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Abstract. Mitotically quiescent cancer stem cells (CSC) are 
hypothesized to exhibit a more aggressive phenotype involving 
greater therapeutic resistance and metastasis. The aim of our 
study was to develop a method for identifying quiescent CSC 
in esophageal squamous cell carcinoma (ESCC) based on 
their expression of the p75 neurotrophin receptor (p75NTR) 
and other proposed CSC markers, such as CD44 and CD90. 
Double immunostaining of surgical ESCC specimens 
revealed that the mean Ki-67-labeling index of the p75NTR-
positive cells was significantly lower than that of the 
p75NTR-negative cells. Real-time PCR analysis of sorted 
fractions of ESCC cell lines (KYSE cells) revealed that stem 
cell-related genes (Nanog, p63 and Bmi-1) and epithelial-
mesenchymal transition (EMT)-related genes (N-cadherin 
and fibronectin) were expressed at significantly higher levels 
in the p75NTR-positive fractions than in the CD44-positive 
or CD90-positive fractions. In addition, the p75NTR-positive 
fractions exhibited significantly higher colony formation 
in vitro, significantly enhanced tumor formation in mice, 
and significantly greater chemoresistance against cisplatin 
(CDDP) than the CD44‑positive or CD90‑positive fractions. 
Furthermore, in both the cultured cells and those from 
the mouse xenograft tumors, the p75NTR‑positive/CD44-
negative and p75NTR‑positive/CD90-negative KYSE 
cell fractions contained significantly higher proportions 
of mitotically quiescent cells. These results suggest that 
the mitotically quiescent CSC population in ESCC can be 

identified and isolated based on their p75NTR expression, 
providing researchers with a novel diagnostic and therapeutic 
target.

Introduction

Recent studies have demonstrated that some cancer stem 
cells  (CSC) remain in a mitotically quiescent state, which 
enhances their chemoresistance and results in a more inva-
sive and aggressive phenotype (1,2). The p75 neurotrophin 
receptor (p75NTR) is expressed in the quiescent basal layer of 
the esophageal epithelium (3,4), and in esophageal squamous 
cell carcinoma (ESCC). It is also expressed in populations of 
cells that exhibit enhanced colony-forming abilities and xeno-
graft tumorigenicity (5,6). CD44 (7) and CD90 (8) have also 
been reported to be markers of populations of esophageal CSC 
that display enhanced xenograft tumorigenicity and/or meta-
static potential. However, none of these studies investigated 
the mitotic status of the examined CSC populations. The aim 
of this study was to develop a method for identifying mitoti-
cally quiescent CSC in ESCC based on their p75NTR, CD44 
and CD90 expression patterns.

Materials and methods

Tissue microarray. A total of 56 tumor specimens from 
ESCC patients who had undergone surgery at our hospital 
from 1990 to 2008 were analyzed using a tissue microarray, 
as described previously (9). All of the patients underwent R0 
resections, and none of them died in hospital. The median 
follow-up time was 29 months. The subjects included 50 male 
and 6 female patients, and their mean age was 62.8 years. 
The patients' TNM stages (ver. 6) were as follows: stage I, 
6  patients; stage  IIA, 15  patients; stage  IIB, 5  patients; 
stage III, 24 patients; and stage IV, 6 patients. All of the M1 
cases involved only distant lymph node metastases, which 
were surgically removed. Thirty-six patients underwent 
postoperative cisplatin-based chemotherapy. The institu-
tional review board at the University of Toyama approved 
this study (#20-57).
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Immunohistochemistry. The antibodies used for the immuno-
histochemical staining were as follows: anti-Ki-67 antibody 
(dilution 1:100), anti-cytokeratin Oscar in vitro diagnostic anti-
body (dilution 1:200; Abcam Ltd., Cambridge, UK), anti-human 
CD44 monoclonal antibody (156-3C11; dilution 1:400; Cell 
Signaling Technology, Beverly, MA, USA), anti-human CD90 
monoclonal antibody (EPR3132; dilution 1:100), and human 
p75NTR monoclonal antibody against p75NGER (NGER5; 
dilution 1:100) (both from Abcam). The immunostaining was 
performed using Envision Plus kits, horseradish peroxidase, 
or 3,3'-diaminobenzidine (DAB; Dako Cytomation, Kyoto, 
Japan) as recommended by the supplier. Counterstaining was 
performed with Mayer's hematoxylin.

The numbers of p75NTR-, CD44- or CD90-positive cells 
and all tumor cells were counted in three random fields of each 
section. Then, the proportions of each cell type in each tumor 
were calculated. We classified tumors as positive when >5% of 
the tumor cells were stained.

Double staining of Ki-67 (brown)/p75NTR (red) or Ki-67 
(brown)/CD44 (red) was performed using Bond III automated 
immunostainers (Leica Biosystems). The Ki-67 labeling index 
was defined as the number of tumor cells that exhibited posi-
tive nuclear immunostaining divided by the total number of 
tumor cells.

