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Background: Chemo-resistance is still considered one of the key factors in the mortality of 
ovarian cancer. In this work, we found that ubiquitin-conjugating enzyme E2 N (UBE2N) is 
downregulated in paclitaxel-resistant ovarian cancer cells. It suggests UBE2N to be critical 
in the regulation of paclitaxel sensitivity in ovarian cancer.
Materials and Methods: Ovarian cancer cells with stably overexpressed UBE2N were 
injected into nude mice to assess tumor growth and paclitaxel sensitivity in vivo. The MTT 
assay was applied to observe the effect of UBE2N expression on paclitaxel sensitivity. 
A real-time PCR array, specific for human cancer drug resistance, was used to examine the 
potential downstream target genes of UBE2N. The expression of UBE2N and potential 
downstream target genes was determined by Western blotting. The analysis of Gene 
Ontology and protein–protein interactions of these differentially expressed genes (DEGs) 
was performed using online tools. To evaluate the prognostic value of hub genes expression 
for ovarian cancer patients treated with paclitaxel, we applied the online survival analysis 
tool.
Results: Overexpressed UBE2N enhanced the paclitaxel sensitivity of ovarian cancer cells 
in vitro and in vivo. Thirteen upregulated DEGs and 11 downregulated DEGs were identified 
when we knockdown UBE2N. Meanwhile, 9 hub genes with a high degree of connectivity 
were selected. Only Fos proto-oncogene, AP-1 transcription factor subunit (Fos), was over-
expressed upon decreasing UBE2N levels, indicating a poor outcome for patients treated 
with paclitaxel. Moreover, reduced UBE2N could increase Fos expression and reduce P53. 
Furthermore, reversed regulation of Fos and P53 based on UBE2N reduction could reverse 
paclitaxel sensitivity, respectively.
Conclusion: Our study suggests that UBE2N could be used as a therapeutic agent for 
paclitaxel-resistant ovarian cancer through Fos/P53 pathway. Further studies are needed to 
elucidate the specific mechanism.
Keywords: ovarian cancer, UBE2N, paclitaxel sensitivity, Fos, P53

Introduction
Ovarian cancer is the most devastating form of all gynecologic cancers. Despite the 
improvement of surgical techniques and chemotherapeutics, the overall 5-year survival 
rate for ovarian cancer is as low as 47%.1 The primary strategy of the treatment for 
ovarian cancer consists of primary cytoreductive surgery combined with paclitaxel and 
carboplatin chemotherapy. According to the data in recent years, more than 80% of the 
patients have shown response to standard chemotherapy. However, most of them even-
tually succumb to relapse due to the resistance to chemotherapy.2 It remains the principal 
factor for treatment failure of ovarian cancer. Evidence has shown that multiple factors 
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could contribute to paclitaxel resistance, which might originate 
from a series of modifications and regulatory mechanisms.3–7 

However, the principal mechanism of chemoresistance in 
ovarian cancer remains unresolved.

In our previous study, we applied a 2-dimensional fluor-
escence difference in gel electrophoresis (DIGE) quantitative 
proteomic analysis to determine differentially expressed pro-
teins between the ovarian cancer cell line (SKOV3) and its 
corresponding paclitaxel-resistant cell line (SKOV3-TR30). 
We found that ubiquitin-conjugating enzyme E2 N (UBE2N) 
was decreased remarkably in SKOV3-TR30 cells.8 As an 
important post-translational modification, ubiquitination is 
reported to be involved in various cellular processes.9,10 

Additionally, recent findings reveal that ubiquitination parti-
cipates in the regulation of the sensitivity of tumor cells to 
some chemotherapeutic agents.11–13 UBE2N, a ubiquitin- 
conjugating enzyme, plays a central role in ubiquitin- 
mediated cellular activities, such as signal transduction.14 

UBE2N is involved in the development of various 
cancers.15–18 Additionally, UBE2N mediates non-canonical 
ubiquitination to regulate DNA damage repair,19–21 and ulti-
mately modulates drug resistance.22,23 However, the link 
between paclitaxel and UBE2N expression is still unclear.

