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Transducin (β)-like 1 X-linked receptor 1 (TBL1XR1) is a core component of the NCoR/SMRT transcription 
co-repressor complex, and its role in regulating cancer progression has been reported.  Serous epithelial 
ovarian cancer (EOC) is the most common histological type of EOC.  Here we explored the significance of 
TBL1XR1 expression in predicting outcomes of patients with serous EOC.  Real-time quantitative PCR 
analysis showed that the expression level of TBL1XR1 mRNA was significantly higher in EOC tissues 
compared with adjacent non-tumorous tissues.  The protein levels of TBL1XR1 in EOC tissues were 
assessed by immunohistochemistry, and the patients were classified into low-expression group (n = 62) 
and high-expression group (n = 54) according to the immunoreactivity.  Prognostic significance of TBL1XR1 
was evaluated by univariate and multivariate analyses, showing that over-expression of TBL1XR1 was 
correlated with poor prognosis.  In addition, TBL1XR1 was positively associated with the lymph node 
metastasis of EOC.  Because vascular endothelial growth factor (VEGF)-C is known as a critical mediator 
of lymph node metastasis, we measured the expression level of VEGF-C mRNA in EOC tissues and thus 
identified a positive correlation between TBL1XR1 and VEGF-C mRNA levels.  Subsequently, using human 
EOC cell lines, we showed that silencing of TBL1XR1 decreased VEGF-C expression, suggesting that 
TBL1XR1 may function as an upstream regulator of VEGF-C in EOC.  Furthermore, the proliferation and 
invasion of EOC cells were inhibited by TBL1XR1 silencing.  In conclusion, TBL1XR1 overexpression may 
be an unfavorable prognostic factor for EOC.  We also suggest that the TBL1XR1-VEGF-C axis may 
determine the EOC progression.
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Introduction
Epithelial ovarian cancer (EOC) is the most lethal 

gynecological cancer and the second leading cause of can-
cer death among women worldwide (Siegel et al. 2014, 
2015), and serous ovarian carcinoma is the most common 
histological type.  EOC has often disseminated to the peri-
toneal cavity and been identified as advanced stages at the 
time of diagnosis, due to non-specific symptoms and lack 
of effective screening methods (Goff et al. 2000; Siegel et 
al. 2012).  Despite current advances in surgery and adjuvant 
chemotherapy, the clinical outcome of patients with EOC 
remains unsatisfied.  The 5-year overall survival rate was 
reported to be less than 50% (Hunn and Rodriguez 2012), 
and below 30% for patients with advanced stages (Colombo 
et al. 2014).  However, despite many clinical and basic 
research efforts, it is still a great challenge to identify novel 
biomarkers for early diagnosis, prediction or treatment of 
EOC.

The balance between ubiquitin ligases and deubiquiti-
nases has attracted much attention in the study of malignan-
cies.  For example, ubiquitin-specific protease 33 (USP33) 
was shown to be down-regulated in breast cancer (Yuasa-
Kawada et al. 2009), lung cancer (Wen et al. 2014) and 
colorectal cancer (Liu et al. 2016b).  On the other hand, we 
previously reported the enhanced expression of ubiquitin-
specific protease 7 (USP7) in ovarian cancer (Ma and Yu 
2016), which revealed that different ubiquitin-regulated 
enzymes may show completely different functions in tumor 
regulation.  Here we investigated the expression and clini-
cal significance of another ubiquitin-related protein, trans-
ducin (β)-like 1 X-linked receptor 1 (TBL1XR1), in EOC 
patients.