Human esophageal cancer cell lines and culture conditions. 
Human ESCC cell lines (KYSE-30, KYSE‑140, KYSE-150, 
KYSE-220, KYSE-510, KYSE-520 and KYSE‑790) were estab-
lished by Shimada et al and cultured in Ham's F12/Roswell 
Park Memorial Institute (RPMI)-1640 medium (Wako, Osaka, 
Japan) supplemented with 2% fetal calf serum (FCS) (Gibco, 
Grad Island, NY, USA), according to a previously reported 
method (10).

Analysis of cancer stem cell surface antigens and cell sorting. 
The surface antigen markers of the samples were analyzed 
using a FACSCant II flow cytometer and were sorted using 
a FACSAria II cell sorter and BD FACSDiva software (both 
from BD  Biosciences, San Jose, CA, USA). Fluorescein 
isothiocyanate (FITC) or allophycocyanin (APC)-conjugated 
monoclonal mouse anti-human CD44 (clone BD105) and 
p75NTR (clone ME20.4-1.H4) antibodies were purchased 
from Miltenyi Biotec (Bergisch Gladbach, Germany). 
FITC‑conjugated monoclonal mouse anti-human CD90 
(clone 5E-10) antibodies were obtained from BD Biosciences. 
FITC-conjugated antibodies were used to detect CSC surface 
markers. Isotype-matched APC- or FITC-conjugated anti-
bodies (Miltenyi Biotec) were used as controls. Cultured cells 
were washed once with phosphate-buffered saline (PBS) (-), 
before being dissociated from the culture plates using 0.25% 
trypsin-ethylenediaminetetraacetic acid (Invitrogen, Carlsbad, 
CA, USA) and centrifuged. Single cells were resuspended in 
PBS (-) containing 2% FBS, and then the FITC-conjugated 
antibody or the isotype control antibody was added, before 
the cells were incubated at 4˚C for 30  min. After being 
washed twice with PBS (-) containing 2% FBS, the cells were 
resuspended in PBS (-) containing 2% FBS. The cells were 
also stained with 7-aminoactinomycin D (7-AAD; Bio-Rad 
Laboratories, Richmond, CA, USA) to exclude dead cells. The 
samples were analyzed and sorted using a flow cytometer. We 

classified cell lines as positive when >1% of their cells were 
stained.

The KYSE-30 cells were sorted into p75NTR-positive/
CD44-negative, p75NTR-negative/CD44-positive, and p75NTR-
negative/CD44-negative fractions. The KYSE-140 cells were 
sorted into p75NTR-positive/CD90-positive, p75NTR-positive/
CD90-negative, p75NTR-negative/CD90‑positive and p75NTR-
negative/CD90-negative fractions.

RNA extraction, cDNA synthesis and real-time PCR. Total RNA 
was extracted using the TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). cDNA was synthesized using the PrimeScript First 
Strand cDNA synthesis kit (Takara Inc., Kyoto, Japan) and 
used for the quantitative polymerase chain reaction (qPCR) 
analysis. The cDNA samples were amplified in an Mx3000P 
real-time qPCR system (Agilent Technologies, Santa Clara, 
CA, USA) using SYBR Premix Ex Taq II (Takara Inc.), as 
described previously (11). Each mRNA expression level was 
normalized to that of the reference gene GAPDH. The primer 
sequences are shown in Table I. The expression level of each 
mRNA molecule was evaluated using the ΔΔCt method.

Cell cycle analysis. The cell cycle analysis was performed using 
the CycleTest Plus DNA reagent kit (Becton-Dickinson Inc., 
San Jose, CA, USA) as recommended by the supplier and a 
FACSCant II, and the resultant data were analyzed with the 
software FCS4 Express Cytometry (Becton-Dickinson Inc.).

Table I. Polymerase chain reaction primer sequences.

Gene		  Size
product	 Forward and reverse primers (5'-3')	 (bp)

Nanog	 F: ATGCCTCACACGGAGACTGT	   83
	 R: AAGTGGGTTGTTTGCCTTTG
p63	 F: CAGACTTGCCAGATCATCC	 220
	 R: CAGCATTGTCAGTTTCTTAGC
Bmi-1	 F: CCACCTGATGTGTGTGCTTTG	 162
	 R: TTCAGTAGTGGTCTGGTCTTGT
Involucrin	 F: TGTTCCTCCTCCAGTCAATACCC	 227
	 R: ATTCCTCATGCTGTTCCCAGTGC
E-cadherin	 F: GTCTGTCATGGAAGGTGCT 	 370
	 R: TACGACGTTAGCCTCGTTC
N-cadherin	 F: AGCCAACCTTAACTGAGGAGT	 136
	 R: GGCAAGTTGATTGGAGGGATG
Fibronectin	 F: AGGAAGCCGAGGTTTTAACTG	 106
	 R: AGGACGCTCATAAGTGTCACC
DPD	 F: TCAAGCACACGACTCTTGGTG	 205
	 R: CATACCATTCCACAAGTCAGACC
ERCC-1	 F: GCCTCCGCTACCACAACCT	 313
	 R: TCTTCTCTTGATGCGGCGA
GAPDH	 F: ACCACAGTCCATGCCATCAC	 452
	 R: TCCACCACCCTGTTGCTGTA

