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Background: Ovarian cancer (OC) is one of the leading causes of cancer-related mortality worldwide. The clinical outcome of
EOC remains unsatisfactory with current therapeutic approaches such as surgery and platinum/taxane-based
chemotherapy. Therefore, novel prognostic markers and personalized therapies targeting specific molecules
are urgently needed. Here, we explored whether RNF126, an E3 ubiquitin ligase, is a potential biomarker for
epithelial ovarian cancer (EOC).

Material/Methods: This was a retrospective cohort study of 122 EOC patients. The chi-square test was used to assess correla-
tions between RNF126 level and clinical characteristics of enrolled patients. Univariate and multivariate anal-
yses were performed to monitor the prognosis of enrolled patients. In addition, proliferation and invasion as-
says were conducted to assess the cellular effects of RNF126 on SKOV3 cell progression.

Results: Immunohistochemistry analysis (IHC) revealed that RNF126 was upregulated in EOC tissues compared to ad-
jacent ovarian tissues. In addition, RNF126 expression was remarkably associated with LN metastasis, path-
ological differentiation, and FIGO stage. RNF126 protein level was found to be an independent biomarker for
predication of prognosis in ovarian cancer patients. Cellular results showed that RNF126 enhanced the prolif-
eration and invasion abilities of SKOV3 cells.

Conclusions: Upregulated protein level of RNF126 in EOC tissues is a biomarker predicting poor outcomes of EOC patients.
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Background

Ovarian cancer (OC) is one of the leading causes of cancer-
related mortality worldwide [1,2], and the incidence rate has
been rising in recent decades [3]. As the second most lethal
gynecological cancer in women [3], 90 out of 100 tumors of the
ovary are epithelial ovarian cancer (EOC) [4,5]. The histologic
subtypes of EOC consist of clear cell, endometrioid, mucinous
adenocarcinomas, and serous carcinoma [6-8], which present
different characteristics and require different therapeutic treat-
ments [9,10]. However, the same therapeutic approaches have
been recommended for different histologic subtypes of EOC in
clinical settings, including surgery and platinum/taxane-based
chemotherapy [11]. Although these approaches have improved
EOC patient quality of life, the clinical prognosis in these pa-
tients is still poor [11]. It was reported that survival rates of
EOC patients varied widely depending on the stage at diagno-
sis [12]. EOC patients diagnosed at early stages show remark-
ably better overall survival than those who were diagnosed at
advanced stages (28.8%) [3]. Due to the lack of early clinical
symptoms and early diagnostic biomarkers for EOC, about 70%
of EOC patients are diagnosed at late stages [12], which re-
sults in poor prognosis. Therefore, finding effective biomarkers
would improve early detection and clinical prognosis of EOC.

RING finger protein 126 (RNF126) belongs to the E3 ligase fam-
ily, which modulates cellular processes by regulating protein
ubiquitination [13-15]. RNF126 targets p21, which is essen-
tial for proper cell-cycle progression and ubiquitin-mediated
degradation and is an important protein for cell growth [13].
It was also reported to be the ligase that specifically mediates
frataxin ubiquitination and enhances its degradation, there-
by making it a potential treatment target for Friedreich ataxia
(FRDA) [16]. RNF126 regulates the ubiquitin-dependent retro-
grade sorting of the cation-independent mannose 6-phos-
phate receptor (CI-MPR) and the intracellular trafficking of
EGFR [17,18]. Furthermore, RNF126 promotes the completion
of nonhomologous end joining-mediated DNA repair by ubig-
uitinating Ku80 [19] and plays a role in homologous recombi-
nation (HR)-mediated DNA double-strand break repair by up-
regulating E2F1 [15]. Information on the biological functions
of RNF126 is rapidly growing.

