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Abstract

AIM: To explore the relation between B-cell-specific
Moloney murine leukemia virus insertion site 1 (Bmi-1)
expression and the clinicopathological features of
gastric carcinoma (GC).

METHODS: Immunohistochemistry was used to
detect the expression of Bmi-1 and ki-67. Double-
labeling staining was used to display the distribution of
Bcl-27/ki-67 cells in 162 cases of GC and its matched
normal mucosa and precancerous lesion.

RESULTS: The positive rate of Bmi-1 expression in GC
(52.5%) was significantly higher than that in normal
gastric mucosa (21.6%, 3> = 33.088, £ < 0.05). The
Bmi-1 expression in GC was closely related with the
Lauren’s and Borrmann’s classification and clinical
stage (y* = 4.400, 6.122 and 11.190, respectively, P
< 0.05). The expression of ki-67 was related to the
Borrmann'’s classification (x> = 13.380, P < 0.05).
Bcl-2 expression was correlated with the Lauren’s
classification (x> = 4.725, P < 0.05), and the Bmi-1

expression both in GC (/« = 0.157, Z < 0.05) and in
intestinal metaplasia («x = 0.270, Z < 0.05).

CONCLUSION: Abnormal Bmi-1 expression in GC
may be involved in cell proliferation, apoptosis and
cancerization. This marker can objectively indicate the
clinicopathological characteristics of GC.

© 2009 The WIG Press and Baishideng. All rights reserved.
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INTRODUCTION

B-cell-specific Moloney murine leukemia virus insertion
site 1 (Bmi-1) is a transcriptional repressor belonging
to the polycomb group gene family", which is a potent
negative regulator of the Ink4a/Arf locus. Bmi-1
regulates cell proliferation and apoptosis and is over-
expressed in several human tumors™”. Reinisch e a/”
reported that Bmi-1 protein is expressed in stem cells,
specialized cells and tumors of the gastrointestinal
tract. In the present study, the expressions of Bmi-1,
ki-67 and Bcl-2 were detected immunohistochemically.
The distribution of Bcl-2"/ki-67 cells was observed in
gastric carcinoma (GC) and its matched normal mucosa
as well as precancerous lesion. The relation between
Bmi-1 expression and clinicopathological features of GC
was explored.
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MATERIALS AND METHODS

Clinicopathological data

Specimens were collected from 162 cases of GC with its
matched normal gastric mucosa, 82 cases of intestinal
metaplasia (IM), and 52 cases of dysplasia from the First
Affiliated Hospital of China Medical University during
August 2006-May 2008. The age of the patients was
30-80 years. According to the WHO’s histological
classification of gastric cancer, the 162 cases of GC were
classified as four of papillary adenocarcinoma, 12 of
well-differentiated adenocarcinoma, 50 of moderately
differentiated adenocarcinoma, 75 of pootly differentiated
adenocarcinoma, 10 of mucinous adenocarcinoma,
nine of signet ring cell carcinomas and two of
undifferentiated adenocarcinoma. Samples were fixed
in 10% formalin, embedded in paraffin, cut into 4-um
thick sections and constructed in four blocks for tissue
microarray. All the samples were evaluated by two
experienced pathologists for diagnosis.

