in the
ascending colon. Small inflammatory polyps were observed in the transverse colon and descending colon.

Figure 2 Surgical specimen of the terminal ileum, ce cum, and ascending colon (May 26, 1993). Thickening of the bowel wall, cobblesto ne
appearance, and longitudinal ulceration were found, Histologically, transmur al inflammation and noncaseating epithelioid cell granuloma

were found.

Figure 3 Gastrografin enema examination performed on May 8, 1997. A stricture was seen around the ileosigmoid anastomosis.

Figure 4 Findings of the renal biopsy.

A. Histological findings (hematocylin and eosin). Amorphous, eosin-stained dep osits were seen in the mesangial areas.

B. Histological findings (Congo red stain). The deposits were Congo red pos itive. Congo red stain showed reddish pink deposits that
demonstrated apple-gre en birefringence when examined under polarized light.

C. Electron microscopic findings. Fine fibrils (8 to 10-nm in diameter) arran ged randomly or in bundles were found in the mesangium.

Thekidney isinvolved in the mgjority of patients
with secondary amyloidosis. The resulting renal
insufficiency caused a deterioration in the prognosis
of the patient. Azathiopurine®, colchicine32,
dimethylsulfoxidel®¥, and elemental diet™ have been
prop osed asthetreatment for secondary amyloidosis.
However, the effectiveness of thisregimen has not
been established. Therefore, prevention or early
diagnosis and treatment are important. In 15 of the

18 Japanese patients, the kidney was involved by
amyloidosis. And in 13 of thel5 patients, renal
involvement was the main clinical manifestation of
amyloidosis. Inonly oneof the 15 patients™?, theamount
of urinary protein decreased to lessthan 0.3 g/day since
theinitiationelementa diet therapy. Intheremaining 14
patients, however, neither proteinurianor impaired rena
function improved after varioustherapeutic attempts.
Therefore, regular urine test for proteinuria
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would be useful for early diagnosis of amyloidosis
regardiess of theinterva since onset of CD. To prevent
the development and progression of secondary
amyloidoss, itisprobably important tomaintain CD in
theremission.
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