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CD133 overexpression correlates with clinicopathological
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A systematic review and meta-analysis
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ABSTRACT

Background: CD133 is one of the most commonly used markers of cancer stem cells
(CSCs), which are characterized by their ability for self-renewal and tumorigenicity.
However, the clinical and prognostic significance of CD133 in gastric cancer remains
controversial. To clarify a precise determinant of the clinical significance of CD133,
we conducted a systematic review and meta-analysis to elucidate the correlation of
CD133 overexpression with prognosis and clinicopathological features of GC patients.

Methods: A search in the Cochrane Library, Pubmed, Medline, Web of Knowledge
and Chinese CNKI, CBM (up to Jun 30, 2015) was performed using the following
keywords gastric cancer, CD133, AC133, prominin-1, etc. Electronic searches were
supplemented by hand searching reference lists, abstracts and proceedings from
meetings. Outcomes included overall survival and various clinicopathological features.
Two reviewers independently screened the literature according to the inclusion and
exclusion criteria, extracted the data, and assessed the methodological quality of
the included studies, and then RevMan 5.2.0 software was used for meta-analysis.

Results: A total of 603 gastric cancer patients from 8 studies were included. The
results of the meta-analyses showed that, there were significant differences of CD133
expression in the following comparisons: gastric cancer tissues vs. normal esophageal
tissue (OR = 3.49, 95% CI [2.48, 490], P < 0.00001), lymph node metastasis vs.
non-lymph node metastasis (OR = 2.75, 95% CI [1.99, 3.81], P < 0.00001), distant
metastasis vs. non-distant metastasis (OR = 2.38, 95%¢CI [1.47, 3.85], P < 0.0004),
clinical stages III~IV vs. clinical stages I~II (OR = 2.83, 95% CI [2.13, 3.76],
P < 0.00001), as well as the accumulative 5-year overall survival rates of CD133-
positive vs. CD133-negative patients (OR = 0.23, 95% CI [0.16, 0.33], P < 0.00001).

Conclusion: Overexpression of CD133 is associated with lymph node metastasis,
distant metastasis, poor TNM stage. Additionally, CD133-positive gastric cancer
patients had worse prognosis. Our results indicate that CD133 may be involved in
the carcinogenesis of gastric cancer. Evaluation of cytoplasmic CD133 overexpression
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in gastric cancer tissue sections may be useful in the future as a novel prognostic
factor. Nevertheless, due to the poor quality and small sample size of included trials,
more well-designed multi-center randomized controlled trials should be performed.

INTRODUCTION

Gastric cancer ranks fourth (after lung, breast and
colorectal) in incidence and second (after lung cancer)
in mortality among all cancers worldwide. Nearly one
million people are diagnosed with gastric cancer every
year worldwide, among which of 70% are in developing
countries and more than 50% in East Asia, especially
China and Japan [1]. Although its incidence, diagnostic
studies and therapeutic options have undergone significant
changes in the last decades, the prognosis for gastric cancer
patients remains poor, especially in more advanced stages
[2]. Since first reported to be responsible for the initiation,
progression, metastasis and ultimately recurrence of solid
cancers in the early half of the 2000s, cancer stem cells
(CSCs) have been an active focus in the field of cancer
research [3]. CSCs represent a small subpopulation of
cells within a tumor that express cell surface markers
including CD44, CD24 and/or CD133 [4]. CD133, also
called AC133, prominin-1, was initially described as a
specific marker to select human hematopoietic progenitor
cells and was recognized as an important marker to
identify and isolate CSCs later [5-6]. CD133 is a 120-kDa
glycoprotein with five transmembrane 5 and is one of the
most important stem cell markers in many solid cancers
such as brain tumors [7], colon cancer [8], lung cancer [9],
liver cancer [10] and prostate cancer [11]. Many studies
have correlated the overexpression of CD133 with either
survival, recurrence, metastasis or therapy resistance
[12]. However, despite the large number of patients with
gastric cancer worldwide, CSCs in gastric cancer have not
been definitively reported, especially studies evaluating
the correlation between the overexpression and clinical
significance of CD133 in gastric cancer systematically.
Here, based on current evidences, we performed a
systematic review of the literature with a meta-analysis
to determine the association between CSCs marker
CD133 and the clinicopathological characteristics of
gastric cancer and to investigate the roles of CD133 in the
prognosis of gastric cancer.