Here, we first verified the enhanced effect of paclitaxel 
sensitivity of UBE2N in ovarian cancer cells in vivo. 
Moreover, using PCR array and bioinformatic analysis, 
we demonstrated that Fos/P53 pathway participated in 
regulating paclitaxel sensitivity of UBE2N. Overall, our 
study reveals that UBE2N is a potential therapeutic agent 
for ovarian cancer treatment.

Materials and Methods
In vivo Xenograft Experiments
Female BALB/C nude mice of 2–4 weeks age were pur-
chased from the Zhejiang Laboratory Animal Center 
(Hangzhou, China) and housed within a dedicated SPF 
facility at the Laboratory Animal Center of Zhejiang 
University. We harvested the A2780 cells with UBE2N 
stably overexpressed or in negative expression. They are, 
after being washed with PBS, resuspended in serum-free 
medium (Gibco, Grand Island, New York, USA), and 
injected subcutaneously into the right axilla of each 
mouse (2 × 106 cells per injection). Once the mice devel-
oped detectable tumors, they were divided to the following 
treatment groups: (1) overexpressing UBE2N, received 
paclitaxel (Bristol-Myers Squibb Company, New York, 
USA) (n = 6); (2) negative control, received paclitaxel (n 

= 5); (3) overexpressing UBE2N, received saline (n = 6); 
(4) negative control, received saline (n = 5). Paclitaxel 
(15 mg/kg) and the same volume of saline were intraper-
itoneally injected once a week for 3 weeks. The health of 
the mice and tumor growth were examined every 3 days. 
All mice were sacrificed on day 7 after the completion of 
drug treatment. The tumors were excised, weighed, and 
photographed. Tumor volume (mm3) was calculated as 
width2/length. All experiments were performed following 
Animal Research Reporting in vivo Experiments 
(ARRIVE) guidelines for the use of laboratory animals 
and were approved by the ethics committee of Zhejiang 
University. The study was performed in accordance with 
the Chinese Animal Welfare Guideline GB/T 
35,892–2018.

Cell Culture
The human ovarian cancer cell lines A2780 and SKOV3 
were purchased from Sigma-Aldrich (St. Louis, Missouri, 
USA) and American Type Culture Collection (ATCC), 
respectively. Cell lines were maintained in RPMI-1640 
(Gibco, Grand Island, New York, USA) or MyCoy’5A 
(Gibco, Grand Island, New York, USA) with 10% fetal 
bovine serum (Gibco, Grand Island, New York, USA) in 
5% CO2 at 37°C. For more information see 
Supplementary Materials and Methods.

Cell Viability Assay
A2780 and SKOV3 cells were transfected with siRNA 
(GenePharma, Shanghai, China) or plasmid (Genscript, 
Nanjing, China) for 24 hours. The cells were then resus-
pended in culture medium and seeded in 96-well plates 
(4000 cells/well). Cells were treated with various concen-
trations of paclitaxel (2, 5, 10, 20, 50, 100, and 200 nM) 
for 48 hours after cells adhered onto plates. Cell viability 
was determined using the CellTiter 96 AQueous One 
Solution Cell proliferation kit (Promega, Madison, 
Wisconsin, USA).

Plasmid and siRNA Transfection
Full-length UBE2N was cloned into the pEGFP-C1 vector, 
while UBE2N-specific shRNA was cloned into the pGPH1/ 
Neo vector. The sequence of UBE2N-shRNA was identical 
to UBE2N-siRNA1. The X-treme GENE HP DNA 
Transfection Reagent (Roche, Basel, Switzerland) was used 
for the transfection of constructs. For G418 (Sigma, USA) 
selection, cells were transfected with pEGFP-UBE2N or 
pGPH1-shUBE2N plasmid for 24h, and treated with 400 
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μg/mL G418 for 14 days. siRNAs against UBE2N (siRNA1, 
5ꞌ-GGCUAUAUGCCAUGAAUAA-3ꞌ; siRNA2, 5ꞌ- 
CCAGAUGAUCCAUUAGCAA-3ꞌ) and Fos (siRNA1, 5ꞌ- 
GGGAUAGCCUCUCUUACUA-3ꞌ; siRNA2, 5ꞌ- 
GCAAGGUGGAACAGUUAUC-3ꞌ) were transfected into 
cells using the DharmaFECT Transfection Reagent (GE 
healthcare, Boston, Massachusetts, USA).

