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Introduction: Epithelial membrane protein 1 (EMP1), a member of the EMP family, is

overexpressed in a large number of tumors and is thought to be a cellular connexin on the

cell membrane and is involved in proliferation, invasion, metastasis of tumor cells, and

epithelial-mesenchymal transition (EMT). Nevertheless, its biomedical function in ovarian

cancer is still unclear.

Methods: EMP1 was detected in ovarian cancer cell lines by whole transcriptome resequen-

cing. The mRNA of EMP1 was examined by qRT-PCR. The relationship between expression

of EMP1 and clinical classification, metastasis, and shortened survival time in ovarian cancer

specimens was analysed by immunohistochemical (IHC). The mechanism of EMP1

enhanced proliferation and invasion of ovarian cancer cells was determined by siRNA

interference, colony formation, migration and invasion experiments, and Western blot.

Results: EMP1 was up-regulated in ovarian cancer cell lines and ovarian cancer tissues in

comparison with non-cancerous ovarian specimens. High expression of EMP1 in ovarian

cancer specimens was obviously related to high clinical classification, metastasis, and

shortened survival time. High expressed EMP1 facilitates cell proliferation, invasion and

EMT in ovarian cancer cells. Over-expressed EMP1 increased the protein levels of RAS/

RAF/MAPK/c-JUN.

Conclusion: Over-expressed EMP1 in ovarian cancer promotes tumor cell proliferation,

invasion, and EMT by the MAPK signaling pathway.
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Introduction
Recently, Epithelial ovarian cancer (EOC) remains the most common gynaecologi-

cal malignance, ranking fifth among female worldwide cancer-related deaths.1,2

Although a great deal of effort has been devoted to the study of new cytotoxic

and targeted drugs and surgery, the overall survival rate of patients is still around

40%.3,4 Standard treatment is still surgery, paclitaxel, carboplatin and combined

chemotherapy, but recurrence and metastasis were happened in about 80% of

patients.5,6 As a result, it is crucial to discover significant biomarkers and to

know their cellular and molecular mechanism in regulating the invasion and

metastasis of ovarian cancer.7

The members of the epithelial membrane protein (EMPs) family, including

EMP1, EMP2, and EMP3, have four putative transmembrane domains with

approximately 160 amino acid residues.8 EMPs are encoded by the peripheral
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myelin protein 22 kDa (PMP22) gene family, and involved

in tumor cell migration, growth, and differentiation.9

EMP1 is also known as CL-40, tumor-associated mem-

brane protein (TMP), B4B.10 The EMP1 protein consists

of 157 amino acids and is a glycoprotein containing four

highly conserved hydrophobic transmembrane domains

localized on the membrane.11 Studies have shown that

EMP1 plays a crucial part in cell adhesion, proliferation,

apoptosis, differentiation, tumor formation and

metastasis.12,13 Li et al found that in glioblastoma, highly

expressed EMP1 promotes tumor cell proliferation, inva-

sion and metastasis by activating PI3K/AKT/mTOR sig-

naling pathway.14 Ogita et al found that EMP1 binding

with copine-III promoted the expression of Src, Vav2 and

Rac1 in prostate cancer, leading to enhanced migration and

metastasis of prostate cancer cells, indicating that EMP1

may take a part in the positive regulation of metastasis.15

Boer et al found that EMP1 is elevated in childhood acute

lymphoblastic leukemia.16 Silencing EMP1 inhibits leuke-

mia cell survival and makes leukemia cells sensitive to

prednisolone, which causes loss of migration and adhesion

with mesenchymal cells.

As far as we know, there is currently no study of the

biological mechanism of EMP1 in ovarian cancer. In prior

study, mRNA expression profiles of ovarian cancer cell line

and non-neoplastic cell line were checked by RNA sequen-

cing technology (RNA-seq). In differentially expressed

genes, EMP1 is one of the genes obviously over-

expressed in ovarian cancer cell in comparison with non-

neoplastic cell (log2FC = 3.9 and 4.5, see Supplementary

Table 1).

