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TMEFFI overexpression and its mechanism for
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Background: Transmembrane protein with epidermal growth factor-like and two follistatin-like
domains 1 (TMEFF1) has an anticarcinogenic effect in brain tumors. However, little is known
about the role of TMEFF1 in epithelial ovarian cancer (EOC).

Materials and methods: TMEFF1 expression in EOC was detected by immunohistochem-
istry; its relationship with clinical pathological parameters and its influence on prognosis were
analyzed. The MTT, scratch, Transwell assays, and flow cytometry were used to assess the
malignant behavior of ovarian cancer cell. Changes in node proteins in MAPK and PI3K/AKT
signaling pathways and the expression of epithelial-mesenchymal transformation markers were
measured by Western blot. The regulatory effect of p53 on TMEFF1 was verified by chromatin
immunoprecipitation (ChIP) assay and Western blot.

Results: TMEFF1 expression was higher in the EOC group than in the borderline and
benign tumor groups and normal ovary group; its high expression was significantly related
to International Federation of Gynecology and Obstetrics stage (P=0.024) and independently
predicted shorter overall survival (P<0.01). TMEFF1 overexpression in ovarian cancer cells
induced increased cellular proliferation, migration, and invasion but reduced apoptosis. In
addition, the percentage of phosphorylated node proteins in MAPK and PI3K/AKT signaling
pathways increased significantly. The expression of E-cadherin decreased but that of vimentin
and N-cadherin increased. After the addition of MAPK (PD98059) and PI3K (GDC-0941)
pathway inhibitors, ovarian cancer cells overexpressing TMEFF 1 showed suppressed malignant
behavior. TMEFF1 protein expression in an ovarian cancer cell lines (CAOV3 and ES-2) was
downregulated after the inhibition of 7P53. The transcription factor, p53, bound the promoter
region of the TMEFFI gene according to ChIP.

Conclusion: TMEFF1 is a carcinogenic gene in ovarian cancer and can be regulated by p53
transcription. Through MAPK and PI3K/AKT signaling pathways, TMEFF1 promotes the
malignant behavior in EOC. Therefore, TMEFF1 may be considered as a potential therapeutic
target for ovarian cancer.
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Introduction

Epithelial ovarian cancer (EOC) is the most common malignant gynecological tumor.
Consequently, EOC is ranked first among malignant tumors of the female reproduc-
tive system in terms of fatalities.! At present, EOC is difficult to diagnose early;
when diagnosed, most patients with EOC are an advanced stage and show extensive
metastasis. EOC also tends to recur and acquire drug resistance after surgery. In cur-
rent clinical practice, the progression of ovarian cancer is followed by measuring a
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CA125 biomarker; yet, this has low specificity and can be
highly expressed even in various benign lesions. Therefore,
identifying new tumor markers of EOC will play an impor-
tant role in the early diagnosis of ovarian cancer, as well as
in evaluating the prognosis and exploring target therapy for
ovarian cancer. As shown by recent studies, cancer—testis
antigen (CTA) participates in the occurrence and progres-
sion of tumors; it is expressed in various tumor tissues but
is not expressed in normal tissues (except the testis). CTA
has become a hot topic in research on the immunological
diagnosis/treatment of ovarian cancer; as a tumor marker or
treatment target, it possesses great prospects for the early
diagnosis and treatment of this cancer.?

TMEFF1 (tomoregulin-1, TR-1, or M7365) is a member
of the CTA family (CT 120-1).* As a transmembrane protein,
TMEFF1 was found to be highly expressed in the human
embryo and nerve tissues. Early studies mainly concentrated
on its participation in the middle/late development stage of
the embryo and its regulation on the central nervous system.’
TMEFF1 was initially found with differential expression in
brain tissues and brain tumors, and its anticarcinogenic effect
was verified in brain tumors.® Subsequently, TMEFF1 was
found expressed in tumor cell lines, such as breast cancer and
colonic cancer,”® but the role was still unknown. Studies on
its correlation with ovarian cancer are lacking. Based on our
early results obtained by gene chromatin immunoprecipita-
tion (ChIP) technique, TMEFF1 expression was upregulated
significantly in EOC cell lines with the properties of high
metastasis and drug resistance, indicating that TMEFF1 is
associated with malignant biological behaviors of ovarian
cancer.’ In order to further verify the correlation of TMEFF1
with the occurrence and progression of ovarian cancer, the
expression and clinical significance of TMEFF1 in EOC were
measured using clinical samples in our study. Specifically,
this study aimed to explore the influence of TMEFF1 on the
malignant biological behaviors of ovarian cancer cells, iden-
tify activation pathways and regulation factors of TMEFF1,
and provide new ideas for research about early diagnosis,
efficacy judgment, postoperative follow-up, and biotherapy
on ovarian cancer.