Of note, recent studies revealed that RNF126 plays a role in
oncogenesis [15,20-22]. In oral cancer, RNF126 promotes tu-
mor progression by activating the AKT signaling pathway, and
RNF126 can be regulated by ERK and subsequently modu-
lates anoikis resistance in tumor cells. Higher levels of RNF126
also predict unfavorable outcomes of breast cancer. However,
the expression and function of RNF126 in ovarian cancer are
unreported. In the present study is the first to assess RNF126
expression in 122 glioma patients by immunohistochemistry
(IHC). The clinical value of RNF126 was assessed by analyzing
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the association between RNF126 and other clinicopathologic
factors. In addition, the prognostic significance of RNF126 was
assessed by univariate analysis (log-rank test) and multivari-
ate analysis (Cox regression model). Finally, we assessed the
cellular role of RNF126 in ovarian cancer cells.

Material and Methods

Patients and samples

This retrospective study enrolled 122 patients diagnosed with
EOC at the Affiliated Hospital of North Sichuan Medical College
(Nanchong, China). Clinical resected tissues were collected from
the Department of Pathology. Written informed consent was
obtained from each patient. This study was approved by the
Affiliated Hospital of North Sichuan Medical College Research
Ethics Committee.

The mean age of the 122 enrolled patients was 59+10 years and
the median age was 57 years old. They were all histologically
graded and staged according to the International Federation of
Gynecology and Obstetrics (FIGO) criteria [23]. There were 39
well-differentiated (G1) patients, 43 moderately-differentiated
(G2) patients, and 40 poorly-differentiated (G3) patients. For FIGO
stage, 59 (48.4%) and 63 (51.6%) patients were in FIGO stage I/II
and stage I11/1V, respectively (Table 1). The follow-up time for pa-
tients was 8-114 months, with a median follow-up of 55 months.

Immunohistochemistry (IHC) and IHC evaluation

Expressions of RNF126 in clinical resected tissues were detect-
ed with IHC staining as described before [24,25]. In brief, tis-
sue specimens were embedded in paraffin after being fixed
with 10% neutral buffered formalin. Then, they were cut into
4-um sections and placed on silane-coated slides. Before anti-
gen retrieval, the slides were deparaffinized and slide sections
were then treated with 3% H,0, followed by blocking with
BSA. Next, sections were treated with RNF126 primary anti-
body at 4°C overnight. The following day, slides were incubat-
ed with horseradish peroxide-conjugated secondary antibody
for 30 min at 37°C, followed by staining with DAB solution.
Hematoxylin was used for counterstaining.

The level of RNF126 was assessed by staining intensity and
percentage of positively stained cells. Examination and scor-
ing were independently performed by 2 pathologists. The per-
centage of positively stained cells was scored as: 1 for less
than 10%, 2 for 10-40%, 3 for 40-70%, and 4 for more than
70%. The final score was calculated by multiplying the 2 scores
above, with a range of 1-12. Tissues with final score no more
than 6 were regarded as low-expression cases and the others
were regarded as RNF126 high-expression cases.
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Table 1. Expression of RNF126 in EOC tissues.
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EOC - epithelial ovarian cancer; LN — lymph node metastasis; FIGO — International Federation of Gynecology and Obstetrics;

RNF126 — RING finger protein 126.

Quantitative real-time PCR

RNA was isolated from different FIGO-staged EOC tissues and
adjacent ovarian tissues with TRIzol reagent following the man-
ufacturer’s instructions [26]. The cDNA template for quantita-
tive real-time PCR was created by reverse-transcription PCR.
GAPDH was selected as the reference gene. The comparative
Ct method (ACt) was utilized to calculate the relative mRNA
levels. We used the following primers:

RNF126 forward, 5’-TATCGAGGAGCTTCCGGAAGAGA-3’,
RNF126 reverse, 5’-AAAGCAAACTGTCCGTAGCCCT-3’;

GAPDH forward, 5’-AGGGCTGCTTTTAACTCTGGT-3’;

GAPDH reverse, 5’-CCCCACTTGATTTTGGAGGGA-3.

Cell culture

The SKOV3 human ovarian carcinoma cell line was purchased
from the Shanghai Branch of the Chinese Academy of Science.
SKOV3 were cultured with Dulbecco’s modified Eagle’s medi-
um (DMEM) with 10% Hyclone FBS, 1001U/mL penicillin, and
100 pg/mL streptomycin. Cells were cultured in a humidified
incubator with 5% CO, at 37°C.

