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Abstract
Background. Glioma, the most common primary tumor in the central nervous system, originates from 
glial cells and has a poor prognosis.

Objectives. This experimental laboratory study was designed to explore the role of epithelial cell adhesion 
molecule (EpCAM) in the metastasis of glioma.

Material and methods. Serum samples were collected from patients with non-metastatic or metastatic 
glioma (n = 20 per group), and healthy volunteers (n = 8). Exosomes were isolated from the serum and 
the morphological characteristics were observed under a scanning electron microscope (SEM). The ex-
pression of CD81 and CD63 was measured to identify exosomes. Glioma tissue and the adjacent normal 
tissue samples were obtained from patients with non-metastatic or metastatic glioma (n = 12 per group). 
Meanwhile, 4 normal brain tissue samples were collected. The expression of CD44, hyaluronan-mediated 
motility receptor (HMMR), and matrix metalloproteinase-9 (MMP-9) was determined in each group using 
immunohistochemistry. The protein expression of CD44, HMMR, matrix metalloproteinase-2 (MMP-2), 
MMP-9, and selectin E (SELE) was measured with western blotting.

Results. Exosomes were present in the serum, and the proteins CD81 and CD63 were expressed in all 
3 groups. CD44 was highly expressed in the non-metastasis and metastasis groups. The expression of HMMR 
and MMP-9 in the Adj-metastasis and Adj-non-metastasis groups was high, while in the other groups, 
the levels were low. The expression of CD44 in the metastasis and non-metastasis groups was significantly 
higher than that of the negative control (NC) group, and the expression in the metastasis group was higher 
than that of the non-metastasis group. The MMP-2 and MMP-9 were not found in either the metastasis 
or non-metastasis group. The protein expression of HMMR and SELE was high in all groups.

Conclusions. Exosome EpCAM promoted the metastasis of glioma by targeting CD44.
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Introduction

Glioma is the most common primary tumor in the cen-
tral nervous system; it originates from glial cells and has 
a poor prognosis.1 Glioma is classified into 4 grades ac-
cording to the latest classification of the World Health 
Organization (WHO).2,3 Although glioma can be treated 
with advanced chemotherapy drugs, surgery, new gener-
ations of gamma rays, and other interventions, the inva-
siveness of glioma and the protective effect of the blood–
brain barrier remain obstacles in  glioma treatment. 
Normal brain tissue is more prone to radiation brain 
damage, resulting in a five-year mortality rate for glio-
ma patients that remains at over 95%.4 In recent years, 
some researchers have come to believe that the occur-
rence of tumors is closely related to the interaction be-
tween external environmental factors and the host’s in-
ternal genetic factors. The discovery of a proto-oncogene 
and tumor suppressor gene have led to a more profound 
understanding of the mechanism of tumor occurrence 
and development.5 The research on the occurrence and 
development mechanism of brain glioma has been raised 
to  the molecular level. Studies have found that many 
cytokines and genes participate in the occurrence and 
development of brain glioma, and that these cytokines 
and genes have broad application prospects in clinical 
practice.

Epithelial cell adhesion molecule (EpCAM) is a single 
transmembrane protein which is encoded by the tumor-
associated calcium signal transduction gene 1 (TACSTD1) 
and which belongs to the family of adhesion molecules.6 
It participates in the regulation of intercellular adhesion, 
signal transduction, and cell migration, proliferation and 
differentiation.7 The EpCam is expressed in the epithe-
lium of different organs and tumors in different sites.8 
In carcinomatous cells, EpCAM is overexpressed.9 Cimi-
no et al. found that EpCAM was upregulated in breast 
cancer metastasis.10 It was also found that the expres-
sion of EpCAM in metastatic gastric cancer (GC) was 
higher than in primary GC. The downregulation of Ep-
CAM by siRNA led to the  inhibition of GC cell inva-
sion and migration.11 The EpCAM expression is related 
to tumor prognosis and may be used for tumor-targeted 
therapy. Stoecklein et al. showed that the mean recur-
rence interval for patients with strongly EpCAM-positive 
esophageal squamous cell carcinoma was 9 months, while 
the mean recurrence interval of EpCAM-negative, weak-
ly EpCAM-positive or -positive patients was 43 months, 
indicating the poor prognosis of patients with overex-
pressed EpCAM.12

In this study, we explored the role of EpCAM in glioma 
and its relationship with CD44 on the surface of glioma 
cells.

Material and methods

Tissue and serum samples

In this experimental laboratory study, 20 patients with 
non-metastatic glioma and 20 patients with metastatic glio-
ma admitted to Chifeng College Affiliated Hospital, China, 
from May 2016 to April 2018 were enrolled. Eight healthy 
volunteers were also recruited as the negative control group 
(NC). This study was approved by the ethics committee 
of  Chifeng College Affiliated Hospital and all patients 
signed informed consent forms. Fasting peripheral venous 
blood (3 mL) was drawn from all participants, placed into 
EDTA anticoagulant test tubes (Sigma-Aldrich, St. Louis, 
USA), and centrifuged at 1000 × g for 10 min. The super-
natant was transferred into an RNA-enzyme-free centri-
fuge tube (Sigma-Aldrich) and stored at −20°C for later use.

