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CDKN3 knockdown reduces cell proliferation, invasion 
and promotes apoptosis in human ovarian cancer
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Abstract: Cyclin-dependent kinase inhibitor 3 (CDKN3) has been reported to promote tumor genesis. The aim of this 
study is to investigate the possible mechanisms of silence of CDKN3 exerting the suppressive role on epithelial ovar-
ian cancer (EOC). To study the potential function of CDKN3 enrolled in the regulation of ovarian tumor, we monitored 
the EOC cells SKOV3 and HO8910 behaviors including proliferation, cell cycle, apoptosis and invasion. First, we 
found that CDKN3 was frequently over-expressed in EOC. Functional studies showed that silence of CDKN3 inhib-
ited cancer cell proliferation by promoting cell cycle progression in G1 phase, decreased cell invasion and promoted 
EOC cells apoptosis. Western blot analysis of CDKN3-silence cells revealed down-regulation of DNA-replication and 
cell cycle related proteins. And, a significant correlation level of CDKN3 was observed which has been demonstrated 
to be a novel oncogene. These findings indicated that CDKN3 might serve as a useful potential target for treatment 
of ovarian cancer.
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Introduction

Ovarian cancer is complex disease composed 
of different types. Epithelial ovarian cancer 
(EOC) is the leading cause of death from gyne-
cologic malignancies in women and accounts 
for 4% of all cancers [1]. Each year, despite the 
medical and surgical improvements, the long-
term survival remains poor and has high rates 
of recurrence [2]. Till now, the prognosis and 
treatment of ovarian cancer are still unfavor-
able, which are associated with unsatisfactory 
prognosis and high mortality [3, 4]. The initia-
tion and progression of EOC still poorly under-
stand [5]. Therefore, there is an urgent require-
ment to investigate the molecular mechanisms 
underlying ovarian tumorgenesis and identify 
novel therapeutic and diagnostic strategies 
against this disease.

Cyclin-dependent kinase inhibitor 3 (CDKN3, 
also called CDI1 or KAP) belongs to the protein 
phosphatases family, plays a key role in regu-
lating cell division [6-8]. Chromosomal map-
ping describes the sites of gene encoding 
CDKN3 protein is located on 14q22 [9]. CDKN3 

is showed essential for mitosis and down-regu-
lated in brain tumors, has also been suggested 
to function in some of other cancers [8, 10]. 
High expression gene CDKN3 inhibited cell 
cycle that associated with hepatitis/cirrhosis 
and hepatocellular cancer [11]. Over-expression 
of CDKN3 significantly enhances cell prolifera-
tion, xenograft tumor growth and resistance to 
apoptosis in renal cancer cells and associated 
with poorly differentiated [12]. In leukemic 
cells, CDKN3 acted as a tumor suppressor that 
delayed G1/S transition in Bcr-Abl-induced 
tumorigenesis [13]. This gene has been report-
ed to be deleted or over-expressed in some of 
cancers, but the expression and biological func-
tions of CDKN3 in human ovarian cancer remain 
to be elucidated. As so, more work is needed to 
dissect the role of the CDKN3 in ovarian 
cancer.

In this study, we aimed to assess the role of 
CDKN3 in ovarian cancer. We found that CDKN3 
was over-expressed in ovarian cancer. Firstly, 
we found that knockdown of CDKN3 was 
involved in cell proliferation, apoptosis and 
invasion. And western blot showed that siRNA-
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CDKN3 notably inhibited the cell cycle and DNA 
replication signal pathways related protein. 
These data suggest that CDKN3 is a potential 
targeted anticancer therapeutics of ovarian 
cancer.

Materials and methods

Cell culture and treatment

A2780, SKOV3, OVCAR3, HO-8910, CAOV3 and 
3AO cells are human ovarian cancer cells. All 
cells were obtained from the Shanghai Cell 
Bank, Chinese Academy of Sciences (Shanghai, 
China). Cells were cultured in DMEM supple-
mented with 10% fetal bovine serum, 100 µ/ml 
penicillin and 100 μg/ml streptomycin, and 
incubated in a humidified atmosphere at 37°C 
with 5% CO2.

siRNA tranfection

SKOV3 and HO-8910 cells were seeded in anti-
biotic-free medium the day before tranfection. 
The cells were transfected that knockdown of 
CDKN3 according to the instructions provided 
by the manufacturer. After 48 hours, the trans-
fected cells were collected and processed for 
real-time PCR, western blot, proliferation, cell 
cycle, apoptosis and invasion assay.

Real-time PCR

Total RNA was isolated from transfected cells 
using Trizol reagent (Invitrogen, Shanghai, 
China). Real-time PCR was performed using a 
standard SYBR Green PCR kit protocol on ABI 
7300. The PCR primers for CDKN3 were 5’- 
AGCTGCACATCTATCATC-3’ (forward) and 5’-CAC- 
TGGTGGTTTCATTTC-3’. The primers for GADPH 
were 5’-CACCCACTCCTCCACCTTTG-3’ (forward) 
and 5’-CCACCACCCTGTTGCTGTAG-3’ (reverse).

Western blot

Cultured or transfected cells were harvest and 
washed twice with PBS. Proteins was run on 
10% SDS-PAGE gel and transferred electropho-
retically to a membrane. The blots were blocked 
with 5% skim milk, followed by incubation with 
antibodies specific against CDKN3, GADPH, 
MCM2, MCM6, PCNA and CDK2. Blots were 
then incubated with goat anti-mouse or anti-
rabbit secondary antibody (Beyotime, Shanghai, 
China) and visualized using enhanced chemilu-
minescence (ECL, Thermo Scientific, Shanghai, 
China).