Immunohistochemistry
Expression of Bmi-1 and ki-67 in the specimens was
detected using the PV-9000 kit (Beijing Zhongshan
Goldenbridge Biotechnology Company) following its
manufacturer’s instructions. The working anti-human
rabbit Bmi-1 polyclonal antibody (Abcam, USA)
was diluted at 1:80. Anti-human mouse monoclonal
antibodies ki-67 and Bcl-2 (ready to use) and double-
labeling staining kit wetre purchased from Fuzhou Maixin
Company (China). Immunohistochemical double-
labeling staining was used to display the distribution
of Bcl-2"/ki-67 cells. Antigens were retrieved after
they were placed in a pressure cooker at a full pressure
for 160 s in citrate buffer (pH 6.0). All procedures
were implemented according to their manufacturer’s
instructions, respectively. For negative controls, sections
wete processed as above but treated with 0.01 mol/L
phosphate-buffered saline instead of primary antibodies.
Two hundred cells from two selected representative
fields of each section were counted by two independent
observers for the determination of their immunostaining
intensity. Staining intensity was classified as 0 (negative),
1 (weak), 2 (moderate), and 3 (strong). Half of the
positive cells were quantified as a percentage of the
total number of the same kind of cells counted in two
high-power fields (X 400), and defined as 0: < 5%, 1:
5%-25%, 2: 26%-50%, 3: 51%-75% and 4: > 75%.
Immunostaining intensity was divided into 0: negative
(-), 1-4: weakly positive (+), 5-8: moderately positive
(++), and 9-12: strongly positive (+++). A 5-bromo-
4-chloro-3-indolyl-phosphate/nitro-blue tetrazolium
(BCIP/NBT) and 3-amino-9-ethylcarbozole (AEC)
double staining system was used to display Bcl-2"/ki-67
cells. Red fine granules in cytoplasm with unstained
nuclei in the same cells were defined as Bcl-2"/ki-67
cells. Photoes were taken with a digital camera (Olympus
AXT70, Japan).
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Disease  Cases Positive Bmi-1 expression rate r P
features  (n7)

+-+ + + +-+ + + (%)
N 162 127 35 21.6 74.844° <0.001
M 82 17 65 79.3 16.510° <0.001
DYS 52 10 42 80.8 59.819° <0.001
13.067°

GC 162 77 85 52.5 33.088° < 0.001

P < 0.001 vs IM; °P < 0.001 vs GC; °P < 0.001 vs N. N: Normal gastric
mucosa; DYS: Dysplasia.
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Figure 1 Expression of Bmi-1in IM (A, x 200) and GC (B, x 100) (PV-9000).

Statistical analysis

Statistical analysis was performed using SPSS 11.5.
xz test was used to differentiate the rates of different
groups and Kendall’s tau-b rank correlation. P < 0.05
was considered statistically significant.

RESULTS

Bmi-1 expression in normal gastric mucosa, GC and
precancerous lesion, and its relation with GC
The positive rate of Bmi-1 expression was 52.5%,
79.3%, and 80.8%, respectively, in GC, IM, and dysplasia
(DYS), which was significantly higher than that (21.6%)
in normal gastric mucosa (Xz = 33.088, 74.844, 59.819,
respectively, P < 0.05). The immunoreactivity to Bmi-1
protein was located in the cytoplasm (Table 1, Figure 1).
The expression of Bmi-1 was related to the Lauren’s
and Borrmann’s classification and clinical tumor stage
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Group Cases (n) Positive Bmi-1 expression rate xz P
- +-4 + + +-+ + + (%)
Gender 2.880 0.090
Male 116 60 56 50.0
Female 46 17 29 65.2
Age (yr) 3.658 0.056
<60 82 46 36 439
> 60 80 31 49 61.3
Clinicopathological classification 11.190 0.001
EGC 30 6 24 80.0
AGC 132 71 61 46.2
Gross classification
EGC 0.641
I+ 1Ic 19 3 16 84.2
m 11 3 8 72.7
AGC 6.122 0.013
Bor I + Borll 25 19 6 24.0
Borlll + BorlV 107 52 55 51.4
WHO histological classification <0.001
PA 4 0 4 100.0
WDA 12 3 9 75.0
MDA 50 22 28 56.0 0.330"
PDA 75 42 33 44.0 0.063°
SRC 10 5 5 50.0
MA 9 4 5 55.6
UA 2 1 1 50.0
Lauren's classification 4.400 0.036
Intestinal type 75 29 46 613
Diffuse type 87 48 39 44.8
Lymph node metastasis 3.042 0.081
No 98 52 46 46.9
Yes 64 25 39 60.9

Fisher's exact test, ‘P = 0.330 vs PDA; "P = 0.063 vs PDA. EGC: Early gastric carcinoma; AGC: Advanced gastric carcinoma; PA: Papillary
adenoma; WDA: Well-differentiated adenoma; MDA: Moderately differentiated adenoma; PDA: Poorly differentiated adenoma; MA: Mucinous

adenoma; UA: Undifferentiated adenoma.

