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Mesenchymal stem-like cells isolated from human esophageal
carcinoma and adjacent non-cancerous tissues
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Abstract. Mesenchymal stem cells (MSCs) or MSC-like cells
have now been isolated from various sites, including different
types of tumor tissues. Whether MSCs or MSC-like cells
in different tumor tissues possess differentiated biological
characteristics remains unclear, and the correlation between
MSCs or MSC-like cells and tumors has been a controversial
topic. In the present study, we isolated MSC-like cells from
human esophageal carcinoma (hEC-MSCs) and adjacent
non-cancerous tissues (hECN-MSCs). Although the two types
of MSC-like cells were in different microenvironments and
had certain differences, they possessed similar morphological
properties and surface antigens, including CD13, CD29,
CD44 and CDI105. Our results indicated that hEC-MSCs and
hECN-MSCs are similar in a number of ways. This may have
implications for further research on the esophageal carcinoma
microenvironment and its pathological mechanism.

Introduction

Mesenchymal stem cells (MSCs) are non-hematopoietic
stromal cells that are a heterogeneous population of cells which
are able to proliferate in vitro as plastic-adherent cells. They
have fibroblast-like morphology, form colonies in vitro and are
capable of differentiating into bone, cartage and fat cells (1). It
has been shown that MSCs have the propensity to migrate to
sites of injury and disease (2,3). Due to their multi-differenti-
ation potential and migratory capacity, MSCs are regarded as
ideal candidates for regenerative therapy or tissue engineering.
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In addition to bone marrow, MSCs and MSC-like cells
have now been isolated from various sites, including adipose
tissue, amniotic fluid, periosteum and fetal tissues, and show
phenotypic heterogeneity (4-10). With the recent developments
of research, it has also been reported that MSCs and MSC-like
cells may be isolated from certain non-solid tumors, such as
lipoma and bone sarcoma, and solid tumors, such as gastric
and uterine cervix cancer (11-14). The study of the correla-
tion between MSCs or MSC-like cells and tumors is ongoing.
Whether MSCs inhibit or promote the growth or develop-
ment of tumors has been a controversial topic and there have
been many opposing reports in the past few years (15-17). At
the same time, the biological characteristics of MSCs and
MSC-like cells in different tissues have also been studied
extensively (18-21).

In this study, we attempted to locate and isolate MSC-like
cells from human esophageal squamous cell carcinoma tissues
(hEC-MSCs) and adjacent non-cancerous esophageal tissues
(hECN-MSCs) and compare their biological characteristics so
as to build a foundation for further study of the microenviron-
ment and pathological mechanisms of esophageal carcinoma
in the future.

Materials and methods

Isolation of hEC-MSCs and hECN-MSCs. A total of 25 paired
primary esophageal carcinoma tissues and adjacent non-
cancerous esophageal tissues were collected from April 2010
to January 2011 at the Department of Thoracic Surgery, the
Affiliated Hospital of Jiangsu University, China. There were
22 male and 3 female patients ranging from 49 to 73 years
old (median, 60 years). None of the patients received adjuvant
radiation or chemotherapy prior to surgery. Specimens used in
this study were approved by the Ethical Committees of Jiangsu
University. Written informed consent was obtained from the
patient. The fresh esophageal carcinoma tissue and its paired
non-cancerous esophageal tissue were collected and washed
with phosphate-buffered saline (PBS). The tissues were cut
into 1-3 mm?-sized sections, then digestion with 0.1% collage-
nase type IV (Sigma, St. Louis, MO, USA) was performed at
37°C for 30 min. The suspension was centrifuged at 800 rpm
for 5 min. Centrifugal precipitates were washed twice, then
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Figure 1. Morphology and growth curves of mesenchymal stem cells (MSCs) from human esophageal carcinoma (hEC-MSCs) and adjacent non-cancerous
tissues (hECN-MSCs). (A) The characteristic morphology of (a) hEC-MSCs and (b) hRECN-MSCs were fibroblast-like after 3-4 days of primary culture;
(c) hEC-MSCs and (d) hECN-MSCs reached 80-90% confluence after 15-20 days of primary culture. (B) The growth curves were used to compare the cell
growth characteristics between hEC-MSCs and hECN-MSCs. Human bone marrow MSCs (hBM-MSCs) served as a control.

resuspended in Dulbecco's modified Eagle's medium (DMEM)
containing 15% fetal bovine serum (FBS) on 35 mm culture
dishes, and incubated at 37°C with 5% CO, for 30 min. After
removing the non-adherent cells, the remaining cells were left
to incubate for 1-2 weeks (22). The adherent cells were then
trypsinized and passaged into a new culture flask at a ratio of
1:3 for further expansion. The cells were used for subsequent
experimental study at the third passage.

