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ARF-derived peptide sensitizes ovarian cancer cells to Cisplatin

Jinhua Zhou1,2,3,4#, Yunfei Wang2,3,4,5#, Yun Qian6, Xinran Wang2, Ting Liu2,3, Wen Di2,3,4

1Department of Obstetrics and Gynecology, The First Affiliated Hospital of Soochow University, Suzhou 215006, China; 2Department of Obstetrics 

and Gynecology, Renji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200127, China; 3Shanghai Key Laboratory of 

Gynecologic Oncology, Shanghai 200127, China; 4Shanghai Health Bureau Key Disciplines and Specialties Foundation, Shanghai 200127, China; 
5Department of Gynecology, Affiliated Hospital of Jining Medical University, Jining 272000, China; 6Department of Gynecology, Shanghai 

Municipal Hospital of Traditional Chinese Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai 200071, China

Contributions: (I) Conception and design: J Zhou, W Di; (II) Administrative support: W Di; (III) Provision of study materials: Y Wang, T Liu;  

(IV) Collection and assembly of data: J Zhou, Y Wang; (V) Data analysis and interpretation: J Zhou, Y Qian, X Wang; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Wen Di. Department of Obstetrics and Gynecology, Renji Hospital, School of Medicine, Shanghai Jiao Tong University, 1630 

Dong Fang Road, Shanghai 200127, China. Email: diwen163@163.com; research123hop@163.com.

Background: Forkhead box M1 (FOXM1) is over-expressed in multiple cancers, and its over-expression 
induces chemoresistance and contributes to unfavorable prognosis in patients with ovarian cancer. P19ARF is 
a tumor suppressor that contains a motif, which suppresses the transcriptional activity of FOXM1. In this 
study we investigated the potential role of alternative reading frame (ARF)-derived peptide as a cisplatin 
sensitizer for ovarian cancer.
Methods: FOXM1 expression in ovarian cancer tissues were analyzed using the online databases Oncomine 
and protein atlas. The association between FOXM1 expression and cisplatin response was analyzed and 
plotted in a panel of ovarian cancer cell lines. The expression of FOXM1 downstream target genes were 
accessed in SKOV3 cells treated with ARF peptide using quantitative polymerase chain reaction (QPCR) 
and western blot. Clonogenicity and apoptosis in SKOV3 cells treated with ARF peptide in the presence or 
absence of cisplatin was used to evaluate the effect of ARF peptides. In addition, tumor size in nude mice 
bearing SKOV3 xenografts were measured in the presence or absence of wild-type or mutant ARF peptide 
and with or without cisplatin. 
Results: FOXM1 was over-expressed in ovarian cancer tissues and cell lines. FOXM1 expression was 
associated with cisplatin response in the ovarian cancer cell lines. ARF peptide decreased both mRNA 
and protein expression of FOXM1 downstream target genes, polo-like kinase 1 (PLK1) and exonuclease 1 
(EXO1). In vitro, SKOV3 cells pretreated with ARF peptide showed increased apoptotic cells, decreased 
clonogenicity, and increased cleavage of caspase-3 in response to cisplatin treatment. In vivo, combination of 
wild-type ARF peptide and cisplatin had increased inhibition of tumor growth compared to mutant peptide.
Conclusions: FOXM1 expression levels are associated with cisplatin response. Treatment with ARF 
peptide enhanced cisplatin sensitivity in ovarian cancer cells. These results suggest a new therapeutic strategy 
to overcome chemoresistance in FOXM1 overexpressing ovarian cancers.
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Introduction

Ovarian cancer remains one of the most lethal malignancies 
worldwide that targets the female reproductive system (1). 
Although overall survival and progression-free survival have 
increased after cisplatin-based chemotherapy, nearly 30% 
of ovarian cancers respond poorly, leading to resistant and 
recurrent disease (2). Hence, there is a clear unmet medical 
need to develop novel therapies to target chemo-resistance 
in patients with ovarian cancer.