Real-Time PCR (RT-PCR) Array
SKOV3 cells were transfected with UBE2N siRNA1 (n = 2) 
and control siRNA (n = 2) for 72 hours and were then 
harvested. Total RNA was extracted, of which 1.5 µg was 
reverse-transcribed according to the manufacturer’s instruc-
tions (Qiagen, Hilden, Germany). RT-PCR array was per-
formed using the RT Profiler PCR Array Human Cancer 
Drug Resistance kit (Qiagen, Hilden, Germany). ΔΔCt 
values were used for quantification. For more information 
see Supplementary Materials and Methods.

Western Blotting
Ovarian cancer cells were collected and lyzed in 50 mL 
cell lysis buffer containing protease inhibitors. The cell 
lysates were separated on 12% SDS–PAGE. After the 
proteins were transferred onto polyvinylidene difluoride 
(PVDF) membranes (Millipore, USA), we blocked the 
proteins with Tris-buffered saline (TBS) and 0.1% 
Tween 20 (TBS/T) which containing 5% bovine serum 
albumin. The PVDF membranes were incubated with 
specific primary antibodies (Anti-UBE2N antibody: 
Abcam, 1:1000; Anti-Fos antibody: Cell Signaling 
Technology, 1:1000; Anti-P53 antibody: Cell Signaling 
Technology, 1:1000; Anti-GAPDH antibody: Cell 
Signaling Technology, 1:1000) at room temperature for 
1 hour or at 4°C overnight. The membranes were washed 
three times with TBS/T and then incubated with the 
appropriate HRP-conjugated secondary antibodies for 1 
h at room temperature. The protein concentration was 
quantified using the BCA Protein Kit (Applygen, 
Beijing, China). The protein GAPDH was used as an 
internal control. The relative expression of other proteins 
was normalized against GAPDH.

Gene Ontology (GO) Analysis
GO annotation analysis of differentially expressed genes 
(DEGs) was performed with the database for Annotation, 
Visualization and Integrated Discovery (DAVID 6.8, 
www.david.ncifcrf.gov). P-value < 0.05 was considered 
as statistically significant.

PPI Network Construction and Hub 
Gene Identification
DEGs were mapped to the Search Tool for the Retrieval of 
Interacting Genes (STRING, www.string-db.org) database 
to evaluate the potential PPI relationships. The interactions 
with a combined score > 0.4 were considered as signifi-
cant. The PPI network was visualized with the Cytoscape 
software (version 3.7.0).

Survival Data from the Kaplan–Meier 
Plotter Database
The prognostic values of hub genes were analyzed using 
the Kaplan–Meier plotter (KM plotter, www.kmplot.com) 
database for ovarian cancer. In our study, ovarian cancer 
patients were screened based on the chemotherapy using 
the administration of paclitaxel. P-value < 0.05 was 
regarded as statistically significant.

Statistical Analysis
Results are shown as mean ± SEM. Differences between two 
groups were evaluated using the two-tailed Student’s t-test 
unless otherwise indicated. Statistical tests were carried out 
using SPSS (version 21.0, SPSS Inc.) or GraphPad Prism 
(version 7.0, GraphPad Software Inc.). The level of statistical 
significance was set at *P < 0.05, **P < 0.01, ***P < 0.001, 
and ****P < 0.0001.

