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Abstract

AIM: To investigate expression of stem cell marker
Musashi-1 (Msi-1) in relationship to tumorigenesis and
progression of intestinal-type gastric cancer (GC).

METHODS: Endoscopic biopsy specimens and surgical
specimens were obtained, including 54 cases of intesti-
nal-type GC, 41 high-grade intraepithelial neoplasia, 57
low-grade intraepithelial neoplasia, 31 intestinal meta-
plasia, and 36 normal gastric mucosa. Specimens were
fixed in 10% paraformaldehyde, conventionally dehy-
drated, embedded in paraffin, and sliced in 4-um-thick
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serial sections. Two-step immunohistochemical staining
was used to detect Msi-1 and proliferating cell nuclear
antigen (PCNA) expression. Correlation analysis was
conducted between Msi-1 and PCNA expression. The
relationship between Msi-1 expression and clinicopatho-
logical parameters of GC was analyzed statistically.

RESULTS: There were significant differences in Msi-1
and PCNA expression in different pathological tissues
(* = 15.37, P < 0.01; y* = 115.36, P < 0.01). Msi-1
and PCNA-positive cells were restricted to the isthmus
of normal gastric glands. Expression levels of Msi-1
and PCNA in intestinal metaplasia were significantly
higher than in normal mucosa (¢ = 392.0, P < 0.05; U
= 40.50, P < 0.01), whereas there was no significant
difference compared to low or high-grade intraepithe-
lial neoplasia. Msi-1 and PCNA expression in intestinal-
type GC was higher than in high-grade intraepithelial
neoplasia (U = 798.0, P < 0.05; U = 688.0, P < 0.01).
There was a significantly positive correlation between
Msi-1 and PCNA expression (rs= 0.20, P < 0.01). Msi-1
expression in GC tissues was correlated with their
lymph node metastasis and tumor node metastasis
stage (y° = 12.62, P < 0.01; > = 11.24, P < 0.05), but
not with depth of invasion and the presence of distant
metastasis.

CONCLUSION: Msi-1-positive cells may play a key role
in the early events of gastric carcinogenesis and may
be involved in invasion and metastasis of GC.

© 2013 Baishideng. All rights reserved.
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Core tip: Gastric cancer (GC) is currently thought to be
a disease originating in stem cells. We detected expres-
sion of stem cell marker Musashi-1 (Msi-1) and prolif-
erating cell nuclear antigen (PCNA) in intestinal-type
GC and precancerous lesions. Expression of Msi-1 and
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PCNA in precancerous lesions was significantly higher
than in normal mucosa, but lower than in intestinal-
type GC. Msi-1 expression in GC tissues was correlated
with lymph node metastasis and tumor node metasta-
sis stage. These results suggest that expansion of Msi-
1-positive cells is an early event in gastric carcinogen-
esis and may be involved in invasion and metastasis of
GC.

Kuang RG, Kuang Y, Luo QF, Zhou CJ, Ji R, Wang JW. Expres-
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INTRODUCTION

Gastric cancer (GC) is the fourth most common cancer
and the second leading cause of cancer-related death
wotldwide. Intestinal-type GC is believed to arise from an
intestinal metaplasia to intraepithelial neoplasia sequence
in gastric epithelial cells. The cancer stem cell theory
indicates that cancers contain tumor-initiating stem cells
possess the capacity for self-renewal and can cause the
heterogeneous lineages of cancer cells constituting the
tumor'". There is consensus that all gastric mucosal cells
originate from stem cells”. The classical multistep model
of gastric carcinogenesis requires a cell to receive mul-
tiple “hits” before it is transformed. Stem cells are long-
lived; therefore, they are more likely to acquire these mul-
tiple hits and become transformed". It was proposed that
tumor-initiating cancer stem cells may be derived from
normal stem cells; however, the lack of useful markers
has made it difficult to characterize the stem cells in the
human stomach and has hindered the study of the origin
of GC.

