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Abstract: Objective: Esophageal squamous cell carcinoma (ESCC) is one of the leading causes of cancer deaths
worldwide. CD9 has been reported to play a critical role in cell motility, growth and metastasis of multiple cancers.
The present study investigated the clinicopathological features of CD9, and its biological characteristics in ESCC.
Methods: Fifteen normal esophageal tissue specimens, fifty-three ESCC adjacent tissues and one hundred and
four ESCC tissues were included in this study. Using immunohistochemistry (IHC), the expression levels of CD9
were evaluated among different samples. And its clinicopathological parameters and its prognostic factors were
analyzed. Western blotting was used to measure CD9 expression and colony formation was performed to determine
the effect of CD9 on cell growth in ESCC TE-1 cells. Results: Compared with normal esophageal tissues and tumor
adjacent tissues, CD9 expression level is significantly higher in ESCC tissues. CD9 expression correlated with tumor
stage (P = 0.022) and lymph node metastasis (P = 0.019) in ESCC patients. Furthermore, the small interfering RNA-
mediated silencing of CD9 expression in TE-1 cells resulted in increased proliferation as evidenced by increased
colony number and colony size. Conclusion: CD9 expression is upregulated in ESCC tissues and its expression is
correlated with tumor stage and lymph node metastasis in ESCC patients. CD9 suppresses the proliferation of TE-1
cells. CD9 may present a potential in tumor progression in ESCC.
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Introduction supports a role for CD9 in metastatic cancers

both in vitro and in vivo [7-9]. For example, CD9

The tetraspanins represent a large superfamily
of four membrane-spanning proteins that are
expressed in the plasma membrane of all mam-
malian cells [1, 2]. Tetraspanins can interact
with a diverse array of key proteins, including
immune receptors, integrins, and signaling mol-
ecules [1, 2]. CD9, a member of the tetraspanin
superfamily, is the third most abundant protein
on the platelet surface and required for the
release of microparticles from coated-platelets
[3, 4]. The tetraspanin CD9 has been shown to
be participated in diverse functions, such as
cell motility, growth and immune response [5].
In recent years, CD9 is found to be involved in
tumor progression [6]. Accumulating evidence

expression upregulates pro-MMP-9 expression
and release and promotes cellular invasion in a
human fibrosarcoma cell line HT1080 [10].
However, controversial evidence was also
reported showing the metastasis-inhibitory
effect of CD9. Chen et al found that down-regu-
lation of CD9 expression was more frequently
observed in metastatic and invasive tumors
[11]. CD9 overexpression of small-cell lung can-
cer (SCLC) cells reduces the metastatic spread
of cancer cells via the inhibition of cell prolifera-
tion and motility [5, 12]. CD9 expression is
inversely correlated with tumor cell motility, pro-
liferation and survival of patients in several
solid tumors, including oral, pancreatic and gas-
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trointestinal tumors [13-17]. Ectopic expres-
sion of CD9 can inhibit the proliferation and
tumorigenicity in colon carcinoma cells [13].
Hashida et al found that CD9-positive patients
had a higher survival rate than that of CD9-
negative patients in 146 colon cancer patients.
They also showed that nodal status and patho-
logical status were inversely correlated with
CD9 expression [18]. The above evidence sug-
gests that the effect of CD9 in cancer may dif-
fer and depend on cancer types.

Esophageal cancer is the eighth most common
cancer by incidence and ranks the sixth most
common cause of cancer-related death world-
wide [19, 20]. This cancer has distinct geo-
graphic feature around the world and is highly
prevalent in China. The 1- and 5-year survival
rates are 50% and 15%, respectively and 95%
of esophageal cancer patients are esophageal
squamous cell carcinoma (ESCC) in China [20,
21]. The absence of early symptoms, the
metastasis of lymphadenopathy, hepatomega-
ly and a pleural effusion in the late stage make
it difficult for the surveillance and treatment of
this disease [21]. Metastasis plays a pivotal
role in tumor progression, and is the major
cause of ESCC-related death. It is warranted to
find new biomarkers for evaluating the invasive-
ness, metastasis potential and prognosis of
this tumor.