Materials and methods

Source of samples and clinical data

A total of 118 cases of ovarian tissues were selected from
paraffin-embedded surgical samples of inpatients hospital-
ized in the Gynecology Department of our hospital during
the period 2008-2012. All tissue sections were re-examined
by pathologists, and diagnoses were confirmed. Cases were

randomly divided into the following four groups: EOC group
(malignant tumor group, n=80); borderline epithelial ovarian
tumor (borderline tumor group, n=11); benign epithelial ovar-
ian tumor (benign tumor group, n=12); and normal ovarian tis-
sue (normal ovary group, n=15). Chemotherapy, radiotherapy,
and hormone therapy were not implemented before surgery for
all patients. The age distribution was as follows: 47.93 years
(1877 years; all patients); 36—71 years (median: 52 years;
malignant tumor group); 26-50 years (median: 46 years;
borderline tumor group); 22—76 years (median: 46 years;
benign tumor group); and 35-65 years (median: 43 years;
normal ovary group). Among the four groups, age was not
significantly different (P>0.05). In ovarian epithelial serous
cystadenocarcinoma, 2, 26, and 52 cases of high, middle, and
low differentiations, respectively, existed. Each clinical surgi-
cal pathological stage was judged according to the relevant
criteria of the International Federation of Gynecology and
Obstetrics (FIGO, 2009): stages I-II (27 cases) and stages
III-IV (53 cases). In 79 patients, comprehensive phased
exploratory and cytoreductive surgeries for ovarian cancer
were performed in early and advanced stages, respectively;
pelvic and paraaortic lymph node metastasis was judged as
follows: no metastasis (42 cases), metastasis (19 cases), and
no lymphadenectomy (18 cases). The study was approved by
the Ethics Committee of China Medical University. Written
informed consent was obtained from all participants.

Cell culture

Both ovarian cancer cell lines (CAOV3, SKOV3, OVCAR3,
and ES-2) and normal ovary epithelial cells (HOSEpiC) were
purchased from the Institute of Biochemistry and Cell Biol-
ogy, Chinese Academy of Sciences (Shanghai, China). The
cells were cultured routinely in RPMI 1640 culture medium
containing 10% FBS (Thermo Fisher Scientific, Waltham,
MA, USA) at 37°C, 5% CO,, and in saturated humidity.

Immunohistochemistry and

immunocytochemistry

Continuous sections (5 um thick) were cut from ovarian tissues.
TMEFF1 expression was detected using a streptavidin—
peroxidase method. For each batch, the following two types
of sections were also used: positive control sections (sections
of epididymis tissues with positive TMEFF1 expression)
and negative control sections (sections of ovarian malignant
tumor tissues but PBS was used instead of primary antibody).
Anti-TMEFF1 (polyclonal antibody against TMEFF1;
dilution 1:70; Santa Cruz Biotechnology Inc., Dallas, TX,
USA) was used to determine the expression of TMEFF1 and
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its clinical significance in ovarian epithelial serous tumors.
Staining procedures were performed according to the manual
of the SP kit. Immunocytochemistry was used to stain cell
monolayers on cover glasses, which were prepared using cells
in the logarithmic growth phase. After the cell monolayer
grew, cells were washed twice with cold PBS and then fixed
with 4% paraformaldehyde for 30 minutes. Other procedures
were same as those used for immunohistochemistry. A
brown-yellow stain in the cell membrane and cytoplasm was
considered as a positive stain. The pigmentation degree was
evaluated as follows: not pigmented (0 score); light yellow (1
score); brown-yellow (2 scores); and dark brown (3 scores).
The percentage of pigmented cells in the visual field was
as follows: <5 (0 score); 6-25 (1 score); 26—50 (2 scores);
51-75 (3 scores); and >75 (4 scores). The final score was
obtained by multiplying the score of the two items mentioned
above: 0-2 scores (—), 3—4 scores (+), 5-8 scores (++), and
9-12 scores (+++). Cell stain images were examined by two
observers separately to control for errors.

Transfection of cells and construction of

stable transfection cell lines
Using the liposome method, pc-TMEFF1-GFP plasmid
was transfected into OVCAR3 cell line and ES-2 cell line.
The plasmid was transfected using the Lipofectamine 3000
Transfection Kit (Thermo Fisher Scientific), and the target
cells were screened with G418. Then, the following cell
lines of stably high TMEFF1 expression were constructed:
OVCAR3-TMEFF1-H cell line and its control cell line
(OVCAR3-TMEFF1-H-Mock) and ES-2-TMEFF1-H cell
line and its control cell line (ES-2-TMEFF1-H-Mock).
CAOQV3 cell line and SKOV3 cell line were transfected
through the virus mediation. Then, the cells were screened
using the Pour method. The following cell lines of stably low
TMEFF]1 expression were constructed: CAOV3-TMEFF1-L
cell line and its control cell line (CAOV3-TMEFF1-L-Mock)
and SKOV3-TMEFFI1-L cell line and its control cell line
(SKOV3-TMEFF1-L-Mock). With the liposome method,
siRNA of TMEFF1 was transfected into CAOV3 cell line.
After 72 hours transfection using the Lipofectamine 3000
Transfection Kit, the interference effect was detected.
The cells of <72 hours transfection were used for detect-
ing the apoptosis by flow cytometry. TMEFF1 shRNAs
(Hanbio, Shanghai, China) sequences were as follows:
top strand:5’-GatccGAGGAGTCTGTAAAGAAGATGG
AGATTCAAGAGATCTCCATCTTCTTTACAGACTCC
TCTTTTTTC-3’; bottom strand: 5’-aattgAAAAAAGAG-
GAGTCTGTAAAGAAGATGGAGATCTCTTGAATCTC-
CATCTTCTTTACAGACTCCTCg-3". TMEFF1 siRNA

(GenePharma, Shanghai, China ) sequences were as follows:
sense: 5-GCUCACUCAUGUUCUUAUUTT-3’; antisense:
5’-AAUAAGAACAUGAGUGAGCTT-3".