As an essential component of the SMRT (silencing 
mediator of retinoic acid and thyroid hormone receptors)/
N-CoR (nuclear receptor corepressor) nuclear receptor 
corepressor complex, TBL1XR1 plays a crucial role in reg-
ulating the activation of corepressors by modulating the 
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ubiquitin status of SMRT/N-CoR complex (Zhang et al. 
2002; Tomita et al. 2003, 2004; Yoon et al. 2003; Li and 
Wang 2008; Perissi et al. 2008).  In other words, TBL1XR1 
can promote the transcription processes mediated by tran-
scription factors, including NF-κB, nuclear receptors (NRs), 
Wnt/β-catenin and Notch pathways (Hoberg et al. 2004; 
Choi et al. 2011).  Moreover, the functions of TBL1XR1 
were distinct in different tumors.  In prostate cancer, 
TBL1XR1 was reported to function as a tumor suppressor 
and inhibit tumor growth, perhaps through regulating 
androgen receptor (AR) signaling pathway (Daniels et al. 
2014, 2016).  However, TBL1XR1 has been reported to be 
highly expressed in cervical cancer (Wang et al. 2014), 
breast cancer (Li et al. 2014), nasopharyngeal carcinoma 
(Chen et al. 2014), hepatocellular carcinoma (Kuang et al. 
2016), digestive cancers (Liu et al. 2016a; Zhou et al. 2016; 
Liu et al. 2017), and ovarian cancer (Wu et al. 2016).  
However, the significance of TBL1XR1 in predicting clini-
cal outcomes of EOC patients has not been reported.

In the current study, we evaluated the expression of 
TBL1XR1 in serous EOC tissues and adjacent non-tumor-
ous tissues, thereby showing that TBL1XR1 was highly 
expressed in serous EOC.  In addition, the expression level 
of TBL1XR1 was correlated with lymph node metastasis 
and advanced FIGO stages.  Subsequently, we verified the 
significant role of TBL1XR1 in predicting prognosis of 
serous EOC patients by univariate and multivariate analy-
ses.  Furthermore, our clinical studies and cell culture 
experiments demonstrated that TBL1XR1 can positively 
regulate the expression of vascular endothelial growth 
factor (VEGF)-C, which participates in the process of 
lymph node metastasis.  Lastly, TBL1XR1 silencing dra-
matically down-regulated EOC cell proliferation and inva-
sion, whereas TBL1XR1 transfection enhanced cell onco-
genicity.

Materials and Methods
Patients and samples

Total 116 patients who were diagnosed with serous EOC and 
underwent R0 resection of primary tumors at Linyi People’s Hospital 
were selected between June 2000 and June 2013.  None of the 
patients received any chemoradiation or hormonal therapy before sur-
gical resection.  Patients’ information including age, FIGO stage, 
pathological differentiation, lymph node status and pre-operative 
CA-125 level was retrieved.  The paraffin-embedded specimens were 
obtained from Department of Pathology.  Other 8 pairs of fresh-frozen 
serous EOC tissues and corresponding adjacent non-tumorous tissues 
were collected between 2014-2015, and were stored in liquid-nitrogen 
until use.  This study was approved by the Ethics Committee of Linyi 
People’s Hospital.  Signed informed consent forms were obtained 
from all the patients.

Immunohistochemistry (IHC) and IHC evaluation
The IHC and IHC evaluation were performed as we described 

before (Ma and Yu 2016).  Briefly, paraffin-embedded specimens 
were cut into 4-μm sections, followed by deparaffinization with 
graded alcohol and antigen retrieval step.  After blocked with non-

immune goat serum, the slides were incubated with TBL1XR1 pri-
mary antibody (1:400, ab117761, Abcam, USA) at 4°C overnight.  
The immunostaining was achieved after incubation with biotinylated 
goat anti-mouse secondary antibody using avidin-biotin complex 
(ABC) method.  Slides were finally mounted with neutral balsam 
after hematoxylin counter-staining and dehydrated.  5% fetal bovine 
serum (BSA) was used as a negative control.

IHC results were scored based on staining intensity (0 = nega-
tive, 1 = weak, 2 = moderate, 3 = strong) and the percentage of 
stained tumor cells (0 ≤ 20%, 1 = 21-50%, 2 = 51-80%, 3 = 81-100%) 
by two pathologists, independently.  The final IHC score was obtained 
by multiplying intensity score with percentage score, which ranges 
from 0 to 9.  Slides with IHC score less than 4 were grouped as low 
expression, while those with IHC score ≥ 4 were grouped as high 
expression.

