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The Octamer 4 gene (Oct4) is a master pluripotency con-
troller that has been detected in several types of tumors. 
Here, we examine the expression of Oct4 in human 
esophageal squamous cell carcinoma (ESCC). We found 
that punctate Oct4 protein was expressed in most (93.7%) 
ESCC samples but it was not observed in esophageal mu-
cosa. Some ESCC cells had the capacity to form tumoro-
spheres; those with an Oct4+-rich cell phenotype had in-
creased proliferation and Oct4 mRNA levels compared to 
those of differentiated cells in culture or xenograft tumors. 
The over-expression of Oct4 in ESCCs suggests that it is a 
potential target for ESCC therapy. Oct4 could be a useful 
tumor marker in an immunohistochemical panel designed 
to differentiate between ESCC and esophageal mucosa. 
Expression of Oct4 in tumorospheres might indicate the 
presence of a population of ECSCs and its expression in 
xenograft tumors suggests that Oct4 is also associated 
with tumor metastasis. 
 
 
INTRODUCTION 
 
Esophageal cancer (EC) is a lethal cancer with a poor progno-
sis (Jemal et al., 2008); the survival rate is only 15% at 5 years 
and remains less than 20-30% at 2 years even after surgical 
resection (Jemal et al., 2008). Squamous cell adenocarcinoma 
is the most common type of malignant tumor in the esophagus. 
The prognosis for patients with esophageal squamous cell 
cancer (ESCC), which remains the most frequent cause of 
cancer-related deaths (Enzinger and Mayer, 2003), is poor 
because of the high rate of local and distant metastases at the 
time of diagnosis. It has been suggested that only a fraction of 
tumor cells are responsible for tumor regrowth. Cancer cells are 
clonal in origin and might undergo processes similar to the self-
-renewal and differentiation of normal stem cells (Reya et al., 
2001). Multipotent cancer stem cells (CSC) might explain the 
histologic heterogeneity found in tumors (Gao, 2008). Zhang et 
al. found esophageal cancer stem-like cells (CSLC) after estab-
lishing radioresistant esophageal carcinoma cell lines (Zhang et 
al., 2008) that expressed Octamer 4 (Oct4). This finding 
prompted us to examine Oct4 expression in ESCC tissues.  

Oct4 is a member of the family of POU-domain transcription 
factors and its expression is normally confined to pluripotent 

cells of the developing embryo (Nichols et al., 1998). However, 
Oct4 has been shown to be a master pluripotency controller 
that is expressed in neoplastic germ cells with pluripotent po-
tential (Cheng et al., 2007; Looijenga et al., 2003), including 
seminomas (Ezeh et al., 2005; Jones et al., 2004), embryonal 
carcinomas (Jones et al., 2004) and dysgerminomas (Cheng et 
al., 2004). In adults, Oct4 protein expression in tumors has 
been observed in bladder cancer (Atlasi et al., 2007), breast 
carcinoma (Ezeh et al., 2005), oral squamous cell carcinoma 
(Chiou et al., 2008) and gastric cancer (Chen et al., 2009). 
Knockdown of Oct4 has been shown to arrest proliferation, 
resulting in the apoptosis of CSLCs (Hu et al., 2008). With re-
spect to the new CSC theory, the expression of such genes is 
potentially correlated with tumorigenesis and might affect some 
aspects of tumor behavior, such as tumor recurrence or resis-
tance to therapies; therefore, we investigated the expression of 
Oct4 in ESCC and its potential role in ESCC therapy.  
 
MATERIALS AND METHODS 

 

Patients  
This study was approved by the Medical Ethics Committee of 
Hubei Medical University. A total of 174 Chinese patients (95 
males aged 42 ± 12 years; 69 females aged 45 ± 11 years; the 
age range of all patients 35-76 years) were enrolled in the study. 
All patients provided informed written consent.  
 
Tissue array samples  
ESCC and esophageal mucosa (EM) array slides containing 
formalin-fixed, paraffin-embedded tissues were purchased from 
Shaanxi Chaoyin Biological Company (China). Each slide con-
tained 153 tissue specimens obtained before any treatment of 
patients who underwent esophagectomy. The main indications 

were ESCC (stage I, n = 65; stage IIA, n = 29; stage IIB, n = 17; 
stage III, n = 9; stage IV, n = 7; total, n = 127) and EM (n = 26). 
The clinical staging was done according to the tumor-node 
metastasis classification system.  
 
