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OVCAR3 and SKOV3 (p<0.01) (Figure 3B). In 
addition, colony formation ability of shTFEC 
cells was also detected. The number of colony 
formation of shTFEC cells was decreased sig-
nificantly (p<0.05) (Figure 3C). This study also 
investigated the functional effects of TFEC on 
cell migration by Transwell experimentation in 
both OVCAR3 and SKOV3. Results showed 
that shTFEC could significantly inhibit migra-
tion in these two cell lines (p<0.01) (Figure 
3D). Furthermore, this study detected the 
roles of TFEC in tumor proliferation in vivo of 

Figure 2. Correlation between TFEC expression and patient clinicopathologic variables. A. Correlation between TFEC 
expression and patient ascites. B. Correlation between TFEC expression and patient distant metastasis. C. Cor-
relation between TFEC expression and patient clinical stage. D. Correlation between TFEC expression and patient 
histology grade. E. Kaplan-Meier survival analysis of overall survival (p<0.01). F. Kaplan-Meier survival analysis of 
progress-free survival (p<0.01). 

Table 2. Multivariate analysis of survival in all 
populations

Variables  Exp(B)
95.0% CI for 

Exp(B) P
Lower Upper

Age, years (<55 vs. ≥55) 0.87 0.49 1.56 0.64
Ascites (Yes vs. No) 1.01 0.53 1.95 0.97
Metastases (Yes vs. No) 0.95 0.33 2.71 0.92
Clinical stage (I-II vs. III-IV) 3.58 2.18 5.86 0.01
Grade (I-II vs. III) 1.10 1.58 2.08 0.78
TFEC (Low vs. High) 1.89 1.14 3.17 0.02
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mice using cell line SKOV3. Results showed 
that shTFEC could significantly inhibit tumor 
proliferation (Figure 3E, 3F). Silencing TFEC 
could significantly inhibit tumor metastasis in 
vivo (Figure 3G). Results indicate that silencing 
TFEC could suppress the aggressiveness of 
ovarian cancer. 

Relationship between TFEC and CyclinD1 and 
TFEC and E-cadherin expression in ovarian 
cancer

Since higher TFEC has been correlated with 
ovarian cancer progression and silencing TFEC 
could inhibit ovarian cancer cell proliferation 
and migration, this study detected the relation-

ship between TFEC and CyclinD1 and TFEC and 
E-cadherin expression in ovarian cancer to fur-
ther study the roles of TFEC in ovarian cancer. A 
positive relationship was found between TFEC 
and CyclinD1 expression (Figure 4A), while a 
negative relationship was found between TFEC 
and E-cadherin expression in ovarian cancer 
tissues (Figure 4B). Silencing TFEC inhibited 
CyclinD1 protein expression and promoted 
E-cadherin protein expression in ovarian can-
cer cells (Figure 4C). As a transcription factor, 
this study detected the effects of TFEC on 
mRNA expression of CyclinD1 and E-cadherin. 
Results showed that silencing TFEC in SKOV3 
could significantly inhibit CyclinD1 and promote 

Figure 3. Silencing TFEC inhibits cell growth and migration in OVCAR3 and SKOV3. A. Levels of TFEC in shTFEC and 
control cells detected by Western blot. B. MTT assay at 0, 1, 2, 3, 4, and 5 days for cell proliferation. C. Representa-
tive images of two-dimensional culture of cells. D. Representative images of Transwell migration assay. E. Tumors 
in the shctrl group were bigger than shTFEC group. F. Difference in tumor growth rates between shctrl and shTFEC 
cells. G. Difference in tumor metastasis to liver between shctrl and shTFEC cells.
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E-cadherin expression in transcription levels 
analyzed by PCR (Figure 4D). Luciferase report-
er also showed that depletion of TFEC power-
fully suppressed CyclinD1 promoter and pro-
moted the E-cadherin promoter activity (Figure 
4E).

Discussion

The present study found that TFEC mRNA was 
extensively expressed in ovarian cancer tis-
sues and progress-free survival rates were 
lower in the TFEC high-expression group. 
Additionally, present results showed that TFEC 
was expressed higher in ovarian cancer tis-
sues. This higher expression was correlated 
with malignant progression and poor survival 
for ovarian cancer patients. Knockdown of 
TFEC significantly inhibited proliferation and 
migration in vitro. These results powerfully 
demonstrated that higher expression of TFEC 
could accelerate cell proliferation and migra-
tion, suggesting that TFEC pathways may be a 
therapeutic target for ovarian cancer.