However, the specific function of CD9 in ESCC
has not been reported. Uchida et al reported a
relationship between CD9 expression and
lymph node metastasis in ESCC [22]. To explore
the clinicopathological significance and possi-
ble role of CD9 in ESCC development, we ana-
lyzed its expression in normal esophageal tis-
sues and in ESCC tissues. Furthermore, we
performed clone formation assays to investi-
gate the role of CD9 in ESCC progression.

Materials and methods
Tissue samples

The ESCC samples were collected from 104
patients who had not received chemotherapy
or radiotherapy prior to surgery. For these
patients, if preoperative ultrasonography or
computed tomography (CT) does not show any
enlarged cervical lymph nodes (minor axis <
0.5 cm), patients were underwent a subtotal
esophagectomy with two-field lymphadenecto-
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my through a right thoracotomy, followed by a
laparotomy. If enlarged cervical lymph nodes
were shown by preoperative ultrasonography or
CT, patients were to undergo radical oesopha-
gectomy with cervico-thoraco-abdominal three-
field lymphadenectomy through a right thora-
cotomy, followed by a laparotomy and a cervical
incision. The resection extent includes nodes
along the cervical part of the esophagus and
deep cervix. Fifteen normal esophageal tissue
samples were obtained from surgical resec-
tions of trauma patients. These tissues were
obtained postoperatively in 2010 from the
Gastrointestinal Center, Jiangyin People’s Hos-
pital, Medical School of University of Southeast
of China (Jiangyin, China) as reported previous-
ly [23]. All patients provided signed, informed
consent for their tissue samples to be used for
scientific research. The ethical approval for the
study was obtained from the Jiangyin People’s
Hospital, Medical School of University of
Southeast of China. All diagnoses were based
on pathological and/or cytological evidence.
The histological features of the specimens
were evaluated by a senior pathologist accord-
ing to the classification criteria from the World
Health Organization [24]. Tissue samples were
obtained prior to chemotherapy and radiation
therapy and were immediately fixed in 10%
neutral buffered formalin prior to immunohisto-
chemistry analysis.

Immunohistochemistry staining (IHC)

The tissue samples were fixed in 10% neutral
buffered formalin and embedded in paraffin.
Three-micrometer thick paraffin sections were
deparaffinized and heat-treated with citrate
buffer (pH 6.0) for 7 min as an epitope retrieval
protocol. Endogenous peroxidase was blocked
with 3% hydrogen peroxide for 15 min at room
temperature and tissue non-specific-binding
sites were blocked with skim milk powder at 4%
applied for 30 min. Sections were then incu-
bated with the CD9 antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) for 1 h (dilution
1:60) and mixed with skim milk powder at 2%
again to reduce the non-specific staining.
Biotinylated secondary antibody was then
added for 30 min. IHC staining was visualized
with substrate solution containing diaminoben-
zidine (DAB) and hydrogen peroxide. The coun-
ter-staining was performed with haematoxylin.
All steps were performed at room temperature.
Negative controls consisted of tissue sections
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Table 1. Patient demographics for the IHC analysis

ish peroxidase (HRP)-con-

Normal Grade |l Gradell Grade lll Grade IV All Tumors

jugated anti-rabbit or anti-

Number 15 15 52 33

Mean age (year) 58.7 62.8 60.5 59.2
Age range (year) 32-72 55-69 33-78 32-75

Sex
Male 10 9 37 23
Female 5 6 15 10

61.8 60.3
52-67 32-78

mouse secondary anti-
body (Santa Cruz Tech-
nology, Santa Cruz, CA) for
2 h. The proteins were
visualized using the en-
4 73 hanced  chemilumines-
0 31 cence (ECL, Beyotime,

4 104

undergoing similar staining procedures in the
absence of the primary antibody.

