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Background: Abnormal activation of the nuclear transcription factor-κB (NF-κB) signaling 
pathway plays a crucial role in the chemoresistance of tumor cells. This study aimed to 
explore the significance of NF-κB in the chemoresistance of ovarian cancer.
Materials: We performed immunohistochemical staining for evaluating the expression of 
NF-κB in cancer tissues. The MTT assay was performed for analyzing cell proliferation, 
Western blotting was performed to quantify NF-κB p65, and flow cytometry was used to 
determine the apoptosis rate.
Results: Nuclear NF-κB p65 over-expression was closely associated with ovarian cancer 
with advanced FIGO stage, residual disease ≥1 cm, low histologic grade, platinum resistance 
and refractory, chemotherapy resistance (P< 0.05). FIGO stage I–II and residual disease 
<1 cm were associated with complete response (CR) to chemotherapy, while FIGO stage I– 
II, residual disease <1cm and absence of lymph node (LN) metastasis were associated with 
platinum sensitivity. In multivariate logistic regression, residual disease ≥1 cm was a risk 
factor for response to chemotherapy, while the over-expression of nuclear NF-κB p65 was 
a risk factor for sensitivity to chemotherapy. In the ROC curves, nuclear NF-κB p65 
expression had the discriminative ability for sensitivity to chemotherapy (AUC = 0.637, 
P = 0.021). Furthermore, nuclear NF-κB p65 expression was an independent prognostic 
factor. Western blotting showed that NF-κB p65 level in cisplatin-resistant cells (C13* and 
A2780cp) was significantly higher than that in cisplatin-sensitive cells (OV2008 and 
A2780s) (P < 0.05), and this increased expression could be suppressed by NF-κB inhibitor- 
PDTC treatment. The proliferation inhibitory rates of cisplatin in C13* and A2780cp cells 
increased after PDTC treatment in a concentration-dependent manner. PDTC treatment could 
also enhance cisplatin-induced apoptosis.
Conclusion: NF-κB was associated with the clinicopathological features, chemoresistance, 
and prognosis of ovarian cancer. The NF-κB inhibitor PDTC can enhance cisplatin sensitiv-
ity of platinum-resistant C13* and A2780cp ovarian cancer cells.
Keywords: ovarian cancer, NF-κB, cisplatin resistance, chemoresistance, PDTC

Background
Ovarian cancer is the most lethal gynecologic malignant tumor all over world, as 
well as the fourth cause of cancer-related deaths in female.1 Due to insidious 
symptoms and lack of an effective screening regimen, most women are detected 
in advanced stages (involving stage III and IV).2 Ovarian cancer is mainly treated 
by complete surgical debulking combined with platinum-based chemotherapy.3 

Although platinum-based combination chemotherapies are effective in the most of 
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ovarian carcinoma, resistance against these chemothera-
pies develops usually, which drags down the therapy 
effects and results in poor clinical outcomes. It has been 
reported that 5-year survival rate for unstaged ovarian 
carcinoma is approximately 19%.4 Therefore, chemother-
apy resistance has been an issue that needs to be addressed 
immediately for effective ovarian cancer treatment.5

Tumorigenesis and development of chemotherapy 
resistance occur due to a series of cellular changes and 
physiological processes involving abnormal gene regula-
tion and signal pathway activation. Nuclear transcription 
factor-κB (NF-κB) has been a pivotal multifunctional tran-
scription factor, plays a series of biological functions.6 NF- 
κB could activate or inhibit gene expression via binding to 
distinct promoters or enhancers of DNA sequences. 
Activation of downstream NF-κB transcription factors is 
able to significantly increase the cancer proliferation, inhi-
bit apoptosis and autophagy, facilitate neovascularization 
that results invasion and metastasis.7,8 Recent research has 
demonstrated that alteration in NF-κB pathway also play 
a crucial role in the chemoresistance of cancer.

