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Abstract. – OBJECTIVE: In this study, we in-

vestigated the dysregulated genes in ovarian
cancer epithelial cells (CEPIs) compared to normal ovarian surface epithelia (OSE). The mechanism of co-upregulation between NR2F6 and
DDA1 in CEPIs and their association with survival outcomes were further studied.
MATERIALS AND METHODS: The microarray
that assessed gene expression profiles of ovarian CEPIs was searched in GEO datasets. The
genes co-expressed with NR2F6 in the ovarian
cohort in TCGA database were identified and analyzed using cBioportal and UCSC Xena. The association between NR2F6, DDA1 and overall survival (OS) and recurrence free survival (RFS) in
ovarian cancer patients were assessed using
Kaplan-Meier Plotter. The regulative effect of
NR2F6 on DDA1 expression was verified by qRTPCR, Western blotting and dual luciferase assay.
RESULTS: NR2F6 is significantly upregulated
in CEPIs compared to OSE. High NR2F6 expression is associated with significantly worse OS
(HR: 1.22, 95% CI: 1.07-1.4, p=0.0039, N=1656).
NR2F6 and DDA1 are co-upregulated in ovarian cancer (Pearson’s r= 0.57). NR2F6 overexpression resulted in significantly upregulated
DDA1 expression at both mRNA and protein levels in SKOV3 and A2780 cells. DDA1 promoter
contains a NR2F6 binding site between -349 and
-336 upstream the TSS site. High DDA1 expression is associated with significantly shorter RFS
(HR: 1.38, 95% CI: 1.12-1.69, p=0.0023, N=614).
CONCLUSIONS: NR2F6 and DDA1 are co-upregulated in ovarian cancer. High NR2F6 expression is associated with significantly worse OS.
NR2F6 can activate DDA1 transcription via binding to the DDA1 promoter. DDA1 upregulation is
associated with significantly worse RFS among
the ovarian cancer patients.
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Introduction
Epithelial ovarian cancer is one of the leading
causes of cancer-related death among women1.
The carcinogenesis of ovarian cancer involves
a series of complex genetic and epigenetic alterations2,3. Nuclear receptor subfamily 2-group
F member 6 (NR2F6), also known as EAR-2,
EAR2 or ERBAL2, is a 43 kD transcription factor that is initially identified in human fetal liver
and in mouse embryos4,5. Recent studies observed
its upregulation in some cancers. For example,
NR2F6 is highly expressed in both ER+ and ERbreast tumors compared with normal breast tissue6. In cervical cancer, high NR2F6 expression
predicts pelvic lymph node metastasis, tumor recurrence and poor prognosis7. Exogenous expression of NR2F6 can increase the growth of acute
myelogenous leukemia (AML) cells and prevent
the proliferative arrest associated with terminal
differentiation8. Functionally, NR2F6 acts as an
intracellular immune checkpoint in effector T cells, thereby governing the amplitude of anti-cancer immunity9. However, its expression profile
and the downstream regulation in ovarian cancer
are still not clear. DET1 and DDB1 associated
1 (DDA1) can form a complex with DET1 and
DDB1, which is termed as DDD10. This complex
can be recruited to specific UBE2E (E2 ubiquitin
ligase) enzymes, thereby involves in ubiquitination and subsequent proteasomal degradation of
target proteins10. Recent researches s found that
DDA1 acts as an oncogene that can promote colon cancer progression via activating NFkappaB/
CSN2/GSK-3beta signaling11 and can also promote lung cancer progression through regulation of
cell cycle12. In this work, we firstly reported that
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NR2F6 and DDA1 are co-upregulated in ovarian
cancer. NR2F6 can activate DDA1 transcription
via binding to the DDA1 promoter. DDA1 upregulation is associated with significantly worse recurrence-free survival (RFS) among the ovarian
cancer patients.

Materials and Methods
Bioinformatic Data Mining
The microarray that assessed gene expression profiles of ovarian cancer epithelial cells
(CEPIs) was searched in GEO datasets. The
raw data of one previous Affymetrix Human
Genome U133 Plus 2.0 Array (GDS3592)13
that investigated the dysregulated genes in
CEPIs compared to normal ovarian surface
epithelia (OSE) was downloaded and re-analyzed. The association between NR2F6, DDA1,
overall survival (OS) and RFS in ovarian
cancer patients were assessed using KaplanMeier Plotter, which is an online tool for genome-wide validation of survival-associated
biomarkers in ovarian-cancer using microarray data of 1287 patients14. The genes that
were co-expressed with NR2F6 in the ovarian cohort in TCGA database were identified using cBioportal (http://cbioportal.org)15.