(Xz = 4.400, 6.122, 11.190, P < 0.05), but not related
to the age and gender of patients, and lymph node
metastasis of GC (Table 2).

Expression of ki-67 and distribution of Bcl-2'/ki-67
cells in normal gastric mucosa, GC and precancerous
lesion

The immunoreactivity to Bcl-2 and ki-67 was located
both in the cytoplasm (red fine granules) and in nuclei
(dark blue fine granules), respectively. Most Bcl-2"/
ki-67 cells were distributed in the proliferating zone of
gastric mucosa. The expression of ki-67 and Bcl-2 was
correlated to the Borrmann’s and Lauren’s classification

(x> = 13.380 and 5.552, P < 0.05, Table 3).

Relation between expressions of Bmi-1, ki-67 and Bcl-2
in GC and IM

A positive relation was observed between Bmi-1 and
Bcl-2 expressions in GC (7« = 0.157, P = 0.043) and IM
(e =0.270, P = 0.038) (Figures 2 and 3, Table 4).

DISCUSSION

The Bmi-1 proto-oncogene is a transctiptional repressot,
which can be discovered by retroviral insertion
mutagenesis when transgenic mice are infected with

Moloney murine leukemia virus!'. It has been shown that
Bmi-1 plays an important role in sustaining self-renewal
of cell activity by repressing the INK4.A4 locus that
encodes p16™""" and p19™" in humans”. P76™"" and
p19™" are capable of inducing growth arrest, cellular
senescence and apoptosis. Several studies suggested that
the pro-survival and pro-proliferation actions of Bmi-1
may be related to its ability to suppress the expression
of proteins that regulate cell cycle progression. For
example, in some cell types, when Bmi-1 is absent,
the levels of p76™"*" and p719™" increase”. Our study
showed that the expression rate of Bmi-1 was 52.5%,
79.3%, and 80.8%, respectively, in GC, IM, and DYS,
which was significantly higher than that (21.6%) in
normal gastric mucosa (P < 0.05), indicating that Bmi-1
expression is involved in the mechanism that determines
malignant potential”, and may play a role in the
occurrence and development of GC. In the absence of
Bmi-1, p76INK4A may be up-regulated, leading to cell cycle
arrest, senescence or apoptosis. In contrast, deregulation
of INK4a allows cell cycle progression. p79A K prevents
the degradation of p53 by sequestering the p53-inhibitor
MDM2, thereby allowing p53-mediated cell cycle
arrest and apoptosism. Since INK44-ARF is the critical
downstream target of Bmi-1 in the regulation of cell
proliferation and apoptosism, and the stability of cells is
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impaired, cancerization may be increased. In this study,
Bmi-1 expression was significantly higher in gastric
precancerous lesion than in normal gastric mucosa,
indicating that Bmi-1 plays a role in the malignant
transformation of gastric mucosa cells'”.,

In the present study, over-expression of Bmi-1 occurred
in high-grade intraepithelial dysplasia and colon cancerous
cells, which is consistent with the reported ﬁndings[ﬁ].

This study also showed that the expression of Bmi-1 was

Figure 2 Expression of Bmi-1
in IM (A), mild DYS (B), gastric
tubular adenocarcinoma (C)
and papillary adenocarcinoma
(D) (PV-9000 A-C x 400, D x
200).

Figure 3 Distribution of
Bcl-2'/ki-67" cells in IM (A),
mild DYS (B), gastric tubular
adenocarcinoma (C) and
papillary adenocarcinoma (D).
Red fine granules in cytoplasm
and unstained nuclei were defined
as Bcl-2'/ki-67" cells as shown by
the arrows (Immunohistochemical
double staining, A-C x 400, D x
200).

