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Putative stem cell markers in cervical
squamous cell carcinoma are correlated
with poor clinical outcome
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Abstract

Background: The aim of this study was to elucidate the value of putative cancer stem cell markers Musashi-1,
ALDH1, Sox2, and CD49f in predicting the prognosis in cervical squamous cell carcinoma (CSCQ).

Methods: Real-time PCR and immunohistochemistry staining was performed to examine Musashi-1, ALDH1, Sox2,
and CD49f expression in archived specimens of CSCC patients with postoperative chemotherapy. Kaplan-Meier
analysis and Cox proportional hazards model were used to assess the prognostic impact of CSC markers for overall
survival (OS) and recurrent-free survival (RFS).

Results: The Real-time PCR data showed that the expression of all markers were increased in CSCC tissues
compared with in paired normal cervical tissues (P < 0.05). The IHC result showed that high expression of MsiT,
ALDH1, Sox2, and CD49f was found in 25.7 %, 43.0 %, 62.0 % and 29.0 % CSCC samples, respectively. Moreover,
high expression of Msi1 (P=0.033 and P=0.003, respectively), ALDH1 (P=0.015 and P=0.002, respectively), and
Sox2 (P=0.005 and P=0.003, respectively), and low expression of CD49f (P=0.027 and P=0.025, respectively) were
correlated with poor OS and PFS in CSCC patients. Interestingly, tumors with MsiTyg,/CD49f,,, expression had the
poorest prognosis according to Msi1/CDA49f stratification. In multivariate Cox regression analysis, Sox2 expression
(P=0.047 and P=0.018, respectively), ALDH1 expression (P=0.013 and P=0.003, respectively), and CD49f
expression (P=0.008 and P =0.003, respectively) were independent prognostic markers for both OS and RFS.

Conclusions: Our results suggest that cancer stem cell markers are linked with poor prognosis of CSCC patients.

Keywords: Cervical squamous cell carcinoma, Cancer stem cell, Prognosis, Chemoresistance, Musashi-1, ALDH1,

Sox2, CD49f

Background

Cervical cancer is the second most common gynecologic
cancer in developing countries, with over 500,000 new
cases and 274,000 deaths annually [1]. Despite advances
in surgical capabilities and chemotherapy strategies, a
substantial proportion of patients still die from recurrent
or chemoresistant disease. Approximately 30-50 % of
advanced-stage patients will develop recurrent disease [2].
Even in patients with early-stage disease, 10-20 % will
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recur locoregionally or have distant metastases following
treatment. The reported median overall survival time of
patients who recur after radical surgery or radiotherapy
are between 7 and 12 months [3]. Adjuvant platinum-
based drugs are standard chemotherapy treatment for cer-
vical cancer. Meanwhile, the duration for response to
chemotherapy in patients with recurrent diseases remains
disappointing.

Currently, there is a lack of biomarkers for predicting
the response to chemotherapy in cervical cancer patients.

Cancer stem cells (CSCs) are defined as a small popu-
lation of cells within a tumor that can self-renew and
drive tumorigenesis. Increasing evidence has suggested
that CSCs are naturally resistant to chemotherapeutic
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agents and might be responsible for tumor recurrence
following chemotherapy [4]. The potential mechanisms
of CSC resistance to chemotherapy include slow cell
cycle kinetics, overexpression of DNA repair proteins
and multidrug resistance transporters, and protection by
hypoxic niches [5].