Protein extraction and western blot analysis
Clinical tissues or cultured cells were lysed with RIPA buffer 

(Beyotime Biotechnology, China).  Equal amounts of proteins were 
separated by 10% polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred onto Immobilon-P Transfer membrane (Merck 
Millipore, China).  Immunoblots were prepared using standard proto-
cols including BSA blocking, primary antibody incubation (VEGF-C, 
sc-374628; β-actin, sc-58673; both from Santa Cruz Biotechnology, 
USA), secondary horseradish peroxidase-conjugated antibody incuba-
tion (anti-goat IgG for VEGF-C, anti-mouse IgG for TBL1XR1 and 
β-actin) and eventually developed with chemiluminescence reagents 
(Santa Cruz Biotechnology, USA).

RNA extraction and real-time quantitative PCR (RT-qPCR)
Total RNA was extracted with TRIzol reagent (Invitrogen, 

California, USA) according to the manufacturer’s instruction.  The 
total RNA concentration was assessed by a Nano-Drop spectropho-
tometer (Thermo Scientific, Pennsylvania, USA), and reverse tran-
scription was performed with 1 µg of total RNA using reverse tran-
scriptase (Promega, USA).  The complemental cDNA was then 
subjected to RT-qPCR to analyze mRNA levels of TBL1XR1 and 
VEGF-C.  The PCR cycle included preheating at 95°C for 10 min and 
then amplified at 95°C (30 sec) and 60°C (1 min) for 45 cycles.  The 
threshold cycle (Ct) value of each sample was calculated and the rela-
tive mRNA levels were normalized to the glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) level.  The data were evaluated with 2−ΔCt 
method (Bustin et al. 2009).  The primers are as followed:

TBL1XR1: 5′-GAG GTG TTT ATT TGT GCT TGG-3′ and 
5′-TGC ACT TAA TAT GAA GTT GCC-3′; VEGF-C: 5′-GTG ACC 
AAC ATG GAG TCG TG-3′ and 5′-CCA GAG ATT CCA TGC CAC 
TT; GAPDH: 5′-GAA GGT GAA GGT CGG AGT C-3′ and 5′-CCC 
GAA TCA CAT TCT CCA AGA A-3′.

Cell culture and transfection
The ovarian benign cell line Hs893 was purchased from 

American Type Culture Collection (ATCC, USA).  The human epi-
thelial ovarian cancer cell lines (OVCAR3 and SKOV3) were 
obtained from the Cell Bank of the Chinese Academy of Sciences, 
Shanghai, China.  All cells were cultured in RPMI 1640 medium sup-
plemented with 10% (v/v) fetal bovine serum (FBS), 100 U/mL peni-
cillin and 100 μg/mL streptomycin.

The Myc-tagged human TBL1XR1 cDNA was obtained from 
Origene (NM_024665) and cloned into pcDNA3.0 vector for trans-
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fection.  TBL1XR1 knockdown was performed by oligo-siRNA tran-
sient transfection with the siRNA sequences below:

TBL1XR1 siRNA#1: 5′-TCT CTA GAT TGG AAT AGT 
GAAdTdT-3′ (Guo et al. 2016)

TBL1XR1 siRNA#2: 5′-CGT AAT GCC TGA TGT AGT 
AdTdT-3′ (Wang et al. 2014)

Negative control siRNA (ncRNA): 5′-TTC TCC GAA CGT 
GTC ACG TdTdT-3′

Cell viability assay
Presto-Blue cell viability reagent (Invitrogen, Life Technologies, 

USA) was used to test the cell viability of OVCAR3 and SKOV3 
cells.  Briefly, cells were seeded at 1 × 104 cells/well in 96-well plates 
after transfection, and Presto-Blue reagent was added at the desig-
nated time points.  The fluorescence was obtained at a wavelength of 
560nm with a microplate reader.  Each experiment was performed in 
triplicate.