Real-time (RT) quantitative PCR

Total RNA was extracted with TRIzol according to the
manufacturer’s instructions, and the purity/concentration
of RNA was examined by ultraviolet spectrophotometry.
Using a RT-qPCR kit for a Super Script III First-Strand
Synthesis System (Takara, Kusatsu, Japan), RNA was
reverse transcribed into cDNA. The TMEFF1 forward
primer was 5-TTGTTGGGAAAGAAAGATGATGGA-3’,
and the TMEFF1 reverse primer was 5'-GATGCAGTAAC-
CATTGAGGTTTT-3". The amplification conditions were as
follows: denaturation at 95°C for 30 seconds, extension at
95°C for 5 seconds, and annealing at 60°C for 31 seconds,
total 40 cycles. The internal reference was GAPDH. RT-qPCR
amplification was implemented using a Light Cycler PCR
system, and the Ct value of each template was measured.
After the completion of amplification, dissolution curve
analysis was performed and calculations made using the
27T method. The above test was repeated three times.

Western blot

Cells were lysed with RIPA lysis buffer at 4°C for 30 minutes.
After centrifugation for 30 min (4°C, centrifugal force: 12,000%
2), the supernatant was collected. The protein concentration was
detected using a bicinchoninic acid method. After separation
using 10% SDS-PAGE, denatured protein was blot-transferred
to a polyvinylidene fluoride membrane (EMD Millipore, Bill-
erica, MA, USA) and blocked with 5% milk or BSA for 2 hours.
Each primary antibody was incubated overnight at 4°C: anti-
TMEFF1 (1:200; Santa Cruz Biotechnology Inc.); anti-PI3K
p85 (1:1,000; CST, Danvers, MA, USA); anti-phospho-PI3K
p85 (Serd458) (1:1,000; CST); anti-AKT (1:1,000; CST);
anti-phospho-AKT (Ser473) (1:1,000; CST); anti-MEK1/2
(1:300; Santa Cruz Biotechnology Inc.); anti-phospho-MEK
1/2 (1:300; Bioss, Beijing, China); anti-ERK1/2 (1:500; Bioss);
anti-phospho-ERK 1/2 (1:300; Bioss); anti-RAF (1:1,000;
CST); anti-phospho-RAF (1:1,000; CST); anti-PCNA (1:1,000;
CST); anti-bel2 (1:1,000; Proteintech, Rosemont, PA, USA);
anti-bax (1:1,000; Proteintech); anti-E-cadherin (1:1,000; Pro-
teintech); anti-vimentin (1:1,000; Proteintech); anti-N-cadherin
(1:1,000; CST); anti-metalloproteinase (MMP) 2 (1:1,000;
Proteintech); anti-MMP9 (1:1,000; Proteintech); and anti-
GAPDH (1:2,000; Zsgb Bio, Beijing, China). After washing
with Tris-buffered saline, 0.1% Tween 20 (TBST), secondary
antibody (1:5,000; Zsgb Bio) was incubated for 2 hours and
then washed with TBST. Protein bands were developed using
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the ECL reagent (Thermo Fisher Scientific). The above test
was repeated three times. Protein bands were obtained using
the ECL reagent and a gel electrophoresis image analyzer
GDS8000 (Thermo Fisher Scientific).

Detection of cell proliferation by MTT

assay
A 96-well microplate was inoculated with 2,000 cells/well,
with a blank well set aside. Cells adhered after 6 hours cell
culture, and this was regarded as the “0 time points”. MTT
solution (20 pL; 5 pg/mL; Solarbio, Beijing, China) was added
to each well. After 4 hours incubation at 37°C, the culture
medium was removed and 150 pLL of DMSO was added.
After shaking for 10 minutes, the OD was measured using a
universal microplate reader at 0, 24, 48, 72, and 96 hours. For
each treatment, three parallel wells were used for statistical
analysis. The above test was repeated three times.

Detection of cell apoptosis by flow

cytometry

Cell apoptosis after the addition of pathway inhibitors in
TMEFF1-overexpressing ovarian cancer cell lines was
measured using an Annexin-V-phycoerythrin (PE)/7-
aminoactinomycin D (7AAD) double-stain method. In each
group, three controls were set: blank, PE single-stain control,
and 7AAD single-stain control. In each group, cells were
digested with EDTA-free pancreatin. After centrifugation, the
supernatant was disposed of and after washing twice with PBS,
the cell pellet was collected. Cells were re-suspended in the
binding buffer solution of an apoptosis kit (BD, Franklin Lakes,
NJ, USA). Staining agents (5 uL of 7AAD and 5 pL of PE) were
added successively, and the solution was mixed uniformly. After
5 minutes incubation in the dark, flow cytometry (BD) was used
to measure apoptotic cells. Experiments were repeated three
times. The ovarian cancer cell line with TMEFF1 expression
inhibited by virus showed green fluorescence, which was
so strong, and it influenced the Annexin-V-PE/7AAD stain
detected by flow cytometry. The expression of TMEFF1 was
therefore inhibited using a fluorescence-free siRNA, and
apoptotic cells were detected by Annexin-V-APC/propidium
iodide (PI) double staining according to the above procedures.