It is postulated that CSCs may originate from normal
stem cells and express the same cell markers as normal
stem cells. Such a model has been proposed for cervical
CSC markers as well [6]. To date, several potential cervical
epithelial stem cell markers including Musashi-1 (Msil),
ALDH]1, SOX2, and CD49f have been used to identify cer-
vical CSCs (CCSCs). Musashi-1 is a RNA-binding protein
to regulate the proliferation of multipotential stem/pro-
genitor cells and the proliferative activity of tumor cells
[7]. This protein may also have roles in cervical carcino-
genesis [8]. ALDHI is a polymorphic enzyme involved in
oxidation of aldehydes to carboxylic acids. It has been re-
ported to enhance the self-renewal and differentiation po-
tentials of cervical cancer cells [9]. Sox2 is essential for the
formation of many different tissues and organs during em-
bryonic development. Sox2-positive population of cervical
cancer cells show characteristics of tumor-initiating cells.
Its expression increases the expression of CSC markers,
the potential to form tumor spheres, and the tumor initi-
ating capacity of cervical cancer cells [10]. CD49f gene
encodes an integral cell-surface protein that has been pro-
posed to play a role in cell adhesion as well as in cell-
surface mediated signaling. CD49f has been used as an
epithelial stem cell marker and was recently found highly
expressed on cervical cancer-initiating cells [11].

As CSCs are thought to be responsible for tumor che-
moresistance and recurrence, the evaluation of CSC
markers expression in cervical cancer could highlights
the mechanisms underlying cervical cancer progression
and recurrence. Moreover, to determine the association
of CSC markers expression to cervical cancer chemore-
sponsiveness could help in the development of targeted
agents to treat chemoresistant disease. The aims of this
work were therefore to evaluate the expression pattern
of Msil, ALDHI1, Sox2, and CD49f in cervical cancer tis-
sues and to determine their significance in predicting
the prognosis in cervical cancer patients.

Methods

Patients and tissue specimens

A total of 179 cervical cancer patients treated between
January 2001 and December 2008 were included in the
study. The material was retrieved from archival paraffin-
embedded surgical samples at Sun Yat-Sen University
Cancer Center. In addition, 75 pairs of snap-frozen cer-
vical cancer and normal cervical samples from above pa-
tients were collected for Real-time PCR. None of the
patients had received chemotherapy or radiotherapy before
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surgery. After surgery, the patients were treated with adju-
vant chemotherapy according to the national guidelines.
Platinum-based chemotherapy was initiated within two
weeks after surgery and then repeated for four cycles at
three-week intervals. In all cases, the diagnoses and grad-
ing were peer-reviewed according to the principles laid
down in the latest International Federation of Gynecology
and Obstetrics criteria [12]. Prior written consent was ob-
tained from all patients and this study was approved by
the Research Ethics Committee of Sun Yat-Sen University
Cancer Center.

RNA extraction and real-time PCR

Total RNA from CSCC and paired normal cervical tissues
was extracted using Trizol reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer’s instructions.
The extracted RNA was pretreated with RNase-free
DNase, and 2 pug RNA from each sample was used for
¢DNA synthesis with random hexamers. Real-time PCR
was performed using the Applied Biosystems 7500 Se-
quence Detection system. The primers used are as follows:
Msil, forward, 5- GAGGGTTCGGGTTTGTCACG-3,
reverse, 5-GGCGACATCACCTCCTTTGG-3; ALDH]1,
forward, 5-GTTAGCTGATGCCGACTT GG-3’, reverse,
5-CCCACT CTCAATGAGGTCAAG-3’; Sox2, forward,
5- GCTGTATGGCTGCTGCACTTC-3; reverse, 5-GCA
CACGCACCCAGCACT GT-3’; CD49f, forward, 5- ATG
GAG GAAACCCTGTGGCT-3; reverse, 5- ACGAGAGC
TTGG CTCTTG GA-3; GAPDH, forward, 5-AGAAG
GCTGGGCTCATTTG-3; reverse, 5-~-AGGGGCCATCCA
CAGTCTTC-3. The expression level of CSC markers
mRNA was calculated using a ratio of CSC markers mRNA
to GAPDH mRNA.