Samples of glioma tissue and adjacent normal tissue were 
collected from 12 non-metastatic patients and 12 meta
static patients. Meanwhile, normal brain tissue samples 
were collected from 4 healthy subjects. All tissues were 
frozen immediately after resection and stored at −80°C 
for further experiments.

Exosome extraction and identification

Exosomes were isolated from human serum using an exo-
some separation reagent (Invitrogen, Carlsbad, USA). In or-
der to remove impurities, 500 μL of serum was centrifuged 
at 2000 × g for 30 min. Then, 300-μL samples were mixed 
with 60 μL of separation reagent and incubated at 4°C for 
30 min. After centrifugation at 10,000 × g for 10 min, the su-
pernatant was discarded. Next, 150 μL of phosphate-buffered 
saline (PBS) was added to the suspended sediment and placed 
in storage at 4°C for later use. The exosomes were fixed with 
paraformaldehyde (Sigma-Aldrich), added to the copper 
mesh, and negatively stained with uranium dioxide-acetate 
(Invitrogen). The morphology was observed using a trans-
mission electron microscope (Nikon, Tokyo, Japan).

Immunohistochemistry

The paraffin-embedded sections were routinely dewaxed 
to water, soaked in 3% hydrogen peroxide (Sigma-Aldrich) 
at room temperature for 5 min to inactivate endogenous 
enzymes, and washed thrice in distilled water for 3 min 
each time. The antigen was thermally remediated, cooled 
and washed twice with PBS. The sections were then treated 
with 5% bovine serum albumin (BSA) sealant and placed 
at room temperature for 20 min, incubated with prima-
ry antibody (rabbit IgG, l:50 dilution; Abcam, Cambridge, 
UK) at 37°C for 60 min, and washed 3 times with PBS. 
Then, the sections were incubated with secondary anti-
body (Abcam) at 37°C for 1 h, colored with 3,3’-diamino-
benzidine (Sigma-Aldrich), rinsed, and counter-stained 
with hematoxylin.
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Western blotting

The tissue samples were lysed with radioimmunopre-
cipitation assay (RIPA) lysate (Bio-Rad, Hercules, USA) 
on ice, and the supernatant was collected after centrifu-
gation at 12,000 × g for 20 min at 4°C. The protein con-
centration was determined with a BCA kit (Shanghai Bi-
yuntian, Shanghai, China). SDS-PAGE electrophoresis 
(Merck Millipore, Burlington, USA) was performed to iso-
late the protein after mixing it with the buffer solution. 
Then, it was transferred to polyvinylidene fluoride (PVDF) 
membrane, sealed with a sealant, incubated overnight with 
CD44, matrix metalloproteinase-2 (MMP2), MMP9, se-
lectin E (SELE), and ERBB2 primary antibodies (Abcam) 
at 4°C, and incubated with horseradish peroxidase (HRP)-
labeled secondary antibody (Abcam) at room temperature 
for 2 h. After treating the samples with chemiluminescent 
substrate working fluid (Merck Millipore), the membrane 
was developed in a Tanon 5200 chemiluminescence anal-
ysis system (Thermo Fisher Scientific, Waltham, USA).

Statistical analysis

The statistical analysis was done in SPSS v. 19.0 software 
(IBM Corp., Armonk, USA). The t-test was used to iden-
tify any differences between the 2 groups. A p-level <0.05 
was considered statistically significant.

Results

Morphology of exosomes

The exosomes were extracted from the blood of the pa-
tients and the healthy volunteers. The findings of trans-
mission electron microscopy (Fig. 1) revealed that the exo-
somes in the non-metastasis and metastasis groups were 
round or nearly round, with a double-layer lipid molecu-
lar structure, uneven size and distribution, and a diameter 
of 20–200 nm. These findings confirmed that exosomes 
existed in the serum of the glioma patients.

Exosome identification

Western blotting was applied to determine the protein 
expression of CD81 and CD63, the specific surface mark-
ers of exosomes. As shown in Fig. 2, the proteins CD81 and 
CD63 were expressed in all 3 groups, which further con-
firmed that exosomes were abundant in the serum of pa-
tients with glioma.

CD44, HMMR, and MMP9 expression 
in non-metastatic and metastatic gliomas

Immunohistochemistry was performed to  measure 
the expression of CD44, hyaluronan-mediated motil-
ity receptor (HMMR) and MMP-9 in  the  metastasis, 
adjacent(Adj)metastasis, non-metastasis, Adj-non-metas-
tasis, and NC groups. As shown in Fig. 3, CD44 was highly 
expressed in the non-metastasis and metastasis groups, 
though it was expressed very little in the other groups. 
The expression of HMMR and MMP-9 in the Adj-me-
tastasis group was the highest, followed by the Adj-non-
metastasis group. Other groups demonstrated a low ex-
pression of HMMR and MMP-9.

