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Abstract

AlM: To investigate the expression of inducible nitric oxide
synthase (iNOS) in aberrant crypt foci (ACF) -adenoma-
carcinoma sequence and its relation with tumor cell
apoptosis, proliferation and angiogenesis.

METHODS: The expression of iNOS, proliferating cell
nuclear antigen (PCNA) and microvessel density (MVD) in
different stages of colorectal cancer were studied by
immunohistochemical method from 30 normal tissues, 30
nonhyperplastic ACF, 30 hyperplastic ACF, 30 dysplastic ACF,
30 adenomas and 60 carcinomas. The apoptotic cells were
detected by terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) method using an Apop
Tag in situ detection kit.

RESULTS: The immunoreactivity of iNOS significantly
increased in the transition from hyperplastic ACF to dysplastic
ACF. This transition was associated with a significant decrease
in the apoptotic index (Al) (0.73+0.37 vs 0.61+0.35, P<0.05)
and significant increases in the PCNA labeling index (LI)
(27.3+2.80 vs 40.3+3.11, P<0.01) and microvessel density
(MVD) (55+11.5 vs 70+13.2, P<0.01). The expression of
iNOS was in low levels and positively correlated with PCNA-
LI (r=0.812, P<0.01) and MVD (r=0.863, P<0.01) during
transition from normal mucosa to nonhyperplastic ACF and
hyperplastic ACF. The expression of INOS was in high levels
and positively correlated with Al (r=0.901, P<0.01) after
transition from hyperplastic ACF to dysplastic ACF, adenoma
and carcinoma.

CONCLUSION: The results suggest that the transition from
hyperplastic ACF to dysplastic ACF may be a crucial step in
the ACF-adenoma-carcinoma sequence, in which iNOS plays
an important role by regulating tumor cell apoptosis,
proliferation and angiogenesis.
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INTRODUCTION

Aberrant crypt foci (ACF) are recently described colorectal
lesions that might be related to the earliest stepsin multistage
colorectal carcinogenesis®. Nitric oxide (NO) is an important

bioactive agent and signaling molecul e that mediates avariety
of physical actions and may contribute to the pathogenesis of
avariety of disorders including cancer!?®. Several studies
implicate iINOS in colorectal tumorigenesis™, but none has
evaluated the expression of iNOS in ACF-adenoma-
carcinoma sequence. In this study, TUNEL technique and
immunohistochemical staining were used to detect biologic
parameters of tumor and compare the state of apoptosis,
proliferation, MVD and iNOS expression in ACF-adenoma-
carcinoma sequence. The purpose was to find out the
relationship between aberrant expression of iNOS and
colorectal carcinogenesis and the possible mechanism.

MATERIALS AND METHODS

Tissue specimens

Human colorectal tissues were obtained from Zhongnan
Hospital and the People’ s Hospital of Wuhan University and
Hubei Cancer Hospital. We collected 90 ACF and their adjacent
normal mucosafrom 32 colorectal carcinomas (CRC) (19 maes
and 13 females; mean age, 54+7.5 years). 30 adenomas (18
males and 12 females;, mean age, 51+7.3 years) and 60
carcinomas were included in this study. The cancer patients
included 32 males and 28 femalesthat had 7 Dukes stage A,
24 stage B, 12 stage C, and 17 stage D. There were 22 well-
differentiated CRCs, 26 moderately differentiated and 12
poorly differentiated CRCs. All specimenswereroutinely fixed
in 10 % buffered formalin, embedded in paraffin, and cut into
5 nm sections. Each of the 5 sections was stained with
hematoxylin and eosin for classification.

Sampling of ACF

Immediately after bowel resection, freshly resected colorectal
segments were opened longitudinally, and the mucosa from
macroscopically normal segments were dissected from the
underlying layers, spread over on a piece of filter paper, and
fixed in 10 % buffered formalin solution.24 hours later, the
fixed mucosal strips were immersed in 0.2 % methylene blue
solution for 5 to 10 minutes and screened under 40x
magnification for ACF. Methylene blue-stained ACF were
easily distinguished from normal crypts by their deeper blue
color, larger diameter, and the shape of their crypt orifices
(oval, serrated, or dlit-like)*?. Randomly selected ACF were
microdissected with a rim of normal surrounding mucosa,
paraffin embedded, and serially cut perpendicular to the
surface.