FOXM1 belongs to the Forkhead box (Fox) transcription 
factor family and is an important regulator of the cell  
cycle (3). This proliferation-specific transcription factor is 
over-expressed in the majority of human cancers, including 
lung, gastrointestinal, mammary, glioblastoma, and ovarian 
cancer (4). Previous studies have shown that the FOXM1 
transcription factor and its direct transcriptional targets 
were significantly altered in 87% of high-grade ovarian 
cancers (5). FOXM1 promotes cell proliferation, migration 
and invasion (6) and plays a significant role in chemo-
resistance in several solid cancers, including ovarian cancer 
(7-10). Hence, FOXM1 could be used as an effective drug 
discovery platform to identify chemo-sensitizing agents (11). 

The ARF/INK4A locus encodes two distinct tumor 
suppressors, the p16INK4A and the 19 kDa alternative reading 
frame (ARF) protein (14 kDa in human) (12,13). The 
synthesized (D-Arg)9-p19ARF peptide that consists of amino 
acids 26-44 of p19ARF protein has been demonstrated to 
inhibit hepatocellular cancer and osteosarcoma by decreasing 
FOXM1 transcriptional activity (12,14,15). Furthermore, the 
ARF peptide inhibitor of FOXM1 sensitized breast cancer 
cells to Herceptin and paclitaxel treatment (7). 

Our previous study demonstrated that FOXM1 
contributes to cisplatin response in ovarian cancer cell 
lines (10). Here, we further investigated the effect of ARF 
peptide on cisplatin sensitization in SKOV3 ovarian cancer 
cells with aberrant FOXM1 expression. We found that 
ARF peptide sensitizes SKOV3 cells to cisplatin in vitro and  
in vivo.

Methods

Cell culture, chemotherapeutic agents and animal models

The human serous ovarian cancer cell lines A2780, SKOV3, 
ES2, HO8910 (16), and 3AO (17) were purchased from the 
Cell Bank of the Chinese Academy of Science (Shanghai, 
China). SKOV3 cells were cultured in Mccoy’s 5A (Hyclone, 
USA), while all other cell lines were cultured in RPMI 

1640 (Hyclone, USA). Media was supplemented with 
10% (v/v) fetal bovine serum, 100 units/mL penicillin and  
100 μg/mL streptomycin. Cells were maintained at 37 ℃ in a 
humidified atmosphere containing 5% CO2/95% air. Cisplatin 
was purchased from Sigma-Aldrich (Louis, MO, USA). 
Female nu/nu mice (5–6 weeks old, body weight 18–20 g)  
were purchased from Shanghai Slac Laboratory Animal Co., 
Ltd. (Shanghai, China) and housed under SPF conditions. 
Animal procedures were performed in accordance to approved 
protocols established by the Animal Care and Use Committee 
of Shanghai Jiao Tong University, School of Medicine.

Western blot analysis

Cells were lysed in radioimmunoprecipitation assay 
(RIPA) buffer supplemented with phenylmethylsulfonyl 
f luoride (PMSF).  Primary human ovarian surface 
epithelium (HOSE) cell lysates were purchased from 
Pricell (Wuhan, China). Protein concentrations were 
determined using the Pierce™ BCA Protein Assay 
Kit  (Grand Is land,  NY, USA).  Equal  amounts  of 
cell lysates (10–20 μg) were resolved by SDS-PAGE  
and electro-transferred to polyvinylidene difluoride (PVDF) 
membrane (Millipore). The following antibodies were used 
for western blotting: human FOXM1 (1:100, Santa Cruz 
Biotechnology), cleaved caspase-3 (1:1,000, Cell Signaling 
Technology), PLK1 (1:1,000, Abcam), EXO1 (1:100, 
Thermo Fisher Scientific), β-actin (1:2,000, Abcam). 