RESULTS

Literatures information

Four hundred and seventeen articles were identified
initially using the search strategy above. Through reading
titles and abstracts, Three hundred and eighty-seven of
those were excluded due to non-gastric-related studies,
non-original articles (review, letter) and duplicate studies.
After reading full texts, we excluded twenty-two data

which couldn’t be extracted due to non-CD133 related
studies, non-immunohistochemical SP method, disunited
positive-criteria. Eventually, there were 8 studies (6 in
English and 2 in Chinese) included in the present Meta-
analysis [13-20]. Figure 1

Study characteristics

Based on Asian population, the eight studies
included eventually contained 4 from China, 3 from
Japan, and the rest 1 from Singapore. A total of
1195 patients were included, containing 607 from China,
476 from Japan, and the rest 112 from Singapore, most
of which were male patients (60.4% from 6 studies).
The median age ranged from 51.5 to 66 years old
(from 5 studies). The total positive rate of CDI133
overexpression by IHC is 35.1% from 8 studies (from
9.5% to 65.0%). All detected specimen were derived
from gastric cancer tissues by either biopsy or surgical
resection, and was proven by IHC on membrane protein
level. Furthermore, those studies were divided into four
groups according to the following criteria respectively:
(1) overexpression of CD133 in gastric cancer tissues
and pericarcinoma tissues or normal gastric tissues;
(2) overexpression of CD133 in positive and negative
lymph node metastasis of gastric cancer tissues; (3)
overexpression of CD133 in positive and negative distant
metastasis of gastric cancer tissues; (4) overexpression
of CD133 in In different clinical stages of gastric cancer
tissues; (5) CD133 overexpression and 5-year overall
survival. Table 1

The results of meta- analysis

Gastric cancer group vs. control group

A total of four studies [14, 16, 18, 20] reported the
overexpression of CD133 in gastric cancer group (gastric
cancer tissues) and control group (pericarcinoma tissues
or normal gastric tissues). Meta-analysis of random effect
model indicated that overexpression rate of CD133 in
gastric cancer group is higher than that in control group.
The difference between two groups was statistically
significant (OR = 3.49, 95% CI [2.48, 4.90], P < 0.00001).
Figure 2

Lymph node (LN) metastasis of gastric cancer tissues:
positive group vs. negative group

A scale of six studies [13, 15, 17, 18, 19, 20]
reported the overexpression of CDI133 in positive

and negative lymph node metastasis of gastric cancer
tissues. Meta-analysis of random effect model showed

www.impactjournals.com/oncotarget

42020

Oncotarget
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searching from the Cochrane Library, Pubmed,

Medline, Web of Knowledge and Chinese CNKI,
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Y

Primary selection through browsing the
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Researches retrieved for detailed evaluation.
Secondary selection through reading the full
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non-original articles
(review, letter);
duplicate studies.

N=387 /

Y

(Exclude:

a) non-CD133 related studies;
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Literature included in this systematic review. N=22 J
N=8 (6 in English and 2 in Chinese)
Figure 1: Flow chart for selection of studies.
Table 1: General characteristics of included studies
CD133
Studies Year Country  Cases (n) Sex (M/F) Age Method  expression Group
rate (%)
Hashimoto 2013 Japan 189 133/56 55~77 IHC 29.6 2) 8; “)
Chen 2013 China 152 101/51 23~84 IHC 42.1 1 Eg @)
Wakamatsu 2012 Japan 190 — IHC 9.5 2)(3)
Lu 2012 China 20 — — IHC 65.0 @)
Wang 2011 Singapore 112 76/36 — IHC 17.0 2) g; “)
Zhang 2011 China 99 69/30 29~83 HC 29.3 1 @2)3)
Ishigami 2010 Japan 97 69/28 40~85 IHC 27.8 () (3) (4)
Zhao 2010 China 336 274/62 18~85 HC 57.4 3) ()
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that overexpression rate of CDI133 in the positive
group (LN+) is higher than that in negative group
(LN-). The difference between two groups was
statistically significant (OR =2.75, 95% CI [1.99, 3.81],
P <0.00001). Figure 3

Distant (D) metastasis of gastric cancer tissues: positive
group vs. negative group

A total of four studies [13, 14, 17, 20] reported
the overexpression of CD133 in positive and negative
distant metastasis of gastric cancer tissues. Meta-analysis
of random effect model showed that overexpression rate
of CD133 in the positive group (D+) is higher than that
in the negative group (D—). The difference between two
groups was statistically significant (OR = 2.38, 95% CI
[1.47,3.85], P <0.0004). Figure 4