Histochemical detection of apoptosis and determination of
apoptotic index

Apoptotic cell tissue sections were detected by terminal
deoxynucleotidyl transferase-mediated dUTP-biotin nick end
labeling (TUNEL) method using an Apop Tag in situ detection
kit according to the manufacturer’ sinstructions. Morphologic
characteristics of apoptosis were chromatin condensation,
nuclear disintegration, and formation of crescent caps of
condensed chromatin at the nuclear periphery. The apoptotic
index (Al) was expressed astheratio of positively stained cells
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to total cells evaluated for each tissue section after counting
1000 cellsat 5 areas randomly selected for counting less than
400-fold magnification.

Immunohistochemical staining and evaluation of the sections
SP kit was used. The primary antibodies were iNOS
polyclonal antibody (ready to use, Boster, Wuhan), PCNA
monoclonal antibody (ready to use, Maxin, Fujian) and CD34
monoclonal antibody (ready to use, Maxin, Fujian),
respectively. Before staining, the sections were heated in
microwave heated in 0.01 mol/L citric acid solution for
antigen retrieval. PBS was substituted for primary antibodies
as negative control. The stained sections were reviewed and
scored independently by two investigators using an Olympus
microscope. The extent and intensity of immunoreactivity
for iINOS of all specimenswererecorded. Thefollowing scale
was used to expressthe extent of positivity: 0,<5 %; 1,>5-25 %;
2,>25-50 %; 3,>50-75 %; 4,>75 %. The intensity of iNOS
expression was scored as follows: 0, negative; 1, weak; 2,
moderate; 3, strong. Thefinal score, obtained by multiplying
the intensity and extent of positivity scores, ranged from O-
12. Scores of 0- 4 were defined as “ markedly reduced” or
“no expression” ; Scores 5-8 were defined as “intermediate
expression” ; and scores of 9-12 were defined as “ strong
expression” 1Y, The PCNA labeling index (L1) was expressed
as the ratio of cells positively stained for PCNA to all
epithelial cellsin at least 5 areas randomly selected for
counting less than 200-fold magnification. For microvessel
density (MVD) determination, 5 areas were randomly selected
and counted less than 200-fold magnification. The average
count was recorded and expressed as the absolute number of
vessels per 0.74 mm?(per x 200 field) for each case.

Statistical analysis

T test was used for comparison of the means. The positivity of
iNOS protein was analyzed by Fisher exact probability method.
For the tendency of Al, L1 and MVD in the ACF-adenoma-
carcinoma sequence analysis of variance was performed based
on the trend test. P value less than 0.05 was regarded as
statistically significant.

RESULTS

Expression of iINOS in ACF-adenoma-carcinoma sequence
Although most cases of normal mucosa, nonhyperplastic ACF
and hyperplastic ACF showed intermediate, weak or absent
iNOS expression, the expression of iINOS increased markedly
during transition from hyperplastic ACF to dysplastic ACF
(P<0.01) (Table 1, Figure 1). Greater than 70 % of cases of
dysplastic ACF, adenoma or carcinoma showed strong
expression of iINOS. We found no relationship between
expression of iNOS and the Ducks' classification and the
differentiation of cancer.

Table 1 iNOS expression in normal mucosa-ACF-adenoma-
carcinoma sequence

iNOS expression
Total

Strong Intermediate Weak or absent

Normal mucosa 3 6 21 30
Nonhyperplastic ACF 6 8 16 30
Hyperplastic ACF 8 10 12 30
Dysplastic ACF 26 2 2 30
Adenoma 24 4 2 30
Carcinoma 41 10 9 60
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Figure 1 Immunohistochemical analysis for iNOS protein in
ACF. (A) weak staining was observed in the cytoplasm of
nonhyperplastic ACF. (SP method, x200). (B) weak staining
was observed in the cytoplasm of hyperplastic ACF. (SP
method, x200). (C) strong staining was observed in the cyto-
plasm of dysplastic ACF. (SP method, x200).