F, forward; R, reverse.
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Anticancer drug resistance assay. Each cell population was 
cultured in Dulbecco's modified Eagle's medium/Ham's 
F-12 containing 5% FCS at a density of 3,200 cells/well in 
a 96-well plate (Thermo Scientific, Yokohama, Japan) under 
a humidified atmosphere of 5% CO2 at 37˚C. After being 
allowed to adhere overnight, the cells were treated with 
various concentrations of cisplatin (Wako, Osaka, Japan) or 
were left untreated (control). The medium in each well was 
changed at 2 days after the initial treatment. Cell viability 
was determined at 3 days after the initial treatment using the 
standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay (Trevigen, Gaithersburg, MD, USA) 
in accordance with the manufacturer's instructions, and the 
optical absorbance of the supernatant in each well at a wave-
length of 595 nm was measured using a FilterMax F5 plate 
reader (Molecular Devices, Tokyo, Japan). Cell viability was 
defined as the relative absorbance of the control cells versus 
that of the treated cells. All experiments were performed in 
triplicate.

Colony formation assay. After being sorted with a 
FACSAria II, 1,000 cells from each KYSE-30 or KYSE-140 
subset were plated in 60-mm tissue culture dishes (Thermo 
Scientific). After the cells had been cultured for 14 days, any 
colonies were stained with crystal violet (0.5% crystal violet 
dissolved in 20%  methanol). The numbers of colonies of 
>3 mm in diameter were counted.

Tumorigenicity assay in nude mice or NOD/SCID mice. This 
part of the study protocol was approved by and conducted in 
accordance with the Committee of the Use of Live Animals 
in Teaching and Research at the University of Toyama. Five- 
to 6-week-old mice were used for the tumorigenicity assay; 
athymic nude mice (BALB/CAN. Cg-Foxnlnu/CrCrlj) were used 

for the experiments involving KYSE-30 cells and NOD/SCID 
mice (NOD. CB17-Prdkcscid/J) were used for those involving 
KYSE-140 cells. All mice were purchased from Charles River 
Laboratories (Yokohama, Japan). After being sorted, 1,000 
to 30,000 KYSE cells were subcutaneously injected into the 
bilateral lumbar regions of the mice. After 4 weeks, the mice 
were sacrificed, and their subcutaneous tumors were fixed with 
10% buffered formalin and embedded in paraffin, before being 
subjected to immunohistochemical staining.

In animals that were injected with cancer cells, but did not 
exhibit any signs of a tumor burden, the injection sites were 
opened up to confirm that no tumor had developed.

Statistical analysis. Statistical analyses were performed using 
JMP v.11 (SAS Institute Inc., Cary, NC, USA). The Chi-square 
test and Fisher's exact test were used for the statistical anal-
yses, and p-values of <0.05 were considered to be statistically 
significant.

Results

Expression of p75NTR, CD44 and CD90 in the ESCC speci-
mens. We first assessed the expression of p75NTR, CD44 and 
CD90 in 56 primary ESCC tumors by immunohistologically 
staining the tumors using a tissue microarray  (Fig.  1A). 
p75NTR was expressed in 19 of the 56 (33.9%) tumors, in 
which the first few layers nearest to the tumor's infiltrative 
margin exhibited positive staining. CD44 was expressed in 31 
of the 56 (55.4%) tumors and demonstrated a diffuse distribu-
tion. On the other hand, CD90 was not expressed in any of the 
56 ESCC tumors despite the fact that it was detected in hepa-
tocellular carcinoma tissue using the same procedure (data 
not shown). p75NTR expression was not correlated with any 
of the examined clinicopathological factors, such as gender, 

Figure 1. Expression of p75NTR, CD44 and CD90 in resected ESCC specimens. (A) The upper plates show representative findings of the immunohisto-
chemical analysis of p75NTR, CD44 and CD90 expression in the ESCC tissue specimens. (B) The lower plates show the results of double staining of Ki-67 
and p75NTR or CD44. (C) A comparison of the Ki-67 labeling indices of the p75NTR-positive cells and CD44-positive cells. The error bars represent the 
standard error of the mean.
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age, tumor site, or pTNM stage (Table II), while CD44 expres-
sion was correlated with the depth of invasion and lymph node 
metastasis (Table II). Both p75NTR and CD44 were expressed 
in 12 of 56 (21.4%) cases, although only some of the diffusely 
distributed CD44-positive cells were p75NTR-positive. The 
expression of p75NTR or CD44 alone was observed in 7 of the 
56 (12.5%) and 19 of the 56 (33.9%) cases, respectively. Neither 
p75NTR nor CD44 was detected in 13 of the 56 (23.2%) cases.