The heat map of NR2F6 and DDA1, as well
as regression analysis of their expression were
further studied using UCSC Xena (http://xena.
ucsc.edu/). The DDA1 promoter sequence was
obtained from GeneCopoeia (>HPRM25245,
NM_024050). The detail promoter sequence
was given in Table I with TSS site marked in
red. NR2F6 binding sites in DDA1 promoter
were predicted by using the JASPAR Database
(http://jaspar.genereg.net/) and marked in red
and bold in Table I. DDA1 protein expression
in ovarian cancer tissues and in normal ovarian tissues were reviewed in Human Protein
Atlas (http://www.proteinatlas.org/)16.
Cell Culture and Transfection
Human ovarian cancer cell lines A2780 and
SKOV3 cells were obtained from American
Type Culture Collection (ATCC, Manassas,
VA, USA). The cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS),
100 U/ml penicillin and 100 U/ml streptomycin.
All cells were maintained in a humidified incubator with 5% CO2 at 37°C. Human NR2F6
cDNA ORF clone (cat. RC201336) and the empty control pCMV6-Entry (cat. PS100001) were
obtained from OriGene (Rockville, MD, USA).
SKOV3 and A2780 cells were transfected with

Table I. The DDA1 promoter sequence.
>HPRM25245 NM_024050;name=C19orf58;Entrez_ID=79016;Genome=hg18;chr19+:17280185-17281463;TSS=1728135
4;Upstream=1169,Downstream=109;Length=1279;
TTTCTTTTGAGAGGGAGTTTAGCTCTTGTTGCCCAGACTGGACTGTAGTGGCTTAATCTC
GGCTGACTGACACCTCCGCCTTCTGGTTTTAAGCGATTCTCCTGCCTCAGCCTCTTGAGT
AGCTGGGATGACAGGCGCCCGCCACCACGCCCGGCTAATTTTTGTATTTTAGTAGAGATG
GGGTTTCACCATGTTGGCCAGGCTGGTCTCAAACTCCTGACCTCGTGATCCGCCCGCCTC
GGCTTCCCAAAGTGCTGGGATTGCTGGGATTACAGGCGTGAGCCACCGTGCCCCGCCTTT
TTTTTTTTGAGACAGAGTCTCCCTCTGTCCGCCAGGCTGGAGTGCAGTGGCGCGATCTCA
GCTCACTGCAAGATCCGCCTCACTCACGGTTCACGCCGTTGTCCTGCTTCGGCCTCCGGA
GTAGCTGGGACTACAGGCGTCCGCCACCACGCCCGGCTAATTTTTTGTATTTTTAGTAGA
GACGTGGTTTCACCGTGTTAGCCAGGACGGTCTCGATCTCCTGACCTCGTGATCCACCCG
CGTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACTGCGCCCGGCTGGCTTTTT
TTTTTTTTTTTTGAGACTGATTTTCGCTCTTGTTGCCCAGGCTGGAGTGCAATGGCACGA
TCTTGGCTCACTGCAACCTCCGCCTCCCGGGTTCAAGTGATTCTCCTGCCTCAGCCTCCC
TACTAGCTGGAATTACAGGCGCAGAGATGGGGTTTCACCATGCTGGCCAGGCTGGTCTCG
AACTGCTGACCTCAGGCGATCTACCCGCCTCGGCCTCCCAAAGTGCTAAGATTACAGGAG
TGAGCCACCGCACCCGGCCGAACCTCGCATCTTAAAAACACACAGACACACAAAAGCTCT
AGAGAGCCTCGCGGAGCTGTAAACTACAGCTCCCAAGAGACTTCGCGGCCGAGGCCTCCG
CCCACTTCCGGATCTCACTTTCATTGCTTCCAAGTACCGGGAGGTGCTTTGCTTCTTCAA
CCGAACTTGACCACAATGGGAGGAGGCGTGGCAACCAATGGGCGCATGAGTTAGCTGGAT
GCGGCCAATGGAAGCGTGCAAAGCGCTCCTATGTGGGGGCGGGGCTAGACTGCACACCAA
TGACAGGGAGGTGGTGGCGCCATCAGTGTGGGCTGTGCCGTGGCTGGAAGTTACTGTGAG
GCGGCGGCTAAGAAGGCGGCTCTGGTGGCGGCGGTGGAGGCTGAGGCGGCGGCCGAGGCG
GCGACGGAGGAAACAGAAG
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the expression vector or empty control using Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA).
QRT-PCR Analysis
Total RNAs in the cell samples were extracted
using the Trizol Reagent (Invitrogen, Carlsbad,
CA, USA). Then, the RNA samples were reverse-transcribed using the iScript cDNA Synthesis
kit (Bio-Rad, Hercules, CA, USA) following the
manufacturer’s protocol. Then, NR2F6 mRNA
was measured using qRT-PCR analysis with the
following primers (F, 5’-TTTAGTCGATTTCACGCGGAC-3’ and R, 5’-ATCTGTTCAGACGGGTACTCG-3’) and the SYBR® Select Master Mix
(Applied Biosystems, Foster City, CA, USA) in an
ABI 7900HT fast Real-time PCR System (Applied Biosystems). GAPDH was detected as the
endogenous control.
Western Blotting
Total protein was extracted from cell samples
using a cell lysis buffer. Then, an equal amount
of denatured protein samples were loaded
and separated in 10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) gels and transferred to a polyvinylidene
fluoride (PVDF) membrane. Then, the membranes were incubated with primary antibodies
against NR2F6 (ab137496, Abcam, Cambridge,
MA, USA) and anti-β-actin (ab3280, Abcam,
Cambridge, MA, USA). After the incubation and
washing, the membranes were further incubated with secondary antibodies coupled to HRP.
After washing, the protein bands were visualized by using the SuperSignal™ West Femto Chemiluminescent Substrate (Pierce Biotechnology,
Rockford, IL, USA).
Dual Luciferase Assay
The DDA1 promoter sequence fragments including -1169 to +226, -600 to +226, -360 to +226,
-300 to +226 and -100 to +226 were PCR amplified from the DDA1 promoter clone, and then
were inserted into the XhoI-Hind III site of the
pGL3-basic luciferase reporter vector, respectively. HEK-293 cells were seeded into 12-well plates at a density of 2×105 cells per well and were
further transfected with NR2F6 cDNA ORF clone or the empty control. 24 h later, the cells were
co-transfected with 1.5 μg luciferase construct
plasmid or the empty reporter vector DNA and
0.05 μg phRL-TK by using Superfectin (Qiagen,
Valencia, CA, USA) and were further cultured
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for another 24 h. Then, the luciferase activity of
the cell lysate was quantified using the dual-luciferase reporter assay system with a luminometer
(Promega, Madison, WI, USA) following the manufacturer’s protocol.
Statistical Analysis
Data were presented in the form of means ±
standard deviation (SD). Data were analyzed for
statistical significance by two-tailed Student’s
t-test. p-value <0.05 was considered statistically
significant.