Cell viability assay

Cell viability was measured using the Cell Counting Kit-8  
assay (Dojindo Molecular Technologies) as previously 
described (10). Cells were plated at a density of (2–5)×103 

cells/well on 96-well plates and subjected to different 
treatment conditions. Following 24-hour incubation at 37 ℃  
in a humidified incubator at 5% CO2/95% air, the cells 
were subsequently incubated for an additional hour with 
CCK8 reagent. Cell viability was determined by measuring 
the absorbance at 450 nm using the FL ×800 Fluorescence 
Microplate Reader (Biotek).

Flow cytometry

Apoptosis was measured using flow cytometric analysis 
of Annexin V and propidium iodide (PI) staining (BD 
Bioscience, San Jose,  CA, USA) according to the 
manufacturer’s protocol. Cells were seeded into 6-well 
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culture plates and incubated for 24 hours, then subjected to 
the indicated treatments. After treatment, cells were rinsed 
and resuspended in 100 μL binding buffer and incubated at 
room temperature for 15 min with 5 μL annexin V-FITC 
and 5 μL of PI. Cells were then analyzed using the flow 
cytometer FC500/FC500-MPL (Beckman Coulter).

Clonogenic assays

Tumor cells were subjected to different treatments for the 
indicated times and then plated in 6-well culture plates at 
the density of 500 cells/well. Following incubation at 37 ℃  
in a humidified incubator at 5% CO2/95% air for 8–10 days,  
the media was changed every 3 days. At the end of the 
culture period, cells were stained with 1% methylene blue 
in 50% methanol for 20 minutes, washed with water. Cell 
colonies were counted using the ImageJ software at the 
same settings for all treatment conditions.

Immunohistochemistry

Immunohistochemistry was performed to assess antitumor 
efficacy in vivo as described previously (18). Ki-67 (1:100, 
Abcam) and cleaved caspase-3 (1:100, CST) antibody was 
used to assess proliferation and apoptosis.

Synthesis of (D-Arg)9-p19ARF 26-44 peptide

Apeptide company (Shanghai, China) synthesized wild-type 
ARF26-44 peptide (rrrrrrrrKFVRSRRPRTASCALAFVN) 
and mutant ARF37-44 peptide (rrrrrrrrrSCALAFVN) as 
previously described (14). Both the peptides contained 
nine D-Arg (r) residues at the N terminus, which 
had been demonstrated to promote cellular uptake of  
polypeptides (19). The peptides were tagged with 
fluorescent Lissamine (TRITC) on the N terminus and 
acetylated at the C terminus. 

Promoter reporter and luciferase assays

Mutant and wild-type pGL3-FHRE2 reporter constructs 
were generated as described previously (10). Luciferase 
activity was measured following the luciferase assay system 
protocol (Promega).

Murine xenograft model

Female BALB/c nude mice (6–8 weeks old; body weight 

18–20 g) were purchased from Shanghai Laboratory 
Animal Co., (SLAC, Shanghai, China) and housed under 
specific pathogen-free conditions. Tumor xenografts were 
established by subcutaneous inoculation of a suspension 
of SKVO3 cells (2×106/100 μL). Animals were monitored 
until tumor volume reached approximately 100 mm3. 
The Animal Care and Use Committee of Renji Hospital, 
Shanghai Jiao Tong University, School of Medicine (No. 
XS2016-005) approved the experimental protocols. All 
animal experiments were carried out in accordance with 
the UK Animals (Scientific Procedures) Act of 1986 
and associated guidelines. Animal studies adhered to the 
ARRIVE guidelines.

Therapeutic efficiency

When the SKOV3 xenograft tumor volume reached  
100 mm3, cancer-bearing mice were randomly divided into 
three groups. The three groups were then separately treated 
with intraperitoneal injection of cisplatin (5 mg/kg body 
weight every 3 days over a 21-day period) in combination 
with intra-tumoral injection with wild-type or mutant 
ARF peptide (5 mg/kg body weight, in 25 μL PBS, pH 7.4, 
every 3 days over a 21-day period), or with intraperitoneal 
injection with saline (non-treatment control). The 
therapeutic efficacy was determined by measuring tumor 
size of the xenografts. The size of the tumors were measured 
using calipers once every 3 days. The tumor volume was 
calculated according to the following formula: V = (largest 
diameter × small diameter2) × π/6. Systemic toxicity was 
evaluated by monitoring changes to body weight.