An analysis of the Ki-67 labeling index based on double 
immunostaining revealed that the majority of p75NTR-positive 
cells were in the resting phase of the cell cycle, while most of 
the CD44-positive cells were actively proliferating (Fig. 1B). 
The whole cells, the p75NTR-positive cells, and the CD44-
positive cells had mean Ki-67 labeling indices of 0.407, 0.155 
and 0.446, respectively (Fig. 1C).

Expression of p75NTR, CD44 and CD90 in ESCC cell lines. 
To identify cell subsets based on the combined expression 
of CSC markers in ESCC, we examined the expression of 
p75NTR, CD44 and CD90 in 10 ESCC cell lines (KYSE-30, 
KYSE-70, KYSE-140, KYSE-150, KYSE-180, KYSE-220, 

KYSE-450, KYSE-510, KYSE-520 and KYSE-790) using flow 
cytometry (Fig. 2A and Table III). p75NTR-positive cells were 
detected in 6 of the 10 (60.0%) cell lines, in which the propor-
tion of positive cells ranged from 6.4 to 50.4%. CD44‑positive 
cells were detected in 9 of the 10 (90.0%) cell lines, in which 
the proportion of positive cells ranged from 2.4 to 97.8%. 
CD90-positive cells were detected in only 1 of the 10 (10.0%) 
cell lines (positive proportion, 50.9%). p75NTR and CD44, 
or p75NTR and CD90, were co-expressed in 5 and 1 of the 
10 cell lines, respectively (Table III). Epithelial cell adhe-
sion molecule was expressed in all of the examined ESCC 
cell lines, in which the proportion of positive cells ranged 
from 97.5 to 99.9% (data not shown). Based on the expres-
sion patterns of p75NTR, CD44 and CD90 displayed by the 
10 cell lines (Table III), we selected KYSE-30 and KYSE‑140 
cells for the dual-color flow cytometric analysis. Among 
the KYSE-30 cells, which expressed p75NTR and/or CD44, 
p75NTR-positive/CD44-positive cells, p75NTR-positive/
CD44-negative cells, p75NTR-negative/CD44-positive cells 
and p75NTR-negative/CD44-negative cells accounted for 1.1, 
14.9, 23.2 and 60.8% of the cells, respectively (Fig. 2B).

Figure 2. (A) Representative flow cytometric analysis of p75NTR, CD44 and CD90 expression in ESCC cells. Two KYSE cell lines (KYSE-30 and KYSE‑140) 
were stained with anti-p75NTR, anti-CD44 and anti-CD90 antibodies and analyzed using flow cytometry. The levels of each marker were normalized to that 
of the control IgG, and the percentage of positive cells is shown in each panel. (B) KYSE-30 cells and KYSE-140 cells were co-stained with anti-p75NTR-APC 
and anti-CD44-FITC or anti-CD90-FITC antibodies, before being analyzed using two-color flow cytometry. The expression levels of each quadrant marker 
were normalized to that of the relevant isotype-matched control. The percentage of cells in each quadrant is shown.
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Among the KYSE-140 cells, which expressed p75NTR 
and/or CD90, p75NTR-positive/CD90-positive cells, p75NTR-
positive/CD90-negative cells, p75NTR-negative/CD90-positive 
cells and p75NTR-negative/CD90-negative cells accounted for 
20.4, 12.6, 32.3 and 35.2% cells, respectively (Fig. 2B).

Expression of CSC-related genes in fractionated cell 
subsets. We compared the expression patterns of stem cell-, 
keratinocyte differentiation- and epithelial-mesenchymal 
transition (EMT)‑related genes in each fraction using 
real‑time PCR. Among the KYSE-30 cells, Nanog, p63 and 

Bmi-1 were expressed at significantly higher levels in the 
p75NTR-positive/CD44-negative fraction than in the p75NTR-
negative/CD44-positive or p75NTR-negative/CD44-negative 
fraction (Fig. 3A). In addition, the expression of involucrin was 
significantly lower in the p75NTR-positive/CD44-negative 
fraction than in the p75NTR-negative/CD44-positive or 
p75NTR-negative/CD44-negative fraction (Fig. 3A).

The p75NTR-positive/CD44-negative and p75NTR-
negat ive /CD 4 4 -posit ive  f r ac t ions  demonst r a t ed 
significantly lower E-cadherin expression than the p75NTR-
negative/CD44-negative fraction (Fig.  3C). In addition, 
the p75NTR-positive/CD44-negative fraction displayed 
significantly higher N-cadherin and fibronectin expression 
than the p75NTR-negative/CD44-positive and p75NTR-nega-
tive/CD44-negative fractions (Fig. 3C).

