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Abstract: Background & Objective: Many targeted ovarian cancer patients are resistant to olaparib 
treatment. Here we seek to understand the underlying molecular events and search for potential combi-
national therapeutics to surmount the intrinsic olaparib resistance in human ovarian cancer. 

Methods: The cytotoxicity was determined by the MTT assay and cell viability was measured using 
Cell Counting Kit-8 (CCK-8). Protein expressions of ERK, P38, JNK, ERK5, LC3, N-CADHERIN,  
α-SMA were determined by western blotting. The invasion capacity was evaluated by the transwell 
chamber. Autophagy flux was monitored by the LC3 puncta formation. The epithelial-mesenchymal 
transition (EMT) markers were profiled by immunoblotting detection. The in vivo tumor progression 
was determined by xenograft mice model. 

Results: The olaparib-resistant cell lines were successfully generated in both SKOV3 and A2780 cells. 
The proliferative index was significantly higher in resistant cells in comparison with sensitive counter-
parts in the presence of olaparib. Both P38 and JNK were up-regulated in olaparib-resistant cells. The 
combinational treatment with P38-specific inhibitor SB202190 and JUN-specific inhibitor SP600125 
significantly suppressed cell growth and migration, which was further attributed to the induction of 
autophagy flux and inhibition of EMT processing. We further consolidated the anti-tumor activities of 
SB202190 and SP600125 in xenograft mice. 

Conclusion: Our data suggested that aberrant over-expression of P38 and JNK is causally linked to the 
olaparib resistance in ovarian cancer. Combination of P38 and JUN inhibitors demonstrated significant 
anti-tumor activity both in vitro and in vivo. Our study highlighted the potential therapeutic value of 
Mitogen-Activated Protein Kinase (MAPK) inhibitors in olaparib-resistant human ovarian cancer. 
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1. INTRODUCTION 

 Ovarian cancer is one of the most common and malignant 
reproductive system tumors worldwide and is placed on third 
position immediately after cervical cancer and uterine cancer 
[1]. However, the ovarian epithelial tumor is the first cause 
of cancer-related death in all gynecological tumors. There 
were approximately 22,400 new cases diagnosed and 14,080 
deaths claimed by this disease in the US in 2017 according to  
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the Cancer Statistics 2017 [2]. The etiology study has identi-
fied risk factors closely associated with ovarian cancer in-
cluding never giving birth, early ovulation, late menopause 
and sometimes hormone therapy, fertility medication and 
increasing obesity [3]. The next generation sequencing of 
cancer patients uncovered that about 10% of the ovarian tu-
mor is linked to the hereditary genetic mutations in BRCA1 
and BRCA2 genes [4]. The epidemiological investigation 
also highlighted the beneficial effect of breastfeeding against 
the incidence of ovarian cancer [5]. Histologically, ovarian 
cancer is roughly categorized into high-grade serous carci-
noma, germ cell tumor and sex cord-stromal tumor. Clini-
cally, ovarian cancer is frequently under-diagnosed at an 
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early stage due to atypical symptom and lack of reliable and 
sensitive marker. The available mainstay clinical options for 
ovarian cancer consist of surgery, radiotherapy, and chemo-
therapy [6]. Although surgery is a preferential option with 
curative potential, it is not applicable to the advanced cases 
due to the multiple metastases. For most of the aggressive 
and advanced tumor patients, combinational treatment with 
surgical removal and chemotherapy is appropriate and feasi-
ble management routine [7]. Application of radiotherapy in 
ovarian cancer is greatly limited in consideration of resultant 
infertility. The immune-checkpoint based therapeutics are 
under investigation and exploitation as well [8]. In general, 
the prognosis of ovarian cancer is relatively moderate and 
the overall 5-year survival rate is around 45%. 
 Olaparib (also known as AZD-2281, trade name Lyn-
parza) is an FDA-approved targeted therapy for germline 
BRCA mutated advanced ovarian cancer that has received 
three or more prior lines of chemotherapy [9]. Olaparib is a 
poly ADP ribose polymerase (PARP) inhibitor, which spe-
cifically inhibits PARP and blocks the DNA repair process-
ing [10]. The BRCA mutated ovarian cancer manifests in-
creased reliance on PARP and therefore is vulnerable to 
PARP inhibition. The early clinical trials demonstrated sig-
nificantly favorable response to olaparib in BRCA mutated 
ovarian cancer patients [11]. However, a proportion of tar-
geted patients are intrinsically resistant to olaparib treatment 
due to unrecognized mechanisms. Moreover, like most of the 
targeted anti-tumor drugs, the developing resistance is ap-
parently inevitable for olaparib. Therefore, appropriate com-
pounds with the potential to surmount drug resistance either 
in combination or alone are in urgent need in the future. Here 
we set out to establish the olaparib-resistant ovarian cancer 
cells to recapitulate the whole process in vitro and character-
ize the potential candidate targets molecularly associating 
with resistance occurrence. Furthermore, we consolidate this 
notion via employment of specific inhibitors both in vitro 
and in vivo. Our data offered both experimental and pre-
clinical significance. 