TNM stage of gastric cancer tissues: III~IV stage group
vs. I~I1I stage group

A scale of seven studies [13, 14, 15, 17, 18, 19, 20]
reported the overexpression of CD133 in III~IV stage
group and I~II stage group of gastric cancer tissues.
Meta-analysis of random effect model showed that
overexpression rate of CD1133 in the ITI~IV stage group
is higher than that in I~II stage group. The difference
between two groups was statistically significant
(OR =2.83,95% CI [2.13, 3.76], P < 0.00001). Figure 5

CD133 overexpression and S-year overall survival

A total of three studies [17, 19, 20] reported
the accumulative 5-year overall survival rates of
CD133-positive [CD133 (+)] and CDI133-negative
[CD133 (—)] gastric cancer patients. Meta-analysis of
random effect model showed that the CD133-positive
group suffered with a significant poor prognosis compared

with CD133-negative group. The difference between two
groups was statistically significant (OR = 0.23, 95% CI
[0.16, 0.33], P < 0.00001). Figure 6

Publication bias

A funnel plot of every two groups in comparison
above was applied with RR as the x-axis and SE(RR)
as the y-axis, respectively. The plot was symmetric,
suggesting that the publication bias was little. Figure 7

DISCUSSION

Nowadays, CSCs are regarded to be significantly
responsible for growth, invasion, metastasis and
recurrence of various solid tumors. CSCs are a small
subpopulation of cells within tumors with capabilities of
self-renewal, differentiation, and tumorigenicity when
transplanted into an animal host. Expression of cell surface
markers have been used to isolate and enrich CSCs from
different tumors such as CD44, CD24, CD29, CD133,
aldehyde dehydrogenasel (ALDHI1) and -epithelial-
specific antigen (ESA) [21]. The discovery of CSCs and
their characteristics have contributed to understanding the
molecular mechanism of tumor genesis and development,
resulting in a new effective strategy for cancer treatment.

Regarding the biological properties of CSCs, many
studies indicated that evaluation of CD133 expression in
gastric cancer tissue sections may be useful in the future
as a novel prognostic factor. Despite a variety of basic and
clinical studies on CD133 and gastric cancer, no consensus
of opinion has been reached in detail.consensus of opinion
consensus of opinionBased on the previous literatures,
we systematically reviewed the correlation between

Gastric Cancer Group  Control Group Odds Ratio 0dds Ratio
_StudyorSubgroup _Events  Total Events Total Weight M-H, Fixed, 95%Cl M-H, Fixed, 95% CI
Chen 2013 64 52 15 60 4%  218[1.12,429) il
Lu 2012 13 2 0 45% 557142 21.86) = -
Zhang 2011 P 9 99 09% 83.27(5.00,1385.59) —
Zhao 2010 193 36 B 18 622%  284[1.83,442 8 5
Total (95% Cl) 607 297 100.0%  3.49[248,4.90] ¢
Total events 299 8

Heterogeneity: Chi? = 8.07, df = 3 (P = 0.04); I = 63%
Test for overall effect: Z=7.20 (P < 0.00001)

! | l l |
001 01 1 10 100
Control Group Gastric Cancer Group

Figure 2: Meta-analysis of overexpression of CD133 in gastric cancer group and control group.
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Figure 3: Meta-analysis of overexpression of CD133 in LN(+) and LN(-) gastric cancer group.

Chen 2013

Hashimoto 2013

Wang 2011

The Positive Group (D+)
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The Negative Group (D-)

Events

17 29
16 35
2 10

47
40
17
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Zhao 2010 13 16 180 320
Total (95% CI) 90
Total events 48

Heterogeneity. Chi*= 0.89, df= 3 (P = 0.83); F= 0%
Test for overall effect Z= 3.52 (P = 0.0004)
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Figure 4: Meta-analysis of overexpression of CD133 in D(+) and D(-) gastric cancer group.