Tumorosphere culture 
ESCC fresh tissues were obtained within 30 min after surgical 
resection (stage I, n = 14; stageIIA, n = 4; stageIIB, n = 3; total 
n = 21), immediately washed in PBS containing 500 U/L penicil- 
lin G (Gibco, USA) and 500 mg/L streptomycin (Gibco, USA) to 
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remove blood cells, cut with scissors into small pieces and 
digested overnight in DMEM/F12 supplemented with 0.5 mg/ml 
collagenase IV (Gibco, USA). The unsorted cells were diluted 
with serum-free medium (SFM; a mixture of DMEM-F12 con-
taining 10 ng/ml fibroblasts and 20 ng/ml epidermal growth 
factors (Gibco, USA), 5 ng/ml insulin (Gibco, USA), 2.75 mg/ml 
transferrin (Gibco, USA), 2.75 ng/ml selenium (Insulin-Trans-
ferrin-Selenium solution, Gibco, USA), 105 U/L penicillin and 
100 mg/L streptomycin). Cells were plated at a density of 5 × 
105 live cells/100 mm plate at 37°C in a humidified 5% CO2 
atmosphere. Tumorospheres were dissociated every 7-10 days 
by incubation in nonenzymatic cell dissociation solution (Sigma, 
USA) for 2 min at 37°C and passaged at 1 × 103 cell/plate. Tu-
morosphere cells were induced to differentiate in stem cell me-
dium by adding fetal calf serum (FCS, 10% v/v).  

 

Immunohistochemical staining 
Tissue samples were fixed in phosphate-buffered 10% formalin 
(pH 7.2), embedded in paraffin and 4 μm thick sections were 
cut. Tissue microarray sections were dewaxed in xylene and 
dehydrated in alcohol. Antigen retrieval was done by heating 
samples to 100°C for 10 min in 0.01 M sodium citrate buffer 
(pH 6.0). After three rinses in PBS (5 min each), the sections 
were immersed in 3% H2O2 for 30 min to suppress endogenous 
peroxidase activity. After rinsing in PBS, the sections were 
incubated with normal mouse serum at 37°C for 15 min to block 
nonspecific antibody binding, followed by incubation with 
mouse monoclonal anti-human Nanog antibody (1:100 in PBS, 
Santa Cruz Biotechnology, USA) for 2 h at room temperature. 
After three washes in PBS (5 min each), the sections were 
incubated with biotinylated secondary antibody (Santa Cruz 
Biotechnology, USA) and then rinsed with PBS. After incuba-
tion (1 h at room temperature) in a solution containing strepta-
vidin-HRP (Kangwei Century Biotechnology, China) and rinsing 
in PBS, bound antibodies were visualized by reaction with 3,3′-
diaminobenzidine (DAB). The tissues were counterstained with 
hematoxylin. Staining of Sox2 (Santa Cruz Biotechnology, 
USA) and Oct4 (Santa Cruz Biotechnology, USA) was done as 
described above.  

Tumorosphere cells and tumorosphere-derived differentiated 
cells in cocultures were seeded on poly-D-lysine/laminin-coated 
coverslips (BD Biosciences, USA). The tumor cells were fixed 
in 4% paraformaldehyde in PBS for 6 min at room temperature, 
followed by two brief rinses with PBS. Fixed cells were perme-
abilized by incubation (room temperature) in 0.02% (v/v) Triton 
X-100 in PBS for 6 min. The cells were then briefly washed 
three times with PBS and stained using the antibodies and 
technique described above for tissue sections, the number of 
Nanog-positive cells in 300 cells were counted under light mi-
croscopy.  
 
Semiquantitative reverse transcription PCR of Nanog, Oct4  
and Sox2 
Total RNA of tumorospheres and its differentiated cells or 
xenograft tumors was purified with TRIzol reagent (Invitrogen, 
USA) and reverse transcribed with a reverse transcription kit 
(Invitrogen, USA). We used 2 μl of each reaction for PCR in 1 
μl of sense and antisense primers (Table 1), and 1 μl of β-actin 
primer, 2.5 μl of 25 mmol/L MgCl2, 1 μl of deoxynucleotide 
triphosphates (100 mM), 2.5 μl of 10× PCR buffer, 5 units of 
Taq DNA polymerase and 14 μl of double-distilled water in a 25 
μl reaction volume. The cycling protocol was: 4 min at 94°C; 20 
cycles of 94°C for 50 s, 59°C for 1 min, 72°C for 50 s; and a 
final extension step at 72°C for 10 min. PCR products (1 μl) 
were electrophoresed in 1.5% (w/v) agarose gels and the gray  

Table 1. PCR primers and products 

Symbol Primers 
Products 

(bp) 

Nanog

 

Sence: TCAGGCCCACAAATCACAGGCATAG

Antisence: CTATGCCTGTGATTTGTGGGCCTGA
193 

Oct4

 

Sence: AGCAACTCCGATGGGGCCTCC 

Antisence: GCCCCACATCGGCCTGTG 
194 

Sox2

 

Sence: TGGAAACTTTTGTCGGAGACG 

Antisence: CCCCGCTCGCCATGCTAT 
193 

β-actin

 

Sence: CCAGAGCAAGAGAGGCATCC 

Antisence:CCGTGGTGGTGAAGCTGTAG 
437 

 

 
scale ratio of PCR products was calculated.  
 