Recently, an increasing number of studies are focusing 
on the importance of NF-κB family in ovarian cancer. For 
example, there is a study about the role of NF-κB cluster 
in the progression of ovarian carcinoma.9 Some studies 
confirmed the expression of NF-κB subunits in ovarian 
carcinoma tissues.10,11 Furthermore, several reports had 
studied the association between NF-κB and chemoresis-
tance in ovarian cancer. Wang et al found that over- 
expression of NF-κB is risk factors for platinum resistance 
in ovarian carcinoma.12 Koti et al used DNA microarray 
analysis to find that the IGF-1/PI3K/NF-κB/ERK signaling 
pathways were involved in chemoresistance.13 Shuang 
et al explored that over-expression of nuclear NF-κB is 
a significant risk factor related with chemotherapy resis-
tance and the poor prognosis of serous epithelial ovarian 
cancer in cancer tissues.14 Wang et al found that the 
inhibitor of PARP-1, PJ34, could significantly depress the 
proliferation and invasion of C13* cells, which may result 
in PARP-1-regulated NF-κB activity.15 Peng et al explored 
in ovarian cancer that chemotherapy induces immune tol-
eration via NF-κB regulated PD-L1 over-expression.5

However, there is a rare experimental study directly 
validating the increasing expression of NF-κB in the che-
moresistance of ovarian carcinoma. Thus, our study aimed 
to explore the significance of NF-κB in ovarian cancer 
chemoresistance in patients and by in vitro experiments. 
First, we analyzed the association between NF-κB p65 

expression and chemotherapy response, chemotherapy 
sensitivity, and prognosis of ovarian cancer. Next, we 
verified the up-regulated NF-κB p65 expression in cispla-
tin resistant cells (including C13* and A2780cp). 
Furthermore, in vitro, we also investigated the impact of 
NF-κB inhibitors on proliferation, apoptosis, and cisplatin 
resistance in C13* and A2780cp cells.

Methods
Patients
The study patients consisted of 114 patients with serous 
epithelial ovarian cancer diagnosed in Tianjin Medical 
University Cancer Institute and Hospital from January 2011 
to December 2014. All human subjects were identified (or 
diagnosed) primary cancer with no preoperative chemother-
apy. Additional malignant, inflammatory, or ischemic disease 
wounds were ruled out. The patients received debulking 
surgery and 6–8 cycles of chemotherapy (paclitaxel, com-
bined carboplatin) and no patient was treated with anti- 
angiogenic therapy. Clinical data included age, pathological 
stage, grade, pathological subtype, and lymph node (LN) 
metastasis, following up data until death or March 31, 
2018. Patients only with complete clinical, pathological, 
and follow-up data were included.

Tumor Tissues
Tumor tissues were collected from women during primary 
debulking surgery. Tumor samples were stored at −80°C. 
Patients were sensitive to chemotherapy and radiotherapy 
prior to debulking and standard carboplatin/paclitaxel 
chemotherapy.

Histopathological examination for the tumor sections 
was performed by a pathologist and the presence of more 
than 70% tumor tissue was confirmed in all samples. 
Histological classification of the tumors was carried 
according to the WHO criteria, and the disease staging 
was performed according to the International Federation of 
Gynecology and Obstetrics (FIGO) guidelines. Based on 
the FIGO international system, Stage I ovarian cancer is 
defined as those are restricted to the ovaries. Stage II is 
defined as which involves one or both ovaries with pelvic 
extension (below the pelvic brim) or primary peritoneal 
cancer. Stage III is defined as tumor which occurs in one 
or both ovaries with cytologically or histologically con-
firmed spread of the peritoneum outside the pelvis and/or 
metastasis to the retroperitoneal LN. Stage IV is defined as 
distant metastasis excluding peritoneal metastasis.
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Assessment of Chemotherapy Response
Patients’ sensitivity to chemotherapy: According to the 
NCCN guideline, based on disease-free survival (DFS) 
after chemotherapy finished, patients are divided as plati-
num-sensitive (DFS > 12 months) or platinum-resistant 
(DFS < 6 months). Those patients who progress between 
6 and 12 months after chemotherapy are defined as the 
tumor’s partial sensitivity to platinum.12,16,17

Tumors’ response to chemotherapy: Based on the 
Response Evaluation Criteria in Solid Tumors (RECIST 
1.1), a clinically complete response (CR) was the disap-
pearance of all known lesions; a ≥30% reduction in the 
sum of the longest diameter of the primary lesion was 
classified as clinically partial response (PR), ≥20% 
increasing of the primary lesion was classified as progres-
sive disease (PD), stable disease (SD) was neither suffi-
cient reduction to classified as PR nor sufficient increasing 
to classified as PD.18,19

Immunohistochemical Staining
Tumor tissues were sectioned at 4 μm. Immunohistochemical 
staining was progressed based on the instruction manual. 
Firstly, heating for 30min at 56°C, then it was deparaffinized 
by xylene and rehydrated via graded alcohol. After heating in 
citrate buffer for 20 minutes and endogenous peroxidase 
activity was quenched in methanol and hydrogen peroxide 
for half an hour. The slides were incubated with NF-κB p65 
rabbit anti-human polyclonal antibody (Abcam, Cambridge, 
UK) at a dilution of 1:50 at 4°C overnight. The primary 
antibody was detected by a goat anti-mouse IgG-HRP, sc- 
2302 (Santa Cruz, CA, USA). A DAB staining kit was used 
for the visualization of immunoreactive cells. The PBS was 
the negative control.