2. MATERIALS AND METHODS 

2.1. Cell Culture 

 The human ovarian cancer cell lines SKOV3 and A2780 
were obtained and authenticated by the American Type Cul-
ture Collection (ATCC, VA, USA). The exponential cells 
were cultured in RPMI-1640 medium (Hyclone, MO, USA) 
containing 10% fetal bovine serum (Hyclone, MO, USA) 
and 1% penicillin/streptomycin (Gibco, CA, USA). Cells 
were maintained in the humidified CO2 (5%) incubator at 
37oC. 

2.2. Transfection 

 Cell transfection was performed using Lipofectamine 
2000 following the provider’s instruction. Briefly, the expo-
nential cells were seeded into 6-well plate and cultured for 
24 hours before transfection. 2 µg of indicated plasmids was 
packaged with 5 µL Lipofectamine 2000 and incubated at 
room temperature for 5 min. The mixture was added into 
each well and incubated for 24 h. The transfection efficiency 
was evaluated by a parallel assay with GFP. 

2.3. MTT Assay 

 The indicated log phase cells were seeded into 96-well 
plate in triplicate and allowed for consecutive culture for 24 
h and subjected to a different dosage of olaparib treatment. 
The culture medium was cautiously aspirated and 150 µl 
MTT solution was added into each well followed by agita-
tion on an orbital shaker for 15 min at room temperature. 
The absorbance at 590 nm was measured by the microplate 
reader (Molecular Devices, CA, USA) and IC50 was calcu-
lated for each cell line. 

2.4. Cell Proliferation 

 Cell proliferation was determined using the commercially 
available CCK-8 Kit (Dojindo, Dalian, China) in accordance 
with the manufacturer’s instruction. Every 104 of indicated 
cells were seeded into 96-well plate in triplicate for 24 hours 
culture and then incubated with 10 µl of the CCK-8 solution 
at 37 °C for 1.5 h. The OD450 was measured by microplate 
reader (Molecular Devices, CA, USA) and relative cell count 
was calculated. 