Table 2 Changes in Al, PCNA-LI, and MVD in ACF-adenoma-
carcinoma sequence (X+s)

n Al PCNA-LI MVD (MVD
(%) (%) /0.74mm?)
Normal mucosa 30 0.21+0.13 12.1+2.48 50+10.3
Nonhyperplastic ACF 30 0.28+0.16 14.7+2.47 52+10.6
Hyperplastic ACF 30 0.73:0.37%  27.3:2.80® 55115
Dysplastic ACF 30 0.61#0.35% 40.3:3.11%¢  70+13.2%¢
Adenoma 30 0.5840.25%° 45,443,242 80+14.72bde
Carcinoma 60 0.49+0.432%0de 52 243 172bdF 95413 3abdf

3P<0.01, vs normal mucosa;°P<0.01, vs nonhyperplastic ACF;
°P<0.05, vs hyperplastic ACF; 9P<0.01, vs Hyperplastic ACF;
¢P<0.05, vs dysplastic ACF; 'P<0.01, vs dysplastic ACF.

Changes in Al, PCNA-LI, and MVD in ACF-adenoma-carcinoma
sequence

Apoptotic index was highest in hyperplastic ACF, whereas it
significantly decreased after transition to dysplastic ACF
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(Figure 2), adenoma and carcinoma (P<0.05). Conversely, the sequence (P<0.01). Microvessel density significantly increased
proliferative activity as determined by PCNA-LI gradually after the transition to dysplastic ACF (Figure 4), and further
increased during ACF (Figure 3)-adenoma-carcinoma elevated in adenoma and carcinoma (P<0.01) (Table 2).
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Figure 2 Histochemical detection of apoptosis by TUNEL in ACF. Few apoptotic cells were detected in nonhyperplastic ACF
(PanelA, original magnification x200), and more apoptotic cells were detected in hyperplastic ACF (Panel B, original magnifica-
tion x100) whereas they decreased significantly after transition to dysplastic ACF (Panel C, original magnification x200).

Figure 3 Immunochistochemistry of PCNA protein in ACF. PCNA expression was gradually increased from nonhyperplastic ACF
(Panel A, original magnification x200), hyperplastic ACF (PanelB, original magnification x100) to dysplastic ACF (Panel C, original
magnification x100).

Figure 4 Immunohistochemistry of CD34 protein in ACF. MVD determined by anti-CD34 antibody was low in nonhyperplastic
ACF (Panel A, original magnification x200) and hyperplastic ACF (Panel B, original magnification x200) whereas significantly
increased in dysplastic ACF (Panel C, original magnification x200).
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Correlations between iNOS expression and biologic parameters
The expression of INOS was in low level and positively
correlated with PCNA-LI (r=0.812, P<0.01) and MVD (r=0.863,
P<0.01) during transition from normal mucosa to
nonhyperplastic ACF and hyperplastic ACF. The expression
of INOSwasin high level and positively correlated with Al
(r=0.901, P<0.01) after transition to dysplastic ACF, adenoma
and carcinoma.

DISCUSSION

The development of colorectal carcinoma usually occursvia
the adenoma-carcinoma sequencel*2%3, The search for the
earliest morphologica precursorsled to the description of ACF.
Currently, there is atendency to consider ACF as putative
preneoplastic lesions that could represent one of the earliest
stages of the multistep colorectal carcinogenesis®*¥, Alteration
of enzymes, specifically hexosaminidase, and carcinoembryonic
antigen expression have been identified in ACF. Genetic
mutations that include APC suppressor gene and k-ras gene as
well as beta-catenin gene have been found in ACF*529],
Genomic instability, manifested as altered lengths of
microsatellites and oligo A seguences similar to alterations
that occur in neoplasm, has been identified in some ACF*,
Morphological aterations from nonhyperplasiato hyperplasia
to varying degrees of dysplasia have been found in ACF3.,
One study suggested that some hyperplastic ACF can develop
into the adenomatous type!?. In a carcinogen-induced colonic
tumorigenesis model, these lesions may show dysplastic
morphology and precede formation of adenomas and
adenocarcinomas. Phenotypic and genetic abnormalitiesin
ACF have been postulated as evidence that ACF are
preneoplastic and the smallest |esions preceding adenoma and
carcinoma. Recently, there was a direct evidence of the
existence of an ACF-adenoma-carcinoma sequence’®”.