Nuclear expression of NF-κB p65 was ranking as 
following: negative is 0, weak or focal is 1, strong focal 
or widespread, moderate staining is 2, strong or wide-
spread staining is 3. Tumors that got two or three were 
defined as nuclear positive. The NF-κB p65 cytoplasmic 
expression was scored as following: firstly, the color 
intensity was four levels, including no staining=0, light 
yellow=1, brown yellow=2, and dark brown=3. Then, 
positive cells were counted and ranked as following: the 
positive rate less than 5%=0, positive rate among 5% 
~25%=1, positive rate among 26%~50%=2, 51–75% was 
3, positive rate more than 75%=4. The immunoreactive 
intensity and positive cell rate were then multiplied and 
ranked ultimately: 0~2 were classified as negative (-), 3~4 

were classified as weakly positive (+), 5~8 were classified 
as mildly positive (++), and 9~12 were classified as 
strongly positive (+++).

The slides were evaluated via 2 independent patholo-
gists to get the scoring decision.12 The representative 
figure of NF-κB p65 immunohistochemical staining is 
shown in Figure 1.

Cell Lines and Cell Culture
The C13* and A2780cp cell lines were cisplatin-resistant 
ovarian cancer cell lines, OV2008 and A2780s cell lines 
were their sensitive variant, respectively. C13* and 
OV2008 were gifted from Obstetrics and Gynecology 
Research Institute, Fudan University, China, who obtained 
from Chinese Type Culture Collection, Chinese Academy 
of Sciences.20 A2780 was purchased from the Chinese 
Academy of Sciences (Shanghai, China); The cisplatin- 
resistant ovarian cancer cell line A2780cis was purchased 
from ECACC (European Collection of Cell Cultures, 
Salisbury, UK). The four ovarian cancer cell lines were 
cultured in RPMI-1640 (Gibco) medium supplemented 
with FBS (10%), Penicillin (100 U/mL) and streptomycin 
(100 µg/mL) maintained at 5% CO2 at 37 °C.

Western Blotting
C13*OV2008, A2780cp, A2780s cells were treated with 
30 µM PDTC and seeded in 6-well plates with a density of 
25,000 cells per well. After incubation for 48h, cells were 
washed with PBS firstly and lysed in cell lysis buffer on 
ice (lysis buffer: 50 mM Tris-HCl, pH 7.4, 1% NP-40, 
0.25% sodium deoxycholate, 150 mM NaCl, 1 mM EDTA, 
1 mM Na3VO4, 1 mM PMSF, 1 mM NaF, 1 μg/mL 
aprotinin, leupeptin and pepstatin). Following centrifuga-
tion, the dissolved cellular protein concentration was 
examined by a Micro BCA Protein Assay Kit (Pierce 
Biotechnology, Inc., USA), then solubilized in SDS buffer.

In Western blotting, proteins were separated by SDS- 
PAGE, then transferred to PVDF membranes. The PVDF 
membranes were incubated by mouse anti-human NF-κB 
p65 monoclonal antibody and mouse anti-human polyclo-
nal β-actin antibody (Santa Cruz Biotechnology, Inc., 
USA) overnight, at 4 °C. The PVDF membrane was then 
incubated with the secondary antibody (Zhongshanjinqiao, 
Beijing, China) for 60 min. Bound HRP was examined on 
Super Signal West Pico chemiluminescent substrate 
(Pierce Biotechnology, Inc., USA).
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Cell Proliferation Assay
Three thousand cells were seeded per well in 96-well 
plates. Each well was treated by 0 µM PDTC+ cisplatin 
(0, 1.25, 2.5, 5, 10 µg/mL), 10 µM PDTC + cisplatin (0, 
1.25, 2.5, 5, 10 µg/mL), 30 µM PDTC + cisplatin (0, 1.25, 

2.5, 5, 10 µg/mL), 50 µM PDTC + cisplatin (0, 1.25, 2.5, 
5, 10 µg/mL), and same volume of cell culture medium as 
control. Each experiment was performed in triplicate. 
After 24 hours, 20 µL MTT was applied at 0, 12, 24, 48, 
and 72 hours. Incubated until the purple precipitate can 

Figure 1 Representative immunohistochemical staining of NF-κB p65 expression in ovarian cancer tissues. (A) Nuclear positive expression of NF-κB p65 (×400) (B) 
Nuclear positive expression of NF-κB p65 (×200) (C) cytoplasmic positive expression of NF-κB p65 (×400) (D) cytoplasmic positive expression of NF-κB p65 (×200) (E) 
negative expression of NF-κB p65 (×400) (F) negative expression of NF-κB p65 (×200).
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been seen, the media was removed, then 150 µL DMSO 
was added. Cell proliferation at different time points was 
examined by the microplate reader at 490 nm.