Results
UBE2N Increases Paclitaxel Sensitivity in 
Ovarian Cancer in vivo
In our previous study, we found that the expression of 
UBE2N decreased in paclitaxel-resistant ovarian cancer 
cells (shown in Figure S1A). Thus, we developed A2780 
cells which stably expressing increased amounts of UBE2N 
which were confirmed by qRT-PCR and Western blotting 
(shown in Figure S1B and D). These cells, along with nega-
tive control cells, were injected subcutaneously into female 
BALB/C nude mice. The mice developed visible tumors were 
then grouped for the administration of paclitaxel or saline. 
Paclitaxel (15 mg/kg) or saline was intraperitoneally injected 
once a week for three weeks. As shown in Figure 1A–C, 
tumor growth was significantly suppressed in the UBE2N 
overexpression group than that in the negative control group 
after the treatment of paclitaxel. Upon the completion of 
paclitaxel treatment, tumors were removed and weighed. In 
the paclitaxel treatment group, the weight of excised tumors 
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overexpressing UBE2N was less than that of negative control 
tumors (Figure 1D). However, the differences in body weight 
among different groups had no statistical significance 
(Figure 1E). Therefore, our in vivo findings suggest that 
UBE2N enhances paclitaxel sensitivity in ovarian cancer.

Exogenous UBE2N Modulated Paclitaxel 
Sensitivity in Ovarian Cancer Cells 
in vitro
To further evaluate the involvement of UBE2N in regulating 
paclitaxel sensitivity in ovarian cancer cells, we downregu-
lated or upregulated UBE2N expression exogenously using 
siRNA transfection and plasmid transfection, respectively 
(shown in Figure S1C and D). The effects of these treatments 
on paclitaxel sensitivity were determined using the cell 

viability assay. As shown in Figure 2A and B, we found that 
UBE2N knockdown significantly protected ovarian cancer 
cells from paclitaxel. The IC50 values of paclitaxel in 
UBE2N knockdown groups were higher than those in control 
groups in both A2780 and SKOV3 cells (Figure 2E and F). 
Conversely, UBE2N overexpression significantly increased 
paclitaxel sensitivity (Figure 2C and D) and reduced IC50 
values of paclitaxel in both cell types (Figure 2G and H). 
Our in vitro findings support that UBE2N could increase 
paclitaxel sensitivity in ovarian cancer cells.

Identification of DEGs and Functional 
Enrichment Analyses
To investigate the regulation of downstream genes of UBE2N, 
we used an RT-PCR array that is specific for genes involved in 

Figure 1 UBE2N mediates paclitaxel sensitivity in mouse models. BALB/C nude mice were subcutaneously inoculated with 2*106 A2780 cells with overexpressed UBE2N 
(n=6) or negative control (n=5). Once the tumors developed obviously, paclitaxel (15mg/kg) and the same volume of saline were then intraperitoneally injected once a week 
for 3 weeks. All mice were sacrificed on day 7 after complete drug treatment and tumors were excised, weight, and photographed. Tumor volume (mm3) was calculated as 
Width2/Length. (A–D) Impaired paclitaxel sensitivity in transplanted tumors in mice inoculated by UBE2N-overexpressing A2780 cells was observed. (E) There were no 
differences of mice weight between groups during the experiment. The level of significance is indicated by ***P < 0.001, ****P < 0.0001.
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drug resistance in human cancers. This array contained 84 
genes shown to be involved in the regulation of resistance to 
chemotherapeutic agents. Twenty-four DEGs were identified, 
including 13 upregulated genes and 11 downregulated genes 
based on fold-change values ≥ 1.5 (Table 1, all array data are 
shown in the Supplementary Table).

Furthermore, we performed GO function analysis for 
DEGs with DAVID. Enriched GO terms were divided into 
biological process (BP), cellular component (CC), and mole-
cular function (MF) ontologies. Biological process analysis 
indicated that the DEGs were significantly enriched in reg-
ulation of cyclin-dependent protein serine/threonine kinase 
activity, and in positive regulation of mitotic cell cycle phase 
transition (Figure 3A). Cell component analysis indicated 
that the DEGs showed enrichment for the members of the 
cyclin-dependent protein kinase holoenzyme complex 
(Figure 3B). The DEGs were enriched in positive regulation 
of cyclin-dependent protein kinase activity, and in cyclin- 
dependent protein serine/threonine kinase regulator activity 
with respect to molecular function (Figure 3C).