Results
NR2F6 is Significantly Upregulated
in CEPIs Compared to OSE and
is Associated with Worse OS
Reanalysis of the raw SOFT data of GDS3592
identified the most upregulated genes in CEPIs
compared to OSE (Figure 1A). Among the upregulated genes, we observed that NR2F6 is a significantly upregulated transcription factor (Figure
1A, red arrow), which recently has been reported
as an oncogene in some cancers17. To further compare the expression of NR2F6 among the 12 CEPI
samples and the 12 OSE samples, the array signaling value of each sample in the two groups were
visualized and compared (Figure 1B-C). The
comparison demonstrated that NR2F6 expression
is significantly higher in CEPI samples compared
to the OSE samples (Figure 1B-C). Then, we assessed whether NR2F6 expression is associated
with survival outcomes in ovarian cancer patients. Data mining in Kaplan-Meier plotter showed
that among 1656 ovarian cancer patients, high
NR2F6 expression is associated with significantly
worse OS (HR: 1.22, 95% CI: 1.07-1.4, p=0.0039)
(Figure 1D).
NR2F6 and DDA1 are Co-upregulated
in Ovarian Cancer
Since NR2F6 is a transcription factor, its regulation in carcinogenesis might be related to
several signaling pathways. By examining the
microarray data in ovarian cancer cohort in
TCGA database, we identified the top 20 genes with positive correlation to NR2F6 expression in ovarian cancer (Figure 2A). Among the
co-expressed genes, we observed that DDA1 is
a newly identified oncogene that can promote
lung cancer and colon cancer progression11,12.
By exploring the genetic alteration of NR2F6
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Figure 1. NR2F6 is significantly upregulated in CEPIs compared to OSE and is associated with worse OS. A, Heat map of
the most upregulated genes in 12 cases of ovarian CEPIs compared to 12 cases of OSE. Red: up-regulation; Blue: down-regulation. Image was obtained by re-analysis of the raw microarray data of GDS3592. B, NR2F6 microarray signal values in 12
CEPIs and 12 OSE cases. Data was analyzed by using the tool provided by GEO datasets. C, Group comparison of the array
signal of NR2F6 between CEPIs (tumor) and OSE (normal) groups. D, Kaplan-Meier plots of the association between NR2F6
expression and OS in ovarian cancer patients. Data was obtained by using Kaplan-Meier Plotter.