Cell Apoptosis Analysis
Cells were cultrated in dishes and treated by RPMI 1640, 2.5 µg/ 
mL cisplatin + RPMI 1640, 30 μM PDTC + RPMI 1640, 30 μM 
PDTC + 2.5 µg/mL cisplatin+ RPMI 1640. Five-microliter 
Annexin V-FITC and 5 µL propidium iodide (PI) solution were 
added to the cells resuspended with 100ul Binding Buffering 
(BD Pharmingen), followed by a 20-minute incubation at room 
temperature in dark. The stained cells were counted by flow 
cytometry within 30 minutes. Apoptosis rate was defined as 
early apoptosis (Q4) plus late apoptosis (Q2).

Statistical Analysis
The Chi-square test and Fisher’s exact test were applied for 
comparison of categorical variables. Continuous variables 
were described as mean ± SD. Statistic difference between 
groups was compared by independent t-test. Logistic regres-
sion was employed for the correlation between clinical fea-
tures and chemotherapy response and sensitivity. The receiver 

operating characteristic (ROC) curve calculation was used for 
NF-κB expression nomogram to predict the chemotherapy 
response and sensitivity. The survival curves were drawn by 
Kaplan-Meier and Log-rank analysis. Cox proportional- 
hazard analysis was used for multivariate analysis to reveal 
the independent risk factor for survival. A P value < 0.05 was 
defined as statistically significance. The statistical analysis was 
processed via SPSS 20.0 software package.

Results
The Association Between 
Clinicopathological Features and NF-κB 
Expression in Ovarian Cancer Tissues
As shown in Table 1, over-expression of nuclear NF-κB p65 
was significantly related to ovarian cancer tissues with 
advanced FIGO stage, residual disease ≥1 cm, low histolo-
gic grade, chemoresistance, and platinum resistance and 
refractory (all P < 0.05), which suggest that over- 
expression of nuclear NF-κB p65 is related to ovarian cancer 
phenotype with higher malignancy. These associations were 
not detected with cytoplasmic NF-κB expression.

Table 1 The Association Between the Clinicopathological Feature and NF-κB P65 Expression in Ovarian Cancer Tissues

Prognostic n Cytoplasmic NF-κB X2 P Nuclear NF-κB X2 P

Negative Positive Negative Positive

Age <50 50 21 29 1.018 0.334 17 33 1.551 0.294

≥50 64 21 43 15 49

Menopausal status Yes 72 27 45 0.036 1.000 17 55 1.925 0.197

No 42 15 27 15 27

Pathologic type Serous carcinoma 76 27 51 0.526 0.533 19 59 1.685 0.262

Mucous and others 36 15 21 13 23

Histologic grade G1–2 45 19 26 0.925 0.427 17 28 3.570 0.049

G3 or undifferentiated 69 23 46 15 54

FIGO Stage I–II 51 20 31 0.223 0.698 21 30 7.851 0.007

III–IV 63 22 41 11 52

LN metastasis No 65 27 38 1.433 0.247 21 44 1.345 0.295

Yes 49 15 34 11 38

Residual disease <1cm 86 35 51 2.237 0.177 29 57 5.537 0.028

≥1cm 28 7 21 3 25

Response to 

chemotherapy

CR 82 32 50 0.598 0.520 28 54 5.342 0.022
PR, SD and PD 32 10 22 4 28

Sensitivity to 

chemotherapy

Platinum sensitive 80 30 50 0.050 1.000 29 51 8.889 0.003

Platinum resistant and refractory 34 12 22 3 31

Abbreviations: n, number of patients; X2, the value of Chi-square; P, P value.
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Clinicopathological Features with Respect 
to Chemotherapy Response and 
Sensitivity in Ovarian Cancer Patients
Table 2 shows that the FIGO stage I–II and residual dis-
ease <1 cm were positively associated with CR of che-
motherapy for ovarian cancer. FIGO stage I–II, no LN 
metastasis, as well as residual disease <1 cm were asso-
ciated with platinum sensitivity positively. In addition to 
nuclear NF-κB p65 expression, we evaluated these clin-
icopathological factors by multivariate logistic analysis, 
which showed that residual disease ≥1 cm was associated 
with PR, SD, and PD and nuclear NF-Κb p65 over- 
expression was the risk factor for platinum resistance and 
refractory.