Statistical analysis

SPSS18.0 software was used for statistical analysis. Asterisks 
in each graph denotes statistically significant changes, with 
P values calculated using Student t-test*, P<0.05. P values of 
<0.05 were considered statistically significant.

Results

FOXM1 is highly expressed in ovarian cancer tissue.

Using three independent ovarian cancer datasets: 
GSE12470 (Yoshihara Ovarian) (20), Welsh Ovarian (21), 
and GSE26712 (Bonome Ovarian) (22) in Oncomine (http://
www.oncomine.org), the log2 expression levels of FOXM1 
in normal ovary and ovarian cancer tissues were plotted 
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based on the probe representing FOXM1 mRNA. As shown 
in Figure 1A,B,C, FOXM1 was consistently over-expressed 
in ovarian cancer tissue compared to normal ovary or 
normal ovary epithelium, with fold change of 18.939 in 
GSE12470, 46.736 in Welsh Ovarian and 3.1 in GSE26712. 
In addition, FOXM1 protein expression was analyzed in 
ovarian cancer and normal ovary tissue using The Human 
Protein Atlas Database (http://www.proteinatlas.org/). 
Immunohistochemistry staining using three primary 
antibodies showed that FOXM1 was expressed at medium 
to high levels in 10 of 12 samples, however, FOXM1 
expression was not detected in 3 samples of normal ovary 
tissue (Figure 1D). These data suggest that FOXM1 was 
aberrantly expressed in ovarian cancer. 

FOXM1 expression is associated with cisplatin response in 
ovarian cancer

Previous studies have shown that FOXM1 regulates 
chemo-sensit iv i ty  to DNA damaging reagents  in 
several cancers (11). To determine the relationship 
between FOXM1 expression and cisplatin response in 
ovarian cancer, we evaluated FOXM1 expression in five 
serous ovarian cancer cell lines [A2780, SKOV3, ES2,  
HO8910 (16), 3AO (17)]. Modest to robust expression of 
FOXM1 protein was detected in all cancerous cell lines but 
not in primary ovarian epithelium cells (OSE) (Figure 2A). 
The IC50 of cisplatin arranged from 12.7 to 30.1 μg/mL 
with 12.7 in ES2 cells, 17.3 in A2780 cells, 19.8 in HO8910 
cells, 23.5 in 3AO cells and 30.1 in SKOV3 cell (Figure 2B).  

Figure 1 FOXM1 is highly expressed in ovarian cancer. (A) The log2 expression of probe A_23_P151150 representing FOXM1 in 
GSE12470 (Yoshihara Ovarian); (B) the log2 expression of probe U74612_at representing FOXM1 in Welsh Ovarian; (C) the log2 expression 
of probe 202580_x_at representing FOXM1 in GSE26712; (D) representative images of FOXM1 expression in normal ovary and ovarian 
cancer by immunohistochemistry staining.
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More importantly, FOXM1 expression in the cell lines 
was positively correlated with the IC50 of cisplatin. The 
correlation index (Pearson correlation) was 0.857 (P<0.05) 
(Figure 2C). Together, these results indicated that FOXM1 
expression was associated with cisplatin response in ovarian 
cancer cell lines.