Construction of PPI Networks
Interactions among proteins expressed by the DEGs were 
predicted using the STRING tool. In total, 100 nodes and 
814 edges were involved in the PPI network (Figure 4A). 

The top nine genes (degree ≥ 5) in the PPI network are showed 
in Table 2. Results showed that cyclin D1 (CCND1) and 
epidermal growth factor receptor (EGFR) were significant 
genes with connectivity degree D1 = 10, which were down-
regulated upon the decrease of UBE2N levels, followed by 
cyclin-dependent kinase inhibitor 1A (CDKN1A; degree = 8). 
Cyclin-dependent kinase inhibitor 1B (CDKN1B; degree = 9), 
retinoblastoma 1 (RB1; degree = 7), cyclin-dependent kinase 4 
(CDK4; degree = 7), Fos proto-oncogene, AP-1 transcription 
factor subunit (Fos; degree = 7), BCL2-like 1 (BCL2L1; 
degree = 7), and aryl hydrocarbon receptor (AHR; degree = 6) 
were upregulated upon decrease in UBE2N levels.

Survival Analysis
The Kaplan–Meier plotter bioinformatics analysis plat-
form was used to investigate the prognostic values of 
these hub genes. To study the relationship between these 
hub genes and chemotherapy, we restricted the analysis to 
treatment groups administered with paclitaxel. Two hun-
dred and twenty ovarian cancer patients were enrolled for 
the analysis of overall survival, while 229 patients for 
analysis of relapse-free survival (shown in Figure S2). 
However, we found that only Fos was associated with 
unfavorable overall survival and relapse-free survival in 
ovarian cancer patients applied paclitaxel (Figure 4B).

Figure 2 UBE2N regulated paclitaxel sensitivity in vitro. (A–D) Cell viability assays in A2780 and SKOV3 cells with UBE2N knockdown and UBE2N overexpression that 
were treated with paclitaxel at the indicated concentrations. (E–H) IC50 of paclitaxel in A2780 and SKOV3 cells with UBE2N knockdown and UBE2N overexpression. 
Results are shown as means±SEM for at least 3 separate experiments. The level of significance is indicated by **P < 0.01, ***P < 0.001, ****P < 0.0001.
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UBE2N Regulated Paclitaxel Sensitivity via 
Fos/P53 in Ovarian Cancer Cells
To verify the relationship between UBE2N and Fos, we 
decreased UBE2N expression and found that Fos was 
increased in A2780 and SKOV3 cells (Figure 5A and B). 
Furthermore, we inspected the effect of Fos when UBE2N 
regulated the paclitaxel sensitivity in ovarian cancer cells. 
After both cells with UBE2N knockdown selected by 
G418 for 14 days, siRNAs specific against Fos were 
transfected into cells. The cytoprotection to the paclitaxel 
owing to UBE2N down-regulation was reversed by Fos 
knockdown (Figure 5G and H). Moreover, Fos knockdown 
by particular siRNAs enhanced the sensitivity to paclitaxel 
(Figure 5I and J). Our findings together suggest that Fos 
participates in UBE2N’s regulation of paclitaxel sensitivity 
in ovarian cancer cells in the opposite direction to UBE2N. 
To explore the mechanism of regulating paclitaxel sensi-
tivity via UBE2N, we detected P53, an antioncogene. We 
observed that the expression of P53 was decreased when 
UBE2N was knocked down (Figure 5A and B). On the 
contrary, the expression of P53 was increased following 
the reduction of Fos in both two ovarian cells 

(Figure 5C and D). Furthermore, after cells with UBE2N 
down-expression, we reversely knocked down Fos and 
observed that the expression of P53 was restored 
(Figure 5E and F). Moreover, the cytoprotection to pacli-
taxel owing to UBE2N knockdown was reversed by P53 
up-regulation, but the expression of UBE2N and Fos was 
not affected (shown in Figure S3). Our findings suggest 
that Fos may participate in UBE2N regulation of paclitaxel 
sensitivity via P53 in ovarian cancer cells.

