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INTRODUCTION

Gadtric epithelial dysplasia (GED) hypothetically isa
straight-forward concept: dysplasticepitheliumreplacing
the normal gastric epithelium of the stomach™. In the
stomach, like any other segment of thegut, itisdefined
asanunequivoca non-invasiveepithelia change?d. The
observation of gastric dysplasia asacancerous|esion
was recognized over a century ago, but itisonly after
the advent of gastroscopy that its clinical significance
has been stressed* ™.

All-trans retinoic acid can effectively reverse
dysplasia in gastric epithelial cells, thereby
inhibiting its progression to gastric cancert®1%,
However, its mechanism is not yet clear. We used
N-methyl-N-nitro-N-nitrosoguanidine(MNNG) to
establish a rat model of gastric epithelial cell
dysplasia, and to study the influence of all-trans
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retinoic acid. Changes in apoptosis and expression of
Bcl-2, Fas and | CE were observed to investigate into
ingght of itsmechanism.

MATERIALS AND METHODS

Induction of gastric epithelial cell dysplasia and
treatment with all-trans retinoic acid

Forty-five 8-week-old maleWigtar ratsweighing 120 g-
140 g were housed in individual cages at a controlled
temperature of 22°C, and arelative humidity of 50%.
Theseanima swere randomly dividedinto threegroups
each 15rats. Group 1 served asblank control. Groups 2
and 3werefed with MNNG to induce gastric epithelia
cell dysplasia. Two grams MNNG (Fluka Co.) was
dissolved in 2000 mL distilled water, placed inabrown
bottle and kept at 4°C. The preserved MNNG solution
was further diluted to the concentration of 1 g/mL for
use as drinking water ad lib™*2, |n addition, at one,
three, five and seven weeks, 2 mL absol ute a cohol was
infused into the stomach of each animal. After 24 weeks,
when gastric epithelia cell dysplasiahad beeninduced,
animalsingroup 2weregiven 40 pg/kg al-transretinoic
acid (Shanghai No.6 Pharmaceutical Co.) through
infusion into the stomach every day. Group 3 served as
treatment controls and a placebo (distilled water) was
giveninstead of all-transretinoicacid. Theanimaswere
killed at 36 weeks.

The stomachs of theratswere cut along the greater
curvature. Specimenswere taken fromthe pyloric area
and five paraffin sections were made for each rat
following the conventional method. These sectionswere
used for routine pathol ogical examinations, apoptosis
determination and measurements for the expression of
Bcl-2, Fasand I CE. Pathol ogicd diagnosesand gradings
were carried out according to the criteria set by the
National Gastric Cancer Research Group!34,

Determination of apoptosis by TUNEL method

After dewaxing a4 um thick section, the fundamental
steps of the procedure were: addition of proteinase K
(20 uL/mL); incubated at 37°C; addition of Triton x-
100in 0.1% sodium citrate onice, stood up; addition of
50 g TUNEL (Boehringer Co., Cat. no. 1684817);
incubated at 37°C inahumidified chamber; stainingwith
diaminobenzidine (DAB); sealing the slide; and
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examined under alight microscope. Apoptotic cells
presented as brownish staining in the nucleus,
although part of the cytoplasm also can be stained
because of leakage of some nuclear DNA fragments.
At least 500 cells were examined and the number of
apoptotic cells per 100 cells calculated to arrive at
the apoptosisindex (Al)54],

Expression of Bcl-2, Fas and ICE measured by
immunohistochemical staining

Bcl-2 After dewaxing, the4 umthick sectionwasstained
usingtheAvidin-Biotion Complex (ABC) method*®. The
primary antibody used was 2 mg/L rabbit antirat Bcl-2
polyclond antibody (SantaCruz Co. USA, Cat. No. Sc-
578) diluted 1:50.

Fas To detect Fas activity, sections were stained by
ABC method. The primary antibody used was 2 mg/L
rabbit antirat Fas polyclona antibody (Santa Cruz Co.
USA, Cat. No. sc-716G) diluted 1:50.

ICE To detect ICE activity, sections were stained by
the ABC method. The primary antibody used was2 mg/
L rabbit antirat | CE polyclona antibody (SantaCruz Co.
USA, Cat. No. sc-514) diluted 1:50.

Positivity control Slides of multiple gene-protein-
positivegastric cancer specimenswereused aspostivite
controls. If brown granules appeared on the nuclear
membraneandinthecytoplasmof gastricepithdid cdlls,
the specimen was considered to be Bcl-2 positive. If
brown granules appeared on the cell membrane, the
specimenwascons deredto beFaspositive; andif brown
granules appeared inthe cytoplasm, the specimen was
considered to be ICE positive. The expression was
graded according to the degree of staining: strongly
positive (+++), moderately positive (++) and weakly
positive (+). If more than 30% of cellsin adide were
also considered positive. Those with strongly and
moderately positive responses were considered to be
overexposing the proteinin questioni*-29,

Probes

Thefollowing oligonucleotide probeswereused inthis
study. Bcl-2, TGATACCAGCACTGGAGCAG, was
synthesized by Shanghai Shenggong Company. Fas,
CAGCCAGGAAAGATCAAACAGAGAGC, was
bought from Fuzuo Company.