Musashi-1 (Msi-1), an RNA-binding protein isolated
as a mammalian homolog of a Drosgphila protein, is selec-
tively expressed in murine and human neural progenitor
cells, including neural stem cells, can be used as a neural
stem/progenitor cell marker, and plays an important
role in the asymmetric division of neural stem cells. In
recent years, Msi-1 was also found to be expressed in tis-
sues outside the nervous system. It has been confirmed
that Msi-1 is preferentially expressed in the predicted
stem cell regions of mouse and human intestinal crypts,
suggesting that it can serve as a potential marker for
intestinal stem/progenitor cells®®. Msi-1 has also been
obsetved in the stomach of chickens”!, mice”, rats'® and
humans”. Akasaka ef a/” reported that Msi-1 is mostly
expressed in the antrum and Murata ef al" found that it
is expressed in both the antrum and corpus of the hu-
man stomach. For the past several years, the functional
role of Msi-1 in tumors has attracted increasing interest.
Msi-1 overexpression has been reported in tumor tissues
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and cell lines, such as medulloblastoma' astrocytomam,

retinoblastoma!” and endometrial carcinoma'.

Recently, Wang ef al'™ selected 10 cases of intestinal-
type GC taken from the transitional area between ma-
lignancy and adjacent normal mucosa for full section
analysis. They found that Msi-1 was frequently expressed
in both premalignant gastric lesions and invasive GC;
however, the number of patients with premalignant gas-
tric lesions in this study was low. Proliferating cell nuclear
antigen (PCNA) is the auxiliary protein of DNA poly-
merase & and can be used as a good indicator of GC cell
proliferation and prognosis”sj. In the present study, to
explore proliferation activity diversity of Msi-1-positive
cells in the development of GC, we investigated the ex-
pression of Msi-1 and PCNA in intestinal-type GC and
precancerous lesions, including 41 high-grade intraepithe-
lial neoplasia, 57 low-grade intraepithelial neoplasia, and
31 intestinal metaplasia. The correlation between Msi-1
expression and various clinicopathological parameters
was also studied. Additionally, we aimed to determine
whether Msi-1 is a candidate marker of intestinal-type
GC stem cells because this would be an important aspect
of the function of Msi-1 in gastric carcinogenesis.

MATERIALS AND METHODS

Clinical and pathological features

Endoscopic biopsy antral specimens were obtained from
September 2008 to January 2011 at Qianfoshan Hospital
Affiliated to Shandong University, including: 36 cases of
normal gastric mucosa (21 males and 15 females; aged
39-60 years, mean 57 * 7.2 years); 31 cases of intestinal
metaplasia (17 males and 14 females; aged 43-70 years,
mean 54 * 8.4 years); 57 cases of low-grade intraepithe-
lial neoplasia (33 males and 24 females; aged 45-79 years,
mean 58 T 8.2 years); and 41 cases of high-grade intraep-
ithelial neoplasia (23 males and 18 females; aged 46-80
years, mean 57 £ 9.6 years). The other 54 cases were in-
testinal-type GC, including 29 males and 25 females, aged
40-72 years, mean age 57 £ 9.5 years. All the pathological
specimens were diagnosed and reviewed by three veteran
pathologists.

According to tumor node metastasis (INM) stage of
the Union for International Cancer Control in 1997,
GC is divided into 1 a, I b, II, Il a, T b and IV stage.
Twenty-seven cases of [ a and [ b stage were consid-
ered as the eatly clinical GC (1 stage), including 17 male
and 10 female patients, with a mean age of 56 = 9.4
years. Twenty-seven cases of I[-IV stage GC merged in
the late stage GC (II-1V stage), including 12 male and 15
female patients, with a mean age of 57 * 9.8 years. On
the basis of the depth of cancer invasion, 20 cases were
limited to mucosa and submucosa (< T1) and 34 cases
broke through the submucosa (T2-4). In GC metastasis,
there were 27 patients with lymph node metastasis and
27 without, or 14 patients with distant metastasis and 40
without. No significant difference in age and sex existed
among all the groups of patients.
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Immunohistochemistry

Specimens were fixed in 10% paraformaldehyde, con-
ventionally dehydrated, embedded in paraffin, and sliced
into 4-um-thick serial sections. The microwave ethylene
diamine tetraacetic acid (EDTA) (pH 9.0) antigen re-
trieval method was used to retrieve the antigen. A two-
step immunohistochemical method was used to observe
the antigen expression. Rabbit polyclonal anti-human
Msi-1 antibody (ab52685; 1:300 dilution) and mouse anti-
human PCNA monoclonal antibody (ab29; 1:1000 dilu-
tion) were purchased from Abcam Company (Cambridge,
MA, United States).