2.5. Western Blot 

 The indicated cells were lysed in RIPA buffer on ice for 
30 min and all the debris were completely removed by high-
speed centrifugation at 4oC. The protein concentration was 
quantified using the BCA Protein Assay Kit (ThermoFisher, 
MA, USA). Protein was resolved by SDS-PAGE and then 
transferred onto PVDF membrane on ice. After brief block-
ing with skim milk (5% in TBST buffer with 0.05% Tween-
20), the PVDF membrane was incubated with specific anti-
bodies (anti-ERK, CST#9102, 1:1,000; anti-P38, CST#8690, 
1:1,000; anti-JNK, CST#9252, 1:1,000; anti-ERK5, 
CST#3372, 1:1,000; anti-ACTIN, CST#4970, 1:1,000; anti-
LC3A/B, CST#4108, 1:1,000; anti-N-CADHERIN, 
CST#4061, 1:1,000; anti-α-SMA, CST#14968, 1:1,000) at 
4oC overnight. The excessive antibody was completely 
washed off with TBST for 30 min and followed by secon-
dary antibody (anti-mouse, CST#7076, 1:5,000; anti-rabbit, 
CST#7074, 1:5,000;) incubation. The protein was visualized 
by the application of the enhanced chemiluminescence 
(ECL, Millipore, CA, USA) kit. The endogenous acting was 
employed for loading control purpose. 

2.6. Transwell Assay 

 The metastatic capacity of ovarian cancer cells was 
evaluated in vitro using the transwell chamber (BD Bio-
sciences, CA, USA). The cells were first starved in serum-
free medium for 24 hours, then digested into single-cell solu-
tion at a concentration of 1 × 105/100 µL in serum-free me-
dium and laid on the top of polycarbonate Transwell filter, 
which was pre-coated with Matrigel (BD Biosciences, CA, 
USA). The lower compartment was filled with 750 µL of 
complete culture medium containing 10% fetal bovine se-
rum. 24 hours later, the upper compartment was cleared up 
with cotton Q-tips. The invaded cells were then fixed with 
4% paraformaldehyde and stained with 0.025 % crystal vio-
let solution for 25 min. The cells were counted in three ran-
dom fields under a light microscope. 
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2.7. Autophagy Puncta Imaging 

 The SKOV3 and A2780 cells were first transfected and 
labeled with GFP-LC3. The cells subjected to the indicated 
treatment were fixed with 4% paraformaldehyde and stained 
with DAPI for nuclear imaging. Autophagy flux was exam-
ined with a confocal microscope (Nikon i2, Japan). 

2.8. Xenograft Model 

 The 4~6-week-old immunodeficient NPG mice were ob-
tained from Shanghai Liangtai Company (Shanghai, China) 
and acclimated for one week in the pathogen-free environ-
ment. All the animal studies were performed in accordance 
with the protocol approved by the Animal Care and Use 
Committee of Shandong Provincial Hospital Affiliated to 
Shandong University. Briefly, the single-cell suspension (107 
cells/mL in HEPES) was prepared by trypsin digestion and 
mixed well with an equal volume of Basement Membrane 
Extracts (R&D System, MN, USA) on ice. The mixture was 
subcutaneously inoculated into bilateral flanks of recipient 
mice immediately. The tumor growth was monitored regu-
larly and the tumor volume was calculated using the follow-
ing formula: Volume = (width)2×length/2. 

2.9. Statistics 

 Data expressed in this study were obtained from at least 
three independent experiments unless indicated. Data were 
processed and analyzed using PRISM 7.0 software and pre-
sented as mean ± standard deviation (S.D.). The one-way 
analysis of variance (ANOVA) followed by t-test was em-
ployed for statistical comparison. The statistical signifi-
cances were calculated as p values, and P< 0.05 was consid-
ered statistically different. 