In this study, we verified that EMP1 is up-regulated in

ovarian cancer tissues in comparison with para-carcinoma

tissues, and is closely associated with clinical classifica-

tion, metastasis, and survival prognosis in patients with

ovarian cancer. In addition, it was found that over-

expressed EMP1 enhanced proliferation, invasion, and

EMT of ovarian cancer cells. In addition, EMP1 activates

the expression of RAS/RAF/MAPK/c-JUN in the MAPK

pathway. As a result, EMP1 enhances cancer invasion by

MAPK pathway in ovarian cancer cells.

Materials and Methods
Patient Ovarian Cancer and Adjacent

Tissue Specimens
Thirty-four ovarian cancer tissues and 34 non-cancerous

adjacent tissues were obtained from the same patient in the

department of obstetrics and gynecology, Second Xiangya

Hospital, Central South University. Half of the tissues

were washed with saline and immediately transferred to

a −80°C refrigerator or liquid nitrogen for subsequent

RT-PCR experiment. The other half of the tissues were

fixed in 4% paraformaldehyde for 24 h, dehydrated with

graded ethanol, vitrified by dimethylbenzene, and then

embedded in paraffin for immunohistochemistry. All ovar-

ian cancer specimens were pathologically verified between

2017 and 2018, and all patients were not treated prior to

diagnosis. In 34 patients with ovarian cancer, the age

ranged from 37 to 70 years. The clinical data of ovarian

cancer patients are shown in Supplementary Table 1. This

research is authorized by the Ethics Committee of the

Second Xiangya Hospital of Central South University,

and the patient consent was written informed consent,

and that this was conducted in accordance with the

Declaration of Helsinki.

Cell Culture
Three human epithelial ovarian cancer cell lines contain-

ing 3A0, A2780, and SKOV3 and one non-tumor cell line

IOSE80 were applied to detect EMP1. All these cell lines

were purchased from cell bank of central south university.

These ovarian cancer cells were cultivated in DMEM

medium (Hyclone, China) with the addition of 10% FBS

(Hyclone, China) and 1% penicillin-streptomycin. These

cells were cultured in an incubator at 37°C and 5% CO2.

Antibodies Used for IHC andWestern Blot
Rabbit anti-EMP1 antibody (ab230445) was purchased

from Abcam. Mouse anti-GAPDH (97166), rabbit anti-

RAS (3339), rabbit anti-RAF (4432S), rabbit anti-MAPK

(4695), and mouse anti-c-JUN (L70B11) were all from

Cell Signaling Technology (CST). Horseradish peroxidase

(HRP)-labeled anti-mouse (7076) and anti-rabbit (7074)

secondary antibodies were all derived from CST.

Real-Time Fluorescent Quantitative PCR

(qRT-PCR)
Fresh tissues were extracted and fragmented with Trizol

(Beyotime Biotechnology, Chian) as described. 1 μg of

RNA was used as a template for the synthesis of comple-

mentary DNA using SuperScript IV kit (Invitrogen,

China). A total of 15 μL volume of qRT-PCR include

1 μL of cDNA, 1 μL of forward and reverse primer,

12 μL of Master Mix (Promega, USA), respectively.
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Finally, the PCR detection system (Thermo, ABI 7500,

USA) was used to detect EMP1 expression for each sam-

ple. The primer sequences for EMP1 and GAPDH are as

follow:

EMP1 forward 5ʹ- CCCTCATTAAGCTGCCTATCAG

T −3ʹ;
reverse 5ʹ- CACACAGGTATGCCCTGGTT −3ʹ;
GAPDH forward 5ʹ- AGAAGGCTGGGGCTCATTT

G-3ʹ;

reverse 5ʹ- AGGGGCCATCCCACAGTCTTC-3ʹ.

The relative expression of EMP1 was gained by 2−ΔΔCt

equation.

Histopathological Evaluation
The specimens were embedded in paraffin, sectioned

(4 μm), roasted at 60°C for 4 h, and overnight at 37°C.