overexpression and clinical significance of CD133 in
gastric cancer. In the study, we found that overexpression
rate of CD133 in gastric cancer group is higher than that in
control group by meta-analysis. Moreover, overexpression
of CD133 is related to lymph node metastasis, distant
metastasis and TNM stage of gastric cancer. Further,
CD133 overexpressed gastric cancer patients was of lower
5-year overall survival in comparison with negative ones.
In conclusion, overexpression of CD133 and its clinical-
pathological features are closely related in gastric cancer.
Patients with CD133(+) have stronger drug resistance,
higher relapse rate (28.1% vs 65.8%, P = 0.002) and
lower 5-year survival rate (47.5% vs 74.0%, P = 0.037),
compared with patients with CD133(-) [22]. CD133 may
play a critical role in the pathophysiology, integration and
complementation of gastric cancer. Recently, Yu’s study
found that inhibition of CD133 gene expression reduces

the capacities of gastric cancer cells in proliferation,
invasion, clonal sphere formation, and chemo-resistance
as well as tumor formation in nude mice, which
correlates with our study [23]. Zhu found that CD133
may contribute to the resistance of gastric cancer cells
to chemotherapy drug through P-gp, Bcl-2 and Bax,
involved with PI3K/Akt signal pathway [24]. Fukamachi
found that CD133(+) cells specifically expressed Sox17,
of which overexpression inhibits the growth of gastric
cancer, suggesting that Sox17 may be a key transcription
factor controlling CD133 expression [25]. In addition,
Wang’s studies indicated that two CD133 miRNA binding
site variants, rs2240688 and rs3130, may be potential
biomarkers for genetic susceptibility to gastric cancer and
possible predictors for survival in gastric cancer patients
[26]. Nevertheless, the clinically translational potentials
warrant further investigation.
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llI~IV Stage Group  I~ll Stage Group Odds Ratio Odds Ratio
Stud Sul E Total E Total Weigl M-H. Fixed. 95% Cl M-H. Fixed. 95% Cl
Chen 2013 53 1 1 41 14.4% 2.49[1.14, 5.46) -
Hashimoto 2013 33 86 23 103 22.1% 2.17 [1.15, 4.09] Bl
Ishigami 2010 22 50 5 48 49%  6.76 [2.29, 19.93] -
Wakamatsu 2012 14 121 4 69 7.7% 2.13[0.67, 6.74] T
Wang 2011 5 52 6 52 93% 0.82[0.23, 2.86) -
Zhang 2011 23 64 6 35 85% 2.71[0.98, 7.49] -
Zhao 2010 136 193 57 143 33.1% 3.60 [2.28, 5.68) -
Total (95% Cl) 677 491 100.0% 2.83 [2.13, 3.76) ¢
Total events 286 112

Heterogeneity: Chi? = 8.36, df = 6 (P = 0.21); I? = 28%
Test for overall effect: Z = 7.17 (P < 0.00001)
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Figure 5: Meta-analysis of overexpression of CD133 in ITI~IV stage group and I~II stage group.

CD133(+) Group  CD133(-) Group

Ishigami 2010 9 27 55 70
Wang 2011 10 45 25 58
Zhao 2010 44 193 82 143
Total (95% ClI) 265 271
Total events 63 162

Heterogeneity: Chi? = 2.35, df =2 (P = 0.31); I = 15%
Test for overall effect: Z = 7.57 (P < 0.00001)

18.5%  0.14[0.05, 0.36)] =
154%  0.38(0.16, 0.90] .
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Figure 6: Meta-analysis of 5-year overall survival between CD133(+) and CD133(-) groups.

Despite a series of success such as obtaining the
monoclonal antibody recognizing the glycosylated
epitope of CD133 in 1997 [27] and human CDI133
independent of glycosylation in 2005 [28], subsequently
the first detection of CD133 expression in gastric cancer
tissue of 97 cases in 2010 [29], and following basic
and clinical studies, there are still some controversies
between the overexpression and clinical significance of
CD133 in gastric cancer. Researchers around the world
are constantly scrambling to understand the biological
and molecular mechanisms that lead to tumor formation,
subsequent metastasis, even prognosis. Unfortunately, by
now the literatures available concerning CD133 have not
clarified its biological functions in CSCs. Shmelkov found
that during the metastatic transition, CD133(+) tumor cells
might give rise to the more aggressive CD133(-) subset,
which is also capable of tumor initiation in NOD/SCID
mice [30]. Additionally, Marzesco AM even contemplated
the hypothesis that it is the fraction of CD133(—) to have
greater invasive or similar capacity [31]. As for the
combined markers for the identification of CSCs, no
positive results have been given. Yong’s study indicated
that combined expression of CSCs marker CD44/CD24

was not associated with recurrence of gastric carcinoma
among 500 patients [32]. Therefore, more prospective
work needs to be conducted on the exact mechanisms
underlying the hypothesis.