related to the Lauren’s and Borrmann’s classification and
the clinicopathological tumor stage, suggesting that Bmi-1
may be related to cell differentiation in the progression of
gastric mucosa injury to cancerization. Therefore, Bmi-1
may underlie the tumorigenesis and infiltration of GC.
Variation of Bmi-1 expression in intestinal and diffuse GC
indicates that Bmi-1 may be related to cell differentiation,
which is consistent with the over-expression of Bmi-1 in
gastric IM. Liu ez al” reported that Bmi-1 is up-regulated at
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Table 3 Correlation between ki-67 and Bcl-2 expression and clinicopathological features of GC (Fisher's exact test)

Group n ki-67 expression x’ P Bcl-2 expression $ P
+-+ + + (%) +-+ + + (%)
Gender 0.584 0.445 0.558 0.455
Male 116 98 (84.5) 68 (58.6)
Female 46 41 (89.1) 24 (52.2)
Age (yr) 0.004 0.950 0.206 0.650
< 60 82 71 (86.6) 48 (58.5)
> 60 80 69 (86.3) 44 (55.0)
Clinicopathological classification 0.080 1.464 0.226
EGC 30 29 (96.7) 20 (66.7)
AGC 132 111 (84.1) 72 (54.5)
Gross classification
EGC 0.367 1.000
I+ Ic 19 19 (100.0) 13 (68.4)
m 11 10 (90.9) 7 (63.6)
AGC 13.380 <0.001 2.632 0.105
Borl + II 25 15 (60.0) 10 (40.0)
Borlll + IV 107 96 (89.7) 62 (57.9)
WHO's histological classification 4.262 0.601 8.640 0.169
PA 4 4 (100.0) 3 (75.0)
WDA 12 11 (91.7) 8 (66.7)
MDA 50 45 (90.0) 1.000° 31(62.0) 1.000°
PDA 75 63 (84.0) 0.684° 35 (46.7) 0.229°
SRC 10 8 (80.0) 6 (60.0)
MA 9 8 (88.9) 8 (88.9)
UA 2 1 (50.0) 1 (50.0)
Lauren's classification 2.146 0.143 5.552 0.018
Intestinal type 75 68 (90.7) 50 (65.8)
Diffuse type 87 72 (82.8) 42 (48.8)
Lymph node metastasis 0.021 0.885 0.045 0.832
No 98 85 (86.7) 55 (56.1)
Yes 64 55 (85.9) 37 (57.8)

Fisher's exact test, °P = 1.000, 1.000 vs PDA; °P = 0.684, 0.229 vs PDA.

Table 4 Relation between expressions of Bmi-1, ki-67 and Bcl-2 in GC and IM

Bmi-1 in GC re P Bmi-1 in IM re P
T = T =
ki-67 ki-67
- 14 8 22 0.123 0.119 - 4 6 10 0.177 0.199
+ 64 76 140 + 13 59 72
Bcl-2 0.157 0.043 Bcl-2 0.270 0.038
- 40 30 70 - 8 12 20
+ 38 54 92 + 9 53 62
Total 78 84 162 Total 17 65 82

both transcriptional and translational levels in GC tissues
compared with that in its adjacent non-cancerous tissues,
as confirmed by reverse transcription polymerase chain
reaction and Western blotting, showing that Bmi-1 can
serve as a valuable marker for the diagnosis and prognosis
of GC.

Ki-67 is a nuclear antigen expressed in proliferating
but not in quiescent cells. Consequently, ki-67 is used
in tumor pathology to detect proliferating cells in
neoplastic diseases. Bcl-2, known as a key regulator
of the apoptosis, is a proto-oncogene first discovered
in human follicular lymphoma and is involved in the
inhibition of apoptosis and the survival of a variety
of cell types. The distribution of Bcl-2"/ki-67 cells
in gastric pyloric glands and intestine crypts might be
potential cell compartments involved in cancerization

of the gastrointestinal tract. In our study, Bcl-2"/ki-67
were used as potential markers for gastric stem cells,
immunohistochemical double-labeling staining was
used to display the distribution of Bcl-2"/ki-67 cells in
GC and precancerous lesions, which showed that the
distribution of Bmi-1" cells was consistent with that of
Bcl-27/ki-67 cells, and that Bmi-1 expression in IM was
positively correlated with that of Bcl-2, suggesting that
the expression of Bmi-1 is closely related with gastric
cancer cellular proliferation and apoptotic progression
of gastric carcinogenesis.