Fig. 1. The morphology of exosomes was examined using a transmission electron microscope

Fig. 2. The protein expression of 2 specific surface markers, exosomes 
CD81 and CD63, was measured with western blotting
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Metastasis influences gene expression

The  protein expression of  CD44, HMMR, MMP-2, 
MMP-9, and SELE in the metastasis, Adj-metastasis, non-
metastasis, Adj-non-metastasis, and NC groups were mea-
sured. As shown in Fig. 4, CD44 expression in the metas-
tasis and non-metastasis groups was significantly higher 
than in the NC group, while it was not expressed in the Adj-
metastasis or Adj-non-metastasis groups. Moreover, the ex-
pression of CD44 in the metastasis group was higher than 
in the non-metastasis group. The MMP-2 and MMP-9 were 
not expressed in the metastasis or non-metastasis groups, 
and they were expressed to a much higher degree in the Adj-
metastasis and Adj-non-metastasis groups than in the NC 
group. The expression of HMMR and SELE in the metasta-
sis, Adj-metastasis, non-metastasis, and Adj-non-metastasis 
groups were all higher than the expression in the NC group. 
In addition, HMMR and SELE showed a much higher expres-
sion in the Adj-metastasis and Adj-non-metastasis groups 
in comparison to the metastasis and non-metastasis groups.

Discussion

Glioma is often invasive and the boundaries between 
the tumor and surrounding tissue are blurred, making 
it difficult to remove completely during surgery.13 At pres-
ent, the clinical treatment of glioma remains unsatisfac-
tory, so recent studies have focused on the development 

of gene therapy, immunotherapy, targeted therapy, and oth-
er emerging therapeutic technologies for glioma patients. 
The mechanisms underlying these therapies need to be elu-
cidated through molecular and pathological experimental 

Fig. 4. The protein expression of CD44, HMMR, MMP-2, MMP-9, and SELE 
in the metastasis, Adj-metastasis, non-metastasis, Adj-non-metastasis, and 
NC groups was measured with western blotting

Fig. 3. The expression of CD44, HMMR and MMP-9 in the metastasis, Adj-metastasis, non-metastasis, Adj-non-metastasis, and NC groups was determined 
using immunohistochemistry assay
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studies on glioma cells. Therefore, research on the mo-
lecular processes of glioma is important. Exosomes have 
become an area of interest in research over the past few 
years, and studies have proven that exosomes are a key fac-
tor in the occurrence and development of tumors.14 Exo-
somes secreted by tumor cells carry specific small mol-
ecules or RNA that can affect the biological functions 
of other cells and thus regulate the progression of cancer.15

Exosomes are cup-shaped vesicles with a double-layer 
membrane structure, with a diameter of 40~100 nm and 
a density of 1.13~1.21 g/mL. Most of them are located 
in intercellular spaces or extracellular fluid, or they circu-
late in the peripheral blood.16 Both tumor and non-tumor 
cells can release a range of cytokines, growth factors, ad-
hesion molecules, and extracellular matrix proteins that 
mediate cell–cell communication in the tumor micro-
environment.17 Exosomes are involved in the tumor mi-
croenvironment and participate in the signal transduc-
tion between cells.18 Compared with normal cells, cancer 
cells secrete larger exosomes, which may be an effective 
diagnostic marker.19 In our study, we isolated and identi-
fied exosomes and found that exosomes were abundant 
in the serum samples of patients with glioma.

The EpCAM is a protein marker of exosomes. To study 
the mechanism underlying the role of EpCAM in glio-
ma, we determined the expression of CD44, HMMR and 
MMP-9 with immunohistochemistry in the study groups: 
metastasis, Adj-metastasis, non-metastasis, Adj-non-me-
tastasis, and NC. The results revealed that CD44 was highly 
expressed in the non-metastasis and metastasis groups 
and that the expression of CD44 in the metastasis group 
was higher than in the non-metastasis group. The  lev-
els of HMMR and MMP-9 expression were the highest 
in the Adj-metastasis and metastasis groups. CD44 is a key 
receptor of MT1-MMP, which degrades the extracellular 
matrix.20 Expression of CD44 is upregulated in many types 
of cancer. Moreover, it mediates metastasis by recruiting 
CD44 to the cell surface.21 In colorectal cancer, specific 
CD44 isoforms are expressed according to the progres-
sion of the disease.22 CD44 is a molecular marker associ-
ated with cancer stem cell population and treatment resis-
tance in glioma.23 The HMMR is found in many cancers, 
such as colorectal cancer.24 It is an oncogene that is highly 
expressed in  glioblastomas and supports the  growth 
of GBM.25 Taking this into consideration, we speculated 
that CD44 was involved in the metastasis of glioma. Our 
results from western blotting demonstrated significantly 
higher expression of CD44 in the metastasis and non-me-
tastasis groups in comparison to the NC group, and higher 
CD44 expression in the metastasis group than in the non-
metastasis group.

There are some limitations of the current study. Firstly, 
the sample size was relatively small. Secondly, the regulatory 
effect of EpCAM in the metastasis of glioma needs to be eval-
uated in animal studies. The recruitment of CD44 to the sur-
face of glioma cells also needs to be confirmed in vivo.

Conclusions

We found that the exosome EpCAM promoted the me-
tastasis of glioma by increasing the expression of CD44.
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