In ROC curves, nuclear expression of NF-κB p65 is 
capable of distinguishing chemotherapy response and pla-
tinum resistance and refractory (Area under the curves, 
AUC= 0.673, AUC=0.608, respectively). However, only 
platinum resistance and refractory were significantly pre-
dicted by nuclear NF-κB p65 expression (P = 0.021), 
which was in line with the multivariate logistic analysis 
(Figure 2, Table 3).

Survival Analysis of Prognostic Factors for 
Ovarian Cancer
Table 4 collectively reveals that histological grade, FIGO stage, 
LN metastasis, residual disease, response to chemotherapy, 
sensitivity to chemotherapy, as well as nuclear NF-κB expres-
sion are associated with overall survival (OS) as well as dis-
ease-free survival (DFS). In multivariate analysis, nuclear NF- 
κB p65 expression was an independent risk factor for OS, while 
sensitivity to chemotherapy was an independent factor of DFS 
(Table 5). The impact of nuclear NF-κB p65 expression on OS 
and DFS is shown in Figure 3.

NF-κB Expression in Ovarian Cancer Cell 
Lines
Considering the significant impact of nuclear NF-κB on 
clinical chemotherapy response and platinum resistance, it 
prompted us to further determine the NF-κB p65 expres-
sion in C13*OV2008, A2780cp and A2780s cells. Western 
blotting was performed to analyze the NF-κB p65 expres-
sion in C13*OV2008, A2780cp and A2780s cells, and in 
C13* and A2780cp cells treated with NF-κB inhibitor, 
PDTC, as shown in Figure 4A and G.

Table 2 The Association Between the Clinicopathological Feature and Chemotherapy Response and Sensitivity in Ovarian Cancer 
Patients

Prognostic n Response to Chemotherapy Sensitivity to Chemotherapy

CR PR, SD and 
PD

X2 P Platinum 
Sensitive

Platinum 
Resistant and 
Refractory

X2 P

Age <50 50 39 11 0.216 0.143 38 12 0.303 0.160
≥50 64 43 21 42 22

Menopausal 
status

Yes 72 51 21 0.116 0.830 50 22 0.050 0.499
No 42 31 11 30 12

Pathologic 
type

Serous carcinoma 76 53 25 1.939 0.186 54 24 0.105 0.828
Mucous and others 36 29 7 26 10

Histologic 
grade

G1–2 45 30 15 1.020 0.394 34 11 1.028 0.403
G3 or undifferentiated 69 52 17 46 23

FIGO Stage I–II 51 42 9 4.966 0.036 42 9 6.539 0.013
III–IV 63 40 23 38 25

LN metastasis No 65 51 14 3.195 0.093 51 14 4.961 0.038
Yes 49 31 18 29 20

Residual 
disease

<1cm 86 68 18 8.841 0.007 66 20 7.219 0.010
≥1cm 28 14 14 14 14

Abbreviations: n, number of patients; X2, the value of Chi-square; P, P value.
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Protein level of NF-κB p65 in cisplatin-resistant cell 
lines (C13* and A2780cp) were significantly higher than 
in the cisplatin-sensitive cell lines (OV2008 and A2780s) 
(0.58 ± 0.04 vs 0.36 ± 0.03, 0.52 ± 0.03 vs 0.21 ± 0.06, P < 
0.05). The increased expression can be suppressed by 30 µM 
of PDTC treatment (0.15 ± 0.06, 0.19 ± 0.05), which 
decreased the expression by 74.1% in comparison to the 
original C13* cells and 63.5% in comparison to the original 
A2780cp cells (P < 0.05), as shown in Figure 4B and H.

PDTC Changes the Chemosensitivity of 
Cisplatin-Resistant Cells
In order to test the effect of PDTC on Cisplatin-resistance, 
cisplatin-resistant cells, C13* cells and A2780cp were 

treated with PDTC (0 µM, 10 µM, 30 µM, 50 µM) and 
cisplatin (0, 1.25, 2.5, 5, 10 µg/mL) at a concentration gra-
dient for 24 hours. MTT was used to assay cell viability. The 
proliferation inhibitory rate of cisplatin on C13* and 
A2780cp cells increased with graded concentrations of 
PDTC, which was shown in Figure 4C and D and I and J.