Tumorosphere and xenograft tumor proliferation assays  
Tumorosphere cells or cells from digested xenograft tumors 
were plated at a density of 1,000 cells/well in 96-well microwell 
plates in 0.1 ml of SFM supplemented with growth factors. Cell 
proliferation assays were done at 24 h post-plating using the 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetr-azolium bromide-based 
Colorimetric Assay Cell Proliferation Kit 1 (Roche, USA). Quan-
tification of viable cells was done by measurement of UV ab-
sorption at 575 nm with a Versamax microplate reader. 
 

Implantation of tumorosphere and tumorosphere-derived  
differentiated cells into nude mice  
Tumorospheres and tumorosphere-derived differentiated cells 
from 21 ESCC patients were dissociated in nonenzymatic cell 
dissociation solution (Sigma) then washed with serum-free 
Hank’s Balanced Salt Solution (HBSS). The cells were then 
suspended in a 1:1 (v/v) mixture of serum-free DMEM/F12 and 
Matrigel™, followed by subcutaneous injection of 1 × 105 cells 
into the right (differentiated cells) or left (tumorosphere cells) 
mid-abdominal area using a 23-gauge needle. Animals under-
went autopsy at 28 days post-cell implantation and a straight 
ruler was used to assess tumor growth. The tumor volume (V) 
was calculated as:  
 

V = 0.5 (L × W2) 
 
where L is length and W is width. Visible tumors were excised 
for histological examination. Harvested tissues were fixed in 
phosphate-buffered 10% formalin (pH 7.2), embedded in paraf-
fin, cut into 4 μm thick sections and stained with Nanog-specific 
antibodies as described above.  
 

Cancer cell apoptosis assay  

For quantitative analysis of apoptosis, xenograft tumors were 
trypsinized as described above, washed once in ice-cold PBS, 
and at least 400 cells were incubated with annexin-V-fluoroe-
scein/PI (Boehringer Mannheim, USA) in calcium-containing 
Hepes buffer (pH 7.0); then analyzed immediately with a FAC-
Scan machine (BD, USA). 
 
Statistical analysis 
We used independent-sample t-test to identify significant 
changes in transcription factor expression between the ESCC 
and EM samples. We used the χ2 test determine whether there 
was significant variation in the frequency of transcription factor 
expression between the ESCC and EM samples. The level of 
statistically significant difference was set at P ≤ 0.05. SPSS 
software for PC (version 13.0 for Windows, SPSS, Inc., USA) 
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was used for all statistical analysis. 
 
RESULTS 

 

Oct4 protein expression in ESCC and esophageal mucosa  
tissue array 
Immunohistochemical staining of Oct4 was done on a tissue 
array containing ESCC samples. We found that most (93.7%) 
ESCC samples expressed Oct4 in the tissue array. Although 
punctate Oct4 expression was observed in cells within the can-
cer nests, Oct4 was not detected in every cancer cell. Oct4 was 
located in both the cell cytoplasm and nucleus (Fig. 1C). Oct4 
was not detected in the esophageal mucosa (Fig. 1D) (P < 
0.001, comparison with ESCC). Sox2 (74.8%) and Nanog 
(71.6%) were also expressed in ESCCs, with an expression 
pattern similar to that of Oct4 (Figs. 1E and 1F).  
 

Tumorosphere formation of cancer cells in ESCC 
Single-cell suspensions of ESCC cells were prepared in non-
serum medium discription before, then cultured in stem cell 
medium at cloning density for 15 days. We found that a few 
ESCC cells formed individual colonies in the stem cell medium 
and that all of the tissues contained these cells. Some of the 
cell colonies were comprised of small, densely packed cells of 
high proliferative potential, possibly initiated by the ESCC 
stem/progenitor cells (Fig. 2A). The more frequent, small colo-
nies were composed of large, loosely arranged cells of low 

proliferative potential (Fig. 2A) initiated by more mature cells, 
which we propose were transit amplifying cells (Fig. 2A). Immu-
nohistochemical analysis of the dissociated tumorospheres 
showed that Oct4 was expressed in the nucleus and cytoplasm 
of some of the tumorosphere cells (Fig. 2B). Differentiated cells 
within the tumorosphere were obtained by addition of serum to 
the stem cell medium after nonadherent tumorospheres were 
detached from the coverslips (Fig. 2C). As shown in Fig. 2D, 
only a few of the “differentiated” tumor cells from the tumoro-
spheres expressed Oct4. The tumorospheres were found to 
have a higher level of proliferation (P = 0.014, Fig. 2E) and 
expressed higher levels of the mRNA of stem cell markers Oct4, 
Nanog and Sox2 compared to that of differentiated cells (P = 
0.019, Fig. 2F).  
 