Detection of cell migration by scratch
assay

Cells in the logarithmic growth phase were prepared as a
single-cell suspension and inoculated in a six-well microplate.
After the cell monolayer reaching 90%, the microplate was
scratched gently with a 100-uL pipette tip. After gently

rinsing twice with PBS, the serum-free culture medium was
replaced. The width of scratch mark was observed under the
microscope. After 24 hours culturing in serum-free culture
medium, the width of each scratch was measured under the
microscope. Experiments were repeated three times.

In vitro cell invasion assay

Matrigel (70 uL; BD) was spread onto the upper wells of
Transwell chambers (Corning Incorporated, Corning, NY,
USA) and dried overnight in a 37°C incubator. Culture medium
(500 uL) containing 5% FBS was added to the lower chambers,
and a cell suspension (2x10°) in 200 pL of serum-free culture
medium was added to each upper chamber. After 72 hours
incubation at 37°C, Transwell chambers were emptied and
fixed with 4% paraformaldehyde at room temperature for
30 minutes. After 30 minutes staining with crystal violet,
the surface of each upper chamber was wiped gently with a
cotton swab. The tumor cells infiltrating the filter membrane
on the surface of the lower chamber were then counted under
a microscope. Experiments were repeated three times.

Cell cycle test

For each group, cells were collected and washed twice
with PBS. After fixation with 70% glacial ethanol at 4°C
overnight, cells were centrifuged and washed three times
with cold PBS, RNase A solution (100 uL) was added, and
cells were incubated for 30 minutes at 37°C. A PI staining
solution (KeyGen Biotech, Nanjing, China) was added to give
a final concentration of 400 pL, and then, the solution was
mixed uniformly. After 30 minutes staining at 4°C in the dark,
fluorescence detection was performed by flow cytometry.
Experiments were repeated three times.

Pathway inhibitors

Cells were treated separately with MAPK (PD98059; Selleck
Chemicals, Houston, TX, USA) and PI3K (GDC-0941;
Selleck Chemicals) pathway inhibitors. A 35-mm culture
dish was inoculated with 2x105 cells, and cells were cultured
for 36 hours. The culture was then continued for 72 hours
using the following solutions: 20 pmol/L of PD98059 culture
medium (containing 0.1% DMSO); 25 umol/L of GDC-0941
culture medium (containing 0.1% DMSO); and 0.1% DMSO
of the same concentration (control group). Cells were then
collected. Experiments were repeated three times.

ChIP assay
Ovarian cancer cells (CAOV3 and ES-2) in the logarithmic
growth phase were collected. ChIP assay was carried out using
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a commercially available kit (9004; CST) and p53 antibody
(2527s; CST), following the manufacturer’s instructions.
RT-qPCR detection was performed following the above pro-
cedures: forward primer F at the promoter region of TMEFF1:
5’-ATGGCTAGAGTCAGAACTTG-3’; reverse primer R:
5-TGAGTCACGGAAGAGGTAA-3’. Meanwhile, a pair of
primers was selected as the negative control when perform-
ing the RT-qPCR assay, whose corresponding amplification
product is a part of DNA sequence in the promoter region of
HCII gene that is located on chromosome 22 (TMEFF1 is
located on chromosome 9). Forward primer F of negative con-
trol was as follows: 5’-TTATGTGGTGACCTCAAGAG-3";
reverse primer R was as follows: 5-TGACGGTTACTGTGT-
TAGC-3’". Experiments were repeated three times.

Statistical analysis

The study data were analyzed with the SPSS 22.0 software.
Student’s #-test and the Chi-squared test were used for com-
parisons between two independent groups, and one-way
ANOVA was used to compare differences among more than
two groups. The survival curve was analyzed by Kaplan—
Meier and log-rank tests. The relationship with patients was
analyzed using Cox model. P<0.05 indicated that the differ-
ence was statistically significant.

Ethical approval

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee (the
Shengjing Hospital of Chine Medical University, Shenyang,
China) and with the 1964 Declaration of Helsinki and its
later amendments

Results
Expression of TMEFF| in various ovarian

tissues

High TMEFF| expression in EOC
TMEFF1 was found mainly in the cell membrane but also
in the cytoplasm of cells’ EOC tissue sections. In EOC, the

Table | Expression of TMEFFI in different ovarian serous tissues

positive expression and high-expression rates for TMEFF1
were 91.25% and 65%, respectively, significantly greater
than those in borderline tumor (45.45% and 18.18%), benign
tumor (33.33% and 16.67%), and normal ovary groups
(26.67% and 6.67%; P<0.05 for all). Although the TMEFF1
expression level in the borderline tumor group was higher
than that in the benign tumor and normal ovary groups,
pair-wise comparisons between the three groups showed no
significant difference (Table 1 and Figure 1A).

The correlation between TMEFF|
expression in EOC and clinical

pathological parameters

Eighty patients with EOC were randomly divided into two
groups according to their TMEFF1 expression level: high
expression (++/+++) and low expression (—/+). Statistical
analysis of the clinicopathologic data indicated that high
expression of TMEFF1 was significantly related to FIGO
stage (P=0.024). However, there was no association between
its expression and lymph node metastasis, histological type,
or differentiation degree (Table 2).