Cell growth curves. The cell growth curves were determined by
cell counting at a regular time every day. hEC-MSCs, hECN-
MSCs and MSC-like cells at the third passage from human
bone marrow (hBM-MSCs) (23) were seeded in 24-well plates
at a density of 5x10° per well during the logarithmic growth
phase. The number of adherent cells per well was counted on
days 1-8 of culture, and the procedure was repeated three times.

FACS analysis. For the FACS analysis, hEC-MSCs, hECN-
MSCs and hBM-MSCs were trypsinized. After being rinsed
twice with PBS, 1x10° cells were incubated with specific
PE-conjugated antibodies against CD13, CD29, CD44,
CD45, CDI105 (for hEC-MSCs and hECN-MSCs) and CD133,
FITC-conjugated antibodies against CD34 and HLA-DR
(Becton-Dickinson, San Jose, CA, USA) in 250 ul PBS for
30 min. After being rinsed with PBS, the labeled cells were
analyzed using FACSCalibur. PE-IgG1 and FITC-IgGl were
used as controls.

RT-PCR. To compare differentially expressed genes between
hEC-MSCs and hECN-MSCs, total RNA was extracted
using TRIzol (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer's instructions, and cDNA was generated
using Reverse transcriptase II and Oligo-dT primer (Toyobo,
Japan) according to the manufacturer's instructions. RT-PCR
was performed with the following temperature profile: a pre-
denaturation step of 5 min at 94°C, followed by 35 cycles of
94°C for 30 sec, annealing temperature for 30 sec and 72°C
for 30 sec and a final exposure to 72°C for 10 min. B-actin was
used as a control and the specific primers are listed in Table I.

Immunohistochemistry. For immunohistochemical staining,
the streptavidin-biotin-peroxidase complex method was
used to detect the proteins. hEC-MSCs, hECN-MSCs
and hBM-MSCs were fixed with 4% paraformaldehyde at
room temperature and endogenous peroxidase activity was
quenched and blocked with hydrogen peroxidase (30% H,O,
and methanol, 1:50) for 30 min and 5% BSA for 20 min. The
cells were sequentially incubated with primary antibodies for
a-SMA, CK18 and VEGF (Boster, Wuhan, China) for 80 min,
followed by biotin-labeled anti-rabbit or anti-mouse secondary
antibody (Boster) for 20 min at 37°C, and developed with
3,3'-diaminobenzidine (Boster). For negative controls, the
conditions were identical except that primary antibodies were
replaced by PBS.

Statistical analysis. Statistical analysis carried out using
SPSS standard version 13.0 software. Data are reported as the
mean + SD from at least three independent tests. Significance
of difference was analyzed using the Student's t-test. P<0.05
was considered to indicate a statistically significant result.

Results

Morphology and growth characteristics of hEC-MSCs and
hECN-MSCs. hEC-MSCs and hECN-MSCs were success-
fully isolated by collagenase digestion. A small quantity
of long spindle-shaped cells were found after 3-4 days of
primary culture, and the cells reached 80-90% confluence
after 15-20 days of primary culture. hREC-MSCs and hECN-
MSCs had a similar morphologically and were long and
spindle-shaped (Fig. 1A). The growth curves of hEC-MSCs
and hECN-MSCs showed that hEC-MSCs grew faster than
hECN-MSCs in the same culture conditions after 5 days
of culture (P<0.05). hBM-MSCs were used as a control
(Fig. 1B).

Expression of surface antigens. FACS analysis demonstrated
that hEC-MSCs and hECN-MSCs expressed the typical MSC
surface antigens. hBM-MSCs served as a control (Fig. 2).
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Table I. Primer sequences for the amplification of target genes and B-actin.