Transwell invasion assay
The invasion capacity of SKOV3 and OVCAR3 cells was 

assessed using the Boyden chamber Matrigel invasion assay (Cell 
Biolabs, USA) as described before (Ma and Yu 2016).  Briefly, 1 × 105 
transfected cells were planted into the upper chamber 24 h after trans-
fection.  DMEM containing 1% FBS was added into the upper cham-
ber, while DMEM with 10% FBS was added into the lower chamber.  
After another 48-h incubation, non-invaded cells were removed gen-
tly with a cotton swab, and migrated cells to the lower surface of 
membrane were then fixed with methanol and stained with crystal 
violet.  Cell counting was performed in five randomly selected fields 
for each well.  Each experiment was performed in triplicate.

Statistical analysis
The overall survival (OS) was defined as the period from the 

date of surgery to the date of death or the last date of follow-up 
(September 2015).  The 5-year OS was calculated as the proportion of 
patients who survived for more than 5 years after surgery.  Statistical 
analysis was performed with SPSS 22.0 software (SPSS, Chicago, IL, 
USA).  The associations between TBL1XR1 expression and other 
clinicopathological parameters were assessed with chi-square test.  
Univariate survival analysis was performed using the Kaplan-Meier 
method and log-rank test.  The Cox proportional hazard regression 
analysis was employed for multivariate survival analysis.  A P value 
of less than 0.05 was considered as statistically significant (two-
sided).

Results
Patient characteristics

Our study included 116 patients aged from 46 to 75 
years (median 54.5 years), and the median follow up time 
was 59 months.  The 5-year OS of the entire cohort was 
70.3%.  The histopathologic grading of the 116 serous EOC 
patients revealed that 35 patients (30.2%) were with poor 
differentiation, and the other 81 patients (69.8%) were with 
well or moderate differentiation.  Patients’ clinical stages 
were determined according to the FIGO staging system.  In 
our cohort, 12 cases (10.3%) had stage I, 21 cases (18.1%) 
had stage II, 62 cases (53.4%) had stage III, and 21 cases 
(18.1%) had stage IV.  Among the 116 serous EOC patients, 
62 patients (53.4%) were diagnosed as positive lymph node 
metastasis, and the other 54 patients (46.6%) had negative 
lymph node metastasis.  Detailed characteristics of patients 
are summarized in Table 1.

Variables Cases TBL1XR1 expression P value 

(n = 116) Low (n = 62) High (n = 54) 

Age (years) 0.519 
≤ 60 87 48 39 
> 60 29 14 15 

FIGO stage 0.009* 

I~II 33 24 9 

III~IV 83 38 45 

Pathological differentiation 0.021* 

Well/Moderate 81 49 32 

Poor 35 13 22 

Lymph node metastasis 0.002* 

Negative 54 37 17 

Positive 62 25 37 

Preoperative serum CA-125 0.265 

≤ 822 U/mL 58 27 31 

> 822 U/mL 58 33 25 

EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology and 
Obstetrics; TBL1XR1, transducin (β)-like 1 X-linked receptor 1.

Table 1.  Expression of TBL1XR1 in serous EOC tissues.



M. Ma and N. Yu242

TBL1XR1 is highly expressed in EOC tissues and correlated 
with lymph node metastasis

IHC results showed that TBL1XR1 was mainly local-
ized in the nucleus of the EOC cells (Fig. 1A, B).  Among 
the 116 serous patients, 54 cases (46.6%) were identified 
with high TBL1XR1 expression, whereas the other 62 
patients (53.4%) were with low TBL1XR1 expression.  The 
correlations between the expression of TBL1XR1 and other 
clinicopathologic characters are shown in Table 1.  In addi-
tion, western blot analysis of the fresh-frozen tissues dem-
onstrated that the protein levels of TBL1XR1 were higher 
in tumor tissues than in adjacent non-tumorous tissues (Fig. 
1C, D).  Consistently, RT-qPCR results showed that the 
mRNA levels of TBL1XR1 were also higher in tumor tis-
sues (Fig. 1E).