Assessment of cell staining

Cells were considered positive for Msi-1 when the cyto-
plasm contained evenly stained yellow or brown granules.
PCNA positivity was adjudged by the appearance of
brown or yellow granules in the nucleus. Tissue sections
were observed microscopically at X 400 magnification.
Five representative regions were selected with 200 cells
each. Msi-1 staining intensity was defined as follows: no
staining or < 10% of cells stained, negative (-); 10%-30%
stained cells, weakly positive (+); 31%-50% stained cells,
positive (++); and > 50% stained cells, strongly posi-
tive (+++). PCNA staining intensity was defined as fol-
lows: no staining or < 25% of cells stained, negative (-);
25%-50% stained cells, weakly positive (+); 51%-75%
stained cells, positive (++); and > 75% stained cells,
strongly positive (+++).

Statistical analysis

All statistical analyses were performed using SPSS version
13.0. Measurement data were analyzed using Student’s ¢
test and categorical data were studied using the y° test,
Fisher’s exact test or nonparametric rank sum test. The
Spearman correlation test was used to determine the cot-
relation between expression of Msi-1 and PCNA. Cor-
relations between Msi-1 expression and clinicopathologi-
cal parameters were also statistically analyzed. Statistical
significance was taken as P < 0.05.

RESULTS

Expression of Msi-1 and PCNA in different pathological
tissues

There were significant differences in Msi-1 and PCNA
expression in different pathological tissues (y° = 15.37, P
< 0.01; 7= 115.36, P < 0.01). Msi-1 and PCNA-positive
cells were restricted to the isthmus of gastric glands in
normal gastric mucosa (Figures 1A and 2A). The expres-
sion levels of Msi-1 and PCNA in intestinal metaplasia
were higher than in normal mucosa (U = 392.0, P < 0.05;
U = 40.50, P < 0.01) and the distribution of Msi-1 and
PCNA-positive cells was more diffuse (Figures 1B and
2B). Expression of Msi-1 and PCNA showed no sig-
nificant difference among intestinal metaplasia, low and
high-grade intraepithelial neoplasia (Figures 1C, 1D, 2C
and 2D) (y° = 2.72, P > 0.05; ° = 1.64, P > 0.05). Msi-1
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expression in intestinal-type GC was higher than in high-
grade intraepithelial neoplasia (Figure 1E) (U = 798.0,
P < 0.05) and PCNA expression in GC was also higher
than in high-grade intraepithelial neoplasia (Figure 2E) (U
= 688.0, P < 0.01) (Table 1).

Relationship between Msi-1 expression and GC invasion
and metastasis

No significant difference existed in Msi-1 expression be-
tween tumor invasion depth < T1 and T2-4 ' =737,
P > 0.05). Msi-1 expression was higher in GC with than
without lymph node metastasis ("= 12.62, P < 0.01).
There was no significant difference between Msi-1 ex-
pression in GC with and without distant metastasis o=
7.06, P > 0.05). Msi-1 expression was higher in GC I -
IV stage group than in stage [ group (7°=11.24, P < 0.05)
(Figure 3, Table 2).

Correlation between expression of Msi-1 and PCNA
Spearman’s bivariate correlation analysis was made be-
tween Msi-1 and PCNA expression in different pathologi-
cal tissues. Msi-1 and PCNA expression showed a signifi-
cant positive correlation (= 0.20, P < 0.01) (Table 3).

DISCUSSION

The epithelial stem cells of the adult stomach are
thought to be present in the proliferative region of the
isthmus of the gastric glands. They constantly regener-

ate and migrate bidirectionally, up to the mucosal surface
and down to the gland base, as they differentiate into
mature cells of the gastric unit'?. In the present study,
immunohistochemistry demonstrated the presence of
small numbers of PCNA-positive cells concentrated in
the isthmus region of normal gastric glands, suggesting
that this region is the proliferative zone of the gastric
glands. We found that Msi-1 expression was also limited
to the isthmus region of the gastric glands where adult
putative stem cells are located. The positive correlation
between the distribution of Msi-1-positive cells and that
of the proliferative regions in the gastric glands suggests
that Msi-1-positive cells have stem cell characteristics in
the human stomach. Akasaka e 2/” have reported a simi-
lar expression pattern of Msi-1 in the human antrum,
suggesting that Msi-1 can be useful for identifying stem
cells in the human stomach.