Immunohistochemical (IHC) staining

Immunostaining was performed on paraffin-embedded
4 pm sections and mounted on poly-L-lysine-coated
slides. The sections were baked at 65 °C for 30 minutes,
then deparaffinized in xylene and rehydrated. Antigen
retrieval was performed by submerging the sections into
a 10 pmol/L citrate buffer solution (pH 6.0) for 10 mi-
nutes in a microwave oven. The slides were then treated
with 3 % hydrogen peroxide in methanol to quench the
endogenous peroxidase activity, followed by incubation
with 1 % fish skin gelatin to block the nonspecific staining.
Tissue sections were incubated overnight with monoclo-
nal rabbit antibody against Msil (Abcam, Cambridge,
USA; 1:200), monoclonal rabbit antibody against ALDH1
(Abcam, Cambridge, USA; 1:200), monoclonal mouse
antibody against Sox2 (Abcam, Cambridge, USA; 1:200),
and monoclonal rabbit antibody against CD49f (Abcam,
Cambridge, USA; 1:200). After washing, the sections were
incubated with prediluted secondary antibody (Abcam,
Cambridge, USA), followed by further incubation with
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3,3-diaminobenzidine tetrahydrochloride (DAB). Finally,
the slides were counterstained with hematoxylin and
mounted in an aqueous mounting medium.

For negative controls, primary antibodies were replaced
with normal serum.

IHC score

Immunostaining was separately evaluated by two inde-
pendent pathologists who were blinded as to the patients.
Expression of the four CCSC markers was analyzed by an
individual labeling score considering percent and staining
intensity of positive cells. Intensity of stained cells was
graded semi-quantitatively into four levels: 0 (no staining);
1 (weak staining = light yellow); 2 (moderate staining = yel-
low brown) and 3 (strong staining = brown); and the per-
centage was scored as: 0, negative; 1, 10 % or less; 2, 11 %
to 50 %; 3, 51 % to 80 %; or 4, 80 % or more positive cells.
Intensity and fraction of positive cell scores were multi-
plied for each marker and thus the scoring system was
defined as low expression for scores of 0-3, and as high
expression for scores of 4—12.

Statistical analysis

All statistical analyses were carried out using SPSS (ver-
sion 16.0, SPSS Inc, Chicago, USA) statistical software.
The overall survival (OS) and recurrence-free survival
(RFS) were calculated as the time from the date of primary
surgery to the date of first death or recurrence. Survival
curves were plotted using the method of Kaplan-Meier,
and the log-rank test was used to determine statistical dif-
ferences between life tables. The correlations between
clinicopathologic characteristics and recurrence were ana-
lyzed using the x” test. Univariate and multivariate analysis
were applied to assess the independent predictive signifi-
cance of variables on RFS. P < 0.05 in all cases was consid-
ered statistically significant.

Results

Clinical results and tumor recurrent

Patients’ clinicopathological characteristics were shown in
Table 1. In total, 179 cervical cancer patients with up to
stage IIB were investigated. The median follow-up period
of the patients was 48.8 months (range 1.6—60.0 months).
After postoperative chemotherapy, 22 patients had recur-
rent disease.

Patterns of expression

To investigate the potential roles of CSC markers in the
development of cervical cancer, we determined the ex-
pression of Msil, ALDHI1, Sox2 and CD49f in 179
paraffin-embedded cervical carcinoma samples by im-
munohistochemistry. Msil immunoreactivity was both
cytoplasmic and nuclear and high expression was ob-
served in 46 cases (25.6 %). ALDH1 immunoreactivity
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Table 1 Clinicopathological characteristics
Characteristic No. of Patients Percent
Age (y)

<40 108 60.3

>40 71 39.7
FIGO Stage

IB1 9% 53.6

1B2 40 223

A1 29 16.2

I1A2 " 6.2

1B 3 1.7
Differentiation

Well 7 39

Moderately 65 363

Poorly 107 59.8
Tumor Size

<4 cm 120 67.0

>4 cm 59 330
Total No. of Patients 179 100

was cytoplasmic and high expression was observed in 77
cases (43.0 %). Sox2 immunoreactivity was nuclear and
high expression was observed in 111 cases (62.0 %).
CD49f immunoreactivity was both membranous and cyto-
plasmic and high expression was observed in 52 cases
(29.0 %). The representative immunostaining of Msil
(Fig. la-b), ALDHI1 (Fig. 1lc—d), Sox2 (Fig. le—f) and
CD49f (Fig. 1g—h) were shown in Fig. 1. Moreover, Real-
time PCR showed that the expression level of all CSC
markers was increased in CSCC compared with that in
normal cervical tissues (Fig. 2).