Dewaxing with xylene, gradient alcohol hydration, incuba-

tion of EMP1 primary antibody, goat anti-rabbit secondary

antibody labeled with horseradish peroxidase, and finally

staining with DAB (Beyotime, P0203, China). The results

of EMP1 staining were assessed by pathologists. The

immunostaining intensities were 0 (negative), 1 (weak

positive), 2 (medium positive), and 3 (strongly positive).

Western Blot Assay
After the cells were treated, they were lysed by adding

RIPA lysate (Beyotime, P0013C, China), and the lysate

was collected and centrifuged at 12,000 rpm for 20 min.

Protein concentration was measured using a BCA kit

(Beyotime, P0012, China). 30 μg/lane of protein was

loaded on a 10% SDS-PAGE and then transferred to

a PVDF membrane (invitrogen, USA) by electrotransfer.

After blocking for 2 h with 5% skim milk, the membrane

was incubated for one overnight, and the HRP-labeled

secondary antibody was incubated for 2 h 3and detected

by a chemiluminescence imager (Sagecreation, China).

Lentivirus Transfection
A lentiviral vector with high expression of EMP1 was

constructed by Genechem, China. 2~3×103/well cells

were cultured in 96-well plates until the cell confluence

was 20–30%. Add virus and infection enhancement solu-

tion, continue to culture for 12 hrs, change cell culture

medium and continue to culture for 48~72 hrs.

siRNA Interference
siRNA1, siRNA2, siRNA3 of EMP1 were designed and

synthesized by Genechem Company. When the confluence

of ovarian cancer cells in the 6-well plate reached 50%,

siRNA1, siRNA2, siRNA3 and NC (100 nM) of EMP1

were transfected with Lipo8000 (Beyotime, C0533,

China), respectively. Then incubated for 48 h, and the

expression level of EMP1 was evaluated by Western blot.

siRNA1 guide 5ʹ-AAUAGCAUAAUAACAGUAGCG-3ʹ

passenger 5ʹ-CUACUGUUAUUAUGCUAUUUG-3ʹ

siRNA2guide 5ʹ-UACAGUUUUUCCAAAGACCUA-3ʹ

passenger 5ʹ- GGUCUUUGGAAAAACUGUACC-3ʹ

siRNA3guide 5ʹ-UCACGAUUCGCAUAAUGACUA-3ʹ

passenger 5ʹ- GUCAUUAUGCGAAUCGUGAUG-3ʹ

Cell Counting Kit-8 (CCK8) Assay
2×103/well cells were cultured in 96-well plate. 10 μL of

CCK8 (Beyotime, C0038, China) liquid was added to each

well, and incubation was continued for 2 h in a cell culture

incubator, and then the absorbance was measured at

450 nm with a microplate detector (Perkin Elmer, USA).

To examine the activation of MAPK on cell proliferation

caused by over-expressed EMP1, ovarian cancer cells

were firstly treated with arglabin (20 ng/mL) (Sigma,

SML1570, USA) for 1 h prior to cell viability detection.

Colony Formation Experiment
500/well cells were cultured in 6-well plates, respectively.

After 10 d, the cells were fixed with 4% paraformaldehyde

for 10 min, stained with 0.5% crystal violet, counted and

imaged with an optical microscope.

Migration and Invasion Experiments
Scratch healing experiments were used to detect the migra-

tion ability of EMP1 over-expressed cells. The cells were

cultured in a 6-well plate to sub-fusion, and then FBS-free

medium was used in each plate. Linear scratches were

made with sterile plastic microtube heads. Images were

captured at the beginning and periodically during cell

migration to close the wound, and images were compared

to determine the rate of cell migration.