The criteria for scoring the stained sections
were as follows: negative (0), < 10% of the
whole tissue section stained positive; weakly
positive (+ 1), 10-25% of the whole tissue sec-
tion stained positive; moderately positive (+ 2),
25-75% of the whole tissue section stained
positive; and strongly positive (+ 3), 75% of the
tissue section stained positive.

Cell culture and transfection

The human esophageal cancer cell line, TE-1,
was maintained in DMEM supplemented with
10% FBS and antibiotics (Gibco, Grand Island,
NY). Cells were grown in a 37°C incubator with
5% CO,,. The cells were grown in a 6-well culture
plate to 70-80% confluence and then transfect-
ed with either siRNA-NC or siRNA-CD9 (Santa
Cruz Biotechnology, Santa Cruz, CA) using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions.
After 48 hours, the cells were collected for
Western blotting.

Western blotting

After treatment, cells were harvested and lysed
in RIPA lysis buffer (50 mM Tris-HCI, pH 7.4,
150 mM NaCl, 1% Triton X-100, 1% sodium
deoxycholate, 0.1% SDS) containing protease
inhibitor cocktail (Sigma, St. Louis, MO) for 30
min at 4°C. Forty micrograms of protein from
each lysate were fractionated by 10% SDS-
PAGE and transferred to polyvinylidene difluo-
ride membranes (Millipore, Bedford, MA). After
blocking with 5% nonfat milk in PBS-Tween-20
for 1 h at room temperature, the membranes
were blotted with CD9 primary antibody
(Sangon Biotech, Shanghai, China). a-Tubulin
(Beyotime, Nantong, China) was used as a load-
ing control. After washing four times with TBST,
the membranes were incubated with horserad-
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Nantong, China).
Colony formation

Cells transfected with the indicated siRNAs
were plated at low density (1,000 cells per 6
cm plate). After transfection, cells were incu-
bated for 10 days and fixed and stained with
crystal violet. Foci and colonies containing
more than 50 cells were counted using a
microscope.

Statistical analysis

The differences in the demographic character-
istics between the tumour patients and non-
cancer subjects were evaluated using the X2
test. The differences between two groups were
assessed using the Mann-Whitney U-test and
the data involving more than two groups were
analyzed using the Kruskal-Wallis test. The
quantification of colony size and number was
analyzed using ImageJ image analysis software
(NIH, Bethesda, MD). The statistical analysis
was performed using the SPSS software
(Release 19.0, SPSS Inc.). The data were con-
sidered significant if P < 0.05.

Results

Expression of CD9 is upregulated in esopha-
geal cancer tissues

To investigate the expression of CD9 in human
ESCC tissue, we performed IHC analysis on tis-
sue section of normal esophageal tissue speci-
mens, ESCC and tumor adjacent tissues. The
demographics features of patients for the
immunohistochemistry staining are summa-
rized in Table 1. 15 patients (9 males, 6
females) with stage | ESCC were included. Their
age ranges from 55~69 years old, and the
mean age is 62.8 years old. Stage Il included
52 ESCC patients (37 males and 15 females),
and their age ranges from 33~78 years old,
with a mean age of 60.5 years old. Stage Ill had
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Figure 1. Overexpression of CD9
in ESCC tissues. A. Representa-
tives IHC analysis of CD9 expres-
sion in normal esophageal tissue
specimens, ESCC adjacent tis-
sues and ESCC tissues. B. Repre-
sentative images of IHC staining
illustrating the scoring of CD9 in
ESCC tissues (magnification, x
200). C. Box plot representing
the range of CD9 immunohisto-
chemical (IHC) staining score in
normal esophageal tissues (n =
15), ESCC tissues (n = 104) and
tumor adjacent tissues (n = 52),
. (P <0.01).
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a total of 33 ESCC patients (23 males, 10
females) with age ranging from 32~75 years
old, mean age of 59.2 years old. Stage IV ESCC
patients (4 males, while no female) were col-
lected, with age ranging from 52~67 years old
and a mean age of 61.8 years old. Among the
104 ESCC tissues, 53 of which had correspond-
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ing adjacent tumor tissues. Besides, 15 paraf-
fin-embedded normal esophageal tissue sam-
ples were also collected. Using immuno-
histochemistry, the expression of CD9 was
detected in these tissue samples. An overall
stronger staining for CD9 was frequently
observed in the ESCC tissues, whereas very
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Table 2. Relationship between clinicopathological and
CD9 expression in esophageal squamous cell carcinoma