Although this systematic review aimed to provide
the best possible estimate of the correlation between
the overexpression and clinical significance of CD133
in gastric cancer, it has several limitations. First, the
numbers of the studies and patients included in the current
meta-analysis are relatively small. Secondly, all of the
studies are based on Asian population, including 4 from
China, 3 from Japan, and the rest 1 from Singapore.
As is known to all, there are significant differences
such as etiology, biology features, clinical types, and
prognosis in the risk of gastric cancer in different ethnic
groups within a given geographical area. Due to lack of
statistics on western people, we can not get access to the
overexpression rate of CD133 in western patients. In
virtue of several limitations and not very steady combined
results, further large well-designed prospective cohort
studies with better exposure assessment are warranted to
confirm the findings from our study and provide a higher
level of evidence.
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Figure 7: Funnel plot: (2) overexpression of CD133 in gastric cancer group and control group; (3) overexpression of CD133 in LN(+)
and LN(-) gastric cancer group; (4) overexpression of CD133 in D(+) and D(-) gastric cancer group; (5) overexpression of CD133 in
II~1V stage group and I~II stage group; (6) 5-year overall survival between CD133(+) and CD133(—) groups.

MATERIALS AND METHODS

Literature search strategy

A comprehensive literature search of electronic
databases the Cochrane Library, Pubmed, Medline, Web of
Knowledge and Chinese CNKI, CBM was performed up to
Jun 2014. Search strings of PubMed was (((“cd133” [Title/
Abstract]) OR “ac133” [Title/Abstract]) OR “prominin 1”
[Title/Abstract]) AND (((“stomach neoplasms” [MeSH
Terms]) AND “carcinoma” [MeSH Terms] OR “gastric
cancer” [Title/Abstract]). The reference lists of relative
articles were also screened to further identify potential
studies.

Selection criteria

To be eligible for inclusion in this systematic review,
a study was required to meet the following criteria:
(1) published in English with the full text available, (2) the
use of a case control design or a cohort design, (3) the
availability of data to allow the estimation of the hazard
ratio (HR) for survival with a 95% CI, (4) diagnosis of

gastric cancer was proven by immunohistochemistry
(IHC) methods, (5) studies of CD133 overexpression
based on primary gastric cancer tissue (via either biopsy or
surgical), rather than serum or any other kinds of specimen
were included. All studies on the correlation of CD133
overexpression with clinicopathological markers and the
association of CD133 overexpression on disease-free and
overall survival of gastric cancer were included. When
duplicate studies were published, only the most recent or
most informative was included in the analysis, to avoid
overlap between cohorts.

Data extraction

Data tables were made to extract all relevant data
from texts, tables and figures of each included studies,
including author, year, country, patient number, detection
method, clinicopathological features, positive rates of
CD133 overexpression, as well as the overexpression-
related survival. Information was carefully extracted
from all the eligible studies independently. Differences
in the extraction of data were assessed by a third
investigator.
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Statistical analysis

Meta-analysis was supplemented when applicable;
otherwise, outcomes were presented in a narrative way.
Statistical analysis was performed by Cochrane RevMan
5.2.0 (the Cochrane Collaboration, Copenhagen).
Dichotomous data were presented as risk ratio (RR) and
continuous variables as mean difference (MD), with 95%
confidence intervals (95%CI). Statistical heterogeneity
was tested using a Chi-square test with significance
being set at p < 0.10, the total variation among studies
was estimated by I-square. A funnel plot was used for
assessing the potential publication bias. Comparisons
of dichotomous measures were performed by pooled
estimates of odds ratios (OR), as well as their 95% CI.
Begg’s rank correlation method and Egger’s weighted
regression method were used to assess publication bias
(P < 0.05 was considered statistically significant).

ACKNOWLEDGMENTS

LYM and WT helped to design the overall study,
compile and curate the datasets, design the statistical
approaches, perform the computational analysis, and
develop the biological interpretation. CSQ provided
expertise in clinical gastric oncology. LYM and CSQ
helped to design the statistical approaches and perform
the computational analysis. LYM, WT, LGF and FDX
helped to design the overall study and design the statistical
approaches. LYM and CSQ designed the overall study,
compiled and curated the datasets, designed the statistical
approaches, performed the computational analysis,
developed biological interpretation, and wrote the
manuscript. All authors contributed to the preparation of
the manuscript and read and approved the final version.

