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Abstract Digestive system cancers are listed among the ten
top causes of cancer-related death worldwide. Cancer stem
cells (CSCs) are malignant cells that share some of their
characteristics with normal stem cells, including self-renewal
andmultipotency, and also cancer cells, such as drug resistance
and metastasis. Despite many reports on CSCs with digestive
system origin, identification and characterization of esophageal
CSCs have remained elusive. To examine the validity of
routine SC, cancer cell and CSC markers in KYSE30 cells,
derived from esophageal carcinoma, cells were first character-
ized by immunofluorescence and RT-PCR techniques, and
then the significance of candidate biomarkers was evaluated
in retinoic acid-treated cells by flow cytometry and/or real-time
RT-PCR.Meanwhile, to study CD15 (a newly introduced CSC
marker) expression in digestive tract cancers, human normal
and tumoral tissues of esophagus, stomach, and colon were

analyzed by immunohistochemistry. Using several experimen-
tal approaches, we show that CD44, but not CD15, could serve
as a reliable marker for undifferentiated malignant squamous
cells of esophagus. In conclusion, our study confirms the role
of CD44 as a CSC marker in KYSE30 cells, an esophageal
squamous cell carcinoma cell line, and for the first time in-
dicates the expression of CD15 in non-neural stem-like cancer
cells. Although the importance of CD15 was not indicated in
diagnosis of digestive cancers, further studies are needed to
better understand the biological identity and function of this
molecule in non-neural malignancies.
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Introduction

Cancer is the second life-threatening disease worldwide with
an estimated incidence of 15.5 million by 2030 [1].
Malignancies of the digestive system, which show different
geographic distribution, are listed among the ten top causes of
cancer-related death [2]. For instance, the incidence of esoph-
ageal squamous cell carcinoma (ESCC) is more frequent in
Asia compared to the rest of the world [3], and the survival
rate of ESCC patients is less than 50 % within 5 years under
current therapies [4]. Gastric cancer (GC) and colorectal car-
cinoma (CRC) are defined as the third and second leading
causes of cancer-related mortality in the world, respectively,
and despite the use of various therapeutic combinations, none
of the available options are curative in patients with advanced
GC or CRC [5, 6].

Currently, it is believed that the main obstacle achieving
long-lasting therapeutic outcomes is the development of
chemo-radiotherapy resistant and metastatic cancer cells.
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In this regard, deeper understanding of various aspects of
cancer biology, including specific cancer cell biomarkers, not
only helps clinicians accurately detect tumor-initiating or met-
astatic cells in primary biopsies but also provides opportunities
to evaluate the efficacy of novel cancer cell-targeted treatments.

Cancer stem cells (CSCs) are malignant SCs detected in a
large number of human cancers that seem to play important
roles in different stages of tumorigenesis. Salient properties of
CSCs, including high proliferation and migration abilities,
therapeutic resistance, and in vivo tumorigenicity, are corre-
lated with overexpression of several stemness and malignant
mediators [7]. Transcription factors OCT4, NANOG, and
SOX2; ATP-binding cassette transporters such as ABCG2,
migration and evasion-related proteins like CXCR4, and var-
ious membranous glycosylated antigens including CD44,
CD133, CD15, and EpCAM are reported to be responsible
for CSC characteristics [8, 9].

Differentiation therapy is an interesting therapeutic modal-
ity aimed at reactivating endogenous differentiation programs
in cancer cells with subsequent tumor maturation and concur-
rent loss of tumor phenotype. Retinoids are vitamin A de-
rivatives that have been successfully used in chemotherapy
regimens to promote tumor cell differentiation and/or induce
proteins that sensitize tumors to drug combinations [10].