Analysis of survival and risk factors for

the prognosis of ovarian cancer

Eighty patients with EOC were followed up. The results
of follow-up (by August 30, 2017) were analyzed with
Kaplan—Meier and log-rank tests. The mortality of the high-
expression group was significantly higher than that of the
low-expression group. All patients were grouped accord-
ing to clinical stage, differentiation degree, lymph node
metastasis, and pathological type; a pair-wise comparison
of mortality showed no significant difference. The relation-
ship between different clinical pathological parameters/
indices and the prognosis through Cox regression analysis
was explored. The high expression of TMEFF1 was an
independent risk factor influencing the overall survival (OS)
and prognosis of patients with ovarian cancer: the higher
the TMEFF1 expression, the worse the prognosis (P=0.006;
Table 3 and Figure 1B).

Groups n Low High Positive rate (%) High positive rate (%)
- + ++ +++

Normal 15 I 3 [ 0 26.67 6.67

Benign 12 8 2 [ I 33.33 16.67

Borderline I 6 3 2 0 45.45 18.18

Malignant 80 7 21 30 22 91.25% 65*

Note: *P<0.05.
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Figure | High expression of TMEFFI correlates with worse clinical outcomes in ovarian cancer patients and the expression of TMEFFI in ovarian cancer cell lines.
Notes: (A) Expression of TMEFFI in various types of ovarian tissues: (a) normal ovary; (b) benign epithelial ovarian tumor; (c) borderline epithelial ovarian tumor; and (d)
epithelial ovarian cancer (x400). (B) Influence of TMEFF| expression on the OS of ovarian cancer patients. (C-E) Protein and mRNA expressions of TMEFFI in four ovarian

and one normal ovarian cell lines.
Abbreviation: OS, overall survival.

Expression of TMEFFI in various ovarian
cancer cell lines and establishment of
ovarian cancer cell line models with
stable TMEFF| expression

TMEFF1 was highly expressed in tumor tissues and was
associated with a poor prognosis in ovarian cancer. In our
study, TMEFF1 expression in normal ovarian and differ-
ent ovarian cancer cell lines was detected by RT-qPCR and
Western blot. The mRNA and protein expression levels of
TMEFF1 in CAOV3 and SKOV3 were higher than those in
ES-2 and OVCAR3; however, they were lowest in normal
ovarian epithelial cells (HOSEpiC) (Figure 1C-E).

A cell line model for the inhibition of TMEFF1 gene
expression was established using CAOV3 and SKOV3 ovarian
cancer cells showing high TMEFF1 expression. A cell line
model showing stable overexpression of the TMEFF gene
was made using OVCAR3 and ES-2 ovarian cancer cells
with low TMEFF1 expression. The expression level of the
TMEFFI gene was measured by RT-qPCR and Western blot.

Compared with the control groups, the mRNA and protein
expression levels of TMEFFI in cells were significantly
higher in the overexpression groups but significantly lower in
the inhibition groups (Figure 2A—C). Immunocytochemical
results were similar to the above results (Figure 2D).

Influence of differential TMEFF|
expression on the malignant biological

behaviors of ovarian cancer cells

Changes in the proliferation, migration, invasion, apop-
tosis, and cell cycle of CAOV3 and OVCAR3 ovarian
cancer cell lines were measured by MTT, flow cytom-
etry, scratch, and transwell assays, before and after the
differential expression of the TMEFF1 gene. The MTT
assay showed that compared with the control group,
the proliferation of cells was significantly higher in the
overexpression group but significantly lower in the inhi-
bition group (Figure 3A). The proliferation-related index
(proliferating cell nuclear antigen [PCNA]) was detected
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Table 2 Relationships between TMEFFI and the clinical pathological parameters in malignant ovarian serous tumors

Characteristics n Low High High expression P-value
- + ++ +++ rate (%)

FIGO stage 0.024*
[l 27 2 12 6 7 48.14
-1V 53 5 9 24 15 73.58

Differentiation 0.694
Well moderate 28 3 [3 12 7 67.86
Poorly 52 4 15 18 15 61.54

LN metastasis 0.139
No 42 4 13 16 9 59.52
Yes 19 | 3 8 7 78.95

No lymphadenectomy 18 2 5 5 6 6l1.11

Pathologic type >0.05
Serous 46 5 Il 18 12 65.22
Mucinous 4 0 0 | 3 100
Endometrioid 6 0 3 | 2 50
Clear cell carcinoma 7 | 2 4 0 57.14
Poorly differentiated adenocarcinoma 17 | 5 6 5 64.71

Note: *P<0.05.

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; LN, lymph node.

Table 3 Cox’s regression analysis of prognosis

HR (95% CI) P-value
TMEFF| (low vs high) 4.508 (1.541-13.186) 0.006*
Age (years) (<50 vs >50) 1.216 (0.517-2.857) 0.654
Surgical stage (I-1 vs llI-V) 1.610 (0.621-4.174) 0.327
Differentiation 1.260 (0.673-2.359) 0.47
LN metastasis 1.152 (0.515-2.579) 0.73

Note: *P<0.01.
Abbreviation: LN, lymph node.

by Western blot. PCNA expression was increased after
the overexpression of TMEFF1 but decreased after the
inhibition of TMEFFI gene expression (Figure 3B and C).
Scratch and transwell assays showed that, compared with
the control group, the overexpression of TMEFF1 signifi-
cantly enhanced cell migration and invasion capacities but
significantly reduced those in the inhibition group (Figure
3D-G@). The apoptotic rate was decreased after the overex-
pression of TMEFF1 but increased after the inhibition of
TMEFF1 expression. When TMEFF1 was overexpressed,
the ratio of bcl2/bax increased, indicating that the tumor
cells are resistant to apoptosis (Figure 4A-D). In addition,
after the overexpression of TMEFF1, the proportion of
cells in the GO/G1 phase was significantly decreased and
that of cells in S and G2—M phases increased significantly.
After the inhibition of TMEFF1 expression, the proportion
of cells in the GO/G1 phase was significantly increased

and that of cells in S and G2—M phases was significantly
decreased (Figure 4E and F). These results strongly sug-
gest that overexpression of TMEFF1 is able to promote
the proliferation, invasion, and migration and inhibit the
apoptosis of ovarian cancer cells.