The invasive ability of the cells was examined using

a matrix-coated chamber (Corning, USA). Ovarian cancer

cells were counted to ensure a cell concentration of 2.5 ×

105/mL. The chamber was inserted into a 24-well plate

(700 μL/well) containing DMEM medium containing 20%

FBS. 200 μL (2.5 × 105/mL) of the above cells were inocu-

lated on a transwell plate and incubated for 20 h. Gently

wipe the uninjured cells from the upper chamber with

a damp cotton swab. The invasive cells in the filter were

fixed with 100% methanol for 10 min, and stained with
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0.1% crystal violet (Beyotime, C0121, China) for 20 min.

Under the microscope, five random parts of each chamber

were calculated.

Statistical Analysis
The experiment in this study was repeated three times.

Statistical analysis was proceeded with SPSS 18.0 soft-

ware (SPSS, USA). The relationship between EMP1

expression and clinical features in patients with ovarian

cancer was evaluated via Chisquare test. In our study, the

Kaplan Meier method and the Log-rank test were used to

analyze overall survival (OS), progression-free survival

(PFS), and distal non-metastatic survival (DMFS). The

two sets of data were compared using Student’s t-test.

The difference was statistically significant at P < 0.05

(*P < 0.05; * * P < 0.01; * * * P < 0.001).

Results
High Expression of EMP1 in Ovarian

Cancer Tissues and Cells
EMP1 mRNA in 34 ovarian cancer tissues and 34 non-

cancerous ovarian epithelial tissues were detected through

qRT-PCR. It was found that EMP1 was obviously

increased in tumor tissues (P<0.01) (Figure 1A). EMP1

protein in ovarian cancer epithelial cells such as A2780

and SKOV3 and non-tumor cell line IOSE80 were

detected by Western blot. The results showed that EMP1

protein expression levels were relatively low in IOSE80

cells compared to ovarian cancer cells (Figure 1B).

Moreover, EMP1 were significantly higher in SKOV3

cells with high metastatic ability compared to 3A0 and

A2780 cells with low metastatic ability (Figure 1B).

Figure 1 High expressed EMP1 in ovarian cancer associates with poor prognosis. (A) The expression of EMP1 mRNA was detected by qRT-PCR. (B) The expression level of
EMP1 in ovarian tumor cell lines (3A0, A2780, and SKOV3) and the normal cell IOSE80 was detected by Western blot. (C) Representative images of EMP1 staining in ovarian

tumor patients. Overall survival (OS) (D), progression-free survival (PFS) (E), and distant-metastasis-free survival (DMFS) (F) in ovarian cancer patients. **P < 0.01.
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Over-Expressed EMP1 Protein Is Related

to Disease Progression and Distant

Metastasis of Ovarian Cancer
In order to understand the clinical significance of EMP1 in

ovarian cancer patients, 34 paraffin-embedded ovarian can-

cer tissue specimens were evaluated by IHC. The IHC grades

of EMP1 in ovarian cancer specimens ranged from 0 to 3.

Representative pictures of ovarian cancer tissues with differ-

ent classification are shown in Figure 1C. Among them, 15

cases (42.9%) had high expression of EMP1 (staining index

>1) in ovarian cancer tissues. As shown in Supplementary

Table 2, the relationship between EMP1 expression level and

clinical characteristics was assessed by chi-square test. It was

shown that increased EMP1 was obviously associated with

large tumor volume, lymph node metastasis, advanced clin-

ical stage, and distant metastasis at diagnosis. There was no

significant correlation between EMP1 expression and other

clinicopathological characteristics. To investigate the prog-

nostic prediction of EMP1 protein in patients with ovarian

cancer. It was found that patients with lower EMP1 expres-

sion had higher overall survival (OS), progression-free sur-

vival (PFS), and no distant metastasis survival (DMFS)

(Figure 1D–F). The above data showed that EMP1 took

part in the progression of ovarian cancer.