Since early diagnostic tools and effective therapeutic
approaches are urgently needed to combat the growing
mortality of digestive malignancies, studying specific char-
acteristics of cancer cells, particularly CSCs, will have great
impacts on designating novel and more effective strategies.
Although a lot have been reported on CSCs originated from
digestive system, identification and characterization of
esophageal CSCs has remained elusive. Accordingly, we
examined the validity of routine SC, cancer cell, and CSC
markers in KYSE30 cells, an ESCC cell line, and also
evaluated the efficacy of retinoic acid (RA)-induced differen-
tiation in these cells using flow cytometry (FCM), immuno-
cytochemistry (ICC), reverse transcription polymerase chain
reaction (RT-PCR), and real time RT-PCR. Meanwhile, to
study the significance of CD15, a newly introduced CSC
marker, in the diagnosis of digestive cancers, normal and
tumoral tissues of esophagus, stomach, and colon were ana-
lyzed by immunohistochemistry (IHC).

Materials and methods

Culture and treatment of cells

KYSE30 cells, obtained from Pasteur Institute (Tehran, Iran),
were grown in Roswell park memorial institute (RPMI)
1640/Ham's F12 medium (Gibco) supplemented with 10 %
fetal bovine serum (FBS, Gibco), while NTERA2 cells, gen-
erously provided by Prof. Peter Andrews (University of

Sheffield, England) were cultured in Dulbecco's modified
Eagle's medium (DMEM, Gibco) supplemented with 10 %
FBS. Both cell lines were incubated at 37 °C in a humidified
atmosphere of 10 % CO2 in air, and subcultured, when re-
quired, by 0.25 % trypsin-1 mM EDTA (Gibco) and glass
beads (Corning Life Sciences), respectively.

To induce differentiation, KYSE30 and NTERA2 cells
were treated with 2×10−5 M and 10−5 M all-trans retinoic
acid (Sigma) for 28 days, respectively. The media were
changed in the dark two to three times a week, and cells
were subcultured during the first 2 weeks.

Flow cytometry studies

Detection of cell surface and nuclear antigens

To examine the expression of several cell surface and nuclear
antigens, the following protocols were employed: for superfi-
cial markers CD44, CD133, CD15, EpCAM, CXCR4, SSEA-
3, SSEA-4, TRA-1-60, and TRA-1-81 and gangliosides GD3
and GT3, single-cell suspensions were incubated with appro-
priate dilutions of antibodies (Table 1) at 4 °C, while for nuclear
detection of OCT4, NANOG, and SOX2, cells were first fixed
with 4 % paraformaldehyde (PFA, Sigma), permeabilized with
0.5 % Triton-X-100 (Sigma), and then incubated with diluted
antibodies. By the end of the procedure, unbounded antibodies
were removed by washing, and cells were analyzed by
FACScalibur (BD Biosciences) using fl1 or fl2 filters.

Efflux assay

To study the activity of ABCG2, KYSE30 cells were
suspended in mitoxantrone (3 μM, Sigma) and incubated at
37 °C in the dark for 30 min, during which mitoxantrone was
accumulated in the cells. After washing, cell pellets were
resuspended in culture medium and incubated at 37 °C in the
dark for 60 min to allow maximum efflux of this drug. Finally,
acquisition was performed on FACScalibur using fl3 filter.

Propidium iodide (PI) staining

For cell cycle analysis, pellets of KYSE30 and NTERA2
cells were resuspended in phosphate buffered saline (PBS)
containing 0.1 % Triton X-100, 0.1 % sodium citrate, and
10 μg/ml PI (Sigma) and examined by FACScalibur using
fl2 filter.

Immunostaining

Immunocytochemistry

To confirm FCM results, the expression of CD15, OCT4,
SOX2, and NANOG was investigated in KYSE30 and
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NTERA2 cells by ICC method. Briefly, after fixing and perme-
abilization of cells, they were first treated with 3 % H2O2

(Sigma), for endogenous peroxidase inactivation, and then with
blocking buffer (4 % bovine serum albumin, Invitrogen).
Afterwards, cells were incubated with primary antibodies (di-
lutions 1:50 for CD15, 1:100 for OCT4, 1:2,000 for NANOG,
and 1:400 for SOX2) at room temperature, and followed by
several washings with PBS, secondary antibodies (dilutions
1:1,500 for IgM-HRP, 1:500 for IgG1-HRP and IgG2b-HRP)
were applied. As soon as detached antibodies were removed,
cells were treated with 3,3′-diaminobenzidine (DAB, Sigma)
and examined under an invert microscope (Zeiss-Axiovert).