Our observations indicate that Msi-1 expression can
correlate positively with proliferative activity in the stom-
ach, but the correlation coefficient is low. All the cells in
the gastrointestinal epithelium are renewed within a short
time; thus, it is possible that precursor cells, not stem
cells, in the proliferative zone produce a large number
of mature cells within a short time. Indeed, it has been
proposed that the proliferative zone has a pyramid-like
structure, consisting of various cell layers with stem cells
on top, and that the number of stem cells produced is
small'”. In our study, PCNA expression showed prolif-
erative activity in all the cells in the gastric tissue. We be-
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Figure 1 Immunohistochemical staining for Musashi-1 in different gastric tissues. A: A weak expression of Musashi-1 (Msi-1) was observed in the isthmus of
normal gastric glands (X 100); B: The expression of Msi-1 was significantly increased in intestinal metaplastic mucosa (% 100); C: Msi-1 expression showed no sig-
nificant difference between in low grade intraepithelial neoplasia (% 100); D: high grade intraepithelial neoplasia (< 100); E: The expression of Msi-1 was increased
again in the intestinal type gastric cancer (x 400).

Table 1 Expression intensity of Musashi-1 and proliferating cell nuclear antigen in different pathological tissues

Pathological tissues Msi-1 protein staining intensity (17) PCNA protein staining intensity (17)

- + ++ +++ - + ++ +++
Normal gastric mucosa 17 19 0 0 27 9 0 0
Intestinal metaplasia™ 7 21 3 0 0 9 10 12
Low grade intraepithelial neoplasia 21 32 4 0 0 9 29 19
High grade intraepithelial neoplasia 19 17 4 1 0 6 16 19
Intestinal-type GC** 12 29 9 4 0 0 10 44

°P < 0.05, °P < 0.01, significantly different vs normal gastric mucosa; ‘P < 0.05, ‘P < 0.01, significantly different vs high-grade intraepithelial neoplasia. PCNA:
Proliferating cell nuclear antigen; Msi-1: Musashi-1; GC: Gastric cancer.

lieve that the expression of Msi-1 in the human stomach intestinal-type GC". Akasaka ez ol reported that Msi-1

is associated with cell proliferation; however, because the expression was markedly decreased in intestinal metapla-
number of stem cells is small, the cortrelation is not close. sia cells of the human stomach. They believe that intesti-
Intestinal metaplasia is the precancerous lesion of nal metaplasia is a consequence of abnormal differentia-
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Figure 2 Immunohistochemical staining for proliferating cell nuclear antigen was increased along with the development of gastric carcinogenesis. A: The
staining of proliferating cell nuclear antigen (PCNA) in the isthmus of normal gastric glands (< 100); B: Intestinal metaplastic mucosa (< 100); C: Low grade intraepi-
thelial neoplasia (% 100); D: High grade intraepithelial neoplasia (x 100); E: Strong staining of PCNA in intestinal type gastric cancer (% 400).

Table 2 Relationship between Musashi-1 expression and

clinicopathological parameters

Variable Group  No. Msi-1 staining intensity
-+ ++ +++
Infiltration depth <T1 20 8 9 0

T2-4 34 4 20

Lymph node metastasis® NO 27 11 9
YES 27 1 20

Distant metastasis NO 40 12 21
YES 14 0 8
Stage | 27 11 10
Stage II-IV 27 1 19

TNM staging”

Gl & B U1 = O & W
N RN DNDNNDND B

There was a significant difference between Musashi-1 (Msi-1) expression
and clinicopathological parameters in Gastric cancer. °P < 0.01 and "P < 0.05.
TNM: Tumor node metastasis.
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tion of stem cells, in which tissue-specific stem cells in
the stomach may not differentiate into any of the normal
intestinal epithelial phenotypes. In our study, however,
more Msi-1-positive cells were observed in the intestinal
metaplasia than in the normal gastric mucosa and the
distribution was also more diffuse. It is known that Msi-1
is not a tissue-specific marker of epithelial stem cells. We
believe that Msi-1 can be expressed in epithelial stem cells
in both gastric mucosa and intestinal metaplasia, but pro-
liferation of stem cells is different, which may be due to
the mode of fission. In normally growing gastric tissues,
stem cells undergo a slow but constant self-renewal by
asymmetric division and give rise to all the vatious gastric
epithelial cell types by differentiation”. These properties

are essential to their normal role in gastric tissues because
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Figure 3 Musashi-1 expresses higher in intestinal type gastric cancer
classified as stage II-IV. A: Type gastric cancer classified as stage II-IV; B:
Those classified as stage 1 (x 400).