Discussion
Resistance to chemotherapy is by far one of the most 
important constraint on ovarian cancer treatment. As 
a traditional chemotherapeutic agent, paclitaxel has been 
used for the treatment of ovarian cancer for decades. 
However, the key mechanism underlying resistance to 
chemotherapy is still unclear. In our previous study, 
using quantitative proteomic analysis and immunoblotting, 
we have confirmed that UBE2N levels were reduced in 
paclitaxel-resistant ovarian cancer cells,8 indicating that 
UBE2N might be involved in regulating paclitaxel resis-
tance of ovarian cancer cells.

Table 1 The Differentially Expressed Genes of RT-PCR Array

Gene Symbol Gene Description Fold Change (UBE2N Knockdown vs Control)

XPC Xeroderma pigmentosum, complementation group C 5.02
Fos Fos proto-oncogene, AP-1 transcription factor subunit 4.09

BCL2L1 BCL2-like 1 2.40

CYP2D6 Cytochrome P450 family 2 subfamily D member 6 2.33
RARG Retinoic acid receptor, gamma 2.04

RXRB Retinoid X receptor, beta 1.87

ABCC2 ATP-binding cassette subfamily C member 2 1.85
NFκBIB NFκB inhibitor beta 1.79

CDKN1B Cyclin-dependent kinase inhibitor 1B 1.60
RB1 Retinoblastoma 1 1.58

CDK4 Cyclin-dependent kinase 4 1.57

AHR Aryl hydrocarbon receptor 1.53
IGF2R Insulin-like growth factor 2 receptor 1.50

UGCG UDP-glucose ceramide glucosyltransferase −1.50

TPMT Thiopurine S-methyltransferase −1.59
CDKN1A Cyclin-dependent kinase inhibitor 1A −1.62

EPHX1 Epoxide hydrolase 1 −1.68

APC Adenomatous polyposis coli −1.73
EGFR Epidermal growth factor receptor −1.94

BLMH Bleomycin hydrolase −2.05

CCND1 Cyclin D1 −2.29
NFκBIE NFκB inhibitor epsilon −3.09

ERBB3 erb-b2 receptor tyrosine kinase 3 −3.64

CYP2E1 Cytochrome P450 family 2 subfamily E member 1 −4.94
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To verify our hypothesis, we examined the effect of 
elevated UBE2N expression on paclitaxel in vivo. We 
observed that the growth of transplanted tumors with over-
expressed UBE2N was significantly restricted in the 

mouse model. The tumors presented a remarkable sensi-
tivity to paclitaxel. We also found that the upregulation of 
UBE2N could enhance the sensitivity of ovarian cancer 
cells to paclitaxel, while the downregulation of UBE2N 

Figure 3 GO functions analysis for the DEGs. (A) Enriched biological process of DEGs. (B) Enriched molecular function of DEGs. (C) Enriched cellular component of 
DEGs.

Figure 4 Protein-protein interaction network and survival analysis. (A) PPI network constructed with the differentially expressed genes. (B) Kaplan–Meier survival analysis 
for Fos expression in ovarian cancer patients with paclitaxel treatment.
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induced the paclitaxel resistance in ovarian cancer cells 
in vitro. These findings are consistent with our previous 
report.