A disturbance in the balance between cell proliferation and
cell loss, or apoptosis may underlie neoplastic devel opment(227,
In this study, we noticed that in normal mucosa the apoptotic
cells were identified in colorectal surface epithelium and
formed “ an apoptotic zone". Proliferative cells were seen in
the basal region of the mucosa glands and formed “a
proliferating zone”. However in colorectal carcinoma,
apoptotic cells and proliferative cells clustered all over the
tumor tissue. This phenomenon elucidated that the regulation
of apoptosisand proliferation had aready been beyond control.
Angiogenesis also played a crucial role in tumorigenesig?2,
In this study, we demonstrated that MV D increased gradually
in ACF-adenoma-carcinoma sequence. This change indicated
that the regulation of growth of vessel was aso disordered.

We investigated iNOS expression in human colorectal
cancer with respect to tumor staging. Only low levels were
found in the surrounding normal tissue, nonhyperplastic ACF
and hyperplastic ACF. However, we found markedly increased
iNOS in dysplastic ACF, adenoma and carcinoma. After
transition to dysplastic ACF, adenoma and carcinoma, iNOS
activity decreased with increasing staging. The markedly
increased iNOS expression during hyperplastic ACF-
dysplastic ACF transition suggested that the increase of iINOS
expression might be an early event in the development of
colorectal tumor. The different expression of iNOS in the
epithelial cellsin ACF-adenoma-carcinoma sequence may
provide important clues that host factor regulates iINOS
differently in different tumor stages.

During transition from normal mucosato nonhyperplastic
ACF and hyperplastic ACF, the expression of iINOS was at
low levels. This transition was associated with a gradual
increaseinthe Al, PCNA-LI and MVD. Several reports suggest
that low concentrations of NO and iNOS induce angiogenesis

and enhance the growth rate of tumor!®¥. Increased proliferation
might result in a state of lacking of nutrients, competition for
growth factors or oxygen starvation and then in turn induce
apoptosig®. Our results demonstrated that theinitial neoplastic
transformation was associated with a remarkable increase in
rates of both proliferation and apoptosis, which suggested the
increased instability of colorectal mucosain this process. The
immunoreactivity of INOS significantly increased during the
transition from hyperplastic ACF to dysplastic ACF. The
perturbation of tissue homeostasis derived from the increased
proliferation and decreased apoptosis detected at thistransition.
Microvessel density (MVD) was found markedly increased at
thistransition. These results suggested that the transition from
hyperplastic ACF to dysplastic ACF might be a crucial stepin
the ACF-adenoma-carcinoma sequence, in which iNOS might
play an important role. The expression of iNOS was in high
level and associated with a significant increase in the PCNA-
LI, MVD and marked decrease in the Al after transition to
dysplastic ACF, adenoma and carcinoma. With the decreased
expression of iINOS, Al decreased gradually and was lowest
in carcinomain this process. Several reports suggest that high
concentrations of NO and iNOS are cytotoxic and can induce
apoptosis*!. Because the increased instability of colorectal
mucosain former stages|ed to the formation of “ supper clone”
and the micro-environmental changes such as expression of
EGF and TGF-ain the tumor tissues’®®, epithelial cells
maintained at hyperproliferation and increased angiogenesis
was present after transition to dysplastic ACF, adenoma and
carcinoma. These results elucidate that INOS might be an
important factor of colorectal carcinogenesis by regulating
tumor cell apoptosis, proliferation and angiogenesis. What may
cause the overexpression of iNOS after transition to dysplastic
ACF, adenoma and carcinomaremains unclarified and awaits
further study.
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