stem cells maintain tissue homeostasis by regulating cell
turnover, depending on the demand at any given time.
Surprisingly, experimental and mathematical modeling
studies have indicated that intestinal crypt stem cells di-
vide symmetrically and stochastically, and not with the
asymmetry observed in stem cell division in some other
tissues™*"). Similarly, symmetric division among intestinal
metaplasia stem cells probably leads to accelerated divi-
sion of stem cells, adapting to high proliferative activity.
Murata ef a/"”" demonstrated that Msi-1 was expressed in
gastric glands with intestinal metaplasia where prolifera-
tive activity was relatively high. Similar results were also
obtained in the study of Wang ¢ a/'". Therefore, by in-
fluencing dividing cells, Msi-1 might regulate metaplastic
changes.

We found that there was no significant difference
between intestinal metaplasia and low and high-grade
intraepithelial neoplasia for the expression of PCNA and
Msi-1, suggesting that there was similar proliferation of
epithelial stem cells in the gastric precancerous lesions. An
in vitro study in primary cultures of intestinal epithelium
showed that Msi-1 overexpression promotes the prolifera-
tion of stem cells and activates Wnt and Notch pathways.
Moreover, Msi-1-ovetexpressing cells exhibited tumori-
genic properties in xenograft experiments””. Using mito-
chondrial DNA mutations as a matrker of clonal expan-
sion, Mcdonald ez 2/* investigated how mutations expand
in gastric mucosa showing signs of intestinal metaplasia.
They have shown that intestinal metaplastic crypts are
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Table 3 Relationship between Musashi-1 and proliferating

cell nuclear antigen expression

Msi-1 protein PCNA protein staining intensity Total
staining intensity Negative  Weak  Positive  Strong

positive positive
Negative 10 23 17 26 76
Weak positive 17 7 40 54 118
Positive 0 2 7 11 20
Strong positive 0 1 1 3 5
Total 27 33 65 94 219

PCNA: Proliferating cell nuclear antigen; Msi-1: Musashi-1.

clonal, possess multiple stem cells, and that fission is a
mechanism by which intestinal metaplasia spreads. The
expansion and spread of mutated gastric stem cells is one
mechanism of carcinogenesis in the human stomach. Our
findings suggest that expansion of Msi-1-positive cells in
the intestinal metaplasia mucosa may be an early event in
initiating the intestinal metaplasia - intraepithelial neoplasia
- adenocarcinoma cascade. Stem cell amplification caused
by deregulation of this self-renewal process may play a
key role in the early events of gastric carcinogenesis.

We found that there were significantly more PCNA-
positive and Msi-1 positive cells in intestinal-type GC
than in gastric precancerous lesions, suggesting that Msi-1
could be used as a potential marker for intestinal-type
GC stem cells, and that cancer stem cells have stronger
proliferation compared to stem cells in precancerous le-
sions. Cancer stem cells are able to sustain and propagate
tumors and give rise to invasive lesions and metastases’ "
In agreement with our data, Msi-1-positive cells may be
involved in tumor invasion and metastasis because Msi-1
expression correlated with lymph node metastasis and
TNM stage of GC. Msi-1 plays a fundamental role in
maintaining stem cells in an undifferentiated state and
it has been implicated in proliferative pathology in vari-
ous tissues where Msi-1 may be acting to promote self-
renewal of tumor cells with stem cell-like properties™ "
Small cell pulmonary carcinoma is usually an aggressive
neoplasm with high metastatic potential and recurrence.
Moreira et al™ reported that small cell carcinomas dem-
onstrate diffuse expression of Msi-1, whereas focal or
isolated positivity is seen in most other types of pul-
monary carcinoma. In human colorectal cancer, Msi-1
protein expression is significantly higher in tissue samples
classified as stage Tl than stage I or 1™ It was dem-
onstrated that siRNA-mediated knockdown of Msi-1 in
the HCT116 colon adenocarcinoma xenografts resulted
in the arrest of tumor growth™. Knockdown of Msi-1
expression by siRNA induced apoptosis and a severe de-
cline in cell numbers in 5637 bladder carcinoma cells”".
These results suggest that Msi-1 plays an important role
in tumorigenesis and tumor progression. We speculate
that Msi-1 overexpression contributes to maintain cancer
stem cells in an undifferentiated state, increasing their
capacity for self-renewal or proliferation, thus promoting
GC invasion and metastasis.
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Shen ez al™® proposed that cancer may arise from a
long development process of tumor-initiating cells - pre-
cancerous stem cells - cancer stem cells - cancer, which is
in parallel to histological changes of hyperplasia - precan-
cer - carcinoma, accompanied by clonal evolutionary epi-
genetic and genetic alterations. In the present study, we
demonstrated that expansion of Msi-1-positive cells ap-
peared to be an carly event in the process of gastric car-
cinogenesis and proliferation of Msi-1-positive cells was
different in GC and precancerous lesions. The precancet-
ous stem cells, representing the early stage of developing
cancer stem cells, have the potential for both benign and
malignant differentiation, depending on environmental
cues™. Therefore, a broad therapeutic approach to GC
may be achievable through rational targeting of precan-
cerous stem cells. More work is needed to investigate the
differentiation of Msi-1-positive cells between GC and
precancerous lesions. However, Msi-1 may eventually
represent a biomarker that can be used for eatly diagnosis
of GC or to monitor cancer progression and response to