Lessard ef al” reported that Bmi-1 has an essential
role in regulating the proliferative activity of both
normal and leukemic stem cells. It has been shown that
Bmi-1 is a key regulator of self-renewal in both normal
and tumorigenic human solid tumor stem cells, including
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several types of brain cancer
Dovey ¢t al'” showed that Bmi-1 is over-expressed in
numerous epithelial tumors and plays a key role in lung
adenocarcinoma, thus providing a clue to lung cancer
cell origin and lung tumorigenesis. Thus far, the relation
between Bmi-1 and stem cells of gastrointestinal tract
still remains unclear. Reinisch ez aA" reported that Bmi-1
expression serves as a potential stem cell marker of
the gastrointestinal tract, which also shows that Bmi-1
expression is correlated with gastrointestinal stem
cells as well as numerous specialized cell types. These
results indicate that Bmi-1 protein is involved in cellular
differentiation in addition to maintaining stem cells,
which is consistent with the research of Molofsky ez a/”.
Sangiorgi ez al'” found that Bmi-1 is expressed in
discrete cells located near the bottom of crypts in small
intestine. These cells proliferate, expand, self-renew and
give rise to differentiated cell lineages of small intestinal
epithelium, and ablation of Bmil (+) cells using a
Rosa26 conditional allele expressing diphtheria toxin
leads to crypt loss, suggesting that Bmi-1 is an intestinal
stem cell marker 7z vivo.

In summary, Bmi-1 plays an important role in gastric
cancer development, indicating that gastric cancer cells
require Bmi-1 for their tumorigenic activity, and that
interference with Bmi-1 activity may be a therapeutic strategy
for GC. Thus, it is essential to elucidate the molecular
mechanism of Bmi-1 involved in the cell cycle and to
correlate this function with gastric stem cells in future.
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Background

It has been reported that B-cell-specific Moloney murine leukemia virus insertion
site 1 (Bmi-1) is a transcriptional repressor that belongs to the polycomb-group
family of proteins involved in hematopoiesis, regulation of proliferation and
axial patterning. Bmi-1, an important factor for self-renewal and senescence of
various stem cells, is highly expressed in various human malignant tumors.

Research frontiers

Bmi-1, identified as a protein that down-regulates p16™*, is mandatory for the
persistent existence of several stem cell classifications, such as hematopoietic
and neural stem cells. It has been reported that Bmi-1 is a potential stem cell
marker of the gastrointestinal tract. The expression of Bmi-1 is correlated
with gastrointestinal stem cells as well as numerous other specialized cell
types, and this protein plays a role in cellular differentiation rather than in
stem cell maintenance. Bmi-1 is also a marker for carcinoma progression
in nasopharyngeal cancer, bronchial carcinogenesis and myelodysplastic
syndrome. Furthermore, microarray analyses performed in several other cancer
types suggest that Bmi-1 mRNA is a prognostic marker.

Innovations and breakthroughs

In this study, immunohistochemical double-labeling staining was used to
investigate the distribution of Bcl-2'/ki-67" cells, and to explore its correlation
with Bmi-1, which provides a valuable clue to the location of normal gastric
mucosal and gastric cancer stem cells.

Applications

Investigating the expression of Bmi-1 in gastric carcinoma (GC) and
precancerous lesions helps researchers analyze its role and significance in
tumorigenesis of GC. Bmi-1 may serve as an adjuvant marker for the diagnosis
and prognosis of GC.

Terminology

Bmi-1: an abbreviated form of B-cell-specific Moloney murine leukemia virus
insertion site 1, a transcriptional repressor belonging to the polycomb group
gene family.
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The study seems to be very interesting. The results, based on immunohistochemical
observation, suggest that Bmi-1 plays a role in the progression of GC and is
related to cell differentiation in the progression of gastricl mucosa injury to
cancerization. Therefore, Bmi-1 may be used as an adjuvant prognostic marker.
If the research incorporated reverse transcription polymerase chain reaction
and Western blotting to quantify the RNA/protein expression, the results would
be perfect.
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