Associations between Msi1, ALDH1, Sox2 and CD49f
expression and clinicopathological features

The expression of CCSC markers was evaluated in rela-
tion to clinicopathological variables for cervical cancer.
Msil, ALDH1, and Sox2 expression were positively cor-
related with tumor recurrence (P =0.005, P =0.003, and
P =0.003, respectively), while CD49f expression was
negatively correlated with tumor recurrence (P =0.028)
(Table 2). Msil, ALDH1 and CD49f expression was not
associated with any of the clinicopathological variables,
while only Sox2 expression was significantly associated
with tumor size (P = 0.010). (Additional file 1: Table S1).

Associations between Msi1, ALDH1, Sox2 and CD49f
expression and clinical prognosis

To examine the prognostic value of CSCs markers in
cervical cancer, we evaluated the correlation between
Msil, ALDH1, Sox2 and CD49f expression and progno-
sis in CSCC patients. Notably, high expression of Msil
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and low immunoreactivity of Sox2. (original magnification 400x)

Fig. 1 The expression of Msi1, ALDH1, CD49f, and Sox2 in cervical squamous cell carcinoma by immunohistochemistry. a and b, high and low
immunoreactivity of Msil. ¢ and d, high and low immunoreactivity of ALDH1. e and f, high and low immunoreactivity of CD49f. g and h, high

(P=0.033 and P =0.003, Fig. 3a and b), ALDH1 (P=0.015
and P =0.002, Fig. 3c and d), and Sox2 (P =0.005 and
P =0.003, Fig. 3e and f), and low expression of CD49f
(P=0.027 and P =0.025, Fig. 3a and d) were correlated
with poor OS and RES in all the 179 CSCC patients
who received postoperative adjuvant chemotherapy.
Moreover, double stratification analysis of OS and RFS
according to Msil/CD49f, ALDH1/CD49f, and Sox2/
CD49f were performed and shown in Fig. 4. Tumors with
Misilyigh/CD49f 0y, ALDH1pign/CD49 0, and Sox2ign/
CD49%f,,, expression had a poorer prognosis com-
pared with those with Msilo,/CD49 ., (P =0.002
and P<0.001, Fig. 4a and b), ALDHI,,,/CD49%y;g
(P=0.008 and P =0.002, Fig. 4c and d), and Sox2,,,,/
CD49%f),,, expression (P=0.006 and P =0.005, Fig. 4e
and f), respectively.

Univariate and multivariate Cox proportional hazards re-
gressions analysis were also applied. Univariate analysis
showed that FIGO stage, tumor size, and Msil expression
were significantly correlated with both OS and RES. The
ALDHI1 expression, Sox2 expression, and CD49f expression
were significantly associated with RFS (data not shown).
Multivariate analysis showed that FIGO stage >IB1
(P =0.002 and P = 0.005, respectively), high Sox2 expression
(P=0.047 and P = 0.018, respectively), high ALDH1 expres-
sion (P=0.013 and P =0.003, respectively), and low CD49f

expression (P =0.008 and P = 0.003, respectively) were inde-
pendent prognostic factors for both OS and RFS (Table 3).

Discussion

CSCs are generally thought to arise from normal stem
cells that have developed genetic mutations over time.
CCSCs could arise from Miillerian duct-derived cervical
stem cells located in the basal layer of the ectocervical
squamous or endocervical columnar epithelium [13].
These cells have been proposed to drive the resistance
to chemotherapy through the expression of drug efflux
pumps in normal stem cells from which they were de-
rived [14]. Therefore, the identification of the CSCs sub-
population of tumor cells may offer new directions for
the treatment of cervical cancer. In the present work, we
provide the first link between the expression of four pu-
tative CCSC markers and the clinical outcome in cer-
vical cancer patients.