Changes in the expression of epithelial—
mesenchymal transition (EMT)-

related proteins (E-cadherin, vimentin,
N-cadherin, MMP2, and MMP9) before

and after differential TMEFF| expression
In order to understand the mechanisms involved in the
influence of TMEFF1 on the invasion/migration by ovar-
ian cancer cells, changes in the expression of indices
(E-cadherin, vimentin, N-cadherin, MMP2, and MMP9)
related to EMT were detected by Western blot before and
after differential expression of the TMEFF1 gene. After
overexpression of the TMEFFI gene, the expression of an
epithelial marker protein (E-cadherin) decreased and that of
mesenchymal marker proteins (vimentin and N-cadherin),
as well as MMP2 and MMP, increased. After the inhibition
of TMEFFI gene expression, the expression of vimentin,
N-cadherin, MMP2, and MMP9 decreased but that of
E-cadherin significantly increased (Figure SA and B). The
results indicated that TMEFF1 is involved in the regulation
of EMT in ovarian cancer cells.
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Figure 2 Detection of the transfection of TMEFFI in ovarian cancer cell lines.

Notes: (A-C) Downregulation of TMEFFI in CAOV3 and SKOV3 ovarian cancer cell lines, overexpression of TMEFF| in OVCAR3 and ES-2 ovarian cancer cell lines,
and mRNA and protein expressions of TMEFFI. (D) The expression of TMEFF| was detected via immunocytochemistry in ovarian cancer cells (X200 and x400). *P<0.05,

*#P<0.01, and ***P<0.001.
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Figure 3 TMEFFI| promoted proliferation, migration, and invasion in CAOV3 and OVCAR3 ovarian cancer cell lines.
Notes: (A-C) Influence of TMEFF| expression on the proliferation of CAOV3 and OVCAR3 cells and differential expression of PCNA. (D and E) Influence of TMEFFI
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Abbreviation: PCNA, proliferating cell nuclear antigen.
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Figure 4 TMEFFI influenced apoptosis and cell cycle in CAOV3 and OVCAR3 ovarian cancer cell lines.

Notes: (A-D) Influence of TMEFF| expression on the apoptosis of cells and changes in bcl2/bax expression. (E and F) Influence of TMEFF| on the cell cycle. *P<0.05,

*#P<0.01, and ***P<0.001.

Abbreviations: 7AAD, 7-aminoactinomycin D; PE, phycoerythrin.
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Figure 5 In CAOV3 and OVCAR3 ovarian cancer cell lines, TMEFFI activated the MAPK and PI3K/AKT signaling pathways and regulated the expression of EMT-related
proteins.

Notes: (A and B) In CAOV3 and OVCARS3 cells, TMEFFI increased the expression of vimentin, N-cadherin, MMP2, and MMP9 but decreased the expression of E-cadherin.
(C and D) Phosphorylation changes in MAPK pathway-associated nodal proteins (RAF/MEK/ERK) in CAOV3 and OVCAR3 ovarian cancer cell lines before and after TMEFF|
transfection. (E and F) Phosphorylation changes in PI3K/AKT pathway-associated nodal proteins (PI3K/AKT) after the differential expression of TMEFFI. *P<0.05, **P<0.01,
and *¥**P<0.001.

Abbreviation: EMT, epithelial-mesenchymal transition.
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Changes in the expression of proteins
(Raf, p-Raf, ERK, p-ERK, MEK, p-MEK,
PI3K, p-PI3K,AKT, and p-AKT) before

and after differential TMEFFI expression
The changes in the expression of Raf, p-Raf, ERK, pERK,
MEK, pMEK, p-PI3K, PI3K, p-AKT, and AKT in CAOV3
and OVCARS3 cells were detected by Western blot before
and after the differential expression of the TMEFFI gene.
Compared with the control group, the expression proportions
of p-Raf/Raf, p-MEK/MEK, p-ERK/ERK, p-PI3K/PI3K,
and p-AKT/AKT in cells increased after the overexpression
of the TMEFFI gene, but these decreased in CAOV3 cells
after inhibition of the TMEFF I gene (Figure 5C—F). There-
fore, TMEFF1 activated MAPK and PI3K/AKT signaling
pathways.