3. RESULTS 

3.1. P38 and JNK are Overexpressed in Olaparib-
resistant Ovarian Cancer Cells 

 To investigate the olaparib resistance in ovarian cancer in 
vitro, here we first established olaparib resistance cell lines 
in both human ovarian cancer SKOV3 and A2780 cells (de-
noted as SKOVE-R and A2789-R respectively). Both the 
cells were challenged with interval and increasing concentra-
tion of olaparib. The success to establish resistant cell lines 
was confirmed by measurement of IC50 of olaparib using 
MTT assay. As shown in Fig. (1A), IC50 value increased to 
415 ± 12 µM in A2780-R in comparison with 16 ± 5 µM in 
the parental A2780-P cells, while 688 ± 22 µM vs. 25 ± 17 
µM in SKOV3 cells (the detailed MTT results were supple-
mented in Figure S1). The cell proliferation upon olaparib 
treatment was determined by the CCK-8 method. Olaparib 
administration significantly suppressed cell growth in both 
SKOV3-P (25 µM) and A2780-P (15 µM) cells, while none 
of the significant influence was observed in the resistant cell 
lines (Fig. 1B). We further characterized the alteration in the 
MAPK signaling pathway in the resistant cell lines in com-
parison with sensitive counterparts. As shown in Fig. (1C) 
and D, both P38 and JNK were significantly up-regulated in 
SKOV3-R and A2780-R, which indicated a potential contri-
bution of this signaling to the drug resistance. 

3.2. P38 and JNK Inhibition Significantly Decrease the 
Proliferation and Metastasis of Olaparib-resistant Ovar-
ian Cancer Cells 

 Our primary results demonstrated the aberrant overex-
pression of MAPKs in olaparib-resistant cells, which 
prompted us to investigate the potential anti-tumor activities 
of MAPKs inhibitors in this setting. To this purpose, here we 
employed P38-specific inhibitor SB202190 and JUN-
specific inhibitor SP600125. The optimal concentrations of 
both inhibitors for each olaparib-resistant cell line were first 
experimentally determined (Fig. S2). Although individual 
treatment with either SB202190 or SP600125 suppressed 
cell growth to a comparable extent in both A2780-R and 
SKOV3-R cells (Fig. S3), the combination of both inhibitors 
significantly inhibited cell proliferation in a synergistic man-
ner (Fig. 2A, B). We further determined the potential influ-
ence of SB202190 and SP600125 on the cell invasive behav-
ior by transwell assay. In addition to the suppressed cell pro-
liferation, our results demonstrated that combinational treat-
ment with SB202190 and SP600125 remarkably compro-
mised the invasion capacity of olaparib-resistant cells as well 
(Fig. 2C, D). Our data clearly indicated that MAPKs inhibi-
tor inhibited the malignant behaviors in both cell prolifera-
tion and metastasis. 

3.3. P38 and JNK Inhibition Promote Autophagy in Ola-
parib-resistant Ovarian Cancer Cells 

 To better understand the proliferation-suppressive action 
of MAPK inhibitors in olaparib-resistant cells, we next de-
termined the autophagy flux in response to SB202190 and 
SP600125 treatment in olaparib-resistant cells. Autophagy 
processing was monitored by transfection of GFP-fused LC3 
into olaparib-resistant ovarian cancer cells. Our western blot-
ting results unambiguously demonstrated that combinational 
treatment with SB202190 and SP600125 significantly stimu-
lated autophagy flux as indicated by the presence of LC3-
phosphatidylethanolamine conjugate (LC3-II) in both 
A2780-R (Fig. 3A) and SKOV3-R (Fig. 3B). The autophagy 
processing was further intuitively observed by labeling the 
autophagic puncta structure in response to the combinational 
inhibitors treatment (Fig. 3C, D). Our results suggested that 
combinational treatment with P38 and JUN inhibitors in-
duced massive autophagy flux and eventually contributed to 
the suppression of cell proliferation in olaparib-resistant 
cells. 

3.4. P38 and JNK Inhibition Decrease Epithelial-
mesenchymal Transition (EMT) in Olaparib-resistant 
Ovarian Cancer Cells 