Genes Primer sequence (5'-3") Amplicon size (bp) Annealing temperature ("C)
Oct-4 For: TATACACAGGCCGATGTGG
Rev: GTGCATAGTCGCTGCTTGA 397 60
Nanog For: ATGCCTCACACGGAGACTG
Rev: CTGCGTCACACCATTGCTA 369 60
Bmi-1 For: GCTGCCAATGGCTCTAATG
Rev: AGGAGACTGCACTGGAGTACTG 530 61
TGF-p For: GGTGGAAACCCACAACGAAATC
Rev: GCTAAGGCGAAAGCCCTCAAT 385 60
Vimentin For: CCAGGCAAAGCAGGAGTC
Rev: GGGTATCAACCAGAGGGAGT 380 59
Snail For: CTGGGTGCCCTCAAGATG
Rev: GTGGAGCAGGGACATTCG 261 59
Nucleostemin For: ACGCATGACCTGCCATAAGC
Rev: ACCTGAGGACATCTGCAACC 450 59
Twist For: CGGGAGTCCGCAGTCTTA
Rev: CACGCCCTGTTTCTTTGA 497 57
a-SMA For: CTGACTGAGCGTGGCTATTC
Rev: CCACCGATCCAGACAGAGTA 452 58
E-cadherin For: CGCATTGCCACATACACTCT
Rev: TTGGCTGAGGATGGTGTAAG 435 60
IGF-1 For: CTCCTCGCATCTCTTCTACC
Rev: CTCCAGCCTCCTTAGATCAC 235 57
N-cadherin For: AGTCAACTGCAACCGTGTCT
Rev: AGCGTTCCTGTTCCACTCAT 281 60
VEGF For: CCTTGCTGCTCTACCTCCAC
Rev: ATCTGCATGGTGATGTTGGA 280 61
[B-actin For: CACGAAACTACCTTCAACTCC
Rev: CATACTCCTGCTTGCTGATC 265 56
hEC-MSCs hECN-MSCs hBM-MSCs
$ oz | & coaa| L coze| & coas| o .
£z 2] elit o]t S =
331: 31 L3 HIE L3 FI 8 24
oF b & ] : Ry 1 H gd’
o at 2 ﬂ'A ef ‘ =¥ =f
" ! Q2 e s e (RS e e £ e s *
mg cD13 5 cotos | 2] cows| & - 13
£, 21, S #: s
231 s{* 3 H 2 H 84
4 s1 " 3 ‘ 2]’ 5 o
8 21 24 2 =
e °I‘%-ﬂ‘ “\‘o 0l 107 109 100 1w0? w0 1w 1w’ ot
2 % =3 g s 3
ki g cD133 s cp4s | = P cpas | = cD133
E2] g *1:t by . .
38 s R L R 24 3 8.}
Og g -1 kY ] 1 1
2 £ 2 £ -] 2 2
° “w® ol 1 1wt °M‘ n OM‘ 1 0t 1 e et
3 . S 2 s s
g g HLA-DR &{ ’: CD34| g HLA-DR = CD34 8
gs . i l : . .
é 3 : Hh 2 < :
2 -] L L ] i‘ :
“1° 10’ AT e 10! oo w0t % w! et 10’ wt 0% 10’ 10f 10?0t

Figure 2. Surface antigens of mesenchymal stem cells (MSCs) from human esophageal carcinoma (hEC-MSCs) and adjacent non-cancerous tissues
(hECN-MSCs). hEC-MSCs and hECN-MSCs expressed CD13, CD29 and CD44 and weakly expressed CD105, but did not express CD34, CD45, CD133 and
HLA-DR. Human bone marrow MSCs (hBM-MSCs) served as a control.



182

HU et al: ISOLATED MESENCHYMAL STEM-LIKE CELLS

Snail

Nucleostemin

Figure 3. Gene expression in mesenchymal stem cells (MSCs) from human esophageal carcinoma (hEC-MSCs) and adjacent non-cancerous tissues
(hECN-MSCs). RT-PCR was applied to compare the expression levels of VEGF, Bmi-1, Nanog, Oct-4, N-cadherin, E-cadherin, TGF-f, a-SMA, IGF-1,
Vimentin, Twist, Snail and Nucleostemin between three pairs of hREC-MSCs and hECN-MSCs. Human bone marrow MSCs (hBM-MSCs) served as a control

and PB-actin was used as a housekeeping gene.
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Figure 4. Protein expression in mesenchymal stem cells (MSCs) from human esophageal carcinoma (hEC-MSCs), adjacent non-cancerous tissues (hRECN-MSCs)
and human bone marrow (hBM-MSCs). An immumohistochemical study was applied to compare the expression levels of a-SMA, CK18 and VEGF among
hEC-MSCs, hECN-MSCs and hBM-MSCs. The negative control contained no primary antibody.