Influence of MAPK and PI3K pathway
inhibitors on the biological behaviors of
TMEFF| overexpressing ovarian cancer

cell lines

In order to further verify the influence of TMEFF1 on
MAPK and PI3K signaling pathways, changes in prolif-
eration, invasion, migration, apoptosis, and cell cycle by
TMEFF1 overexpressing ovarian cancer cell lines (OVCAR3,
OVCAR3-TMEFF1-H, and OVCAR3-TMEFF1-H-Mock)
were measured before and after the use of MAPK or PI3K
pathway inhibitors. After the addition of MAPK or PI3K
pathway inhibitors, proliferation by OVCAR3-TMEFF1-H
cells decreased significantly according to an MTT assay
(Figure 6A). MAPK or PI3K pathway inhibitors also sig-
nificantly decreased migration by OVCAR3-TMEFF1-H
cells in a scratch assay (Figure 6B and C). In a Transwell
invasion assay, MAPK or PI3K pathway inhibitors sig-
nificantly decreased invasion by OVCAR3-TMEFF1-H
cells (Figure 6D and E). The addition of MAPK or PI3K
pathway inhibitors significantly increased the apoptosis rate
in OVCAR3-TMEFF1-H cells according to Annexin-V-
PE/7AAD double-staining flow cytometry (Figure 7A and
B). After the addition of PI3K pathway inhibitors, the number
of OVCAR3-TMEFF1-H cells in GO/G1 phase increased
significantly, but the number of cells in S and G2/M phases
decreased significantly according to a cell cycle assay (Figure
7C and D). After the addition of MAPK pathway inhibitors,
the number of cells in GO/G1 phase was decreased slightly,
but this was not significant (Figure 7D), which differed from
the manner in which TMEFF1 influenced the cell cycle. In
our view, TMEFF1 was not involved in the regulation of the

cell cycle viaan MAPK pathway. Therefore, our results sug-
gest that TMEFF1 can activate MAPK and PI3K signaling
pathways to affect malignant biological behaviors of ovarian
cancer cells (such as proliferation, apoptosis, invasion, and
migration), but TMEFF1 regulated the cell cycle only via a
PI3K signaling-dependent pathway.

Direct regulation of TMEFF| expression
by the transcription factor p53 in an

ovarian cancer cell line

Through the analysis using the bioinformatic methods, we
found that p53 in ovarian cancer is closely correlated with
TMEFF1 and can bind to the forward promoter region of
TMEFF1 gene (Figure 8A). As shown by a ChIP assay, the
transcription factor, p53, in CAOV3 cells and ES-2 cells
bound to the promoter region of TMEFF1 and thus partici-
pated in the regulation of TMEFF1 expression (Figure 8B).
Changes in TMEFF1 expression in CAOV3 cells and ES-2
cells were detected by Western blot before and after 7P53
knockout with siRNA. After the inhibition of 7P53 expres-
sion, TMEFF1 expression was significantly downregulated
(Figure 8C and D).

Discussion
Ovarian cancer is a worldwide problem that causes the highest
mortality rate among all gynecological cancers. Exploring
new tumor markers and new drug targets to improve early
diagnosis and survival is critical to improving OS. TMEFFI1,
also known as tomoregulin-1 or TR-1, was initially found as
a gene that encodes pituitary secretory proteins in Xenopus
laevis and, as such, was named X7365.° Since TMEFF1 was
initially found highly expressed in human embryo and nerve
tissues, early studies involving human participants mainly
concentrated on its involvement in middle- to late-stage
development of the embryo and its regulation of the central
nervous system.>10-14

Subsequently, the role of TMEFF1 in tumors was then
investigated. Gery et al showed that TMEFF1 expression
in brain tumor tissue exhibited a significantly low level
compared to normal brain tissues, and tumor cell lines with
low TMEFF1 expression are more likely to show a strong
proliferative capacity and a malignant profile.® Similar results
were also validated in colon cancer and prostate cancer,®!®
indicating that TMEFF1 plays a role as an anticarcinogenic
gene in these tumors. However, the role of TMEFF1 in ovarian
cancer has not yet been elucidated. In this study, we found,
for the first time, that TMEFF1 was highly expressed in
EOC tissues and was significantly related to the FIGO stage.
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Figure 6 TMEFFI promoted proliferation, migration, and invasion in CAOV3 and OVCAR3 ovarian cancer cell lines through MAPK and PI3K/AKT pathways.
Notes: (A) Proliferation induced by TMEFFI in CAOV3 and OVCARS cells decreased after the addition of MAPK (PD98059) or PI3K (GDC-0941) pathway inhibitors. (B

and C) Migration induced by TMEFF| decreased after the addition of PD98059 or GDC-0941. (D and E) Invasion induced by TMEFF| decreased after the addition of PD98059
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Figure 7 TMEFFI influenced apoptosis and cell cycle in CAOV3 and OVCAR3 ovarian cancer cell lines through MAPK and PI3K/AKT pathways.

Notes: (A and B) After the addition of PD98059 or GDC-0941, the effect of TMEFF| in decreasing the apoptosis was suppressed. (C and D) After the addition of GDC-
0941, the effects of TMEFFI in decreasing the proportion of cells in GO/G| phase and increasing cells in S and G2—-M phases were suppressed, which was not found after the
addition of PD98059 (P>0.05). *P<0.05, and **P<0.01.

Abbreviations: 7AAD, 7-aminoactinomycin D; PE, phycoerythrin.
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Figure 8 In ovarian cancer cells, TMEFF| was regulated by p53.
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TMEFF1 was an independent risk factor that influenced the
prognosis of EOC. We then found that TMEFF1 promoted
tumor proliferation, invasion, and migration in ovarian can-
cer cells and inhibited their apoptosis. All of these results
indicated that TMEFF1 is a potentially cancer-promoting
gene in ovarian cancer.