Among the KYSE-140 cells, Nanog, p63 and Bmi-1 were 
expressed at significantly higher levels in the p75NTR‑posi-
tive/CD90-positive and p75NTR-positive/CD90-negative 
fractions than in the p75NTR-negative/CD90-positive 
or p75NTR-negative/CD90-negative fraction  (Fig.  3B). 
The p75NTR-negative/CD90-negative fraction exhibited 
significantly higher involucrin expression than the other 
fractions (Fig. 3B). Significantly greater E-cadherin expres-
sion was observed in the p75NTR-negative/CD90-negative 
fraction than in the p75NTR-positive/CD90-positive, p75NTR-
positive/CD90-negative or p75NTR-negative/CD90‑positive 
fraction (Fig. 3D). The p75NTR-positive/CD90-positive frac-
tion exhibited significantly higher N-cadherin and fibronectin 
expression than the other fractions (Fig. 3D).

Table II. Relationship between the expression of CSC markers (p75NTR, CD44 and CD90) in resected ESCC specimens and 
thge patient clinicopathological characteristics.

	 p75NTR	 CD44	 CD90
	 ---------------------------------------------------------------	 ---------------------------------------------------------------	 ---------------------------------------------------------------
	 Positive	 Negative	 p-value	 Positive	 Negative	 p-value	 Positive	 Negative	 p-value

Gender
  Male	 17	 33		  29	 21		  0	 50
  Female	 2	 4	 0.974	 2	 4	 0.251	 0	 6	 -

Age (years)						    
  ≥65	 9	 18		  14	 13		  0	 29
  <65	 10	 19	 0.928	 17	 12	 0.611	 0	 27	 -

Site						    
  Ce-Ut	 3	 5		  3	 5		  0	 8
  Mt-Ae	 16	 32	 0.818	 28	 20	 0.276	 0	 48	 -

pT						    
  T1-T2	 9	 11		  7	 13		  0	 20
  T3-T4	 10	 26	 0.192	 24	 12	 *0.022	 0	 36	 -

pN						    
  N0	 11	 14		  10	 15		  0	 25
  N1-3	 8	 22	 0.178	 20	 10	 *0.048	 0	 30	 -

Differentiation						    
  Well-mod	 12	 27		  22	 17		  0	 39
  Poor	 3	 6	 0.881	 6	 3	 0.574	 0	 9	 -

Table III. The percentage of cells expressing CSC markers 
(p75NTR, CD44 and CD90) in 10 ESCC cell lines.

	 p75NTR (%)	 CD44 (%)	 CD90 (%)

KYSE-30	 13.8	 30.6	 -
KYSE-70	 -	 97.8	 -
KYSE-140	 29.9	 -	 50.9
KYSE-150	 50.4	 7.4	 -
KYSE-180	 -	 2.8	 -
KYSE-220	 14.9	 2.4	 -
KYSE-450	 -	 3.6	 -
KYSE-510	 29.9	 97.2	 -
KYSE-520	 -	 80.7	 -
KYSE-790	 6.4	 3.9	 -
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Cell cycle analysis. Flow cytometric cell cycle analysis 
revealed that the p75NTR-negative/CD44-positive KYSE-30 
cells were a mitotically active subpopulation and exhibited the 
lowest proportion of cells in the G0/G1 phase. On the other 
hand, the p75NTR-positive/CD44-negative and p75NTR‑nega-
tive/CD44-negative fractions were relatively quiescent cell 
fractions, in which >67% of the cells were in the G0/G1 
phase (Fig. 4A). Among the KYSE-140 cells, the p75NTR-
positive/CD90-positive fraction contained the most actively 
proliferating cells, while the p75NTR-positive/CD90‑negative 
fraction was composed of quiescent cells, 42.6% of which 
were in the G0/G1 phase (Fig. 4B).

Comparison of drug-resistant ability. We compared the drug 
resistance of each cell population using the MTT assay. Among 
the KYSE-30 cells, the p75NTR-negative/CD44‑positive 
cells exhibited significantly lower viability than the p75NTR-
positive/CD44-negative cells after being treated with 
CDDP (Fig. 4C). Among the KYSE-140 cells, the p75NTR-
negative/CD90-negative cells displayed significantly lower 
viability than the p75NTR-positive or CD90-positive cells after 
being treated with CDDP (Fig. 4C).

In  vitro colony formation ability. The ability of the 
KYSE-30 cells to form colonies exhibited the following 

Figure 3. Expression of CSC-related genes in each cell subset. (A and B) The CSC-related mRNA and keratinocyte differentiation-related mRNA expres-
sion levels in sorted p75NTR-positive/CD44-positive cells isolated from KYSE-30 cells (A) or sorted p75NTR‑positive/CD90-positive cells isolated from 
KYSE‑140 cells (B) were measured by real-time PCR. The expression levels of these cell markers are shown relative to their expression levels in the 
p75NTR‑negative/CD44-negative cells or p75NTR-negative/CD90-negative cells. The error bars represent the standard error of the mean.
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order: p75NTR-positive/CD44-negative > p75NTR-negative/
CD44-positive > p75NTR-negative/CD44-negative (Fig. 5A). 
As for the KYSE-140 cells, their ability to form colo-
nies displayed the following order: p75NTR-positive/
CD90-negative  >  p75NTR-positive/CD90-positive > 
p75NTR-negative/CD90-positive > p75NTR-negative/CD90-
negative (Fig. 5A).