Virus infection of SKOV3 cells

Recombinant adenovirus expressing human RNF126 (Ad-RNF126)
and short hairpin RNA (shRNA) targeting RNF126 gene (target
sequence: TGCATGGTTTGTGGCGGAAGA) were all generated by
Shanghai GenePharma Co. SKOV3 cells at about 80% confluence
were infected with Ad-RNF126 or sShRNA-RNF126 at 100 MOI (mul-
tiplicity of infection) for at least 8 h before further experiments.

Western blot

Cells were lysed in RIPA buffer containing protease inhibitors
and phosphatase inhibitors, and proteins were resolved by
10% SDS-PAGE. PVDF membranes were used for immunob-
lotting. Before incubating with anti-GAPDH and anti-RNF126
primary antibodies overnight at 4°C, PVDF was blocked us-
ing 5% BSA at room temperature for at least 1 h. PVDF was
then incubated with the secondary antibody on the following
day. Electrogenerated chemiluminescence (ECL) imaging was
finally performed [27]. Each experiment was repeated inde-
pendently 3 times.

Cell proliferation, migration, and invasion assays

Cell proliferation ability was assessed by MTT (3-[4, 5-di-
methylthiazol-2-yl]-2, 5-diphenyl-tetrazolium), as described
by others [28]. Transwell assays with or without Matrigel (BD
Biosciences, San Jose, CA, USA) were performed to assess cell
migration and invasion abilities as described previously [29,30].
Each experiment was repeated independently 3 times.

Statistics

SPSS software (version 17; SPSS, Inc., Chicago, IL, USA) was uti-
lized for statistical analysis. Chi-square tests were performed
to test correlations between RNF126 level and clinicopatho-
logical characteristics of EOC patients. Kaplan-Meier method
was used to generate survival curves, which were further sub-
jected to log-rank test, including factors such as age, LN me-
tastasis, pathological differentiation, FIGO stage, and RNF126
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Figure 1. Expression of RNF126 in adjacent ovarian tissues and EOC tissues. (A) Representative immunohistochemical expression of
RNF126 in adjacent ovarian tissues, 100x magnification. (B) Representative immunohistochemical expression of RNF126
in EOC tissues, 100x magnification. (C) IHC result of RNF126 in adjacent ovarian tissues and EOC tissues were evaluated.
(D) The mRNA level of RNF126 in adjacent non-tumorous ovarian tissues and different FIGO-staged tissues were assessed by
Q-PCR. Data are expressed as mean+SD from 3 independent experiments (* p<0.05).

expression [31]. The significant factors revealed by univari- The RNF126 level was obviously upregulated in EOC tissues
ate analyses were further subjected to multivariate analysis compared to that in adjacent ovarian tissues. To analyze this
with the Cox regression model for identification of indepen- relationship, we conducted the IHC evaluation by scoring the
dent prognostic factors. A P value less than 0.05 was set as staining as described above in the Methods section. The av-
statistically significant. erage IHC score for EOC tissues was remarkably higher than

the average IHC score for adjacent ovarian tissue (Figure 1C).
Thus, we confirmed that RNF126 was highly expressed in EOC

Results tissues but not in the adjacent ovarian tissues. Further, we ex-
amined the RNF126 levels in different FIGO-staged EOC tis-
Expression of RNF126 is upregulated in EOC tissues sues, setting the adjacent ovarian tissue as the control. The ex-

pression of RNF126 increased as the FIGO stage advanced
To determine the expression levels of RNF126 in EOC tissues, (Figure 1D), indicating that RNF126 plays critical roles in the
we collected the adjacent ovarian tissues and the EOC tis- progression of EOC.
sues from 122 EOC patients. The clinicopathologic parame-
ters of EOC patients are presented in Table 1. Protein levels of
RNF126 were determined by immunostaining (Figure 1A, 1B).
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Figure 2. Kaplan-Meier analysis of overall survival. Kaplan-Meier results exhibited the relationships of: (A) overall survival of EOC
patients with (B) age, (C) LN metastasis, (D) pathological differentiation, (E) FIGO stage, (F) RNF126 expression level; * p<0.05.