We then explored the molecular mechanisms by which
TMEFF1 affects the malignant biological behavior of ovarian
cancer. Currently, TMEFF1 has been found to be involved in
regulating the TGF/BMP pathway. Harms and Chang found
that, by binding with the co-receptor, Cripto-1, TMEFF1
interrupted the binding of Cripto-1 to the ALK4 receptor and,
thus, inhibited the effects of nodal signals, further mediating
the TGF-P signaling pathway to regulate the growth of cells
and tissues.'>!¢ In a recent study, a deficiency of TGF-BR2
in prostate cancer negatively regulated TMEFF1 and thus
activated the BMP signaling pathway to influence the prog-
nosis of patients.!® Here, we discovered, for the first time, that
TMEFF1 participated in the malignant biological behavior
of ovarian cancer by activating the MAPK pathways and the
PI3K/AKT pathway. The above results could be related to

the EGF region of TMEFF1. The TMEFF1 protein is a single
transmembrane protein, and its extracellular region contains
an EGF-like functional domain, which is highly homologous
to growth factors in the EGF family (except that arginine at
site 39 is substituted by histidine)*'’; soluble ligands contain-
ing an EGF-like structural domain in the extracellular region
can weakly stimulate the phosphorylation of erbB4.'8 EGFR
mediates the activation of the MAPK signaling pathway
and the AKT signaling pathway.'"**® TMEFF1 may activate
PI3K/AKT and MAPK signaling pathways by binding with
the EGF receptor.

EMT is a biological process in which epithelial cells are
transformed into mesenchymal phenotype cells by a specific
procedure, which promotes cancer cells to migrate, infiltrate,
and spread widely through stromal tissues.?' Ovarian cancer
—due to its lack of an anatomical barrier — allows tumor cells
to be directly exfoliated into the abdominal cavity and even-
tually colonized into the peritoneum and omentum. During
this process, tumor cells lose tight junctions and adhesions
between cells and obtain invasive and migratory abilities.
This process is accompanied by changes in EMT-related
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E-cadherin, TGF-3, EGF, and other proteins and genes.?>*
As one of the core genes regulating EMT, TMEFF1 plays
a role in regulating cell differentiation and development
during EMT. TMEFF 1 was to be a significantly upregulated
gene when any one of the EMT-related transcription factors
(Snail, Slug, and E47) was expressed at high levels.? Tumor
cells can dynamically carry an intermediate state of hybrid
epithelial/mesenchymal to regulate differentiation and func-
tion to adapt to the environment. The hybrid EMT state of
tumor cells is closely related to metastasis, cell stemness,
and proliferation.?>? In this study, we found that TMEFF 1
inhibited the expression of epithelial markers, promoted the
expression of mesenchymal markers, and upregulated the
MMP2 and MMP9 in ovarian cancer cells with a hybrid EMT
state. These results indicated that TMEFF1 participated in
the process of promoting the EMT, which may promote the
malignant behavior of tumor cells, but the exact mechanism
requires further investigation.

Currently, it has been established that the 7P53 gene highly
correlates with the occurrence and progression of various
human tumors and two types (wild-type and mutant-type) have
been identified. The wild-type 7P53 gene (in normal cells)
can participate in various physiological activities of cells, such
as regulating the cell cycle and apoptosis, and is involved in
DNA metabolism. However, the mutant-type 7P53 gene has
been found in >50% of human malignant tumors including
EOC, 7 for example, TP53 was respectively mutated at sites
136,248,224, and 241 in CAOV3, OVCAR3, OVCARS, and
ES-2 cell lines of EOC, respectively.’'*> The mutant-type 7P53
gene not only loses normal physiological functions but also
possesses the activity of a cancer gene. It promotes metastasis
and chemical resistance, inhibits the activity of p63 and p73,
and regulates a range of target genes as a transcription fac-
tor.>* MDR-1 was the first discovered target gene of mutant
p53 and is widely known for its promotion of tumor chemo-
resistance.* Subsequently, other target genes of mutant p53
were found, namely CD95, MSP/Mstl, and NF-xB2, which
are closely related to the development and progression of
tumors.*>" In this study, we found that TMEFF1 is a new
target gene regulated by the transcription of mutant p53 and
may act as an intermediate regulator between mutant 53 and
tumor progression.

Our study demonstrated, for the first time, that TMEFF1 is
a carcinogenic gene in ovarian cancer and can be regulated by
p53 transcription. Through MAPK and PI3K/AKT signaling
pathways, TMEFF 1 promotes the malignant behavior in EOC.
In the future, we plan to carry out in vivo experiments as well.
Currently, antitumor target drugs for inhibiting MAPK and

PI3K/Akt signaling pathways have been applied in clinical
treatment, including Gefitinib, Erlotinib, Osimertinib,
Rapamycin, and Everolimus.®®* However, these have
become ineffective in many patients due to acquired drug
resistance, so a new drug target is therefore urgently needed.
Since TMEFF1 is highly expressed in ovarian cancer and can
promote malignant biological behaviors in cancer cells, this
suggests that TMEFF1 could be a new chemotherapeutic
target for ovarian cancer.

Conclusion

This study showed that TMEFF1 expression was increased
in EOC. TMEFF1 promoted the proliferation, invasion, and
migration of ovarian cancer cells and inhibited their apopto-
sis. This indicates that TMEFF1 may play an important role
in the occurrence and progression of ovarian cancer and may
be considered as a new target for the diagnosis/treatment of
this cancer.
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