Previous studies have demonstrated that CSCs are re-
sponsible for the high rate of chemoresistance and tumor
relapse. The possible mechanisms of chemoresistance
include high expression levels of adenosine triphosphate-
binding cassette transporters, low self-renewal rate, an
active DNA repair capacity, and activated Wnt/p-catenin
and Notch signaling [15]. Clinical and experimental stud-
ies have provided evidence of the relationship between
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Table 2 Association of cancer stem cell markers expression and
tumor recurrence
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different CSCs phenotypes and resistance to chemothera-
peutic drugs. Manohar et al. proposed that overexpression

No. of patients (%) p of MYCN, the most widely characterized gene associated
Recurrence No Recurrence with poor outcome of neuroblastoma, resulted in in-
FIGO Stage 0oos  creased drug resistance and expression of MRP1, suggest-
81 6073) 90(57.3) ing that MRPI may be a MYCN target gene involved in
the drug-resistance phenotype of neuroblastoma [16].
>IB1 16(72.7) 67(42.7) . .
‘ o Wang et al. reported that overexpression of caveolin-1 en-
Differentiation 0205 hanced chemoresistance of breast CSCs, which could be
Grade 1, 2 6(273) 65(41.4) prevented by downregulation of the B-catenin/ABCG2
Grade 3 16(72.7) 92(586) pathway [17]. Recent studies also implicated CSCs in cer-
Timor Size 0069  Vvical cancer chemoresistance [18], while there is lack of
<4 em 11(500) 109(69.4) data concefnlng.the relevance‘of the expression (‘)f‘ CS.C
markers with clinical prognosis and chemosensitivity in
>4 cm 11(50.0) 48(30.6) . . .
A cervical cancer. Our findings suggest that the expression
Msil 0005 of CSC markers Msil, ALDH1, Sox2, and CD49f were
High 11(50.0) 35(223) increased in CSCC tissues and that their expression are
Low 11(50.0) 122(79.7) linked to clinical survival in cervical cancer patients under-
ALDH] 0003 going postoperative chemotherapy, suggesting an import-
High 16(72.7) 61389) fmt rolfe of these marker‘s‘m predicting clinical prognosis
in cervical cancer. Surprisingly, we found that the expres-
Low 6(27.3) 96(61.1) . c . .
sion of CSC markers showed no association with age,
CD4of 0028 tumor stage, tumor size, or tumor differentiation, while
High 20 50(318) only Sox2 expression was significantly correlated with
Low 20(90.9) 107(68.2) tumor size. The results may be due to small group size.
Sox? 0003 ALDH1 has long been thought to be a CSC marker
High 20(909) 91(58.0) and has ?lso been described to be associated with Fumor
progression and recurrence [19]. Many recent studies in-
Low 2(9.1) 66(42.0) . . . o s
vestigating the ALDH1 gene or protein report its impact
on the clinical outcome of patients with malignancies.
Dylla et al. reported that the inherent chemotherapeutic
A B C D
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Fig. 3 Kaplan—-Meier estimated of overall survival and recurrence-free survival according to putative stem cell markers expression in CSCC patients.
a Overall survival and b recurrence-free survival time differences in patients with low vs high expression of Msil. ¢ Overall survival and d
recurrence-free survival time differences in patients with low vs high expression of ALDH1. e Overall survival and f recurrence-free survival time
differences in patients with low vs high expression of Sox2. g Overall survival and h recurrence-free survival time differences in patients with low
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resistance mechanism of colorectal CSCs includes ALDH1
enzymatic activity [20]. Alamgeer et al. described ALDH1
as a useful predictor of chemoresistance in locally ad-
vanced breast cancer [21]. Our present investigation found
that high ALDHI1 expression was an independent pre-
dictor of recurrence and overall survival in CSCC patients.
Among patients with high ALDH1 expression, 21 % had
recurrent cancer, whereas only 6 % patients with low
ALDH]1 expression did. Our study is supported by Deng
et al, who demonstrated that high residual ALDH1 ex-
pression after radiochemotherapy significantly predicted
tumor metastasis or recurrence [22]. The same finding
was also applied for another potential CCSC marker Sox2.