ARF peptide inhibits expression of FOXM1 downstream 
target genes in SKOV3 cell line

Previous studies have demonstrated that membrane-
transducing (D-Arg)9-p19ARF peptide inhibited FOXM1 
transcriptional activity in human osteosarcoma U2OS  
cells (14), and induced apoptosis in human hepatoma 
HepG2 cells (15). We investigated whether ARF peptide 
had similar effect in ovarian cancer cells. First, ARF peptide 
with TRITC tag was synthesized and cell permeability of 
the peptides was evaluated in SKOV3 cells with high IC50 
of cisplatin and high expression of FOXM1 (Figure 3A). As 
expected, the ARF peptide penetrated the cell membrane 
and translocated into the nucleus of SKOV3 cells after 
incubation for 12 hours (Figure 3B). When cell viability 
was measured in SKOV3 cells treated with wild-typed 
or mutant peptides, the wild-type peptide was found to 
inhibit SKOV3 cell growth with an IC50 of 25 μM, while 
the mutant peptide only showed minor inhibition for cell 
proliferation (Figure 3C). To confirm previous reports that 
FOXM1 could regulate the transcription of PLK1 (3), 
EXO1 (9) and whether the ARF-derived peptide could 
inhibit FOXM1 transcriptional activity (15), we measured 
PLK1 and EXO1 gene expression in SKOV3 cells. QPCR 

and Western blot analysis demonstrated that PLK1 and 
EXO1 expression was downregulated at both the mRNA 
and protein level after treatment with 5 μM wild-type 
ARF peptide but had a minimum effect on cell viability 
(Figure 3D,E). This result suggested that ARF peptide 
could directly target the transcription of PLK1 and EXO1 
and that downregulation of gene expression was not due to 
fewer viable cells. In addition, reporter assays demonstrated 
that the ARF peptide affected luciferase activity in wild-type 
pGL3-FHRE2 constructs having the EXO1 promoter, but 
not in the mutant FHRE2 construct (Figure 3F). The results 
demonstrate that the ARF peptide could suppress FOXM1 
transcriptional activity in SKOV3 cells. 

ARF peptide sensitizes ovarian cancer to cisplatin in vitro

Since FOXM1 expression levels are associated with 
cisplatin response in ovarian cancer, and ARF peptide 
could inhibit FOXM1 transcriptional activity in SKOV3 
cells, we hypothesized that the ARF peptide could sensitize 
ovarian cancer cells to cisplatin in vitro. To test this, 
SKOV3 cells were incubated with 5 μM ARF peptide for 
24 hours, then treated with cisplatin for an additional  
24 hours. Then cell viability was normalized to the OD450 
value of cells treated with peptide alone to eliminate 
any growth inhibitory effect of the peptide. The results 
showed that cells pretreated with wild-type peptide were 
more sensitive to cisplatin compared to cells pretreated 
with mutant peptide (~22.4 vs. ~31.7 μg/mL) (Figure 4A). 
In addition, colony formation was evaluated in SKOV3 
cells treated with peptides in the presence or absence of 

Figure 2 FOXM1 expression is inversely correlated with cisplatin sensitivity. (A) Lysates from indicated ovarian cancer cell lines and HOSE 
cells were subjected to western blot analysis for FOXM1 expression; (B) indicated cells were plated at density of 3,000–8,000/well in 96-well  
plate, then treated with cisplatin for 24 hours. Cell viability was detected by CCK8 assay; (C) dot plot showing the correlation between 
FOXM1 expression and IC50 for each cell line examined. HOSE, human ovarian surface epithelium.
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cisplatin. Wild-type peptide pretreated cells exhibited 
attenuated colony formation ability after cisplatin treatment 
(19.6%±6.40% vs. 40.4%±9.1%), with peptide treatment 
alone showing minimal effects on colony formation 
(Figure 4B,C). Apoptosis analysis by flow cytometry also 
showed that apoptosis was significantly higher in cells 
pretreated with wild-type peptide compared to mutant 
peptide (36.5%±3.0% vs. 20.7%±3.5%), however peptide 

treatment alone did not induced notable apoptosis  
(Figure 4D,E). Consistent with this, western blot analysis 
showed significant enhanced expression of cleaved caspase-3 
in wild-type ARF pretreated cells (Figure 4F). These results 
indicate that ARF peptide could sensitize SKOV3 cells to 
cisplatin treatment, and increased cell apoptosis induced 
by cisplatin contributed, at least partially, to enhancing 
cytotoxicity in cells pretreated with ARF peptide.