Immunohistochemistry

To study the expression of CD15 in normal and tumoral
tissues of esophagus, stomach, and colon, 4-μm-thick sec-
tions from formalin-fixed paraffin-embedded tissues were
prepared on poly L-lysine (Sigma) pre-coated slides. List of
tissues and clinicopathological information of patients are
listed in Table 2. After sections were dewaxed in xylene
(Sigma) and rehydrated by decreasing percentages of etha-
nol (Sigma), they were boiled in sodium citrate solution
(10 mM, Sigma) to retrieve antigens. Then, specimens were
treated with 3 % H2O2 and blocking buffer and finally
incubated with anti-CD15 antibody (dilution 1:2,000) at
4 °C overnight. After several washings with PBS, sections
were subjected to HRP-conjugated IgM (dilution 1:2,000)
followed by staining with DAB working solution. At the
end, slides were washed in CuSO4 solution (Sigma), stained

with hematoxylin (Novocastra), rinsed in NH3OH solution
(Sigma), dehydrated, dried, and mounted with glue. The
positive evaluation criteria for membranous expression of
CD15 was mouse kidney, while human seminoma and pri-
mary antibody omission were considered as negative
controls.

RT-PCR

Total cellular RNA was extracted from untreated cells, and
also KYSE30 cells treated with 2×10−5 M RA and
NTERA2 cells treated with 10−5 M RA for 7, 14, 21, and
28 days using RNX-plus (Cinnagen). To avoid DNA con-
tamination, extracted RNAs were treated with RNase-free
DNase I (Genet Bio) followed by heat inactivation in the
presence of EDTA. To synthesize cDNAs, oligo-dT, dNTPs,
RNase inhibitor, and M-MuLV reverse transcriptase
(Fermentas) were used according to the manufacturer's in-
struction. The fidelity of amplified cDNAs was then con-
firmed by semi-quantitative RT-PCR using GAPDH
primers, and final products were loaded on 1 % agarose
gel for electrophoresis. To study the expression of OCT4,
SOX2, NANOG, KLF4, c-MYC, LIN28, TA, and ΔN vari-
ants of p63 and cytokeratin 4 (KRT4), specific primers were
used as described in Table 3.

Real-time RT-PCR

Real-time RT-PCR was performed using SYBR Green mas-
ter mix (Cinnagen) in iQ5 real-time PCR Detection System

Table 1 List of primary,
secondary, and conjugated
antibodies used in
the present study

* Generous gifts from Prof. P. W.
Andrews, University of
Sheffield

Name Isotype Source Clone FCM dilutions

Anti-OCT4 Mouse IgG2b Santa Cruz C10 1:50

Anti-SOX2 Mouse IgG1 Novus Biologicals 10F10 1:100

Anti-NANOG Mouse IgG1 Cell Signalling 1E6C4 1:200

Anti-CD44 Rat IgG-FITC BD IM7 1:100

Anti-CD133 Mouse IgG Miltenyi Biotec 293C3 1:50

Anti-CD15 Mouse IgM * MC480 1:50

Anti-EpCAM Mouse IgG-PE-Cy7 eBioscience G8.8 1:100

Anti-CXCR4 Mouse IgG-PE Neuromics 44717 1:100

Anti-SSEA-3 Rat IgM * MC631 1:50

Anti-SSEA-4 Mouse IgG * MC813 1:50

Anti-TRA-1-60 Mouse IgM * TRA-1-60 1:50

Anti-TRA-1-81 Mouse IgM * TRA-1-81 1:50

VIN-IS-56 Mouse IgM * R24 1:50

A2B5 Mouse IgG * 105 1:50

Goat IgM-FITC Santa Cruz 1:80

Rat IgG-FITC Ray Biotech 1:100

Rat IgM-HRP Invitrogen

Goat IgG1-HRP Abcam

Goat IgG2b-HRP Abcam

Tumor Biol. (2013) 34:2909–2920 2911

Author's personal copy



(Bio-Rad). To compare the level of gene expression in RA-
treated KYSE30 and NTERA2 cells, GAPDH transcripts
were used as internal control, and normalized values were
plotted as relative fold change over untreated. Thermal
cycling conditions were as follows: 95 °C for 4 min,
followed by 40 cycles of denaturation at 95 °C for 30 s,
annealing at 60 °C for 30 s, and extension at 72 °C for 30 s.
PCR efficiencies (E) were calculated for all used primers
from the given slopes of standard curves, generated from
serial dilutions of positive controls, according to the follow-
ing equation: E=2(−ΔΔCT) [11].