This work was supported by the grants from
the National Natural Science Foundation of China
(31101081).

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Siegel R, Naishadham D, Jemal A. Cancer statistics. CA
Cancer J Clin. 2012; 62:10-29.

2. Chiba S. Notch signaling in stem cell systems. Stem Cells.
2006; 24:2437-2447.

3. Yu Z, Pestell TG, Lisanti MP, Pestell RG. Cancer stem
cells. Int J Biochem Cell Biol. 2012; 44:2144-51.

4. Corbeil D, Fargeas CA, Huttner WB. Rat prominin, like
its mouse and human orthologues, is a pentaspan mem-
brane glycoprotein. Biochem Biophys Res Commun. 2001;
285:939-44.

10.

11.

12.

13.

14.

15.

16.

17.

Miraglia S, Godfrey W, Yin AH, Atkins K, Warnke R,
Holden JT, Bray RA, Waller EK, Buck DW. A novel
five-transmembrane hematopoietic stem cell antigen: isola-
tion, characterization, and molecular cloning. Blood. 1997;
90:5013-21.

Singh SK, Hawkins C, Clarkel D, Squire JA, Bayani J,
Hide T, Henkelman RM, Cuimano MD, Dirks PB.
Identification of human brain tumour initiating cells. Nature
(Lond). 2004; 432:396-401.

Ong CW, Kim LG, Kong HH, Low LY, lacopetta B,
Soong R, Salto-Tellez M. CD133 expression predicts for
non-response to chemotherapy in colorectal cancer. Mod
Pathol. 2010; 23:450-457.

Chen YC, Hsu HS, Chen YW, Tsai TH, How CK,
Wang CY, Hung SC, Chang YL, Tsai ML, Lee YY, Ku HH,
Chiou SH. Oct-4 expression maintained cancer stem-like
properties in lung cancer-derived CD133-positive cells.
PLoS One. 2008; 3:€2637.

Zhou X, Li D, Wang X, Zhang B, Zhu H, Zhao J. Galectin-1
is overexpressed in CD133+ human lung adenocarci-
noma cells and promotes their growth and invasiveness.
Oncotarget. 2015; 20;6:3111-22.

Chai S, Tong M, Ng KY, Kwan PS, Chan YP, Fung TM,
Lee TK, Wong N, Xie D, Yuan YF, Guan XY, Ma S.
Regulatory role of miR-142-3p on the functional hepatic
cancer stem cell marker CDI133. Oncotarget. 2014;
30;5:5725-35.

Elena Irollo, Giuseppe Pirozzi. CD133: to be or not to be, is
this the real question? Am J Transl Res. 2013; 5:563-581.

Kemper K, Grandela C, Medema JP. Molecular iden-
tification and targeting of colorectal cancer stem cells.
Oncotarget. 2010; 1:387-95.

Chen S, Hou JH, Feng XY, Zhang XS, Zhou ZW, Yun JP,
Chen YB, Cai MY. Clinicopathologic signiicance of puta-
tive stem cell marker, CD44 and CD133, in human gastric
carcinoma. J Surg Oncol. 2013; 107:799-806.

Wakamatsu Y, Sakamoto N, Oo HZ, Naito Y, Uraoka N,
Amani K, Sentati K, Oue N, Yasui W. Expression of cancer
stem cell markers ALDH1, CD44 and CD133 in primary
tumor and lymph node metastasis of gastric cancer. Pathol
Int. 2012; 62:112—119.

Lu Ruiqi, Wu Jugang, Zhou Guocai, Jiang Haiguang, Ni
Xiaochun, Yu Jiwei, Jiang Bojian. Expressions of CXCR4
and CD133 in stomach cancer and their roles in lymphatic
metastasis. Chinese journal of general surgery. 2012;
21:415-420.

Wang T, Ong CW, Shi J, Srivastava S, Yan B, Cheng CL,
Yong WP, Chan SL, Yeoh KG, Iacopetta B, Salto-Tellez M.
Sequential expression of putative stem cell markers in
gastric carcinogenesis. Br J Cancer. 2011; 105:658-665.
Zhang Peng, JugangWU, Yu lJiwei, Ni Xiaochun,
Wu Hongbiao, Li Xiaoqgiang, Jiang Bojian. Expression of
CD133 protein in primary lesions of gastric cancer and its
clinical significance. Chinese Journal of Bases and Clinics
in General Surgery. 2011; 18:281-285.

www.impactjournals.com/oncotarget

42026

Oncotarget



19.