EMP1 Promotes Proliferation of Ovarian

Cancer Cells
3A0 and A2780 cells were transfected with EMP1 expressed

lentivirus, and the expression EMP1 was verified through

Western blot (Figure 2A). For cell viability assay, over-

expressed EMP1 obviously promoted the proliferation of

3A0 and A2780 cells (Figure 2A). In order to further study

the function of EMP1 in ovarian cancer cells, we designed

three specific siRNAs against EMP1 to silence EMP1 in

SKOV3 cells, respectively. Cell viability assay indicated

that knockdown of EMP1 obviously decreased the viability

of SKOV3 cells (Figure 2B). In addition, in the colony for-

mation experiments, the number of cell colonies formed by

EMP1 overexpressing cells was obviously higher than that of

the control cells (Figure 2C). The above results show that

EMP1 can promote the proliferation of ovarian cancer cells.

Over-Expressed EMP1 Facilitates Migration

and Invasion of Ovarian Cancer in vitro
On account of the connection between EMP1 and ovarian

cancer metastasis is supported by clinical evidence, the

effect of EMP1 on ovarian cancer cell migration and inva-

sion were studied. In the cell wound healing experiments,

the mobility of 3A0-EMP1 and A2780-EMP1 cells was

obviously higher than that of the control group

(Figure 3A). In the transwell experiment, the number of

3A0 and A2780 cells with high expression of EMP1

increased significantly (P < 0.01, Figure 3B), while the

number of cells invaded by EMP1 knocked out from

SKOV3 was 341. Reduced to 94, 122 and 98, respectively

(Figure 3C). The above results indicate that EMP1 enhances

migration and invasion of ovarian cancer in vitro.

EMP1 Enhanced EMT in Ovarian Cancer

Cells
As far as we know, EMT is the most important step in

cancer metastasis.17,18 In order to elucidate the effect of

EMP1 on the metastasis of ovarian cancer cells in vitro,

whether EMP1 is involved in EMT of ovarian cancer cells

was evaluated by the following experiments. Over-

expressed EMP1 could trigger EMT, which showed the

expression of mesenchymal marker molecules such as

N-cadherin, vimentin and β-catenin were increased, and

the expression of E-cadherin was decreased in 3A0 and

A2780 cells by Western blot analysis (Figure 3D). And the

opposite result was found in EMP1 knockout SKOV3 cells

(Figure 3E). The above results indicate that EMP1 could

induce EMT in ovarian cancer cells.

EMP1 Enhances Proliferation and Invasion

of Ovarian Cancer Cells Through MAPK

Signaling Pathway
Since the MAPK pathway participates in tumor cell pro-

liferation and metastasis and is regularly activated in

a large number of cancers including ovarian cancer,19,20

Western blot was used to detect the relation between

EMP1 and key substrates of the MAPK signaling pathway.

In EMP1 knockout SKOV3 cells, RAS/RAF/MAPK/

c-JUN levels were down-regulated (Figure 4A). The

results showed that EMP1 activates the MAPK pathway

in ovarian cancer cells.

For further research the significance of the MAPK

signaling pathway in proliferation and invasion of ovarian

cancer, we treated 3A0-EMP1 and A2780-EMP1 cells

with the RAS inhibitor (arglabin). The results indicate

that arglabin treatment inhibits the ability of EMPl to

promote cell growth (Figure 4B and C). The above results

indicate that EMP1 promotes proliferation and invasion in
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ovarian cancer cell depending on the MAPK signaling

pathway.

Discussion
In our prior studies, gene expression profiles of ovarian

cancer cell lines A2780 and SKOV3 and a permanent ovar-

ian epithelial cell line IOSE80, were identified by RNA-seq

using Illumina Hiseq 2500 sequencing platform to identify

transcriptional abnormalities that cause ovarian cancer

(unpublished). Compared with IOSE80 cells, 578 and 695

mRNA expressions were different in A2780 and SKOV3

cells, respectively (p <0.05). EMP1 gene was one of the

most up-regulated genes, and its expression in A2780 and

SKOV3 was significantly higher than IOSE80 (logFC = 3.9

and 4.5, see Supplementary Table 1). Furthermore,

quantitative analysis by RT-PCR showed that EMP1

mRNA was overexpressed in ovarian cancer tissues than

non-cancerous ovarian tissues. EMP1 expression in ovarian

cancer cells and tumor tissues was detected by IHC stain-

ing. EMP1 protein in SKOV3 cells with high metastatic

potential was much higher than that in 3A0 and A2780 cells

with low metastatic ability. Based on the relation analysis

between EMP1 and the clinicopathological characteristics

of ovarian cancer, over-expressed EMP1 was obviously

positively correlated with tumor size, lymph node metasta-

sis, distant metastasis and clinical stage of ovarian cancer.