Statistical analysis

Statistical analyses were carried out by one-way
ANOVA, paired t test, and Pearson correlation using
SPSS version 11 software. Results were reported as
mean±SD, and p<0.05 was considered to be statistically
significant.

Results

Characterization of KYSE30 cells

To define the molecular signature of KYSE30 cells,
FCM, ICC, and RT-PCR studies were carried out, while
appropriate positive controls confirmed the fidelity of
each experiment. Since the presence of OCT4,
NANOG, SOX2, CD44, CD133, EpCAM, CXCR4,
CD15, SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81
has been reported in several stem-like cancer cells, we
studied KYSE30 cells for these antigens by FCM. As it
is demonstrated in Fig. 1, among all studied biomarkers,
KYSE30 cells were positive for SOX2, CD44, and
CD15 as 20 %, 96 %, and 100 %, respectively. Worth
to note, the surface phenotype of KYSE30 cells was
repeatedly characterized and shown to remain stable
over 9 months. On the other hand, NTERA2 cells,
which were used as cells with stem and malignant prop-
erties in this work, were positive for OCT4, SOX2, NANOG,
CD44, SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81
(Fig. 2). To mention, P19 mouse embryonal carcinoma
cells and human mesenchymal SCs were considered as
positive controls for CD15 and CXCR4, respectively
(data not shown).

To confirm FCM results, OCT4, NANOG, SOX2, and
CD15 expression was further studied by ICC. Applying
specific primary and relevant HRP-conjugated secondary
antibodies, the expression of SOX2 and CD15 was
detected in KYSE30 cells (Fig. 1m, n), while NTERA2

Table 2 List of tissues analyzed for CD15 expression with clinicopathological features of patients

Tissues Number of samples Age Sex Grade

≤60 >60 Female Male WD MD PD

Esophagus SCC 65 29 36 30 35 27 35 3

Normal 34 18 16 12 22

Stomach Adenocarcinoma 43 14 29 12 31 10 18 15

Normal 45 33 12 27 18

Colon SCC 26 12 14 10 16 13 13 0

Normal 37 26 11 15 22

WD well differentiated, MD moderately differentiated, PD poorly differentiated

Table 3 List of primers, their sequence, and product length used in the
current study

Gene name Sequence (5′ to 3′) Product
size (bp)

GAPDH F: GACCACTTTGTCAAGCTCATTTCC 150

R: GTGAGGGTCTCTCTCTTCCTCTTGT

OCT4 F: GAACATGTGTAAGCTGCGGCC 270

R: CCCTTCTGGCGCCGGTTAC

SOX2 F: AGCTACAGCATGATGCAGGA 126

R: GGTCATGGAGTTGTACTGCA

NANOG F: CCAACATCCTGAACCTCAGCTAC 121

R: GCCTTCTGCGTCACACCATT

LIN28 F: AAAGGAGACAGGTGCTAC 102

R: ATATGGCTGATGCTCTGG

KLF4 F: TCTCAAGGCACACCTCCGAA 105

R: TAGTGCCTGGTCACTTCATC

c-MYC F: ACTCTGAGGAGGAACAAGAA 159

R: TGGAGACGTGGCACCTCTT

ΔNp63 F: GGAAAACAATGCCCAGACTC 294

R: GTGGAATACGTCCAGGTGGC

TAp63 F: TGTATCCGCATGCAGGACT 127

R: CTGTGTTATAGGGACTGGTGGAC

KRT4 F: CCACCTACCGCAAACTGCT 132

R: CGGAGCCACTTCCTAATCCT

2912 Tumor Biol. (2013) 34:2909–2920

Author's personal copy



cells were stained for OCT4, SOX2, and NANOG (data
not shown).