UBE2N plays important roles in various biological pro-
cesses like protein degradation, cell cycle, apoptosis, and 
DNA repair.14,20,24 It is also associated with the origin and 
development of some diseases,25–29 and might be involved in 
the modulation of chemotherapeutic sensitivity of 
cancers.23,30 To investigate the downstream factors of 
UBE2N involved in the regulation of paclitaxel-resistance, 
we used an RT-PCR array that was specific for human cancer 
drug resistance. This array contains 84 genes shown to be 
involved in chemoresistance. We identified 13 upregulated 
DEGs and 11 downregulated DEGs when UBE2N was 
knocked down in ovarian cancer cells. Moreover, GO analysis 
showed that these DEGs were associated with cyclin- 
dependent protein kinase regulation. A PPI network was con-
structed to investigate the interrelationship between the DEGs, 
and nine hub genes identified, including CCND1, EGFR, 
CDKN1A, CDKN1B, RB1, CDK4, Fos, BCL2L1, and AHR. 
Finally, the Kaplan–Meier plotter online tool was used to 
predict the relationship between the expression of hub genes 
and prognosis of ovarian cancer patients treated using pacli-
taxel. However, only overexpression of Fos was found to be 
an unfavorable prognostic factor for ovarian cancer patients 
treated using paclitaxel.

Fos, also known as c-Fos, is a proto-oncogene involved 
in various types of cancers. Fos encodes leucine zipper 
proteins that dimerize with proteins of the JUN family, 
thereby forming the transcription factor complex AP-1. As 
a member of AP-1, Fos protein plays important roles in 
several cellular events, including signal transduction, cel-
lular differentiation and proliferation.31 A few studies have 

suggested that Fos might be correlated with poor prognosis 
of some cancers.32–34 Mar et al reported that Fos enhances 
IL6 and VEGF-A expression in colon cancer.35 Fos can 
also lead to loss of cell polarity and epithelial–mesenchy-
mal transition (EMT), as a result of invasion and 
metastasis.36 Moreover, increased Fos expression has 
been shown to phenotypically promote drug resistance.37 

Takahashi et al reported that high levels of Fos led to 
paclitaxel resistance.38 Although studies have demon-
strated that Fos is associated with drug resistance against 
some chemotherapeutics,39–41 the mechanism underlying 
paclitaxel resistance due to Fos is still unclear. Here, we 
observed that the knockdown of UBE2N elevated Fos 
mRNA and protein expression and induced paclitaxel 
resistance. GO function analysis showed that these 
DEGs, including Fos, were enriched in the network invol-
ving cyclin-dependent proteins. UBE2N might regulate 
paclitaxel sensitivity in ovarian cancer by modulation of 
Fos through the cyclin-dependent protein kinase pathway.

In our study, the reduction of Fos could improve pacli-
taxel sensitivity in ovarian cancer cells. Moreover, reduced 
Fos could recover the cytotoxic effect of paclitaxel, which is 
opposite to the down-regulation of UBE2N. Thus, it sug-
gests that Fos participates in the process of UBE2N regula-
tion of the paclitaxel sensitivity of ovarian cancer cells.

The mechanism responsible for Fos involved in regu-
lating paclitaxel sensitivity is still unclear. Here we found 
that Fos could regulate P53 under UBE2N’s modulation. 
The P53 protein is widely reported in human cancers. It is 
a 53 kDa nuclear phosphoprotein, which regulates the cell 
cycle by inhibiting DNA synthesis. Protein P53 is coded 
by tumor-suppressor gene P53, which is located on the 
short arm of chromosome 17 and exerts an inhibitory 
effect on inducing cell cycle arrest or apoptosis in response 
to DNA damage.42,43 Some studies have shown that the 
overexpression of c-Jun in cancer cells leads to a decrease 
in P53 levels and accelerates cell proliferation, whereas 
the absence of c-Jun resulted in elevated expression of P53 
and its target gene, the CDK inhibitor P21.44–46 In our 
study, we observed that P53 decrease was consistent with 
Fos increase in ovarian cancer cells. In advance with 
UBE2N-specific siRNA, we found a reverse regulation of 
P53 induced by Fos-knockdown in ovarian cancer cells. It 
has been reported that inhibition of P53 transcriptional 
activity is associated with paclitaxel resistance in ovarian 
cancer cells, and restore P53 transcriptional activity can 
reverse paclitaxel sensitivity.47 Hailing Yang et al reported 
that P53 expression was upregulated in ovarian cancer 