20.

21.

22.

23.

24.

25.

Ishigami S1, Ueno S, Arigami T, Uchikado Y, Setoyama T,
Arima H, Kita Y, Kurahara H, Okumura H, Matsumoto M,
Kijima Y, Natsugoe S. Prognostic impact of CDI133
expression in gastric carcinoma. Anticancer Res. 2010;
30:2453-2457.

Zhao P, LiY, Lu Y. Aberrant expression of CD133 protein
correlates with Ki-67 expression and is a prognostic marker
in gastric adenocarcinoma. BMC Cancer. 2010; 10:218.
Ginestier C1, Hur MH, Charafe-Jauffret E, Monville F,
Dutcher J, Brown M, Jacquemier J, Viens P, Kleer CG,
Liu S, Schott A, Hayes D, et al. ALDHI is a marker of
normal and malignant human mammary stem cells and a
predictor of poor clinical outcome. Cell Stem Cell. 2007,
1:555-567.

Cojoc M, Mibert K, Muders MH, Dubrovska A. A role for
cancer stem cells in therapy resistance: Cellular and molec-
ular mechanisms. Semin Cancer Biol. 2014; 7.

Lee HH, Seo KJ, An CH, Kim JS, Jeon HM. CD133 expres-
sion is correlated with chemoresistance and early recurrence
of gastric cancer. J Surg Oncol. 2012; 106:999-1004.
YuJW, Wang SL, Wu JG, Lu RQ, Ni XC, Cai C, Jiang BJ.
Study on the Biological Characteristics of CD133 Interfered
by RNA Interference in Gastric cancer. ISRN Gastroenterol.
2014; 19:329519.

Zhu Y, Jiang B, Cai C. Relationship between CD133 and
chemoresistance in human gastric cancer and its associated
mechanism. Zhonghua Wei Chang Wai Ke Za Zhi. 2014;
17:168-74.

Fukamachi H, Shimada S, Ito K, Ito Y, Yuasa Y. CD133
is a marker of gland-forming cells in gastric tumors and

Sox17 is involved in its regulation. Cancer Sci. 2011;
102:1313-21.

26.

27.

28.

29.

30.

31.

32.

Wang Q, Liu H, Xiong H. Polymorphisms at the microRNA
binding-site of the stem cell marker gene CD133 modify
susceptibility to and survival of gastric cancer. Mol
Carcinog. 2013; 12.

Yin AH, Miraglia S, Zanjani ED, Almeida-Porada G,
Ogawa M, Leary AG, Olweus J, Kearney J, Buck DW.
ACI133, a novel marker for human hematopoietic stem and
progenitor cells. Blood. 1997; 90:5002-5012.

Florek M, Haase M, Marzesco AM, Freund D, Ehninger G,
Huttner WB, Corbeil D. Prominin-1 /CD133, a neural and
hematopoietic stem cell marker, is expressed in adult human
differentiated cells and certain types of kidney cancer. Cell
Tissue Res. 2005; 319:15-26.

Zhu X, Prasad S, Gaedicke S, Hettich M, Firat E,
Niedermann G. Patient-derived glioblastoma stem cells are
killed by CD133-specific CAR T cells but induce the T cell
aging marker CD57. Oncotarget. 2015; 1;6:171-84.

Shmelkov SV1, Butler JM, Hooper AT, Hormigo A,
Kushner J, Milde T, St Clair R, Baljevic M, White I,
Jin DK, Chadburn A, Murphy AJ, Valenzuela DM, et al.
CD133 expression is not restricted to stem cells, and both
CD133+ and CD133— metastatic colon cancer cells initiate
tumors. J Clin Invest. 2008; 7;118:2111-20.

AM. Prominin-1
Vescicles: origins, formation and utility. Corbeil D, editor.
Prominin-1 (CD133): New insight on Stem & Cancer Stem
Cell Biology. 2013; Springer:42.

Yong CS, Ou Yang CM, Chou YH, Liao CS, Lee CW,
Lee CC, et al. CD44/CD24 Expression in recurrent gastric
cancer: a retrospective analysis. BMC Gastroenterol. 2012;
12:95-101.

Marzesco containing Membrane

www.impactjournals.com/oncotarget

42027

Oncotarget