Since the enhanced expression and activity of ABC trans-
porters including ABCG2 are thought to be responsible for
the efflux of anticancer agents, to further characterize
KYSE30 cells, ABCG2 activity was assessed using its fluo-
rescent substrate, mitoxantrone. Efflux assay results re-
vealed that following accumulation of mitoxantrone in
KYSE30 cells, the drug export was not considerable during

efflux phase, which indicates low level of ABCG2 activity
in these cells (Fig. 1o).

In better understanding molecular properties of KYSE30
cells, the pattern of mRNA expression for oncogenes KLF4,
c-MYC, LIN28, TA, andΔNvariants of p63 and alsoKRT4was
investigated by RT-PCR and compared with NTERA2 cells. As
shown in Fig. 3a, b, moderate level of SOX2, c-MYC,ΔNp63,
andKRT4, low level of TAp63, and very low level ofOCT4 and
LIN28 expression were detected in KYSE30 cells. However, in

Fig. 1 Characteristics of KYSE30 cells. Expression of OCT4 (a),
NANOG (b), SOX2 (c), SSEA-3 (d), SSEA-4 (e), TRA-1-60 (f),
TRA-1-81 (g), CD133 (h), CD44 (i), CD15 (j), EpCAM (k), and
CXCR4 (l) was analyzed flow cytometrically in KYSE30 cells; white
and colored areas represent the isotype control and specific antibody

stainings, respectively. Nuclear detection of SOX2 (m) and membra-
nous staining of CD15 (n) in KYSE30 cells by ICC. Flow cytometry
histograms of mitoxantrone accumulation and efflux from KYSE30
cells (o); depending on the level of ABCG2 activity, the fluorescence
signals decrease upon drug efflux

Tumor Biol. (2013) 34:2909–2920 2913
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NTERA2 cells, high level of OCT4, moderate level of SOX2,
NANOG, and c-MYC, low level of TAp63, and very low level of
LIN28 and KLF4 expression were detected.

RA effects on biological properties of KYSE30 cells

To investigate the biological importance of detected stem and
cancerous markers in KYSE30 cell line, cells were subjected to
RA for 28 days, and changes in their morphology, cell cycle,
and gene expression pattern were examined at various time

points. To verify results, NTERA2 cells were considered as
undifferentiated-pluripotent cancer cells.

Alterations in morphology and cell cycle

Since RA is a neural differentiation inducer, alterations in
morphology and growth of KYSE30 and NTERA2 cells were
studied during 28 days of RA treatment. As it is shown, there
was no difference in the growth rate and morphology of
untreated KYSE30 cells and cells treated with RA for 7 days

Fig. 3 Gene expression pattern
of specific markers in KYSE30
and NTERA2 cells. In both cell
lines, almost the same level of
GAPDH was synthesized
by 1:20 diluted cDNA. The
mRNAs of SOX2, c-MYC,
ΔNp63, KRT4 and, in lower
levels, OCT4, LIN28, and
TAp63 were detected in
KYSE30 cells (a). In NTERA2
cells, OCT4 expression was
higher than SOX2, NANOG,
and c-MYC, which were
higher than TAp63 (b)

2914 Tumor Biol. (2013) 34:2909–2920
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(Fig. 4a, b), while on days 14, 21, and 28, reduced cell
proliferation and dramatic morphological changes were ob-
served (Fig. 4c–e). Studying NTERA2 cells during RA treat-
ment showed slight changes in the growth rate and morphol-
ogy on day 7 that were followed by cell proliferation arrest and
appearance of neural morphology on days 14, 21, and 28
(Fig. 4f, j).

The kinetics of RA-induced differentiation was determined
by PI staining (Fig. 5). As it is shown, in comparison with
untreated KYSE30 cells and cells treated with RA for 14 days,
longer incubation time with RA, resulted in apoptosis as indi-
cated by accumulation of cells in sub G1 peak (Fig. 5a–c). On
the other hand, RA-induced cell cycle arrest was prominent in
NTERA2 cells on days 14 and 21, as indicated by G1 arrest
(Fig. 5d, f). These data, which are in agreement with morpho-
logical studies, indicate that RA-inducing effects are detectable
in KYSE30 at a later stage in comparison with NTERA2 cells.