RNF126 protein level is related to the clinicopathological No obvious relationship between RNF126 expression and pa-
characteristics of EOC patients tient age was found.
Since RNF126 is higher in EOC, we next assessed the corre- RNF126 expression is associated with worse survival of

lations between RNF126 expression and clinicopathological EOC patients

features of EOC patients. By performing IHC evaluation, EOC

patients were divided into an RNF126 high-expression group To assess whether RNF126 expression is associated with overall
with IHC scores over 6 and an RNF126 low-expression group survival of EOC patients, we assessed overall survival times of
with IHC scores equal to or less than 6. The analysis revealed enrolled EOC patients by utilizing Kaplan-Meier survival anal-
that high RNF126 protein level was significantly correlated with yses (Figure 2A-2E), finding that FIGO stage, LN metastasis,
LN metastasis, pathological differentiation, and FIGO stage. and RNF126 level were significantly correlated with clinical
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Table 2. Kaplan-Meier survival analyses of EOC patients.

\ELEL

Cases (n=122)
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P value

Age (years)

5-year OS (%) 0S time (months)

73.6+4.9

EOC - epithelial ovarian cancer; LN — lymph node metastasis; FIGO — International Federation of Gynecology and Obstetrics;

RNF126 — RING finger protein 126.

outcomes of EOC patients (Table 2, Figure 2), but patient age
and pathological differentiation were not significantly correlat-
ed with survival time. Of note, EOC patients with high RNF126
expression had shorter survival times than those with lower
RNF126 expression (Figure 2F), indicating that high RNF126
expression was associated to worse prognosis of EOC.

RNF126 protein level is a novel independent prognostic
biomarker for EOC patients

To determine whether RNF126 could be a novel independent
prognostic biomarker for EOC patients, we used the multivari-
ate Cox model for further analysis. The statistically significant
risk factors as revealed by univariate analyses, including LN
metastasis, FIGO stage, and RNF126 expression, were entered
into the Cox regression model (Table 3). As expected, RNF126
was an independent risk factor (HR=1.713, 95% Cl 1.024-4.514,
P=0.044). Other independent risk factors included LN metas-
tasis and FIGO stage (Table 3). In addition to LN metastasis
and FIGO stage, which are widely-accepted independent risk
factors for prognosis of EOC patients, RNF126 level now could
serve as a predictor of EOC outcomes.

RNF126 regulated the progression of ovarian carcinoma
cells

To define the molecular basis of RNF126 in predicting the un-
favorable prognosis of EOC patients, we further explored the
roles of RNF126 in the various cellular processes in the EOC
cell line. We utilized the human ovarian carcinoma cell line
SKOV3 and generated recombinant adenovirus expressing hu-
man RNF126 and lentivirus-mediated short hairpin RNA tar-
geting the RNF126 gene. After infection of SKOV3 cells with
Ad-RNF126 and shRNA-RNF126 for 24 h, Western blot analy-
sis was carried out to examine the efficiency of the infections,
showing that RNF126 was successfully overexpressed by Ad-
RNF126 and was knocked down by shRNA-RNF126 (Figure 3A).
We then conducted cellular experiments to explore the role of
RNF126 in the proliferation and invasion processes of SKOV3
cells. MTT assay confirmed that overexpressing RNF126 in-
duced the proliferation of SKOV3 cells, while silencing RNF126
inhibited SKOV3 proliferation (Figure 3B), and Transwell as-
says revealed a similar tendency. Overexpression of RNF126
significantly increased the migration and invasion of SKOV3
cells, while RNF126 knockdown dramatically decreased the
SKOV3 migration and invasion capacities (Figure 3C, 3D), all
indicating the important roles of RNF126 in EOC progression.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€921370-6




Wang C. et al.:
RNF126 promotes ovarian cancer progression
© Med Sci Monit, 2020; 26: €921370

Table 3. Cox regression analysis of EOC patients.