 We previously observed that combination treatment with 
P38 and JUN inhibitors significantly compromised the inva-
sion capacity of olaparib-resistant ovarian cancer cells. Next, 
we sought to clarify its relevance to the impact on EMT 
process and profile the EMT markers in this setting. As 
shown in Fig. (4A), the P38 and JNK pathway inhibition 
remarkably decreased mesenchymal markers including N-
CADHERIN and α-SMA in A2780-R, which clearly indi-
cated the suppression of EMT processing by SB202190 and 
SP600125. This phenomenon was consolidated in SKOV3-R 
cell as well (Fig. 4B). Further profiling of E-cadherin and 
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Fig. (1). P38 and JNK are overexpressed in olaparib-resistant ovarian cancer cells. (A) IC50 showed half maximal inhibitory concentration of 
olaparib in A2780-P (A2780 parental) cells, A2780-R (A2780 resistant) cells, SKOV3-P (SKOV3 parental) cells and SKOV3-R (SKOV3 
resistant) cells. (B) Cell proliferation curve of A2780-P cells, A2780-R cells, SKOV3-P cells and SKOV3-R cells was made with the treat-
ment of olaparib. (C) The proteins of MAPK family were detected in A2780-P and A2780-R cells by western blotting. (D) The proteins of 
MAPK family were detected in SKOV3-P and SKOV3-R cells by western blotting. Data information: Data are presented as mean (± SD). * P 
< 0.05 as compared to A2780-P or SKOV3 -P group in (A and B). The p value was calculated by Student’s t-test. n = 3. Actin serves as load-
ing control in western blotting analyses. 
 

 
 
Fig. (2). P38 and JNK inhibition significantly decreases the proliferation and metastasis of olaparib-resistant ovarian cancer cells. (A) Cell 
proliferation curve of A2780-R cells was made with or without the treatment of SB202190 (p38 inhibitor, 10 µM) and SP600125 (JUN inhibi-
tor, 10 µM). (B) Cell proliferation curve of SKOV3-R cells was made with or without the treatment of SB202190 and SP600125. (C) Stained 
transferred A2780-R treated with or without SB202190 and SP600125 in transwell experiment. (D) Stained transferred SKOV3-R cells 
treated with or without SB202190 and SP600125 in transwell experiment. Data information: Data are presented as mean (± SD). * P < 0.05 as 
compared to control group in (A and B) respectively. The p value was calculated by Student’s t-test. n = 3. 
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Fig. (3). P38 and JNK inhibition promotes autophagy in olaparib-resistant ovarian cancer cells. (A) The proteins of LC3 were detected in 
A2780-R treated with or without SB202190 and SP600125 by western blotting. (B) The proteins of LC3 were detected in SKOV3-R treated 
with or without SB202190 and SP600125 by western blotting. (C) GFP- LC3 was exogenously expressed in A2780-R. Percentage of cells 
exhibiting punctate fluorescence under fluorescence microscopy was calculated relative to all GFP-positive cells. (D) GFP- LC3 was exoge-
nously expressed in SKOV3-R. Percentage of cells exhibiting punctate fluorescence under fluorescence microscopy was calculated relative to 
all GFP-positive cells. Data information: Data are presented as mean (± SD). * P < 0.05 as compared to control group in (C and D), respec-
tively. The p value was calculated by Student’s t-test. n = 3. Actin serves as loading control in western blotting analyses. 
 

  
Fig. (4). P38 and JNK inhibition decrease EMT (Epithelial-Mesenchymal Transition) in olaparib-resistant ovarian cancer cells. (A) The pro-
teins of EMT marker were detected in A2780-R treated with or without SB202190and SP600125 by western blotting. (B) The proteins of 
EMT marker were detected in SKOV3-R treated with or without SB202190 and SP600125 by western blotting. Actin serves as loading con-
trol in western blotting analyses. 
 

vimentin in both cell lines in response to the combinational 
treatment was supplemented in Fig. (S4). Our results sug-
gested that combinational treatment with SB202190 and 
SP600125 inhibited cell invasion through modulation of 
EMT processing in the olaparib-resistant ovarian cancer 
cells. Noteworthily, we did not observe significant changes 
with respect to both autophagy and EMT marker in the ola-
parib-resistant cells in comparison with the parental ones 
(Fig. S5). 