Changes in gene expression pattern of specific markers

To identify characteristics of RA-induced KYSE30 cells, the
expression pattern of several candidate molecules was analyzed
by FCM and/or real-time RT-PCR during 28 days of induction.
Studying CD15, CD44, and neural markers GD3 and GT3 in
RA-treated KYSE30 cells only revealed continuous and signif-
icant (p<0.05) downregulation of CD44 up to day 28, while no
changes in CD15 expression was observed, and no expression
of GD3 and GT3 was detected (Fig. 6a). However, studying
RA-treated NTERA2 cells for all mentioned antigens confirmed
their differentiation toward neural lineage; on days 7 and 14,
maximum levels of GD3, GT3, and CD15 were detected, while
CD44 expression were completely downregulated (Fig. 6b).

Furthermore, analyzing the expression of OCT4, SSEA-3,
SSEA-4, TRA-1-60, and TRA-1-81 by FCM in NTERA2 cells
revealed that 21 days after RA administration, the expression of
all these SC markers was completely downregulated (data not
shown).

As presented in Fig. 7, real-time RT-PCR results indicat-
ed a significant (p<0.05) downregulation of SOX2, c-MYC,
and KRT4 in RA-treated KYSE30 cells, while a significant
change in ΔNp63 expression was only observed on day 7.
Nevertheless, RA-induced differentiation in NTERA2 cells
was characterized by significant (p<0.05) downregulation
of NANOG and SOX2 and upregulation of KRT4.

CD15 expression in digestive tract specimens

To investigate the role of CD15 in diagnosis of digestive cancers,
CD15 expression was examined in normal and tumoral tissues of
esophagus, stomach, and colon by IHC staining. As presented in
Fig. 8, although CD15+ cells were detected in a subset of
examined tissues, no significant difference was observed be-
tween normal and cancer tissues, and no correlation was found
between CD15 expression and clinicopathological features.

Discussion

Identification of CSCs paves the way in finding novel and
effective approaches for treatment of metastatic and drug-
resistant malignancies. However, prospective isolation, identi-
fication, and characterization of CSCs have been a major chal-
lenge, mainly due to the heterogeneity amongst tumors and
tumor cells and lack of specific markers to target these cells

Fig. 4 RA-induced changes on morphology of KYSE30 and NTERA2
cells. Untreated KYSE30 cells (a) and cells treated with RA for 7 days
(b) show similar growth and morphological characteristics, while 14
(c), 21 (d), and 28 (e)days after RA administration, reduced cell
proliferation and dramatic morphological changes were observed. In

comparison with untreated NTERA2 cells (f), proliferation was re-
duced in cells treated with RA for 7 days (g), while neural-like
morphology appeared, and cell proliferation was decreased on days 14
(h), 21 (i), and 28 (j) after RA treatment

Tumor Biol. (2013) 34:2909–2920 2915
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[12]. Currently, CSCs are recognized by specific cell surface,
cytoplasmic, or nuclear markers that act as transcription factors,
enzymes, and/or functional attributes. Common markers used,
with varying degrees of success, to identify CSCs include
CD44, CD133, EpCAM, CXCR4, and recently, CD15 [12].

CD44 is a ubiquitous multifunctional glycoprotein that pro-
motes migration normal and cancer cells and associates with

proteins critical in regulating cell adhesion, proliferation,
growth, survival, angiogenesis, and differentiation [13, 14].
According to its physiological activities, CD44 has been exten-
sively used to detect undifferentiated cells in various malignant
cell lines and tissues [15–20]. In case of digestive cancers,
esophageal, gastric, and colon CD44+ stem-like cancer cells
have been detected and characterized by several groups [21–25].