Table 3 Multivariate analysis of overall and recurrence-free survival

It has recently been linked with enhanced chemoresis-
tance and tumorigenecity of gastric cancer derived cancer
stem-like cells [23]. Conversely, suppression of Sox2 can
impair the chemosensitivity and stemness of cancer cells
[24]. In the present study, we found that up-regulation of
Sox2 predict poor overall and recurrence-free survival in
CSCC patients. Among patients with high Sox2 expres-
sion, 18 % had recurrent cancer, whereas only 3 % patients
with low Sox2 expression did, implicating a correlation of
Sox2 expression and cervical cancer progression. Rela-
tively fewer studies have evaluated the roles of Msil in
chemoresistance. Li et al. identified a population of che-
moresistant SP cells from gastric cancer cell line and

Prognostic variables Overall survival

Recurrence—free survival

Hazard ratio (95 % Cl) P Hazard ratio (95 % Cl) P
Age (>40 vs <40)
FIGO Stage (>IB1 vs IB1) 7467 (2.107-26.460) 0.002 3.938 (1.524-10.197) 0.005
Differentiation (Grade 3 vs 1/2)
Timor Size (>4 cm vs <4 cm)
Msi1 (high vs low)
ALDH1 (high vs low) 3.805 (1.331-10.879) 0.013 4.261 (1.655-10.968) 0.003
CD49f (high vs low) 0. 064 (0.008-0.492) 0.008 0.108 (0.025-0.470) 0.003
Sox2 (high vs low) 8.650 (1.141-65.603) 0.047 5.834 (1.353-25.163) 0018
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observed a high expression level of Msil in these cells
[25]. Johannessen et al. demonstrated that the expression
of Msil was downregulated through inhibition of PI3K/
AKT pathway, which is involved in treatment resistance in
glioblastomas [26]. In this study, we document a poorer
overall and recurrence-free survival time with high expres-
sion of Msil in univariate but not multivariable survival
time analysis, indicating that the poor prognostic role of
Msil may be secondary to their association with other
established prognostic criteria. Altogether, these studies
suggest that increased ALDH1, Sox2, and Msil expression
are related to the progression and may be related to che-
moresistance of CSCC.

Interestingly, we found that CD49f expression was in-
creased in CSCC tissues while high expression of CD49f
was associated with favourable prognosis of patients.
The results suggested that CD49f expression was linked
with reduced chemoresistance in cervical cancer. CD49f
has been reported to play a critical role in CSC mainten-
ance and in the attachment of tumor cells to laminin
[27]. The unexpected finding that CD49f expression was
correlated with better clinical outcome suggests that not
all CSC markers characterise the chemoresistant cell
population and that the prognostic role of CD49f might
be tissue specific and diverse in different cancers. An-
other explanation is that the expression of CD49f may
be decreased in the invasive area of cancer tissues, which
has already been reported for other cell adhesion mole-
cules, and which has been regarded as a key event in
epithelial mesenchymal transition [28].

An important finding emerges from the present investi-
gation is that tumors with high Msil and low CD49f ex-
pression had the poorest prognosis, whereas tumors with
lack of Msil and CD49f overexpression had the best prog-
nosis. Double stratification analysis was also performed
according to ALDH1/CD49f, and Sox2/CD49f, and the re-
sults showed that ALDHI1p/CD49fi,,, and Sox2pgn/
CD491,,,,, population predict poor recurrent-free prognosis
in CSCC patients. The results imply the importance of
such a sub-population in predicting the prognosis and
chemosensitivity of cervical cancer patients. Targeting this
cell population with novel pharmaceutical agents may
prove to be effective for the treatment of chemoresistant
cervical tumors.