The tumorigenic cancer cell population generated the  
phenotypic diversity of the initial tumor 
To determine whether tumorospheres have highly tumorigenic 
properties, the tumorospheres were dissociated, then injected 
into nude mice and the resultant tumors were analyzed. All of 
the tumorospheres derived from 21 ESCC patient samples 
formed tumors in mice, whereas only five of the 21 differenti-
ated cells derived from the tumorospheres (P < 0.001, Fig. 3A) 
formed small tumors in mice (P = 0.028, Fig. 3B). The pattern of 
Oct4 expression evident in the secondary tumors (Fig. 3C) was 
similar to that observed in the patients’ tumors. The tumoro-
spheres consisting of Oct4+-rich cells were highly tumorigenic 

Fig. 1. Immunohistochemical analysis of

Oct4, Nanog and Sox2 expression in ESCC

and esophageal mucosa. (A) An ESCC tis-

sue section stained with an irrelevant anti-

body used as a negative control. (B) Oral

squamous cell carcinoma stained with anti-

human Oct4 used as a positive control. (C)

Oct4 is expressed in ESCCs. (D) Oct4 is not

expressed in esophageal mucosa. (E) Nanog

expression in a representative ESCC sample.

(F) Sox2 expression in a representative

ESCC sample. Magnification 1000×. 
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compared to its differentiated cells (P = 0.018, Fig. 3D). Fur-
thermore, the xenograft tumors showed high levels of prolifera-
tion (P = 0.021, Fig. 3D). Oct4, Nanog and Sox2 mRNA ex-
pression was observed in the xenograft tumors derived from 
the tumorospheres with higher levels of expression than those 
observed in the xenograft tumors derived from the differentiated 
cells (P = 0.020, Fig. 3E). The levels of apoptosis observed in 
the tumor cells were significantly lower than those in the differ-
entiated cells (P = 0.013, Fig. 3F). 
 

DISCUSSION 

 
Recently, a number of studies have reported that a few cancer 
cells within tumors have stem cell properties. These CSCs, 
which have been isolated from brain tumor (Singh et al., 2004), 

breast cancer (Al-Hajj et al., 2003), pancreatic cancer (Li et al., 
2007) and prostate cancer (Collins et al., 2005), have been 
proposed to be the cancer initiating cells that are responsible 
for tumorigenesis and lead to cancer resistance in tumors 
(Ebben et al., 2010; Sell, 2010). Thus, CSCs are an ideal target 
for cancer therapy. However, the identification of CSCs in tu-
mors has been limited by the lack of accessibility of cells within 
solid tumors, the absence of functional assays suitable for de-
tecting and quantifying normal stem cells present in many or-
gans and the lack of identification of cell surface markers re-
quired to isolate CSCs.  

Self-renewal, an undifferentiated state and the ability to dif-
ferentiate into heterogeneous mature cell types are the hall-
marks of stem/progenitor cells (Morrison et al., 1997). Nanog, 
Sox2 and Oct3/4, transcription factors that form a core regula-    

Fig. 2. Tumorosphere formation of ESCCs

and Oct4 expression within the tumoro-

sphere and its differentiated cells. (A) Tu-

morosphere formation. (B) Oct4 expres-

sion in the tumor cells derived from the

tumorosphere. (C) Differentiated cells deri-

ved from the tumorosphere. (D) Oct4 ex-

pression in the differentiated cells. Magnifi-

cation 400×. Oct4 expression in represen-

tative differentiated cells derived from the

tumorospheres. Magnification 400×. (E)

Comparison of the proliferative potential

between the tumorosphere cells (TM) and

differentiated cells (DC) derived from the

tumorosphere (independent-sample t-test).