Gene expression in hEC-MSCs and hECN-MSCs. RT-PCR
results showed that hEC-MSCs and hECN-MSCs expressed
stem cell-related genes, including Oct-4, Nanog, Bmi-1
and Nucleostemin, and stroma cell-related genes, including
TGF-B, Vimentin, Twist, a-SMA and Snail. However, the
expression levels of VEGF, Bmi-1, Nanog and Oct-4 were
higher in hEC-MSCs than in hECN-MSCs between the three
pairs of hEC-MSCs and hECN-MSCs. Neither hEC-MSCs
nor hECN-MSCs expressed E-cadherin. hBM-MSCs served

as a control and B-actin was used as a housekeeping gene
(Fig. 3).

Immunohistochemical staining of hEC-MSCs and hECN-
MSCs. The results of immunohistochemical staining showed
that the protein expression levels of CK18 and VEGF were
higher in hEC-MSCs than in hRECN-MSCs, while the expres-
sion level of a-SMA was similar between hEC-MSCs and
hECN-MSCs (Fig. 4).
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Discussion

As essential components of tumor stroma cells, MSCs play
an important part in the tumor microenvironment which
modulates tumor growth and development in a number of
ways. MSCs are able to become tumor-associated fibroblasts
(TAFs) or carcinoma-associated fibroblasts (CAFs) which
contribute to fibrovascular network expansion and tumor
progression (24,25). They are also capable of differentiating
into pericytes and mural cells around tumor blood vessels,
which contribute to the formation of a mature vasculature in
tumors (26).

MSCs in tumor tissue are generally believed to be stem
cells from bone marrow (27). Strong evidence demonstrates
that MSCs are able to home to injury sites in a number of
pathological conditions, including inflammation, tissue repair
and neoplasia (2,3,28). During progression and development of
tumors, MSCs can be recruited in large numbers to the tumor
site (29).

In the present study, we successfully isolated five paired
hEC-MSCs and hECN-MSCs from 25 paired primary
esophageal squamous cell carcinoma tissues and adjacent
non-cancerous esophageal tissues. The cells presented a
typical long spindle shape. The cell growth rate of hREC-MSCs
was significantly higher than that of paired hECN-MSCs. Our
results indicated that hEC-MSCs and hECN-MSCs expressed
CD13, CD29 and CD44, weakly expressed CD105, but did not
express CD34, CD45, CD133 and HLA-DR, which was also
similar to hBM-MSCs according to our previous studies (23).

To explore the role of hEC-MSCs and hECN-MSCs in
tumor development and progression, gene expression was
compared between them by RT-PCR. Among the 13 known
genes, Oct-4, Nanog, Bmi-1 and Nucleostemin were associ-
ated with stem cells, while N-cadherin, TGF-3, Vimentin,
Twist, a-SMA and Snail were associated with stromal cells.
Previous studies have shown that the expression of Oct-4 and
Nanog was at a higher level in certain epithelial malignant
tumors compared with corresponding cancer-adjacent tissues
and normal tissues (30,31). Similarly, Bmi-1 was reported to
have low expression or even no expression in cancer-adjacent
and normal tissues, but its expression was significantly higher
in tumor tissues, and was associated with poor prognosis in
patients (32,33). VEGF promotes the formation of new blood
vessels in tumors, which plays an important role in the growth,
invasion and metastasis of tumors (34,35). In our study, the
expression levels of VEGF, Bmi-1, Nanog and Oct-4 were
notably higher in hEC-MSCs than in hECN-MSCs.

Moreover, the results of immunohistochemistry showed
that the protein expression levels of a-SMA and VEGF were
correlated with the corresponding gene expression levels.
The expression level of CK18 in hEC-MSCs was also higher
than in hECN-MSCs. CK18 is a cytokeratin, and is a specific
marker of epithelial cells. Research has shown that the expres-
sion level of CK18 is closely correlated with the malignant
degree of cells. It was lower in normal epithelial cells than in
tumor epithelial cells, and the expression level increases with
the degree of malignancy (36,37).

In conclusion, our study showed that MSC-like cells may
be successfully isolated from human esophageal carcinoma
and adjacent non-cancerous esophageal tissues. The study
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may lay the foundations for further research on the esophageal
carcinoma microenvironment and its mechanism of develop-
ment.
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