Fig. 5 RA effects on cell cycle of KYSE30 and NTERA2 cells as
determined by PI staining. In comparison with untreated KYSE30 cells
(a) and cells treated with RA for 14 days (b), more cells were

accumulated in the sub G1 peak of the cell cycle on day 21 (c).
Furthermore, unlike untreated NTERA2 cells (d), G1 arrest was prom-
inent in NTERA2 cells 14 (e) and 21 (f) days after RA treatment

Fig. 6 Detection of CSC and neural markers upon RA treatment by
FCM. In KYSE30 cells (a), continuous and significant downregulation
of CD44 was observed up to day 28 of RA treatment, while no changes
in CD15, GD3, and GT3 were detected. Studying RA effects on

NTERA2 cells (b) confirmed their neural differentiation due to
upregulation of GD3 and GT3 and downregulation of CD44. Asterisk
indicates significant (p<0.05) difference in marker expression in
comparison with day 0

2916 Tumor Biol. (2013) 34:2909–2920
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CD15, also known as stage-specific embryonic antigen 1
(SSEA-1) or Lewis X antigen, is a carbohydrate epitope
(fucosyl-N-acetyl-lactosamine) found on a variety of human
multipotent cells including neural SCs [26], periodontal ligament
mesenchymal SCs [27], and uterine myofibroblasts [28]. CD15

has been introduced as a marker of neural lineage differentiation
in human embryonic SCs [29, 30] and as a CSC marker in
nervous system malignancies [31–35]. In an interesting attempt,
it has also been demonstrated that upon oncogenic
reprogramming of human fibroblasts, generated cells were

Fig. 7 Analysis of RA-induced changes on gene expression pattern by
real-time RT-PCR. Upon RA treatment of KYSE30 cells, SOX2 (a),
c-MYC (b), and KRT4 (c) were continuously downregulated, while a
significant change in ΔNp63 (d) expression was only observed on
day 7. However, RA-induced differentiation in NTERA2 cells was

characterized by downregulation of SOX2 (e) and NANOG (f), but
not c-MYC (g), and upregulation of KRT4 (h). Asterisk indicates
significant (p<0.05) difference in mRNA expression in comparison
with untreated cells

Fig. 8 Immunohistochemical
detection of CD15 in tissue
samples of esophagus, stomach,
and colon. Representative
images indicate
membranous expression of
CD15 in tumoral (a–c)
and normal (d–f) tissues of
esophagus (a, d), stomach
(b, e), and colon (c, f). The
graph (g) indicates percentage
of CD15+ cells in each group;
statistical analysis revealed no
significant difference in CD15
expression between malignant
tissues and their normal
counterparts
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marked by CD15 and presented all the defining features of CSCs,
including multipotency, self-renewal, and tumorigenicity [36].

In light of past findings on CSCs of digestive system, we
aimed to unravel the potential correlation between routine stem
and cancer biomarkers and biological properties of esophageal
malignant cells. Studying KYSE30 cells for a panel of stem
(OCT4, SOX2, NANOG, SSEA-3, SSEA-4, TRA-1-60, and
TRA-1-81), cancer (KLF4, c-MYC, LIN28, and TA and ΔN
variants of p63), and CSC (CD44, CD133, CD15, EpCAM, and
CXCR4) biomarkers revealed 96 % and 100 % expression of
CD44 andCD15 in these cells, respectively. Furthermore, FCM,
ICC and RT-PCR results indicated the expression of SOX2, c-
MYC, ΔNp63, and KRT4 in KYSE30 cells, but very interest-
ingly, these cells were negative for the rest of analyzed markers.

SOX2 plays crucial roles in the later events of carcinogenesis
such as invasion and metastasis [37–39], and its expression has
been frequently reported in digestive cancers including ESCC
[40–44], GC [39], and CRC [45, 46]. Proto-oncogene c-MYC
activates an embryonic SC-like transcriptional module that
strongly correlates with tumor metastasis and mortality [47],
and excluding c-MYC from the cocktail of factors introduced
for cell reprogramming, drastically reduced the efficiency of
induced pluripotent stem (iPS) cell generation [48, 49]. p63 is a
transcription factor that plays roles in diverse biological events
including apoptosis, tumorigenesis, and chemosensitivity [50].
TA andΔNvariants of p63 are targets of genomic amplification
or overexpression in a number of human squamous epithelial
malignancies, which is consistent with the proposed prolifera-
tive or oncogenic role of this protein.