Table 2 Top Nine Hub Genes with Higher Degree of 
Connectivity

Gene 
Symbol

Gene Description Degree

CCND1 Cyclin D1 10

EGFR Epidermal growth factor receptor 10
CDKN1B Cyclin-dependent kinase inhibitor 1B 9

CDKN1A Cyclin-dependent kinase inhibitor 1A 8

RB1 Retinoblastoma 1 7
CDK4 Cyclin-dependent kinase 4 7

Fos Fos proto-oncogene, AP-1 transcription 
factor subunit

7

BCL2L1 BCL-like 1 7

AHR Aryl hydrocarbon receptor 6
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cells after paclitaxel stimulation, and the overexpression of 
TAP63, a P53 family member, led to apoptosis in pacli-
taxel-resistant ovarian cancer cells after treatment with 
paclitaxel.48 According to these studies, we speculate that 
Fos is a potential target for the regulation of paclitaxel 
sensitivity, and maybe participates in the regulation via 
suppressing P53’s apoptotic contribution to drug response 
in ovarian cancer cells. However, further works for the 
specific mechanisms are still essential.

Besides, we detected other hub genes associated with 
ovarian cancer, including CCND1, EGFR, CDKN1A, 
CDKN1B, RB1, CDK4, BCL2L1, and AHR. All of them 
were reported as key factors involved in the development 
of some cancers and in resistance to some chemotherapeu-
tic. However, in our study, results for survival analysis 
based on the expression of these hub genes in ovarian 
cancer patients treated with paclitaxel were not consistent 
with those from the RT-PCR array. The role of these hub 

Figure 5 Fos regulated paclitaxel sensitivity in vitro and participated in UBE2N regulation of the paclitaxel sensitivity via P53. (A and B) Western blotting of UBE2N, Fos and 
P53 in A2780 and SKOV3 cells with UBE2N-knockdown. (C and D) Western blotting of Fos, P53 in A2780 and SKOV3 cells with Fos-knockdown. (E and F) Western 
blotting of Fos, P53 in A2780 and SKOV3 cells with Fos-knockdown, which were transfected in advance with UBE2N-specific shRNA and selected with G418 (400 μg/mL) 
for 14 days, and treated with paclitaxel at the indicated concentrations. (G and H) Cell viability assays in A2780 and SKOV3 cells with Fos-knockdown, which were 
transfected in advance with UBE2N-specific shRNA and selected with G418 (400 μg/mL) for 14 days, and treated with paclitaxel at the indicated concentrations. (I and J) 
IC50 of paclitaxel in A2780 and SKOV3 cells with Fos-knockdown, which were transfected in advance with UBE2N-specific shRNA and selected with G418 (400 μg/mL) for 
14 days. Results are shown as means±SEM for at least 3 separate experiments. The level of significance is indicated by *P < 0.05, ***P < 0.001.
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genes in paclitaxel resistance induced upon reduction in 
UBE2N expression is not clear, demanding further 
elucidation.

In conclusion, UBE2N was verified to regulate paclitaxel 
resistance in ovarian cancer in vivo and in vitro, which 
suggests UBE2N might be used as a therapeutic agent for 
regulating paclitaxel-resistance in ovarian cancer. RT-PCR 
array identified 24 DEGs between UBE2N knockdown cells 
and negative controls. Bioinformatic analysis was used to 
screen nine hub genes that might be the principal genes, 
including CCND1, EGFR, CDKN1A, CDKN1B, RB1, 
CDK4, BCL2L1, Fos, and AHR. Only Fos overexpression 
is an unfavorable prognostic factor of ovarian cancer upon 
paclitaxel treatment. According to our experimental results, 
we speculate that UBE2N regulates paclitaxel sensitivity via 
Fos/P53 in ovarian cancer cells, our findings offer a new 
approach to reverse chemoresistance. Further studies are 
required to elucidate the specific mechanisms.
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