(ESCC) (n = 104)

gender, histological grade and lymphat-
ic invasion of ESCC patients. CD9
expression correlated with ESCC stage

CD9 expression

Clinicopathological parameters

Case Mean + SEM

(P=0.022) and lymph node metastasis

P-value (P=0.019). The expression of CD9 pro-

Age (years)

<64 61 1.303 0.149

> 64 43 1127 0.178
Gender

Male 73 1.281 0.441

Female 31 1.113 0.189
Histological grade

Well 25 1.200 0.206

Moderately 48 1.031 0.168

Poorly 31 1.565 0.218
Stage

1+2 67 1.084 0.132

3+4 37 1.210 0.199
pN

(+) 42 1583 0.194

(-) 62 0.992 0.131
Lymphatic invasion

(+) 49 1.459 0.176

(-) 55 1.027 0.144

0.467

0.592

tein level was higher in stage lll-IV and
metastasis ESCC tissues than in stage
[-Il tumors (1.210 + 0.199 Vs. 1.084 +
0.132, P < 0.05). The metastatic ESCC
tissues showed significant higher
expression than from non-metastatic
tissues (1.583 = 0.194 vs. 0.992 +

0.139 0.131, P < 0.01). No other clinicopatho-

logical parameter is showed significant
correlation with CD9 expression. These
results suggest CD9 as a characteristic

0.022 of this malignancy.

CD9 suppresses the proliferation in
TE-1 cells

0.019

To explore the role of CD9 in esopha-
geal cancer cell growth, cells were first

0.079 transfected with a siRNA targeting CD9

(SiRNA-CD9) or a control siRNA (siRNA-
NC) and the effective downregulation of

pN, lymph node metastasis

weak staining of CD9 was observed in the nor-
mal samples and tumor-adjacent tissues
(Figure 1A). The expression of CD9 was
observed in the plasma membrane of ESCC
cancer cells (Figure 1A). The samples were fur-
ther scored by a senior pathologist (Repre-
sentative image of each score is shown in
Figure 1B), as described in the Materials and
Methods section. As shown in Figure 1B, CD9
expression in normal esophageal tissues was
similar to that in adjacent tumor tissues; how-
ever, there were significant differences in the
expression of CD9 among tumor tissues and
between tumor tissues and adjacent tumor tis-
sues (P < 0.01). These results indicated an
increase in the expression of CD9 in esopha-
geal carcinoma, suggesting its involvement in
ESCC.

Correlation of CD9 expression with clinicopath-
ological factors of ESCC

The relationship between clinicopathological
and CD9 IHC staining score in ESCC is shown in
Table 2. The results showed a non-significant
correlation between CD9 expression and age,
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CD9 was confirmed by Western blot.
Our data revealed that CD9 protein
expression was much lower in siRNA-
CD9 group than that in siRNA-NC-transfected
group (Figure 2A). And the colony formation
assay showed that the number of TE-1 cell colo-
nies formed in siRNA-CD9 group was signifi-
cantly increased compared to the siRNA-NC-
transfected group (P < 0.05, Figure 2B and 2C).
The CD9 silencing cells also showed increased
(Figure 2D). These results suggest that CD9
inhibits the proliferation of esophageal tumor
cells.