Apoptosis assay using annexin V staining showed that 
PDTC treatment for 48 hours can enhance cisplatin-induced 
apoptosis compared to cisplatin alone. The apoptosis rates of 
C13* cells were 15.1% ± 0.17%, 23.3% ± 0.25%, 19.9% ± 
0.26%, and 29.5% ± 0.38% for the control, cisplatin only, 
PDTC only, and cisplatin + PDTC groups, respectively 
(Figure 4E and F). The apoptosis rates of A2780cp cells 
were 10.4% ± 0.21%, 20.5% ± 0.31%, 18.9% ± 0.15%, and 

Figure 2 The ROC curve calculation for nuclear NF-κB p65 positive expression, for chemotherapy resistance and platinum resistance and refractory disease.

Table 3 Multivariate Analyses of Clinicopathological Factors Respect to Chemotherapy Response and Sensitivity in Ovarian Cancer

Clinicopathological Factors Response to Chemotherapy Sensitivity to Chemotherapy

OR(95 CI%) P OR(95 CI%) P

FIGO Stage I–II 0.509 (0.196~1.323) 0.166 0.470(0.197~1.122) 0.089

III–IV 1

LN metastasis No NA 1.217(0.495~2.990) 0.668
Yes

Residual disease <1cm 0.349 (0.132~0.921) 0.034 0.402(0.158~1.021) 0.055
≥1cm 1 1

Nuclear NF-κB p65 Negative 0.786(0.313~1.973) 0.609 0.352(0.139~0.894) 0.028
Positive 1 1

Abbreviations: NA, not applied; OR, odds ratio; P, P value; 95% CI, 95% confidence interval.
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27.4% ± 0.26% for the control, cisplatin only, PDTC only, and 
cisplatin + PDTC groups, respectively (Figure 4K and L).

Discussion
The mortality rate of ovarian cancer ranks the first high in 
all gynecological malignancies.1 Majority of women were 
in stage III or IV disease at the first diagnosis. Although 
novel therapy regimens and targeted therapies were devel-
oped recently, there is only a marginal improvement in the 
prognosis of ovarian cancer patients.21

NF-κB acts as a moderator of genes which can regulate 
cell proliferation and cell survival. The proteins family of 
NF-κB has been demonstrated to be included in several 
crucial progressions such as cell apoptosis and cell cycle, 
thus, it plays an important role in cancer progression. In 
cancer, mutations both in NF-κB transcription factor encod-
ing gene or NF-κB activity control gene (such as IκB gene) 
have been found. Additionally, many different tumor cells 

active NF-κB by secreting factors, resulting in defective co- 
ordination between malignant cells and the normal cells.22 

NF-κB is constitutively active in different types of human 
tumors. Guo et al confirmed that NF-κB p65 in ovarian 
cancer is mostly nuclear and that its levels correlated posi-
tively with poor differentiation.11 In our study, over- 
expression of nucleus NF-κB p65 was also associated with 
advanced FIGO stage, residual disease ≥1 cm, low histolo-
gical grade, chemoresistance, and platinum resistance and 
refractory disease, all of which are associated with a more 
aggressive ovarian cancer phenotype.

Chemoresistance is a major obstacle in therapy ovarian 
cancer.23 Therefore, identifying potential biomarkers for 
chemoresistance essential to mechanistically understand 
ovarian cancer. It was hypothesized that there might be pre- 
existing, resistant mutations that occurred before treatment, 
which accounting for a high frequency of platinum-resistant 
ovarian cancer at first relapse.24 Additionally, the 

Table 4 Univariate Analyses of Prognostic Factors for OS and PFS in Ovarian Cancer

Prognostic Factors n OS X2 P DFS X2 P

3-YSR 5-YSR 3-YSR 5-YSR

Age <50 50 84.0 36.0 3.640 0.062 64.9 23.3 2.079 0.149

≥50 64 62.5 25.0 46.9 13.5

Menopausal status Yes 72 73.6 30.6 0.383 0.536 59.1 17.4 0.083 0.773

No 42 69.0 28.6 47.6 20.8

Pathologic type Serous carcinoma 76 66.7 28.2 1.882 0.177 55.9 15.9 0.355 0.551

Mucous and others 36 83.3 33.3 51.9 24.6

Histologic grade G1–2 45 77.8 48.9 17.922 0.000 68.0 28.6 4.966 0.026

G3 or undifferentiated 69 68.1 20.3 49.1 12.4

FIGO Stage I–II 51 90.2 51.1 30.924 0.000 63.8 30.9 9.362 0.002

III–IV 63 51.0 16.3 47.3 7.0

LN metastasis No 65 87.7 40.0 18.502 0.000 64.2 29.6 13.175 0.000

Yes 49 51.0 16.3 48.6 0.00

Residual disease <1cm 86 77.9 38.4 22.917 0.000 58.8 23.5 5.003 0.025
≥1cm 28 53.6 13.6 41.9 4.2