Figure 3 ARF peptide inhibits expression of FOXM1 downstream target genes in SKOV3 cells. (A) The schematic structure of p19ARF 

protein and the sequence of the ARF peptide; (B) SKOV3 cells were plated in 6-well plates and treated with TRITC-peptide for 12 hours. 
Images were captured with bright light in phase contrast or with excitation at 532 nm laser; (C) SKOV3 cells were plated in 6-well plates 
and treated with increasing concentrations of wild-type or mutant TRITC-peptide for 48 hours. The response curve for the indicated 
peptide in SKOV3 cells are shown; (D) SKOV3 cells were treated the same as in (C), then mRNA expression of PLK1 and EXO1 were 
analyzed by QPCR; (E) SKOV3 cells were treated the same as in (C), then cell lysates were subjected to western blot analysis for PLK1 and 
EXO1 protein expression; (F) SKOV3 cells were transfected with the indicated construct derived from EXO1 promoter and/or siRNA, then 
treated with wild-type or mutant TRITC-peptide for 24 hours. Luciferase reporter assays were then performed and luciferase activity was 
normalized to pGL3-Basic. The results from three independent experiments were plotted. *, P<0.05. ARF, alternative reading frame.
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ARF peptide sensitizes ovarian cancer to cisplatin in vivo

In order to determine the effect of ARF peptide on tumor 
xenograft growth, mice bearing tumors were treated with 
saline, or with the combination of cisplatin and wide-type 
or mutant ARF peptide, and observed for 7 consecutive 
treatments (flow diagram shown in Figure 5A). As shown in 
Figure 5B, SKOV3 tumor growth was significantly inhibited 

in mice treated with cisplatin and mutant peptide, but, the 
combination of cisplatin with wild-type peptide produced 
significantly greater inhibition of tumor growth. There 
was no significant differences in body weight between mice 
treated with wild-type or mutant peptide (data not shown). 
To investigate the mechanism underlying the sensitization 
effect of ARF peptide observed in vitro and in vivo, we 

Figure 4 ARF peptide sensitizes SKOV3 cells to cisplatin in vitro. (A) SKOV3 cells were plated in 96-well plates at a density of 5,000/well, 
then incubated with wild-type ARF peptide or mutant peptide for 24 hours and with increasing concentration of cisplatin for an additional 
24 hours. Cell viability was measured using the CCK8 assay; (B) twenty-four hours after 5 μM of wild-type or mutant peptide treatment, 
SKVO3 cells were treated for 1 hour with 2 μg/mL cisplatin. Cells were then plated in 6-well plates. Colonies were stained and counted after 
incubation for 10 days. Results shown are representative of three independent experiments; (C) quantification as a percentage of colonies 
in cells treated with mutant peptide; (D) SKOV3 cells were plated in 6-well plates, and incubated with 5 μM of wild-type ARF peptide or 
mutant peptide for 24 hours and with cisplatin (20 μg/mL) for an additional 24 hours. Apoptosis was then measured; (E) the percentage of 
apoptotic cells for each group; (F) SKOV3 cells were plated in 6-well plates, and incubated with 5 μM of wild-type or mutant peptide for 
24 hours and with cisplatin (10 μg/mL) for an additional 24 hours. Cell lysates were collected for western blot analysis of cleaved caspase-3 
expression. *, P<0.05. ARF, alternative reading frame.
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Figure 5 ARF peptide sensitizes SKOV3 cells to cisplatin in vivo. (A) Flow diagram showing the design of the in vivo experiment; 
(B) tumor growth curve for each group based on measurements taken at 10, 13, 16, 19, 22, 26, 28 and 31 days after implantation;  
(C) immunohistochemical images of tumor tissues after the different treatments are presented for Ki67 and cleaved caspase-3 staining;  
(D) the percentage of Ki-67 or cleaved caspase3 positive cells for each group. *, P<0.05; ARF, alternative reading frame.

analyzed cancer proliferation and apoptosis in the tumors 
of treated mice (Figure 5C). Immunohistochemistry analysis 
demonstrated that the combination of cisplatin and wild-
type ARF peptide produced a significant increase in cleaved 
caspase-3 (P<0.05) and significant decrease in Ki-67 (P<0.05) 
(Figure 5D), compared to the combination of cisplatin and 
mutant peptide.