Conclusions

In conclusion, our study provided the first clinical evi-
dence that CSC markers are associated with the clinical
prognosis of CSCC patients. High expression of Msil,
ALDH]1, and Sox2, and low expression of CD49f predict
poor prognosis for cervical cancer patients receiving
postoperative chemotherapy. Moreover, double stratifi-
cation analysis showed that Msilpg/CD49f,,, subgroup
had the poorest RFS. Our findings may be of great value
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in the development of personalized therapies for patients
with cervical cancer.

Additional file

Additional file 1: Table S1. Correlation of cancer stem cell markers
with histopathological variables. (DOCX 15 kb)

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

TH and YNZ were responsible for the design of this study. TH, CJT, and GK
performed the experiments and drafted the manuscript. WJZ participated in
the data collection and analysis. XH and YWH helped in sample collection.
All authors read and approved the final manuscript.

Acknowledgements
The study was supported by the National Natural Science Foundation of
China (Grant No. 81402303).

Author details

'State Key Laboratory of Oncology in South China, Sun Yat-sen University
Cancer Center, Collaborative Innovation Center for Cancer Medicine,
Guangzhou, GD 510060, China. “Department of Urology, Union Hospital,
Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, HB 430022, China.

Received: 27 December 2014 Accepted: 16 October 2015
Published online: 24 October 2015

References

1. Haie-Meder C, Morice P, Castiglione M. Cervical cancer: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2010221 Suppl 5:v37-40.

2. Lai CH. Management of recurrent cervical cancer. Chang Gung Med J.
2004;27(10):711-7.

3. Duyn A, Van Eijkeren M, Kenter G, Zwinderman K, Ansink A. Recurrent
cervical cancer: detection and prognosis. Acta Obstet Gynecol Scand.
2002;81(8):759-63.

4. Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, and cancer
stem cells. Nature. 2001;414(6859):105-11.

5. Dean M, Fojo T, Bates S. Tumour stem cells and drug resistance. Nat Rev
Cancer. 2005;5(4):275-84.

6. Takebe N, Ivy SP. Controversies in cancer stem cells: targeting embryonic
signaling pathways. Clin Cancer Res. 2010;16(12):3106-12.

7. Glazer Rl, Wang XY, Yuan H, Yin Y. Musashil: a stem cell marker no longer
in search of a function. Cell Cycle. 2008;7(17):2635-9.

8. Okano H, Imai T, Okabe M. Musashi: a translational regulator of cell fate.

J Cell Sci. 2002;115(Pt 7):1355-9.

9. Liu SY, Zheng PS. High aldehyde dehydrogenase activity identifies cancer
stem cells in human cervical cancer. Oncotarget. 2013;4(12):2462-75.

10.  Liu XF, Yang WT, Xu R, Liu JT, Zheng PS. Cervical cancer cells with positive
Sox2 expression exhibit the properties of cancer stem cells. PLoS One.
2014,9(1):e87092.

11.  Lopez J, Poitevin A, Mendoza-Martinez V, Perez-Plasencia C, Garcia-Carranca
A. Cancer-initiating cells derived from established cervical cell lines exhibit
stem-cell markers and increased radioresistance. BMC Cancer. 2012;12:48.

12. Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix, and
endometrium. Int J Gynaecol Obstet. 2009;105(2):103-4.

13. Martens JE, Smedts FM, Ploeger D, Helmerhorst TJ, Ramaekers FC, Arends
JW, et al. Distribution pattern and marker profile show two subpopulations
of reserve cells in the endocervical canal. Int J Gynecol Pathol.
2009;28(4):381-8.

14. Trumpp A, Wiestler OD. Mechanisms of Disease: cancer stem cells-targeting
the evil twin. Nat Clin Pract Oncol. 2008;5(6):337-47.

15.  Gottesman MM, Fojo T, Bates SE. Multidrug resistance in cancer: role of ATP-
dependent transporters. Nat Rev Cancer. 2002;2(1):48-58.


dx.doi.org/10.1186/s12885-015-1826-4

Hou et al. BMC Cancer (2015) 15:785

20.