In vivo tumor formation. Among the KYSE-30 cells, the 
subcutaneous injection of as few as 3x103 p75NTR-posi-

tive/CD44-negative cells or p75NTR-negative/CD44-positive 
cells into nude mice resulted in the development of tumors at 
4/4 (100%) and 2/4 (50%) of the injection sites, respectively, 
at 4 weeks after the injection procedure. In contrast, the injec-
tion of 1x104 p75NTR-negative/CD44-negative cells did not 
result in tumor formation (Table IV).

The tumors that developed after the injection of 1x104 
p75NTR-positive/CD44-negative cells weighed signifi-
cantly more than those derived from the p75NTR-negative/
CD44-positive cells  (Fig.  5B). Histological examinations 

Figure 3. Continued. (C and D) EMT-related mRNA expression levels in sorted p75NTR-positive/CD44-positive cells isolated from KYSE-30 cells (C) or 
sorted p75NTR‑positive/CD90-positive cells isolated from KYSE-140 cells (D) were measured by real-time PCR. The expression levels of these cell markers 
are shown relative to their expression levels in the p75NTR-negative/CD44-negative cells or p75NTR-negative/CD90-negative cells. The error bars represent 
the standard error of the mean.
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Figure 4. The cell cycle distribution and chemoresistance of KYSE-30 and KYSE-140 cell subsets. (A and B) Approximately 2x104 live cells were analyzed 
using the CycleTest Plus DNA reagent kit and a FACSCant II. The results were then analyzed using FCS4 express cytometry software. The proportion of cells 
in each phase of the cell cycle is shown in each panel. The error bars represent the standard error of the mean. (C) Fractionated KYSE-30 and KYSE‑140 cells 
in 96-well plates (3,200 cells/well) were treated with cisplatin (25, 50, 100 or 200 µM) (or left untreated) for 3 days, and then their viability was determined 
using the MTT assay.
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of the xenograft tumors demonstrated that their phenotypes 
resembled those of primary ESCC tumors (Fig. 5C). p75NTR 
was expressed in a small number of the cancer cells in the first 
few layers nearest to the tumor infiltrating margins. CD44 was 
diffusely expressed throughout the tumors, except in the cells 
residing at their margins. A detailed examination of 4 µm-thick 
serial sections detected p75NTR-positive/CD44-negative 
cells at the tumor infiltrating margins. Analyses of the Ki-67 
labeling index based on double immunostaining revealed that 
86.9% of the p75NTR-positive cells were in the resting phase 
of the cell cycle, while 74.8% of the CD44-positive cells were 
actively proliferating.

Among the KYSE-140 cells, the subcutaneous injection 
of as few as 3x103 p75NTR-positive/CD90-positive cells or 
p75NTR-positive/CD90-negative cells into NOD/SCID mice 
resulted in tumors forming at 2/4  (50%) and 1/4  (25%) of 
the injection sites, respectively, at 4 weeks after the injection 
procedure (Table IV).

On the other hand, the injection of 1x104 p75NTR‑nega-
tive/CD90-positive cells resulted in the establishment of tumors 
at 2/4 (50%) of the injection sites. In contrast, even the injection 
of 3x104 p75NTR-negative/CD90-negative cells did not result 
in tumor formation (Table IV). The tumors that developed 
after the injection of 1x104 p75NTR-positive/CD90‑positive 

Figure 5. Colony formation assay and tumorigenicity analysis. (A) The colony formation ability of subpopulations of KYSE-30 and KYSE-140 cells that were 
isolated based on their p75NTR, CD44 and CD90 expression patterns. Crystal violet staining of the colonies that had formed at 2 weeks after the plating 
procedure (upper panels). The mean number of colonies of >3 mm diameter was compared. The error bars represent the standard error of the mean (lower 
panels). (B) Representative nude mice with subcutaneous tumors derived from 1x104 of p75NTR-positive/CD44-negative, p75NTR-negative/CD44-positive, 
or p75NTR-negative/CD44-negative KYSE-30 cells and subcutaneous tumors derived from these subpopulations of KYSE-30 cells (left upper panels). 
Representative NOD/SCID mice with subcutaneous tumors derived from 1x104 p75NTR-positive/CD90-negative, p75NTR-positive/CD90-negative, p75NTR-
negative/CD90-positive, or p75NTR-negative/CD90-negative KYSE-140 cells, and subcutaneous tumors derived from this subpopulation of KYSE-140 cells 
(right upper panels). The lower panels shows the mean tumor weight at each site. The error bars represent the standard error of the mean.
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cells weighed significantly more than those derived from 
the p75NTR-positive/CD90-negative (p<0.001) or p75NTR-
negative/CD90-positive cells (p<0.001) (Fig. 5B). In addition, 
the tumors derived from the p75NTR-positive/CD90-negative 
cells were larger than those derived from the p75NTR-nega-
tive/CD90-positive cells (p=0.002) (Fig. 5B). A histological 
examination of the xenograft tumors showed that p75NTR was 
expressed in the cancer cells at their infiltrating margins. An 

analysis of the Ki-67 labeling index based on double immu-
nostaining revealed that 59.6% of the p75NTR-positive cells 
were in the resting phase of the cell cycle, while 80.4% of the 
tumor cells were actively proliferating. No CD90 expression 
was detected in any of the cancer cells in the xenograft tumors 
(p=0.017) (Fig. 5D).