Variables Hazard ratio
LN metastasis 2.338
FGOstage 3344
| RNF126 expression 1713
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95% confidence interval P value

1.050~5.206 0.038*
""""""""""" 1242~0007  oo7*
""""""""""" 1024~4514 o004

EOC - epithelial ovarian cancer; LN — lymph node metastasis; FIGO — International Federation of Gynecology and Obstetrics;

RNF126 — RING finger protein 126.
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Figure 3. RNF126 regulated the proliferation and invasion of SKOV3 cells. (A) Infection efficiencies of Ad-RNF126 and shRNA-RNF126
were tested by measuring protein levels of RNF126 with Western blot analysis. (B) MTT data showed that overexpressing
(o/e) RNF126 enhanced proliferation of SKOV3 cells but silencing RNF126 inhibited the proliferation of SKOV3 cells.
(€) Transwell cell migration assay and (D) Transwell Matrigel assay demonstrated that overexpressing RNF126 enhanced
tumor migration and invasion. Data are expressed as mean+SD from 3 independent experiments (* p<0.05).

Discussion

Due to lack of early-stage biomarkers, most OC patients are
diagnosed at late stages, which results in poor prognosis [12].
Therefore, we explored the potential biomarkers for EOC in a
retrospective analysis of 122 patients. We focused on RNF126,
an E3 ubiquitin ligase that was previously shown to play roles
in tongue cancer [20]. By performing a series of analyses, we
found that: 1) RNF126 is upregulated in EOC tissues, 2) higher
RNF126 expression is an independent biomarker of unfavorable

This work is licensed under Creative Common Attribution-
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prognosis in EOC patients and a possible prognostic marker of
EOC, and 3) RNF126 promotes EOC progression by increasing
proliferation and migration abilities of tumor cells.

We found that RNF126 was upregulated in the cancerous tis-
sues compared with the adjacent non-tumorous tissues, indi-
cating a possible function of RNF126 in cancer development,
which agrees with the findings of a previous study in breast
cancer [22]. We also analyzed the potential relationship be-
tween RNF126 and the clinicopathological features. As reported
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by others [32,33], we found that LN metastasis and FIGO
stage were both significantly associated with EOC progno-
sis. We also found that RNF126 expression can help predict
survival of EOC patients, and high RNF126 expression in EOC
patients was associated with shorter survival time than in pa-
tients with low RNF126 expression. Furthermore, multivariate
analysis indicated that RNF126 protein level was an indepen-
dent prognostic biomarker, as were LN metastasis and FIGO
stages. Recent evidence also shows that RNF126 has an on-
cogenic role in breast cancer. Whether RNF126 could serve as
a common biomarker for various cancers, like LN metastasis
and FIGO stages, requires more clinical studies.

As an E3 ubiquitin ligase, RNF126 participates in many cellu-
lar processes that are involved in oncogenesis, including, but
not limited to, cell cycle and DNA repair [13,15]. On the one
hand, RNF126 shares a similar protein structure with BCA2
E3 ligases, which was shown to be associated with outcomes
of breast cancer [34,35], and it was later discovered to be a
pro-proliferation protein that promotes p21 degradation [13].
On the other hand, RNF126 was reported to promote HR-
mediated DNA double-strand break repair, which is critical in
tumor suppression and drug resistance. It can also promote
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E2F1-dependent BRCA1 expression, which is an critical tumor
suppressor in several tumor types [15]. The anti-tumor role
of RNF126 is in sharp contrast to previous reports highlight-
ing the clinical relevance of RNF126 in tumorigenesis. Thus,
to gain a better understanding of the roles of RNF126 in can-
cer, more studies are urgently needed.

Conclusions

We found that RNF126 promotes tumorigenesis in human ovar-
ian carcinoma cells, which is consistent with other cancer stud-
ies [20,22]. RNF126 increased the proliferation and migration
abilities of ovarian cancer cells. Further studies of the mecha-
nisms involved will be invaluable for drug discovery.
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