and DDA1 in ovarian cancer patients, we found
that amplification is a key mechanism of dysregulation (Figure 2B). Also, co-amplification
of NR2F6 and DDA1 is quite common among
the patients (Figure 2B). To further verify the
expression profiles of NR2F6 and DDA1 in the
same patient cohort in TCGA, data mining was
also performed by UCSC Xena, another tool
for analysis of TCGA data. The heat map of
NR2F6 and DDA1 expression also indicated
a trend of co-expression (Figure 2C). The following regression analysis further confirmed a
high co-expression efficient (Pearson’s r=0.57)
based on 308 patient samples (Figure 2D).
NR2F6 Induces DDA1 Expression Via
Binding to DDA1 Promoter
To further investigate the association between NR2F6 and DDA1, SKOV3 and A2780 cells were transfected with NR2F6 expression
vectors (Figure 3A). NR2F6 overexpression
resulted in significantly upregulated DDA1
expression at both mRNA and protein levels
(Figure 3B-C). By performing bioinformatic prediction, we found that DDA1 promoter
contains a NR2F6 binding site between -349
and -336 upstream the TSS site (Figure 3D).

By using luciferase reporters with truncated
DDA1 promoter sequences for dual luciferase
assay, we found that in HEK-293 cells, NR2F6
overexpression significantly increased the transcription activity of the reporter constructs carrying integrate NR2F6 binding site, but had no
effect on the reporter without the binding site
(Figure 3E).
DDA1 Upregulation Predicts Poor RFS
in Ovarian Cancer
To further compare DDA1 expression in
ovarian cancer and normal ovarian tissues, we
examined DDA1 protein expression in Human
Protein Atlas. In the database, we observed
that among 12 cancer tissues examined, there
were 3 cases of medium and 4 cases of low
staining (Figure 4A, dark blue and light frames respectively). In comparison, the normal
ovarian stromal cells had undetectable DDA1
expression (Figure 4B). Since DDA1 has oncogenic properties, we further investigated
its association with survival outcomes in ovarian cancer patients. Data mining in KaplanMeier plotter showed that although high DDA1
expression is associated with shorter OS (median OS, 41.77 months in DDA1 high group
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Figure 2. NR2F6 and DDA1 are co-upregulated in ovarian cancer. A-B. The top 20 genes positively correlated to NR2F6
expression in ovarian cancer cohort in TCGA database (A). The genetic alteration pattern of NR2F6 and DDA1 in 311 ovarian
cancer patients in TCGA database (B). Analysis was performed by using cBioPortal. C-D. The heat map (C) and regression
analysis (D) of the expression between NR2F6 and DDA1 in ovarian cancer cohort in TCGA database using another tool,
UCSC Xena.

Figure 3. NR2F6 induces DDA1 expression via binding to DDA1 promoter. A. Western blot analysis of NR2F6 expression in
SKOV3 and A2780 cells 24 h after transfection of NR2F6 expression vector or the negative control. B-C, QRT-PCR analysis
of DDA1 mRNA (B) and protein (C) expression in SKOV3 and A2780 cells 48 h after transfection of NR2F6 expression vector
or the negative control. D, Predicted NR2F6 binding site in DDA1 promoter. E, The luciferase reporter constructs carrying
truncated DDA1 promoter sequences were introduced into HEK-293 cells transfected with NR2F6 expression vector or the
empty control. Luciferase activity was measured 24 h post-transfection. **, p<0.01.