3.5. P38 and JNK Inhibition Effectively Suppresses the 
Proliferation of Olaparib-resistant Ovarian Tumors in 
vivo 

 To exclude the potential artifacts associated with cell 
culture in vitro, we further evaluated the anti-tumor activities 
of P38 and JNK inhibitors in vivo in xenograft nude mice. 
Consistent with our in vitro observations, the xenograft tu-
mor growth was significantly suppressed in response to 
combinational treatment with SB202190 and SP600125 in 
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both A2780-R- and SKOV3-R-recipient mice (Fig. 5A and 
B). The representative macroscopic images of xenograft tu-
mor at the endpoint of the experiment are shown in Fig. (5C) 
and D. Therefore, we observed consistent outcome in vivo by 
the employment of xenograft mice. Taken together, our data 
uncovered the significant anti-tumor effect of P38 and JNK 
inhibitors in olaparib-resistant ovarian cancer. 

4. DISCUSSION 

 Olaparib was approved for use as a single agent for ad-
vanced ovarian cancer that previously received three or more 
prior lines of chemotherapy and with germline BRCA muta-
tions by the FDA in 2014 [12]. Although clinical benefits 
have been observed in some patients, most cases manifested 
intrinsic drug resistance. Moreover, initial responders later 
developed resistance as well during disease progression. 
Therefore, to better understand the molecular mechanism 
underlying drug resistance and seeking for the potential 
compounds to surmount olaparib resistance is in urgent need 
with respect to the clinical application of this target therapeu-
tics. To this purpose, here we first generated the olaparib-
resistant human ovarian cancer cell lines in both A2780 and 
SKOV3. The success in the establishment of resistant cells 
was validated by cytotoxic MTT assay. Cell proliferation 
was significantly higher in resistant cell lines in comparison 
with sensitive counterparts upon challenged with olaparib. 
Notably, here we characterized that MAPK pathway was 
aberrantly up-regulated in olaparib-resistant cells, which 
might link to the drug resistance in this disease. We next 
dosed olaparib-resistant cells with MAPK inhibitors includ-
ing P38-specific SB202190 and JUN-specific SP600125. 
Our results demonstrated that combinational treatment with 
these two inhibitors significantly inhibited cell proliferation 
and invasive capacity. Furthermore, we provided experimen-
tal evidence supporting that the combination of SB202190 
and SP600125 stimulated autophagy flux in olaparib-
resistant cells, which predominantly underlaid its suppressive 

effects on cell proliferation. We also clarified that the com-
promised cell invasion capacity was intimately associated 
with the modulation on EMT process. Most importantly, all 
of our in vitro observations were consolidated in vivo using 
the xenograft tumor mice, wherein administration of both 
P38 inhibitor and JUN inhibitor greatly retarded tumor pro-
gression in the olaparib-resistant human ovarian cancer cell 
recipient animals. Therefore, we well-recapitulated olaparib 
resistance in vitro and identified aberrant overexpression of 
P38 and JUN associated with this phenomenon, and most 
significantly, our data highlighted the potential therapeutic 
value of MAPK inhibitors in the treatment of olaparib-
resistant ovarian cancer, which might hold great clinical 
promise and further investigations are warranted. 