(F) Nanog, Oct4 and Sox2 mRNA were

detected in tumorosphere cells and differ-

entiated cells by RT-PCR. Control: without

primers (independent-sample t-test). 
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tory network that determines ESC self-renewal and differentia- 
tion, are recognized as stem cell markers (Okumura-Nakanishi 
et al., 2005). Nanog expression has been observed in human 
breast CSLCs, suggesting that its expression is involved in self-
renewal and tumorigenesis via activation of downstream target 
genes (Ezeh et al., 2005). Sex-determining region Y (SRY)-box 
2, Sox2, is a member of a superfamily of proteins that all pos-
sess a high mobility group (HMG) box DNA-binding domain 
(Adachi et al., 2010). Sox2 was recently identified as a novel 
major oncogene, recurrently amplified and activated in squa-
mous cell carcinoma (Hussenet and du Manoir, 2010). Up-
regulation of Sox2 has been demonstrated in early pancreatic 
cancer lesions (Prasad et al., 2005) and in the human gastroin-
testinal tract (Long and Hornick, 2009). Sox2 has been associ-
ated with an immature phenotype in central nervous system 
teratomas (Phi et al., 2007) and glioblastomas (Schmitz et al., 
2007). Furthermore, Sox2 knockdown arrested proliferation, 

resulting in a loss of tumorigenicity of glioblastoma CSCs 
(Gangemi et al., 2009). In summary, these data suggest that 
Oct4, Nanog and Sox2 have roles in carcinogenesis.  

In this study, we examined the expression of Oct4, Nanog 
and Sox2 in ESCC biopsies as well as in tumor-derived cell 
cultures. Immunohistochemical staining of Oct4 in tumor tissue 
sections of ESCC revealed clear staining of Oct4 in most of the 
tumor sections analyzed, although expression of the stem cell 
markers was detected in only a few cancer cells within each 
section. Using a novel cell culture approach, we successfully 
cultured primary cell cultures derived from clinical samples of 
ESCCs. We found that a few of the cancer cells formed tumo-
rospheres, which expressed high levels of Oct4, Sox2 and 
Nanog. Moreover, Oct4 was expressed in some of the cells 
within the tumorospheres. The in vitro culture under unattached 
conditions where cells grow in round balls called spheres is 
used routinely for the enrichment and propagation of stem cells 

Fig. 3. Tumor formation in nude mice

injected with dissociated tumorosphere

cells or differentiated cells derived from

the tumorosphere. (A) A representative

experiment depicting large tumor forma-

tion in a mouse at the injection site of

the tumorosphere, and small tumor

formation at the injection site of its dif-

ferentiated cells. (B) Comparison of the

volume of tumors derived from tumoro-

sphere cells (TM) or its differentiated

cells (DC). (C) Expression of Oct4 in

xenograft tumors derived from tumoro-

sphere cells (independent-sample t-test).

Magnification 400×. (D) Comparison of

the proliferative potential of xenograft

tumors derived from tumorosphere cells

(TM) or its differentiated cells (DC) (in-

dependent-sample t-test). (E) Nanog,

Oct4 and Sox2 mRNA were detected in

xenograft tumors derived from tumoro-

sphere cells (TM) or its differentiated

cells (DC). (F) Comparison of apoptosis

in xenograft tumors derived from tumo-

rosphere cells (TM) or its differentiated

cells (DC) (independent-sample t-test).



44 Oct4 Was in Esophageal Carcinoma 

 

 

 

 

(Jensen and Parmar, 2006). Our findings indicated that Oct4+ 

cells are possibly esophageal cancer stem-like cells (ECSLCs). 
Oct4 expression in the tumorospheres and in secondary tumors 
indicated that Oct4+ cells are the initiating cells responsible for 
tumor regrowth. The xenograft tumors had high proliferative 
potential and low levels of apoptosis, which might explain why 
the xenograft tumors derived from the tumorospheres were 
larger than those derived from the differentiated cells. 

Recently, a small subset of cancer cells, termed side popula-
tion cells, that possess properties of CSCs were found within 
esophageal carcinomas (ECs) (Haraguchi et al., 2006a; 2006b; 
Loebinger et al., 2008). In the present study, we detected the 
presence of the stem cell markers Nanog and Sox2 in ESCCs, 
providing further evidence for the existence of ECSCs. The 
presence of Oct4 in ESCC suggests a potential role for Oct4 in 
the tumorigenesis of ESCC. Our results support earlier findings 
that implicate Oct4 as a multifunctional factor involved in stem 
cell self-renewal and differentiation as well as carcinogenesis 
(Tysnes, 2010). Because of the shortage of material available 
for sorting live cells by nuclear protein markers, whether Oct4 
expression in ESCC provides sufficient evidence for the exis-
tence of ECSC requires further assessment. However, given its 
potential role in tumorigenesis and maintenance of CSC 
properties, Oct4 expressing cells might represent a specific 
subset of target cells for the development of effective treatment 
strategy. 
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