Discussion

CD9 encodes a member of the transmembrane
4 superfamily, which is located at chromosome
12 (12 p13) in humans [25]. It contains 8 exons
and 7 introns, spanning approximately 24- to
27-kDa, and plays major roles in cell signaling,
proliferation, adhesion, motility and metastasis
[4, 6, 26]. CD9, also called as motility related
protein-1 (MRP-1), was firstly recognized by a
monoclonal antibody M31-15 [27]. The expres-
sion and function of CD9 is widely studied in
colon, lung, ovarian, breast and renal cell carci-
nomas [5, 13, 28-31]. CD9 expression is
inversely correlated with metastasis status and

Int J Clin Exp Pathol 2015;8(3):3054-3061
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Figure 2. CD9 inhibits the growth of TE-1 cells. A. Western blot analysis of CD9 was performed on TE-1 cells with
transfection with siRNA-NC or siRNA-CD9. CD9 protein level was higher in siRNA-NC group than that in siRNA-CD9
group. o-Tubulin was used as an internal control to ensure equal loading. B. TE-1 cells were analysis for their ability
to form colonies via colony formation assay. Cells were transfected with siRNA-NC or siRNA-CD9 and incubated for
10 days. The figure showed one representative experiment repeated for three times with the similar results. C. The
relative number of colonies formed after 10 days’ culture in siRNA-CD9 group was significantly more than that in
siRNA-NC group (P < 0.05). D. Downregulation of CD9 increased the size of TE-1 cell size compared with the controls

(P<0.05).

patient survival rate in renal cancer [5].
Overexpression of human CD9/MRP-1 sup-
pressed cell motility and metastasis into
human lung adenocarcinoma cells and human
myeloma cells [16]. Ectopic expression of CD9
caused the inhibition of cell proliferation and
induced apoptosis in small cell lung cancer
cells [26]. In this study, we employed the trans-
fected TE-1 cell lines with different expression
level of CD9 to illustrate its influence on tumor
cell growth. We found that the small interfering
RNA-mediated silencing of CD9 expression pro-
motes cell proliferation of ESCC cells, which is
consistent with other studies demonstrating a
potent inhibitory of CD9 protein in other tumor
cell growth [12, 13, 26].

Our study also describes the clinicopathologi-
cal significance of CD9 in ESCC. Using IHC for
human ESCC tissues, we found that weak
expression of CD9 in normal tissues and adja-
cent tumor tissues, whereas increased expres-
sion in ESCC tissues. We assume that CD9 may
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be involved in esophageal oncogenesis and
tumor development. ESCC is one of the most
aggressive cancers and no effective measure
has been developed to completely cure this
malignancy so far. And the metastasis of lymph-
adenopathy is major pathway for ESCC cells to
spread. Results revealed that CD9 level is cor-
related with tumor stage and lymph node
metastasis. CD9 expression in patients with
TNM stage llI-IV and metastatic ESCC was sig-
nificantly higher than that in patients with TNM
stage I-ll, non-metastatic ESCC. These results
suggest that CD9 may be a predicator of malig-
nant degree and may act as a predictive and
prognostic factor. Furthermore, our results are
consistent with the known function of CD9 as a
tumor suppressor in other tumors. Uchida et al
demonstrated that reduced expression of CD9
correlated to lymph node metastasis in ESCC,
and they also found an inverse correlation
between CD9 expression and lymphatic inva-
sion [22]. Adenoviral infection of CD9/MRP-1 in
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orthotopic lung cancer could dramatically inhib-
it the lymph nodes metastasis to the mediasti-
num [32]. In human fibrosarcoma cell line
HT1080, a reduction of CD9 resulted in the pro-
motion of tumor metastasis potential, and CD9
could inhibit cell transformation via the down-
regulation of Wntl, and it may suppress tumor
metastasis via the downregulation of Wntba
[33]. They also found that CD9 could downregu-
late VEGF-A expression [33]. Therefore, CD9
may be a potential target for the diagnosis and
therapy of ESCC as reported in other cancer
types [24]. Further studies are needed to dem-
onstrate the molecule mechanism by which
CD9 modulates the malignant behavior of
ESCC.

In summary, our study provide evidence that
CD9 expression is upregulated in ESCC tissues
And CD9 level is correlated with tumor stage
lymph node metastasis and lymphatic invasion,
which may present a potential target for ESCC
treatment.
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