For the 83 cases with FIGO stage III-IV, 45 patients 
(45/83, 54.2%) were classified as TBL1XR1 high expres-
sion; while only 9 patients (9/33, 27.3%) with FIGO stage 
I-II were identified with TBL1XR1 high expression (Fig. 
2A).  In addition, TBL1XR1 expression level was signifi-
cantly correlated with the status of lymph node metastasis 

(P = 0.002, Table 1, Fig. 2B).  The correlations revealed 
that TBL1XR1 may play an essential role in the process of 
lymph node metastasis.  Patients with poor pathological dif-
ferentiation tumors also showed higher TBL1XR1 levels (P 
= 0.021, Table 1).  No statistically significant correlation 
was observed between TBL1XR1 expression and age (P = 
0.519) or pre-operative CA125 level (P = 0.265).

TBL1XR1 is an independent prognostic factor for the OS of 
serous EOC patients

The 5-year OS for the whole cohort was 70.3%, and 
the median survival time was 71 months.  Kaplan-Meier 
univariate survival analysis revealed that age (P = 0.042), 
FIGO stage (P = 0.026), lymph node metastasis (P = 0.009), 
and TBL1XR1 expression (P = 0.011) were all significantly 
associated with the OS of serous EOC patients.  Patients 
with high TBL1XR1 expression showed unfavorable prog-
nosis compared to those with low TBL1XR1 expression 
(OS 75.7 ± 5.3 vs. 105.9 ± 7.3 months; P = 0.011; Fig. 2C, 
Table 2).

Furthermore, Cox-regression multivariate analysis 

Fig. 1.  Expression of TBL1XR1 in serous EOC tissues.
 (A) Representative high expression of TBL1XR1 in EOC tissues, with the IHC score 9.  (B) Representative low expres-

sion of TBL1XR1 in EOC tissues, with the IHC score 0.  (C) Western blot analysis showed the protein levels of 
TBL1XR1 in 8 pairs of EOC tissues (T) and adjacent non-tumorous tissues (ANT).  (D) Quantification of the protein 
levels of TBL1XR1 with Graphpad prism 5.0 software.  (E) RT-qPCR results demonstrated that the mRNA level of 
TBL1XR1 was higher in tumor tissues than that in adjacent non-tumorous tissues (n = 8).  Magnification: 200X.
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indicated that TBL1XR1 was as an independent prognostic 
factor (hazard ratio [HR] = 2.006, confidence interval [CI] 
= 1.294-5.267, P = 0.038).  In addition, advanced FIGO 
stage (HR = 2.766, CI = 1.481-4.926, P= 0.001) and posi-
tive lymph node metastasis (HR = 2.125, CI = 1.184-3.225, 
P = 0.026) were both negatively correlated with OS (Table 
3).

TBL1XR1 positively regulates the expression of VEGF-C
The RT-qPCR results from fresh-frozen tissues showed 

that the mRNA expression level of VEGF-C was positively 
correlated with that of TBL1XR1 (r2 = 0.702, P = 0.009, 
Fig. 2D).  To better explore the functional mechanisms of 
TBL1XR1 in EOC cells, we analyzed the protein expres-
sion of TBL1XR1 in both normal ovarian epithelial cells 
(Hs832) and EOC cell lines (SKOV3 and OVCAR3).  The 
highest expression level of TBL1XR1 was found in 
OVCAR3 cells among three cell lines, and there was no 
significant difference between Hs832 and SKOV3 cells 
(Fig. 3A, B).  Therefore, we next overexpressed TBL1XR1 
in SKOV3 cells, and silenced TBL1XR1 expression in 
OVCAR3 cells.  The transfection efficiencies were con-
firmed by western blot analysis.  Moreover, the expression 
of VEGF-C showed similar patterns correspondingly with 

the protein level of TBL1XR1 (Fig. 3C-F).