Discussion

Our immunohistochemical investigation of surgical ESCC 
specimens for previously reported CSC markers, such as 
p75NTR, CD44 and CD90, revealed that the expression of 
p75NTR alone, the expression of CD44 alone, and the expres-
sion of both p75NTR and CD44 were detected in 21.4, 25.0 
and 30.4% of the tumors, respectively. In addition, none of the 
reported CSC markers were detected in 23.2% of the tumors, 
demonstrating the heterogeneity of the cell surface marker 
expression of ESCC tumors, as has been shown for various 
other types of tumors (12).

p75NTR was expressed at the tumor infiltrating margins, 
while CD44 was diffusely expressed throughout the tumors, 
which is compatible with the findings of previous studies (5,7). 
Our double immunostaining-based analysis of the Ki-67 
labeling index revealed that most of the p75NTR-positive 
cells were in a mitotically quiescent state, while the majority 
of the CD44-positive cells were actively proliferating. These 
findings indicated that quiescent CSC can be found within 

Figure 5. Continued. (C) Representative immunohistochemical findings obtained during the staining of p75NTR and CD44 in a tumor derived from p75NTR-
positive/CD44-negative KYSE-30 cells (upper panels), and the lower panels show the results obtained during the double staining of Ki-67 and p75NTR or 
CD44. Ki-67 labeling index data are also shown. (D) Representative immunohistochemical findings obtained during the double staining of Ki67-NTR and 
p75NTR or CD90 in a tumor derived from p75NTR-positive/CD90-positive KYSE-140 cells. Ki-67 labeling index data are also shown (right panel).

Table IV. In vivo tumor development experiment in which 
p75NTR-positive/CD44-positive KYSE-30 cells were injected 
into nude mice and p75NTR-positive/CD90-positive KYSE‑140 
cells were injected into NOD/SCID mice.

	 Tumor incidence
	 ------------------------------------------------
	 No. of cells injected	 30,000	 10,000	 3,000

KYSE-30	 p75NTR+/CD44-	 2/2	 4/4	 4/4
	 p75NTR-/CD44+	 2/2	 4/4	 2/4
	 p75NTR-/CD44-	 2/2	 0/4	 0/4
KYSE-140	 p75NTR+/CD90+	 2/2	 2/2	 2/4
	 p75NTR+/CD90-	 2/2	 4/4	 1/4
	 p75NTR-/CD90+	 2/2	 2/4	 0/4
	 p75NTR-/CD90-	 0/2	 0/4	 0/4
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ESCC and that it may be possible to identify different CSC 
populations based on the combination of cell surface markers 
that they express.

No CD90 expression was detected in any of the tumor cells 
in the ESCC specimens. However, we observed positive CD90 
staining in the stromal cells surrounding the cancer cells in 
all of the ESCC specimens, which is compatible with the 
findings of a previous report, in which CD90 expression was 
detected in the stromal cells of head and neck squamous cell 
carcinoma (13). We also observed positive CD90 staining in 
the tumor cells of hepatocellular carcinoma specimens (posi-
tive controls) (7). Although a previous study detected CD90 
expression in ESCC specimens by qPCR and isolated CD90-
positive cells from fresh cancer tissues by flow cytometry (8), 
no previous studies have detected CD90 expression in tumor 
cells from ESCC specimens.

p75NTR, CD44 and CD90 expression were detected at 
various cell frequencies in 6, 9 and 1 of the 10 examined KYSE 
cell lines, respectively, further indicating the heterogeneity of 
the cell surface marker expression seen in ESCC.

Contrary to the finding we obtained during the immuno-
histochemical examination of the ESCC specimens, CD90 
was expressed in 50.9% of the KYSE-140 cells. It has been 
reported that CD90 expression can be induced by various 
biological agents, such as thymopoietin, prostaglandins, inter-
leukin-1, tumor necrosis factor-α, vascular endothelial growth 
factor, and nerve growth factor (NGF) (14,15). Combining the 
above-mentioned finding with the fact that an NGF autocrine 
loop was detected in KYSE cells (16), it is suggested that CD90 
expression can be induced in certain cell culture conditions.