Although SOX2, c-MYC, and ΔNp63 expression could
explain malignant properties of KYSE30 cells, such as their
high rate and long-term proliferation, other common phenotypes
of CSCs including overexpression of self-renewal-related tran-
scription factors or migration and drug resistance mediators
were not observed in these cells. However, high and stable
expression of CD44 and CD15 by KYSE30 cells promoted us
to investigate their expression pattern during differentiation.

Based on CSCs' unique properties, novel therapies are
being designed with the intent to either reverse the drug
resistance of CSCs or to partially differentiate them into
more easily killed cancer cells [51]. Accordingly, a variety
of agents including retinoids, is currently being used for
chemoprevention and/or differentiation therapy of blood
malignancies and solid tumors [52]. In the present work,
RA was administrated as a differentiation inducer, and cells
were studied for their altered characteristics.

It has been demonstrated that CD44 knockdown strongly
inhibited tumorigenic properties of CD44+ colon CSCs [21],
and RA treatment of CD44+ ESCC cells resulted in a significant
downregulation of CD44 expression [24]. In agreement with
these reports, we show that upon RA treatment of KYSE30 and
NTERA2 cells, not only morphology, growth, and cell cycle
were affected, but also SOX2 and CD44 expression was

downregulated in both cell types. Furthermore, in line with
present results, downregulation of SC markers, including
SOX2, upon RA treatment has been frequently reported on
cancer cell lines including NTERA2 cells [53–55].

It has been reported that CD15 expression in neural CSCs
[34, 35] and in vitro-transformed CD15+ fibroblasts [36] de-
creased dramatically after few passages in vitro or upon induced
differentiation. Moreover, the spontaneous convert of CD15+

tumor fibroblasts into CD15− cells and vice versa [36] indicated
the transient expression of CD15 in positive cells. Intriguingly,
following 28 days of RA treatment, no changes were observed
in the percentage of CD15+ KYSE30 cells, while GD3, and
GT3, known as neural differentiation markers, were upregulated
in NTERA2 cells. Changes in the expression of CD15 indicated
an increase at early time points followed by a decrease after 28
days of induction as expected [56]. CD15 has only recently been
introduced as a CSC marker, and current understanding of its
identity and function in tumor biology is quite primitive.
Therefore, more study is needed to elucidate biological roles
and validity of CD15 as a universal CSC biomarker, and to
explain its unique expression pattern in KYSE30 cells.

Although converse effects of retinoids on keratins' ex-
pression have been frequently reported, their mechanism of
action is notoriously complex and poorly understood [57,
58]. Regarding to KRT4, retinoid-induced upregulation of
this protein has been demonstrated by several studies
[58–60], while there are also other evidences indicating its
downregulation [61–63]. Results of the present work imply
on both negative and positive effects of retinoids on KRT4
expression; upon RA treatment, KRT4 expression was
downregulated and induced in KYSE30 and NTERA2 cells,
respectively. Since it is not apparent whether effects of
retinoids are directly mediated by their receptors or indirect-
ly by some other mechanisms, discrepancies between cell
types may reflect tissue-specific expression of various gene
regulatory factors that are in cooperation with retinoids [64].

To determine a principal pattern of CSC markers, proper
screening and profiling of each marker with respect to each
tumor type is very vital. Accordingly, to evaluate CD15 role in
diagnosis of esophagus, stomach, and colon cancers, we studied
normal and tumoral specimens of each tissue. Although no
significant difference was observed in the percentage of
CD15+ cells between normal and cancer tissues, and CD15
was not correlated with clinicopathological features, to have a
comprehensive evaluation, future research must further examine
CD15 expression and function in these and other malignancies.

Conclusion

The present work reports on the characterization of long-term
stable CD15+CD44+ KYSE30 cells and also CD15 expression
in normal and tumoral tissues of esophagus, stomach, and
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colon. Although the present state of knowledge is insufficient
to introduce CD15 as a biomarker for undifferentiated cells in
digestive tract, expression of CD44 might be more reliable to
detect undifferentiated epithelial cells.
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