High expression of TBL1XR1 promotes the viability and 
invasion of EOC cells

Since VEGF-C plays a critical role in the lymph node 
metastasis of tumors, we therefore performed cellular 
assays to investigate whether TBL1XR1 can influence the 
proliferation and invasion capacities of EOC cells.  The 
viability of cultured cells was detected by Presto-Blue cell 
viability reagent.  We chose SKOV3 cells to compare the 
differences in cell proliferation among transfections with 
TBL1XR1, pcDNA3.0-vector and blank control.  TBL1XR1 
overexpression significantly enhanced the proliferation of 
EOC cells (Fig. 4A).  In contrast, TBL1XR1-siRNA showed 
inhibitory effect on OVCAR3 proliferation (Fig. 4B).

We also performed Transwell assay to see whether 
TBL1XR1 can modulate the cell invasion capacity.  The 
invasion results showed that TBL1XR1 overexpression can 
remarkably increase the cell invasion by 1.7 folds (Fig. 4C), 
whereas TBL1XR1 silencing reduced cell invasion by 40%-
60% (Fig. 4D).  These findings demonstrated that 
TBL1XR1 can positively regulate the invasion of ovarian 
cancer cell viability.

Fig. 2.  Correlations between TBL1XR1 and clinical characteristics of serous EOC patients.
 (A) EOC patients with advanced FIGO stages showed higher immunoreactivity of TBL1XR1 (P = 0.009).  (B) Expres-

sion levels of TBL1XR1 were higher in patients with positive lymph node metastasis than in those with negative lymph 
node metastasis (P = 0.002).  (C) Kaplan-Meier survival curve showed that higher expression of TBL1XR1 was corre-
lated with poorer overall survival of EOC patients.  (D) The VEGF-C mRNA levels were positively correlated with 
TBL1XR1 mRNA expression in tumor tissues (The data was generated by RT-qPCR from 8 paired EOC tissues and  
adjacent non-tumorous tissues.  X axis showed the fold changes of TBL1XR1 while Y axis showed the fold changes of 
VEGF-C in corresponding tissues).
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Discussion
EOC accounts for 80%-90% of ovarian cancers and is 

one of the leading causes of death in patients with gyneco-
logic malignancies (Siegel et al. 2014).  The absence of 
specific symptoms and lack of reliable early diagnostic 
methods result in the diagnosis of 70% of patients at an 
advanced stage (Lan et al. 2009).  EOC, as well as other 
tumors, is thought to arise from the accumulation of genetic 
alterations (Aunoble et al. 2000).  Therefore, understanding 
the molecular mechanisms and searching for novel bio-
markers involved in the progression of EOC are invaluable 
for the prediction of clinical outcomes, providing novel 
therapeutic targets, and improving patients’ survival.

The role of TBL1XR1 on mediating estrogen receptors 
(ER) signaling in ovarian cancer cell lines has been reported 
recently, which identified it as an ER corepressor in regulat-
ing oncogenicity of ovarian cancer cells (Wu et al. 2016).  

Here, in the present study, we found that the expression lev-
els of TBL1XR1 in ovarian cancer tissues were higher than 
that in normal ovarian tissues, and high levels of TBL1XR1 
expression were associated with aggressive clinical condi-
tions in ovarian cancer.  Moreover, we demonstrated that 
high TBL1XR1 levels indicated poor prognosis of serous 
EOC patients.  To our knowledge, this is the first report 
about the role of TBL1XR1 in predicting prognosis of ovar-
ian cancer.  Finally, our cellular experiments demonstrated 
that knock-down of TBL1XR1 can inhibit ovarian cancer 
cell growth and invasion.