Discussion

Patients with ovarian cancer have a poor prognosis because 
of late diagnosis and unfavorable response to chemotherapy. 
Targeted therapies are currently being investigated 
to find novel strategies to overcome chemoresistance. 
The most intensively studied molecular targets include 

VEGF, EGFR, HER2, and PARP (23). Recent studies 
have shown that FOXM1, a key regulator of cell cycle 
progression, is aberrantly expressed in ovarian cancer and 
confers resistance to DNA damaging reagents including 
cisplatin (11). The p19ARF residues 26-44 were sufficient 
to inhibit FOXM1 transcriptional activity and sensitize 
breast cancer cells to Herceptin and Taxol treatment 
(7,15). We investigated whether cell-penetrating ARF 
peptide sensitizes ovarian cancer to cisplatin treatment. We 
showed that FOXM1 mRNA and protein were both highly 
expressed in ovarian cancer, and that FOXM1 expression 
levels inversely correlated with cisplatin response in ovarian 
cancer cell lines. SKOV3 cells treated with ARF peptide 
exhibited attenuated expression of FOXM1 downstream 
target genes, which may be due to the inhibition of FOXM1 
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transcriptional activity. FOXM1 sensitized ovarian cancer to 
cisplatin in vitro and in vivo.

DNA-damaging drugs including platinum compounds 
are frequently used to treat solid tumors in the clinic. 
For ovarian cancer, cisplatin is the key constituent 
of postoperative primary chemotherapy as well as a 
neoadjuvant (24). The formation of cisplatin-DNA adducts 
leads to blockage of DNA, RNA, and protein synthesis 
resulting in apoptosis if the extent of damage is beyond 
repair. However, adverse effects such as, nephrotoxicity, 
neurotoxicity and ototoxicity l imit  the dosing of  
cisplatin (25). Multiple pathways and molecules contribute 
to cisplatin resistance (26). FOXM1, which is overexpressed 
in cancer, confers resistance to DNA damaging drugs 
and genotoxic agents by enhancing DNA repair gene  
networks (11). In addition, FOXM1 protects cancer cells 
from cisplatin-induced apoptosis (27). Small molecular 
inhibitors targeting FOXM1, such as Thiostrepton and 
siomycin A, have been proven as a potential strategy to 
overcome cisplatin resistance in cancer (28). 

Peptide-based therapies have been developed for 
years with different anticancer mechanisms including 
tumor angiogenesis inhibition, tumor apoptosis or tumor 
necrosis induction, kinase activity inhibition. Several of 
these peptides have shown great promise in preclinical 
and clinical studies (29,30). In our study, ARF-derived 
peptide significantly inhibited the expression of FOXM1 
downstream target genes, and sensitized ovarian cancer cells 
to cisplatin. These results suggest that FOXM1-targeting 
peptide is a novel therapeutic strategy to improve response 
to platinum-based chemotherapy in ovarian cancer patients.

Conclusions

Our study demonstrated that FOXM1 was aberrantly 
expressed and associated with cisplatin response in ovarian 
cancer. Cell-penetrating ARF-derived peptide inhibited 
expression of FOXM1 downstream target genes PLK1 and 
EXO1 and sensitized cancer cells to cisplatin in cultured 
SKOV3 cells and xenograft models. Our findings provide 
a new treatment strategy to improve cisplatin chemo-
sensitivity in ovarian cancer. 
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