Northern-blot analysis

Total RNA wasisolated from the gastric epithelial
tissue by extraction of guanidineisothiocyanateand
centrifugation in cesium chloridel?*?2, Poly(A)
+RNA was selected by oligo(dt)-cellular
chromatography!?. Six micograms of poly(A)
+RNA from each sample was el ectophoresed in 1%
agarose gel containing 0.66 mol/L formaldehyde

and ethidium bromide (0.66 mg/L ).

After dectrophoresis, the gel swere photographed
under UV light to confirm that approximately equal
amounts of RNA were loaded. The gels were
pretreated with 0.05N NaOH for 30 minutes at room
temperature!>*?! and RNA was transferred onto
nitrocellulose. Then, appropriate probeswere labled
with 32P deoxycytidinetriphosphate using aRandom
Prime DNA labeling kit (Boehringer Mannheim,
Indianapolis, IN). Theblotswerehybridized overnight
at 62°C (bcl-2) or 52°C (Fas) in 59% formamide, 10%
dextran sulfate, 1% sodium dodecyl sulfate, 1 mol/L
NaCl, and 100 g/L of sonicated salmon sperm. Then
the blots were washed in 2 x standard saline citrate
(1xSSCis150mmol/L NaCl, 15mmol/L sodiumcitrate,
pH 7.4), and 0.5% sodium dodecy! sulfate four times
at room temperature for 5 minutes and al so washed
(3 x 10 minutes) in 0.2 x SSC and 0.5% sodium
dodecyl sulfate at 60°C . The blotswere then exposed
to Kodak XAR film (Eastman Kodak, Rochester, NY)
at -70°C. Thenitrocellulosefilter wasboiled in 0.1%
SSC and 0.1% SDS for 30 minutes to strip off the
radioactivity probesand rehybridized with another 3P
|abelled Cdnaprobinasimilar manner'®!. Thequantity
of specificy transcripts in different lanes was
determined by densitometric analysis of
autoradiographs.

RESULTS
Histopathological changes of the gastric mucosa
Theincidence of dysplasiain group 3 wassignificantly
higher thanthat in group 2 (73.3% vs26.7%, P = 0.05,
Tablel).

Table 1 Histopathological changes and apoptosis of the gastric
mucosa

Group n Modest Modest and severe Percentage Apoptotic
dysplasia (n) dysplasia (n) (%) index
Normal 15 0 0 0 8.3£3.1
DIM 15 3 11 73.3% 2.2+0.4%
DIMTR 15 4 4 26.7%® 7.8+2.6™

3P<0.05 vs normal; ®°P>0.05 vs normal; P>0.05 vs DIM group.

Apoptosis

The apoptosisindex was not significantly different in
groups 1 and 2 (P>0.05), but there was a significant
difference between groups 1 and 3 (P<0.05) and also
between groups 2 and 3 (P<0.05).

Expression of apoptosis-associated proteins

Bcl-2 In group 1, two rats (13.3%) expressed Bcl-
2 and one rat (6.7%) overexpressed Bcl-2.
Expression of Bcl-2 was found in 10 rats (66.7%)
and overexpression of Bcl-2infiverats (33.3%) in
group 3. Both the expression and overexpression
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weresignificantly higher than that in group 1 (P<0.05).
Group 2 had fiverats (33.3%) expressing Bcl-2 and one
rat (6.7%) overexpressing Bcl-2. Neither expressionnor
overexpression was significantly different from that of
group 1 rats(P>0.05) but wassignificantly different from
that of group 3 (P<0.05).

Fas In group 1, seven rats (46.7%) expressed Fas
and two rats (13.3%) overexpressed of Fas. Group
3 had two rats (13.3%) with expression of Fas and
two rats (13.3%) with overexpression of Fas.
Expression of Faswas significantly different from
that of group 1 (P<0.05), but overexpression was
not (P>0.05). In group 2, six rats (40%) expressed
Fas and four rats (26.7%) overexpressed Fas.
Neither expression nor overexpression were
significantly different from that of group 1 (P>0.05),
but when compared with group 3, a significant
difference was seen in the expression of Fas (P<0.05),
yet not in overexpression (P>0.05).

ICE In group 1, three rats (20%) expressed |CE
and no rats were found to be overexpressing this
protein. Group 3 had two rats (13.3%) with
expressing ICE and one rat (6.7%) with
overexpressing |CE. Neither expression nor
overexpressionweresignificantly different fromthat
ingroup 1 (P>0.05). In group 2, expression of ICE
was seen in ninerats (60%) and overexpression was
found in two rats (13.3%). Expression of |CE was
significantly different from that in group 1 (P<0.05)
but overexpression was not (P>0.05), and when
compared with that of group 3, expression of ICE
was significantly different (P<0.05) while
overexpression was not (P>0.05).