Among the KYSE-30 cells, the p75NTR-positive CD44-
negative fraction exhibited strong stem cell-related gene 
expression, weak keratinocyte differentiation marker expres-
sion, anticancer drug resistance, in vitro colony formation and 
in vivo tumorigenicity; i.e., they displayed a CSC phenotype. 
Furthermore, the majority of the p75NTR-positive CD44-
negative KYSE-30 cells were in a mitotically quiescent state, 
indicating that a quiescent CSC population is maintained even 
in actively proliferating cells, whereas, the CD44-positive 
cells were actively proliferating and exhibited a less marked 
CSC phenotype.

Among the KYSE-140 cells, the p75NTR-positive cells 
displayed a CSC phenotype; i.e., strong stem cell-related gene 
expression, weak keratinocyte differentiation marker expres-
sion, anticancer drug resistance, in vitro colony formation, and 
in vivo tumorigenicity, regardless of whether they expressed 
CD90.

Furthermore, an analysis of the KYSE-140 cells based 
on their p75NTR/CD90 expression patterns identified two 
distinct subpopulations in terms of their cell cycle status. 
The p75NTR-positive/CD90-negative subset was mitotically 
quiescent cells while the p75NTR-positive/CD90-positive 
subset was actively proliferating cells, further indicating the 
existence of a quiescent CSC population in ESCC.

Recent studies have demonstrated that dormant CSC are 
even present in solid tumors, such as melanoma  (17) and 
ovarian (18), breast (2) and pancreatic tumors (19). In addi-
tion, it was reported that these cells enhance chemoresistance, 
invasiveness and metastasis, as well as the risk of a late relapse 
after curative surgery (1,2,12,20).

Several studies of leukemia have examined the molecular 
mechanisms that regulate stem cell quiescence. These studies 
suggested that inducing leukemia cells to enter the cell cycle 
may enhance their chemosensitivity and that it is important to 
identify molecules that will enable us to directly target quies-
cent CSC (21,22).

Recently it was reported that the NGF/proNGF/p75NTR 
axis plays a critical role in regulating the self-renewal of quies-
cent CSC in breast cancer (23). Combining our results with 
the findings of a previous report in which NGF overexpression 
and its autocrine loop was shown to enhance cell proliferation 
in KYSE cells (16), it is possible that p75NTR signaling also 
plays a role in the regulation of quiescent CSC in ESCC.

We used negative immunohistochemical staining of the 
proliferation marker Ki-67 and flow cytometric measurements 
of DNA content to detect cells in the G0/G1 phase of the cell 
cycle, as it was previously reported that hematopoietic stem 
cells exist in the quiescent state (according to dual staining 
using the DNA-binding dye Hoechst 33342 and anti-Ki-67 
antibody) (24). Moreover, label incorporation-based assays, 
such as 5-bromo-2-deoxyuridine (BrdU)-based studies, have 
also been used to isolate putative quiescent CSC based on 
their dynamic cycling kinetics (25). Further studies of self-
renewal, asymmetric cell division and the duration of the G0/
G1 phase in the p75NTR-positive cell subset may facilitate 
the elucidation of the dynamic kinetics of the CSC present in 
ESCC.

In the present study, we found that EMT markers were 
strongly expressed in the p75NTR-positive/CD44-negative 
and p75NTR-positive/CD90-positive fractions of the 
KYSE-30 and KYSE-140 cells, respectively. Previous studies 
have demonstrated that EMT processes play a role not only 
in the acquisition of a migratory mesenchymal phenotype, 
which enhances invasiveness and metastasis, but also in the 
acquisition of stem cell and tumorigenic characteristics in 
CSC (20,26). Combining these results with the findings of a 
recent report in which it was demonstrated that NGF promoted 
EMT in the breast cancer stem cell compartment (23), it is 
possible that p75NTR signaling is involved in the regulation 
of EMT and stem cell properties. The identification of the 
molecular mechanisms that regulate cell stem cell properties, 
cell cycle status and EMT processes in the p75NTR-positive 
cell subset of KYSE cells may provide a basis for the develop-
ment of novel treatment strategies for ESCC.

In conclusion, by examining surgical tumor specimens and 
cultured cell lines we found that ESCC exhibit heterogeneous 
expression patterns of cell surface markers such as p75NTR, 
CD44 and CD90. In addition, an analysis of the Ki-67 
labeling indices in the tumor specimens revealed that most 
of the p75NTR-positive cells were in a mitotically quiescent 
state, while the majority of the p75NTR-negative cells were 
actively proliferating. Among KYSE cells, p75NTR-positive 
cells represent a CSC population that exhibits strong stem 
cell-related gene expression, weak keratinocyte differentiation 
marker expression, chemoresistance, in vitro colony formation, 
and in vivo tumorigenicity, regardless of whether they express 
CD44 or CD90.

Furthermore, p75NTR-positive/CD44-negative and 
p75NTR-positive/CD90-negative fractions KYSE cells were 
found to be mitotically quiescent CSC both in vitro and in vivo.
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These results demonstrate that it is possible to detect and 
isolate quiescent CSC from ESCC, providing researchers with 
a target that will aid the development of novel therapeutic 
strategies, as well as diagnostic tools for patient selection.
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