Patients’ response to 
chemotherapy

CR 82 81.7 36.6 8.197 0.004 57.8 26.1 7.758 0.000
PR, SD and PD 32 46.9 12.5 46.9 0.00

Tumors’ sensitivity to 
chemotherapy

Platinum sensitive 80 82.5 35.0 8.123 0.004 67.4 26.6 7.758 0.005
Platinum resistant and refractory 34 47.1 17.6 23.3 0.00

Cytoplasmic NF-κB p65 Negative 42 78.1 34.4 1.335 0.248 43.8 27.1 0.185 0.667
Positive 72 69.5 28.0 59.2 15.2

Nuclear NF-κB p65 Negative 32 83.3 50.0 11.926 0.001 60.2 27.4 3.918 0.048
Positive 82 65.3 18.1 51.3 13.7

Abbreviations: YSR, year survival rate; n, number of patients; X2, the value of Chi-square; P, P value.
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interaction between the drug and tumor microenvironment 
may lead to a dysregulation of genes that are responsible for 
a variation in response to chemotherapy.17 Recent reports 
also have demonstrated that NF-κB also plays a crucial role 
in the developing of cancer cell chemoresistance. Many 
studies have revealed high NF-κB expression in drug- 
resistant cancer cells. A previous study25 found that the 
NF-κB expression in the drug-resistant cervical cancer cell 
(HeLa/B) was higher than drug-sensitive cells at baseline as 
well as after cisplatin induction. In ovarian cancer cell, 
blocking the activation of NF-κB by its inhibitor SN50 
enhance the apoptosis and cisplatin sensitivity, so that 
increase the effect of chemotherapy.26 The study from 

Wang et al demonstrated that NF-κB was independently 
correlated with chemoresistance in ovarian cancer. In 
further, the survival rates of patients with NF-κB positive 
expression in ovarian cancer tissues were lower than NF-κB 
negative expression patients.12 In our study, the positive 
expression of nuclear NF-κB p65 in ovarian cancer tissues 
was correlated with chemotherapy response, platinum resis-
tance and refractory disease, and poor prognosis. Then, we 
also noted abundant expression of NF-κB p65 level in 
cisplatin-resistant C13* and A2780cp cells, which signifi-
cantly higher than that in cisplatin sensitive cells.

Mammals express 5 members of the NF-κB family: 
RelA (p65), RelB, c-Rel, p50/p105 (NF-κB1), and p52/ 

Figure 3 The survival curves for the OS and DFS based on nuclear NF-κB p65 expression in ovarian cancer patients.

Table 5 Multivariate Analyses of Prognostic Factors for OS and PFS in Ovarian Cancer

Prognostic Factors n OS DFS

HR(95 CI%) P HR(95 CI%) P

Histologic grade G1–2 0.581(0.323~1.046) 0.070 0.911(0.542~1.531) 0.724

G3 or undifferentiated 1 1

FIGO Stage I–II 0.398(0.231~0.685) 0.001 0.781(0.461~1.324) 0.358

III–IV 1

LN metastasis No 0.694(0.426~1.133) 0.144 0.665(0.397~1.116) 0.122

Yes 1

Residual disease <1cm 0.710(0.408~1.236) 0.226 0.753(0.450~1.260) 0.280

≥1cm 1 1

Patients’ response to 

chemotherapy

CR 0.630(0.353~1.122) 0.116 1.489(0.763~2.905) 0.243
PR, SD and PD 1 1

Tumors’ sensitivity to 

chemotherapy

Platinum sensitive 0.740(0.423~1.295) 0.291 0.236(0.121~0.461) 0.000
Platinum resistant and refractory 1 1