Bcl-2 and Fas mRNA expression

The expression of bcl-2 mRNA increased and Fas
MRNA was decreased in comparison of group 2 with
group 1. Theexpression of bcl-2 mRNA was decreased
and Fas mRNA wasincreased in comparison of group
2with group 3 (Figure1).
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Figure 1 Bcl-2 and Fas mRNA expression.

DISCUSSION

Withtheintroduction of fiberoptic endoscopy inthelate
1960sand early 1970s, Nakamuraand Nagayoin Japan
were among thefirst toidentify possible precancerous
lesion on biopsical material and develop several
categoriesfor dysplasia? ?. In the West, Grundmann
in 1975 quote for thefirst time the word dysplasiato
describe exclusively precancerous gastric lesions®,
Shortly after the WHO committee sanctioned this
usage and detailed general diagnostic principlesbased
on cellular atypia, abnormal differentiation and
disorganised architecture’®=3U, There are differences
between the Japanese and the Western criteria. A
multicenter study is now under way to unify the
diagnostic criterid®*, Sofar therehas been no unifed
criteria of dysplasiaamong Chinese. We used the
Japanese criteriain this study.

Isdysplasiareversible Severa investigators have
addressed theissue, but the cumulative resultsremain
inconclusive. There are still coutroversies in the
interpretation of atrophic changes and intestinal
metaplasia resulting in wide discrepancy in the
conclusionsreached by different authors. Controlled,
long-term prospective studies conducted in different
ethnic and geographic settings are needed to provide
sound evidence-based answers to the question of
reversibility of atrophy,intestind metaplasia, andepithdia
dysplasial®®, trying to look for new drugsto reverse
the dysplasiaof great importance.

Normal gastric mucosal epithelial cells undergo
apoptosisto clear up the senile cellsand maintain the
physiological balance of mucosal epithelial cell s,
Thehomeostasi sof gastric epithelial cellsismaintained
by the balance between cell proliferation and
apoptosis. Alterations of these physiological cellular
events in chronic pathological conditions of the
stomach, as far as the proliferative pattern is
concerned, anincreaseinthetotal number of epithelial
proliferating cellsand an abnormal distribution of the
latter are frequently observed in chronic gastritis,
gastricatrophy, intestinal metaplasia, gastricdysplasia
and gastric cancer. Conversely, apoptosis has been
found to beimpaired inintestinal metaplasia, gastric
dysplasia and cancer!®” 8. We consider the
development of gastric cancer asasimple problem of
balance, whichisexplainedinthefollowing formula:
cumulative rate of epithelial cells proliferation rate
of epithelial cells’ apoptotic rate of epithelial cells.
When overaccumulation of gastric mucosal epithelial
cells due to any reason, there is the possibility of
development of gastric cancer. Thus, abnormal
apoptosis might be one of the causes of gastric cancer
development.

Apoptosis is modulated by regulatory genes.
Bcl-2, Fas and ICE are the regulatory genes that
have been predominantly studied. The statement of
Bcl-2 can inhibit apoptosis, allowing the
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proliferating cells to accumulate and inhibiting the
removal of the malignant potential cells, thereby
facilitating the development of cancerous change.
Several scientistshave studied therelation among bcl -
2, gastric epithelial dysplasiaand apoptosisand found
that the expression abnormality leadsto the apoptosis
changed, theresult in dysplasiaand carcinomd*®3%42,
The statement of Fas promotes apoptosis and his
abnormality has relation with dysplasia too!*l.
Interleukin-1-coverzyme can induce apoptosis in
certain types of cellg*+,

A few investigation of bcl-2 expression and
dysplasiafound that bcl-2 expression did not correlate
withthe presence or degree of dysplasiain either benign
gastric mucosaor gastric carcinoma (GC) patients. bcl-
2 proteinisfrequently expressed in GC®#, Thereason
perhaps is the difference of rat’s model and human
gastric epithelial dysplasia, model induced by MNNG
caused mainly by chemistrial carcinogenese, isnot all
the same with human.

Retinoic acid and itsanalog retinoid hasareverse
effect on experimentally induced gastric mucosal
precancerous lesions in ratg® 4, The results of the
present study further confirmed this. Theresults of the
present study al so reveal ed that retinoic acid can inhibit
the overstatement of the Bcl-2 protein, promote the
normal statement of the Fas protein and enhance the
overstatement of thel CE protein, thereby promoting the
apoptosisof gastric mucosal dysplastic epithelial cells.
Thismay be one of the mechanisms by which retinoic
acid reverses gastric mucosal precancerouslesionsand
the high statement of ICE may partly explain the side
effectsof retinoic acid.

The results of the present study reveal that in
moderate and severe gastric mucosal dysplasia
precancerouslesions, thereisalready abnormality in
apoptosis and changes in associated genes. The
increase in Bcl-2 statement, decrease in Fas
statement and inhibition of apoptosis may be an
important mechanismsin the progression of dysplasia
to cancer.
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