vs. 48 months in DDA1 low group), the difference was not significant (HR: 1.21, 95% CI:
0.95-1.53, p=0.12) (Figure 4C). However, high
DDA1 expression is associated with signifi1210

cantly shorter RFS (median RFS, 16 months
in DDA1 high group vs. 21 months in DDA1
low-group) (HR: 1.38, 95% CI: 1.12-1.69,
p=0.0023) (Figure 4D).
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Figure 4. DDA1 upregulation predicts poor RFS in ovarian cancer. A-B. IHC staining of DDA1 expression in 12 cases of
ovarian cancer tissues (A) and in normal ovarian tissue (B). Image were obtained from Human Protein Atlas (http://www.
proteinatlas.org/search/DDA1). C-D. Kaplan-Meier plots of the association between DDA1 expression and OS (C) and RFS
(D) in ovarian cancer patients. Median survival time was also calculated. Data was obtained by using Kaplan-Meier Plotter.

Discussion
Among the nuclear orphan receptors, NR2F
subfamily members have been extensively studied for their expression and association with prognosis in multiple tumors18. NR2F6 is the third
and more distant member of the NR2F subfamily,
which is initially identified in the human fetal liver
and in mouse embryos4,5. Recent studies indicated
that NR2F6 upregulation is associated with aggressive phenotypes of some cancers. One recent
work based on 189 cervical cancer samples found
that NR2F6 expression was positively related to
FIGO stage, tumor recurrence, chemotherapy,
and lymph node metastasis7. High NR2F6 expression also indicates shorter OS and disease-free
survival in patients with early-stage cervical cancer7. NR2F6 can act as a master switch of antitumor responses to both spontaneous and xenograft
tumor9. Functionally, NR2F6 can directly inhibit
transcription of several important cytokine genes,
such as IL-2, IFN and TNFα in T effector cells, which play key roles in antitumor responses9.

Therefore, T cell activation is repressed in the
presence of NR2F6, especially in the neoplasm
with upregulated NR2F617. In immunocompetent
mice bearing transplantable melanomas, transfer
of NR2F6-deficient T cells is sufficient to decrease tumor outgrowth17. These findings suggest
that NR2F6 might be a key gene promoting and
accelerating cancer initiation and development
by weakening cancer immune surveillance9,17. In
this study, by reanalysis of one available array,
we found that NR2F6 is significantly upregulated in CEPIs compared to OSE. Considering its
role in weakening cancer immune surveillance,
we further examining the association between its
expression and survival outcome of the ovarian
cancer patient. The Kaplan-Meier plots showed
that high NR2F6 expression is associated with
significantly worse OS. As a transcription factor, its downstream effectors in cancer are still
not clear. By screening the genes co-upregulated
with NR2F6 in ovarian cancer cohort in TCGA
database, we observed that DDA1 is highly correlated to NR2F6. Also, the bioinformatic predi1211
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ction showed a highly possible NR2F6 binding
site in DDA1 promoter. To further investigate
whether there is a causative effect of NR2F6 on
DDA1 expression, SKOV3 and A2780 cells were
transfected for NR2F6 overexpression. Our data
suggest that enforced NR2F6 expression significantly enhanced DDA1 expression. The following
dual luciferase assay using reporters carrying
truncated DDA1 promoter sequences further confirmed the binding site. Based on these findings,
we infer that NR2F6 can directly elevate DDA1
expression via binding to its promoter. DDA1 is
a newly identified oncogene in some cancers. It
is commonly upregulated in lung cancer tissue
and cell lines and its upregulation is associated
with poor prognosis in patients with lung cancer12.
Also, DDA1 upregulation alone or in combination
with p65 nuclear translocation is associated with
increased risk of tumor recurrence in patients
with stage IIB-IIC colon cancer11. Mechanistically, DDA1 can facilitate colon cancer progression
through activation of NFκB/CSN2/GSK3β signaling11. In this study, we further examined DDA1
expression in ovarian cancer at protein level and
its association with survival outcomes in ovarian
cancer patients. The results showed that DDA1 is
upregulated in over 50% (7 out 12 cases) of ovarian cancer tissues examined. High DDA1 expression is associated with significantly shorter RFS.
Therefore, it might serve as a biomarker for tumor
recurrence risk and prognosis in patients with
ovarian cancer, but this finding should be further
verified by multivariate analysis in a large ovarian
cancer patient cohort in the future.
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Conclusions
NR2F6 and DDA1 are co-upregulated in ovarian
cancer. High NR2F6 expression is associated with
significantly worse OS. NR2F6 can activate DDA1
transcription via binding to the DDA1 promoter.
DDA1 upregulation is associated with significantly
worse RFS among the ovarian cancer patients.
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