Nuclear NF-κB p65 Negative 0.428(0.253~0.723) 0.002 0.708(0.445~1.127) 0.146

Positive 1 1

Abbreviations: NA, not applied; HR, hazard risk; P, P value; 95% CI, 95% confidence interval.
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p100 (NF-κB2), of which, the p50-p65 dimer usually binds 
directly to the inhibitor IκB, to form an inactive trimer, 
that is ubiquitously present in the cytoplasm. Upon stimu-
lation with extracellular cues, NF-κB first dissociates from 
IκB, to exposing its nuclear localization sequence. 
Subsequently, the p50-p65 dimer undergoes a rapid 
nuclear translocation from the cytoplasm and binds its 
targeting DNA sequence, thus to mediate the transcription 
of the related genes.27 Thus, the expression of p65 can 
indicate the activity of NF-κB. The expression of nuclear 

NF-κB could be seemed as a marker of NF-κB activation. 
It was found that blocking NF-κB inhibits the proliferation 
of tumor cells and induces their death. Furthermore, NF- 
κB antagonist increases the sensitivity of resistant cells to 
chemotherapy, which was well substantiated in this study. 
We used the inhibitor of NF-κB, PDTC, we found cispla-
tin-resistant cells became more susceptible to cisplatin 
treatment upon the treatment of PDTC, an NF-κB inhibi-
tor. Such a proliferation inhibitory rate of cisplatin in C13* 
and A2780cp cells are increased in a concentration- 

Figure 4 The NF-κB expression in ovarian cancer cell lines and NF-κB inhibitor (PDTC) changes sensitivity of cisplatin-resistant cell to cisplatin treatment. (A) Western 
blotting analysis on the expression of NF-κB p65 in cisplatin-resistant ovarian cancer cell line (C13*) and its sensitive variant (OV2008), as well as PDTC (NF-κB inhibitor)- 
treated C13* cells; (B) Relative density of NF-κB p65 in C13*, OV2008 cell and PDTC-treated C13* cells in Western blotting (#P<0.05); (C) Elevation in proliferation 
inhibitory rate of cisplatin on C13* cell as the concentration of PDTC was increased; (D) The IC50 of C13* cell for cisplatin were decreased after different PDTC 
concentration treatment. (E) Apoptosis analysis of C13* cell by Annexin V staining; (F) Enhancement in cisplatin-induced apoptosis by PDTC treatment. (G) Western 
blotting analysis on the expression of NF-κB p65 in cisplatin-resistant ovarian cancer cell line (A2780cp) and its sensitive variant (A2780s), as well as PDTC (NF-κB 
inhibitor)-treated A2780cp cells; (H) Relative density of NF-κB p65 in A2780cp, A2780s and PDTC-treated A2780cp cells in Western blotting (#P<0.05); (I) Elevation in 
proliferation inhibitory rate of cisplatin on A2780cp cell as the concentration of PDTC was increased; (J) The IC50 of A2780cp cell for cisplatin were decreased after 
different PDTC concentration treatment. (K) Apoptosis analysis of A2780cp by Annexin V staining; (L) Enhancement in cisplatin-induced apoptosis by PDTC treatment.
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dependent manner. Defects in NF-κB also result in 
increased susceptibility to apoptosis.

Active NF-κB turns on the expression of genes that 
leads to continuous cell proliferation and protects the cells 
from different conditions that would otherwise cause them 
to die via increasing apoptosis.28 It has been demonstrated 
that canonical NF-κB is a Fas transcription activator, the 
alternative NF-κB is a Fas transcription repressor.29 

Finally, we also found that PDTC treatment can enhance 
cisplatin-induced apoptosis. NF-κB promotes Fas- 
regulated apoptosis in tumor cells, and inhibition of NF- 
κB might dysregulate Fas-induced apoptosis to decrease 
host immune cell-mediated tumor suppression.

Our study had some limitations: (1) The study was based 
on a relatively small sample obtained via a cohort from 
a single center; (2) the results as well as the analyses which 
followed were based on clinical data and cell function, further 
investigation of underlying mechanisms may be necessary to 
elucidate the significance of these molecular processes.

Conclusion
NF-κB plays an important role in the clinicopathological 
features, chemoresistance, and prognosis of ovarian can-
cer. NF-κB inhibitor PDTC can enhance cisplatin sensitiv-
ity in platinum resistant ovarian cancer cells.

Abbreviations
CR, complete response; NF-κB, nuclear transcription fac-
tor-κB; LN, lymph node; FIGO, International Federation 
of Gynecology and Obstetrics; DFS, disease-free survival; 
RECIST, response evaluation criteria in solid tumors; PR, 
partial response; PD, progressive disease; SD, stable dis-
ease; PI, propidium iodide; ROC, receiver operating char-
acteristic curve; OS, overall survival; AUC, area under 
curves; YSR, year survival rate.
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