21,

22.

23.

24.

25.

26.

27.

28.

Manohar CF, Bray JA, Salwen HR, Madafiglio J, Cheng A, Flemming C, et al.
MYCN-mediated regulation of the MRP1 promoter in human
neuroblastoma. Oncogene. 2004;23(3):753-62.

Wang Z, Wang N, Li W, Liu P, Chen Q, Situ H, et al. Caveolin-1 mediates
chemoresistance in breast cancer stem cells via beta-catenin/ABCG2
signaling pathway. Carcinogenesis. 2014;35(10):2346-56.

Wang L, Guo H, Lin C, Yang L, Wang X. Enrichment and characterization of
cancer stemlike cells from a cervical cancer cell line. Mol Med Rep.
2014,9(6):2117-23.

Knudsen ES, Dervishaj O, Kleer CG, Pajak T, Schwartz GF, Witkiewicz AK.
EZH2 and ALDH1 expression in ductal carcinoma in situ: complex
association with recurrence and progression to invasive breast cancer.
Cell Cycle. 2013;12(13):2042-50.

Dylla SJ, Beviglia L, Park IK, Chartier C, Raval J, Ngan L, et al. Colorectal
cancer stem cells are enriched in xenogeneic tumors following
chemotherapy. PLoS One. 2008;3(6):2428.

Alamgeer M, Ganju V, Kumar B, Fox J, Hart S, White M, et al. Changes in
aldehyde dehydrogenase-1 expression during neoadjuvant chemotherapy
predict outcome in locally advanced breast cancer. Breast Cancer Res.
2014;16(2):R44.

Deng Y, Zhou J, Fang L, Cai Y, Ke J, Xie X, et al. ALDH1 is an independent
prognostic factor for patients with stages II-lll rectal cancer after receiving
radiochemotherapy. Br J Cancer. 2014;110(2):430-4.

Tian T, Zhang Y, Wang S, Zhou J, Xu S. Sox2 enhances the tumorigenicity
and chemoresistance of cancer stem-like cells derived from gastric cancer.
J Biomed Res. 2012;26(5):336-45.

Jeon HM, Sohn YW, Oh SY, Kim SH, Beck S, Kim S, et al. ID4 imparts
chemoresistance and cancer stemness to glioma cells by derepressing miR-9*-
mediated suppression of SOX2. Cancer Res. 2011,71(9):3410-21.

Li R, Wu X, Wei H, Tian S. Characterization of side population cells isolated
from the gastric cancer cell line SGC-7901. Oncol Lett. 2013;5(3):877-83.
Johannessen TC, Wang J, Skaftnesmo KO, Sakariassen PO, Enger PO,
Petersen K, et al. Highly infiltrative brain tumours show reduced
chemosensitivity associated with a stem cell-like phenotype. Neuropathol
Appl Neurobiol. 2009;35(4):380-93.

Torimura T, Ueno T, Kin M, Ogata R, Inuzuka S, Sugawara H, et al. Integrin
alphaébetal plays a significant role in the attachment of hepatoma cells to
laminin. J Hepatol. 1999;31(4):734-40.

Ngan CY, Yamamoto H, Seshimo |, Ezumi K, Terayama M, Hemmi H, et al.
A multivariate analysis of adhesion molecules expression in assessment of
colorectal cancer. J Surg Oncol. 2007,95(8):652-62.

Page 8 of 8

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
¢ No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients and tissue specimens
	RNA extraction and real-time PCR
	Immunohistochemical (IHC) staining
	IHC score
	Statistical analysis

	Results
	Clinical results and tumor recurrent
	Patterns of expression
	Associations between Msi1, ALDH1, Sox2 and CD49f expression and clinicopathological features
	Associations between Msi1, ALDH1, Sox2 and CD49f expression and clinical prognosis

	Discussion
	Conclusions
	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