Ovarian cancer is the deadliest gynecological 
malignancy unique to women. Even with aggres-
sive treatment using a combined approach of 
surgery, chemotherapy, and radiation therapy, 
the median survival time remains very low. It 
would be very useful if reliable prognostic indi-
cators for patient survival could be determined 
before treatment. However, the value of prog-
nostic markers is less clear, especially for more 
advanced tumors. CA125 has been regarded 
as prognostic marker for ovarian cancer, but it 
does not appear to be an independent risk fac-
tor for survival. Other new tumor markers for 
epithelial ovarian cancer have been observed, 
but none so far are being used as frequently as 
CA125 measurement in clinical practice. In this 
study, TFEC was expressed at higher levels in 
ovarian cancer tissues and could be used as a 
prognosis factor, suggesting that TFEC may be 
a useful marker for ovarian cancer.

To date, several studies have investigated the 
roles of MiT family transcription factors in can-

cer. MITF is necessary for the growth of mela-
nomas, as a melanoma oncogene [19-21]. 
TFE3 translocation is involved with several 
fusion gene partners in certain pediatric renal 
carcinomas and alveolar soft part sarcomas 
[14, 15]. TFEB has been found to be overex-
pressed in renal cell cancer [10], lung cancer 
[11], and pancreatic ductal adenocarcinoma 
[12]. TFEB was also overexpressed in ovarian 
cancer and higher TFEB expression was shown 
to be an independent prognostic factor for 
ovarian cancer. However, very few studies have 
focused on TFEC, especially in cancer. Its func-
tion has not been investigated widely. Several 
studies have found that TFEC is amplified in 
melanoma, breast cancer, renal cell carcino-
mas, and clear cell sarcomas [26, 27] and that 
TFEC genes are involved in NOTCH1 mutation in 
B-cell chronic lymphocytic leukemia [28]. The 
present study found that TFEC was overex-
pressed in ovarian cancer tissues, compared to 
normal tissues, and expression levels of TFEC 
were significantly correlated with tumor pro-
gression. Interestingly, when testing the role of 
TFEC in cell biology function in ovarian cancer 
cell lines in vivo, it was found that TFEC knock-
down could significantly inhibit cell proliferation 
and migration. However, the molecular mecha-
nisms underlying ovarian cancer progression 
remain unclear.

Cyclin D1, an important protein controlling cell 
cycle, has been found to be expressed at high-
er levels in many kinds of cancers. It has been 
associated with cancer malignancy [29]. Loss 
of E-cadherin has been thought to promote 
metastasis by disrupting intercellular contacts 
and the significance of E-cadherin for metasta-
sis has been shown in a variety of tumors [30]. 
To explore the molecular mechanisms of TFEC 
in ovarian cancer progression, this study 
detected the effects of TFEC on Cyclin D1 and 
E-cadherin expression. It was found that TFEC 
could significantly affect Cyclin D1 and 
E-cadherin expression in both protein and 
mRNA levels, while depletion of TFEC powerful-
ly suppressed the promoter activity of CyclinD1 
promoter and promoted the promoter activity 

Figure 4. Relationship between TFEC and CyclinD1 and TFEC and E-cadherin expression in ovarian cancer. A. Re-
lationship between TFEC and CyclinD1 expression in ovarian cancer tissues. B. Relationship between TFEC and 
E-cadherin expression in ovarian cancer tissues. C. Effects of silencing TFEC on CyclinD1 and E-cadherin protein 
expression on cell line SKOV3. D. Effects of silencing TFEC on CyclinD1 and E-cadherin mRNA expression on cell 
line SKOV3 analyzed by PCR. E. Effects of silencing TFEC on CyclinD1 and E-cadherin promoter activity on cell line 
SKOV3 analyzed by luciferase reporter.
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of E-cadherin. However, molecular mechanisms 
underlying TFEC controlling Cyclin D1 and 
E-cadherin expression require further research.

In conclusion, present results showed that 
TFEC was expressed at significantly higher lev-
els in ovarian cancer tissues. This higher 
expression was correlated with malignant pro-
gression and poor survival of patients. Overall, 
increased levels of TFEC may be used as a pre-
dictor for poor prognosis in ovarian cancer 
patients. The mechanisms, however, require 
further investigation.
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