Significantly, the peritoneal metastasis rate was up to 38.2%

(13/34) in the EMP1 high-expression group, while only

14.7% (5/34) in the EMP1 low-expression group. In addi-

tion, kaplan-meier and log-rank survival analysis confirmed

Figure 2 EMP1 promotes ovarian cancer cells growth. (A) The expression of EMP1 in 3A0 and A2780 cells transfected with EMP1 expressed lentivirus were detected by

Western blot. Cell viability indicated that EMP1 could obviously enhance proliferation of 3A0-EMP1 and A2780-EMP1 cells. (B) Knockdown of EMP1 in SKOV3 was verified

by Western blot and CCK-8 assays. (C) The colonies were obviously higher in the 3A0-EMP1 and A2780-EMP1 cells. **P < 0.01.
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Figure 3 EMP1 enhances ovarian cancer cell migration, invasion and EMT. (A) Up-regulated EMP1 cells showed stronger migration rate than that of control. (B) The ability

of ovarian cancer cell invasion was evaluated by Matrigel invasion chambers. (C) Silencing expression of EMP1 in SKOV3 decreased the invaded cells. (D) The expression of

epithelial makers and mesenchymal markers in EMP1 over-expressed 3A0 and A2780 cells. (E) The expression of epithelial makers and mesenchymal markers in EMP1

knockdown cells. *P < 0.05; **P < 0.01.
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the relationship between EMP1 overexpression and poor

clinical outcomes (OS, PFS, and DMFS).

For cellular effect, high expressed EMP1 enhanced

proliferation, colony formation, migration and invasion

of ovarian cancer cells.21,22 High-expressed EMP1 up-

regulated the expression of N-cadherin, vimentin and β-

catenin, and down-regulated E-cadherin. On the contrary,

the down-regulation of EMP1 reduced the invasive ability

of ovarian cancer cells SKOV3 and inhibited the EMT

phenotype. The in vitro and clinical evidence indicate the

up-expressed EMP1 enhanced proliferation and invasive-

ness of ovarian cancer.

MAPK signaling pathway plays an important role in

adjusting cell proliferation and metastasis.23 MAPK can

transfer extracellular stimulation signals to cells and

their nuclei, and plays an important role in adjusting

cell proliferation, apoptosis, autophagy and migration,

and is considered as a hot target in tumor

treatment.24,25 At present, a large number of studies

have been conducted to find inhibitors targeting various

links of the MAPK pathway to cut off the signal trans-

duction pathway to inhibit tumors.26 In this study, abnor-

mal activation of ovarian cancer in RAS/RAF/MAPK/

c-JUN was found, which was positively correlated with

EMP1. When EMP1 was knocked down, the RAS/RAF/

MAPK/c-JUN pathway was also inhibited, and the tumor

proliferation was reduced. In addition, RAS inhibitor

arglabin eliminated the effect of EMP1 overexpression

on the growth and invasion in 3A0 and A2780 cells.27

Together, these findings support the role of EMP1 in

promoting tumor proliferation and invasion by activating

the MAPK signaling pathway in ovarian cancer cells.

Conclusion
Our study is the first to demonstrate that EMP1 is up-

regulated in ovarian cancer, leading to proliferation, migra-

tion, invasiveness and EMT of ovarian cancer cells.

Furthermore, EMP1 was found to promote proliferation and

invasion of ovarian cancer cells through RAS/RAF/MAPK/

c-JUN signaling pathway. EMP1 is considered as a biomarker

and therapeutic target for ovarian cancer prognosis.
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