therapy.

COMMENTS

Background

Gastric cancer (GC) remains one of the leading causes of global cancer mortal-
ity. The gastric epithelium is continuously regenerated by gastric stem cells,
which give rise to various kinds of epithelial cells. GC is currently thought to be
a disease originating in stem cells and it is hypothesized that cancer stem cells
drive cancer growth and metastasis. However, the lack of useful markers has
made it difficult to characterize the stem cells in the human gastric mucosa and
has hindered study of the origin of GC. The RNA binding protein Musashi-1
(Msi-1) is a putative stem cell marker. However, the role of Msi-1 in GC and
precancerous lesions is not fully understood.

Research frontiers

Msi-1, a neural RNA-binding protein, was initially identified as a neuronal
stem cell marker. In recent years, Msi-1 has been found in tissues outside the
nervous system and identified as a putative intestinal and gastric stem cell
marker. For the past several years, overexpression of Msi-1 has been reported
in many tumor tissues and cell lines. High levels of Msi-1 expression in glioma
and astrocytoma indicate a poor prognosis. Knockdown of Msi-1 in the HCT116
colon adenocarcinoma xenografts resulted in the arrest of tumor growth. These
results suggest that Msi-1 plays an important role in tumorigenesis and tumor
progression.

Innovations and breakthroughs

Msi-1 has been proposed as a putative stem cell marker in the mouse intestine
and human stomach but little is known about the role of such markers in the
overall pathway of gastric carcinogenesis. Moreover, the results of previous
studies in intestinal metaplasia are different. In this study, the authors explored
proliferation diversity of Msi-1-positive cells in the development of GC and found
that the expression levels of Msi-1 and proliferating cell nuclear antigen (PCNA)
in intestinal metaplasia were significantly higher than in normal mucosa, while
there were no significant differences compared with intraepithelial neoplasia.
Msi-1 and PCNA expression in intestinal-type GC was higher than in intraepi-
thelial neoplasia. Msi-1 expression in GC tissues correlated with their lymph
node metastasis and TNM stage. There was a significantly positive relationship
between Msi-1 and PCNA expression. These results suggest that Msi-1-positive
cells may play a key role in the early events of gastric carcinogenesis, and may
be involved in invasion and metastasis of GC.

Applications

The study results contribute to a better understanding of the associations be-
tween putative stem cell marker expression and tumorigenesis and progression
of GC. The knowledge gained by studying cancer stem cells in gastric mucosa
will support the development of novel therapeutic strategies for GC. Msi-1 may
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eventually represent a biomarker that can be used for early diagnosis of GC or
to monitor cancer progression and response to therapy.

Terminology

Cancer stem cells are defined as the unique subpopulation in tumors that pos-
sess the ability to initiate tumor growth and sustain self-renewal, as well as
metastatic potential. Musashi is an evolutionarily conserved family of RNA-
binding proteins that is preferentially expressed in the nervous system. The
first member of the Musashi family was identified in Drosophila. lts mammalian
homolog, Msi-1, is a neural RNA-binding protein that is selectively expressed in
murine and human neural stem cells, can be used as a neural stem cell marker,
and plays important roles in the maintenance of stem cell states, as well as in
the regulation of differentiation of stem cells.

Peer review

The study was well designed and performed. The authors detected stem cell
marker Msi-1 and PCNA expression in the multistep process of gastric carcino-
genesis. The results are interesting and suggest that the expansion of Msi-1-
positive cells is an early event in the process of gastric carcinogenesis and may
be involved in invasion and metastasis of GC.
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