EOC patients with positive lymph node metastasis 
show unfavorable overall survival, and the status of lymph 
node is the most important factor for prognosis predicting 
(Siegel et al. 2015).  However, it is sometimes not easy to 
determine lymph node status and the false negative rate is 
not satisfied.  Therefore, biomarkers that can help to predict 
prevalence of lymph node metastasis may be helpful for the 

Variables Cases 
(n = 116) 

5-year OS
rate (%)

OS (months) 
Mean ± S.D. 

P value 

Age (years) 0.042* 
≤ 60 87 83.1% 99.4 ± 6.5 
> 60 29 71.2% 71.5 ± 5.7 

FIGO stage 0.026* 

I~II 33 86.4% 99.4 ± 5.6 

III~IV 83 62.7% 85.7 ± 11.2 

Pathological differentiation 0.114 

Well/Moderate 71 91.2% 101.7 ± 8.0 

Poor 35 73.0% 88.4 ± 6.6 

Lymph node metastasis 0.009* 

Negative 54 90.6% 108.2 ± 6.3 

Positive 62 69.8% 73.2 ± 5.8 

Preoperative serum CA-125 0.417 

≤ 822 U/mL 58 81.2% 97.4 ± 8.1 

> 822 U/mL 58 77.8% 89.5 ± 6.8 

TBL1XR1 expression 0.011* 

Low 62 80.5% 105.9 ± 7.3 

High 54 77.0% 75.7 ± 5.3 

Variables Hazard ratio 95% Confidence Interval P value 
Age 1.460 0.954-2.791 0.175 
FIGO stage 2.766 1.481-4.926 0.001* 
Lymph node metastasis 2.125 1.184-3.225 0.026* 
TBL1XR1 expression 2.006 1.294-5.267 0.038* 

Table 2.  Kaplan-Meier survival analysis (log-rank test) of serous EOC patients.

EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology and 
Obstetrics; TBL1XR1, transducin (β)-like 1 X-linked receptor 1.

Table 3.  Cox multivariate an g alysis for serous EOC patients.

EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology and 
Obstetrics; TBL1XR1, transducin (β)-like 1 X-linked receptor 1.
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clinical evaluation.  VEGF-C, a subtype of VEGF family, 
has been reported to participate in the lymphatic metastasis 
of various solid tumors including ovarian cancers (Bednarek 
et al. 2008; Wu et al. 2012; Regan et al. 2016; Wang et al. 
2016).  Interestingly, our study revealed that the mRNA 
expression of VEGF-C was positively correlated with 
TBL1XR1 levels in clinical tumor tissues.  Moreover, over-
expression and silencing experiments demonstrated that the 
VEGF-C expression was modulated by TBL1XR1 in EOC 
cell lines.  In other words, VEGF-C is likely to be a down-
stream effecter of TBL1XR1 in ovarian cancer.  There is 
high possibility that TBL1XR1 may promote tumor pro-
gression and lymphatic metastasis through VEGF-C path-
ways, although more detailed biomolecular studies are 
needed to verify it.

In conclusion, the overexpression of TBL1XR1 is an 
independent predictive factor for the poor prognosis of 
serous EOC patients.  Our findings also indicate that the 
TBL1XR1-VEGF-C axis is important in the EOC progres-
sion.  We thus suggest the potential of TBL1XR1 in the 
development of novel chemotherapy.

Conflict of Interest
The authors declare no conflict of interest.

Fig. 3.  TBL1XR1 modulates the expression of VEGF-C in EOC cells.
 TBL1XR1 showed highest protein expression in OVCAR3 cells among Hs832, SKOV3, and OVCAR3 cell lines, whereas no signifi-

cant difference was observed between Hs832 and SKOV3 cells (A, B).  TBL1XR1 overexpression increased the protein level of 
VEGF-C (C, D).  In contrast, TBL1XR1 silencing by siRNAs down-regulated the protein expression of VEGF-C (E, F).  Each experi-
ment was performed in triplicate.
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