 Aberrant activation of MAPK pathway is frequently 
linked to drug resistance in a variety of human malignancies. 
For instance, Chocry et al. demonstrated that inhibition of 
P38 MAPK in colorectal cancer cell lines reversed its resis-
tance to oxaliplatin [13]. Jain et al. showed that combina-
tional targeting of MAPK and PI3K/mTOR signaling path-
ways overcame resistance to single-agent therapy for onco-
genic BRAF gene fusions [14]. In non-small cell lung can-
cer, Wang et al. suggested that lncRNA SNHG12 contrib-
uted to multidrug resistance through the activation of the 
MAPK/Slug pathway by sponging miR-181a [15]. Yin et al. 
showed that GPER promoted tamoxifen-resistance in ER+ 
breast cancer cells by reduced Bim proteins through MAPK/ 
Erk-TRIM2 signaling axis [16]. In addition, the activated 
MAPK/Erk/Bim signaling pathway was demonstrated to be 
associated with Reg4 enhanced 5-fluorouracil resistance in 
gastric cancer [17]. Resistance to tyrosine kinase inhibitors 
was also conferred by aberrant activation of the MAPK 
pathway via stimulating EGFR transcription and EGFR de-
phosphorylation [16]. In colorectal cancer, Ma et al. demon-
strated that MAPK pathway regulated intrinsic resistance to 
BET inhibitors [18]. Likewise, here we demonstrated that 

 
 
Fig. (5). P38 and JNK inhibition effectively suppresses the proliferation of olaparib-resistant ovarian tumors in vivo. (A.B) Tumor prolifera-
tion curves of A2780-R cells (A) and SKOV3-R cells (B) with or without the treatment of SB202190 and SP600125 in vivo. (C.D) Image of 
the final tumor of A2780-R cells (C) and SKOV3-R cells (D) with or without the treatment of SB202190 and SP600125 in vivo. 
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P38 and JNK pathways were significantly activated in ola-
parib resistant ovarian cancer cells, which might conse-
quently contribute to intrinsic drug resistance. However, the 
molecular mechanism underlying over-activation of MAPK 
signaling in olaparib-resistant cancer cells is still elusive. 
Vaidyanathan et al. reported that ABCB1 was significantly 
induced in olaparib-resistant cancer cells [19], which was 
subsequently demonstrated to stimulate downstream phos-
phorylation cascade including Akt, ERK1/2, p38 MAPK and 
JNK [20]. Therefore, we hypothesize that ABCB1 may play 
a critical role in the aberrant activation of the MAPK path-
way in olaparib-resistant cancers, which definitely warrants 
further investigations. 

 The anti-tumor activities of P38-specific inhibitor 
SB202190 and JUN-specific inhibitor SP600125 have been 
extensively investigated nowadays. For example, Nemoto  
et al. first reported that SB202190 induced cell apoptosis 
through inhibition of P38beta mitogen-activated protein 
kinase [21]. Hamanoue et al. demonstrated a combination of 
SB202190 and SB203580 induced apoptosis in cultured ma-
ture oligodendrocytes via P38 pathway inhibition [22]. In 
breast cancer MDA-MB-231 cell line, Duzqun et al. showed 
that SB202190 was more effective than SB203580 with re-
spect to the inhibition of cell proliferation and cell migration 
[23]. Karahashi et al. reported the apoptotic cell death-
inducing effect of SB202190 in lipopolysaccharide-treated 
macrophage-like cells [24]. Likewise, Mili et al. suggested 
the effect of SP600125 on the mitotic spindle in HeLa cells, 
which led to the mitotic arrest, endoreduplication and cell 
apoptosis [25]. Application of SP600125 overcame antimi-
totic drug-resistance in cancer cells by increasing apoptosis 
with the independence of P-gp inhibition [26]. Lin et al. 
demonstrated that SP600125 enhanced TGF-β-induced apop-
tosis of RBE human cholangiocarcinoma cells in a Smad-
dependent manner [27]. Jemaa et al. showed the selective 
killing action of SP600125 against p53-deficient cancer cells 
[28]. In view of the overexpression of both P38 and JNK in 
olaparib-resistant ovarian cancer cells, here we combined 
SB202190 and SP600125 together for the therapeutic pur-
pose, which manifested significant inhibition of cell prolif-
eration and invasion in vitro and suppression of xenograft 
tumor growth in vivo. Our data highlighted the potential 
therapeutic value of combinational SB202190 and SP600125 
against olaparib-resistant ovarian cancer, which might hold 
great promise for this disease. 
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