Cell proliferation assay

Cell viability was assessed by Cell Counting Kit 
(CCK) -8 (Tongren, Shanghai, China). Briefly, 
4×103 cells were seeded in each 96-well plate, 
and further incubated for 24 and 48 hours, 
respectively. CCK-8 reagent was added to each 
well at 1 h before the endpoint incubation. The 
optical density (OD) 450 nm values in each well 
were determined by a microplate reader. 
Experiments were repeated at least three 
times.

Cell cycle assay

After 48 h of CDKN3 transfection, cells were 
harvest and cell cycle distribution was analyzed 
using flow cytometry (FACSCalinur, BD Bio- 
sciences).

Cell apoptosis assay

Cells were collected after CDKN3 transfection 
for 48 h, and stained using annexin V-fluorescein 
isothiocyanate and apoptosis rates were 
analyzed.

Cell invasion assay

For transwell assay, after tranfected for 24 h, 
1×105 SKOV3 cells in serum-free RMPI-1640 or 
HO-8910 cells in DMEM were seeded into the 
upper chambers of each well coated with 
Matrigel. DMEM (RMPI-1640) containing 1% 
FBS was placed in the lower chambers as a 
chemoattractant. After 48 h of incubation, cells 
on the upper membrane surface were wiped 
off, and fixed with 100% methanol and stained 
with 0.5% crystal violet. The number of invasive 
cells was then counted under a microscope.

Statistical analysis

Experimental data were presented as mean ± 
SD of at least three independent replicates 
through analyzing with GraphPad Prism 5.0 
(San Diego, CA, USA) and assessing compari-
sons between different groups by the student’s 
t test. Differences were considered significant 
at values of P<0.05.

Results

Over-expression of CDKN3 is frequent in ovar-
ian cancer

To study the biological role of CDKN3 in OC, we 
first detect the expression levels of CDNK3 in 
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65 ovarian cancer patients’ tissues. As shown 
in Figure 1A, CDKN3 expression level was high-
er in OC tissues compared with adjacent nor-
mal tissue control. To validate this observation, 
we reanalyzed microarray data from TCGA data-
sets confirmed this over-expression of CDKN3 
(P<0.001, Figure 1B).

Silence of CDKN3 represses OC cell prolifera-
tion

Having documented significantly up-regulation 
of CDKN3 in ovarian cancer tissues, we wonder 
how CDKN3 affects ovarian cancer cell biologi-
cal behavior. We analyzed CDKN3 expression in 

Figure 1. Over-expression of CDKN3 in ovarian cancer. A. Real-time PCR detected the CDKN3 expression level in 65 
ovarian cancer tissues and their adjacent normal tissues. B. The expression level of CDKN3 investigated from TCGA 
dataset. C. Expression of CDKN3 in 6 ovarian cancer cell lines detected by real-time PCR.

Figure 2. Knockdown of CDKN3 inhibits the proliferation of ovarian cancer cells. Cell growth was assessed using 
CCK-8 assay. A. The OD value was detected in SKOV3 cells after tranfection. B. The OD value was detected at 24, 
48 and 72 h in HO-8910 cells.
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Figure 3. Flow cytometry showing that knockdown of CDKN3 could promote G1 phase transition. A. The cell cycle transition in SKOV3 cells. B. Cell cycle transition 
in SKOV3 cells.
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Figure 4. Knockdown of CDKN3 decreased cell invasion on ovarian cancer. A. Knockdown of CDKN3 in SKOV3 
notably inhibited cell invasion. B. Silencing CDKN3 of HO-8910 cells significantly inhibited cell invasion. Data were 
based at least 3 independent experiments, **P<0.01.
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Figure 5. siRNA-CDKN3 induces cell apoptosis in OC cells. SKOV3 and HO-8910 cells were transfected and collected. A. Apoptosis rates were analyzed in SKOV3 
cells using flow cytometry. B. Apoptosis rates were analyzed in HO-8910 cells.
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Figure 6. CDKN3 regulated the expression of protein in SKOV3 and HO-8910 cells. A. Gene Set Enrichment Analysis (GSEA) identified cell cycle and DNA replication 
signaling pathway associated with CDKN3 in TCGA ovarian cancer dataset. B. Western blot showed the expression levels of MCM2 and MCM6 in SKOV3 and HO-
8910 cell lines. C. Cells were transfected, followed by western blot analysis for PCNA and CDK2.
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6 ovarian cancer cell lines, A2780, SKOV3, 
OVCAR3, HO-8910, CAVO3 and 3AO cells by 
western blot (Figure 1C). CDKN3 was expressed 
in higher level in SKOV3 and HO-8910 cells 
compared with other cell lines. Then, CDKN3 
knockdown were treated into SKOV3 and 
HO-8910 cells respectively. Cell proliferation 
was analyzed using CCK-8 assay. And shown in 
Figure 2A and 2B, CDKN3 knockdown induced 
great inhibition on cell growth compared with 
MOCK in both cells.

To further validate the cell proliferation inhibi-
tion of CDKN3, cell cycle was analyzed in 
SKOV3 and HO-8910 cells (Figure 3). Cell cycle 
analysis revealed that silencing CDKN3 notably 
increased the rate of G1 phase cells and 
reduced S phase cell population in both cell 
lines. The result indicated that silencing CDKN3 
in ovarian cancer cells may inhibited cell prolif-
eration by arresting cell cycle progression in G1 
phase.

Knockdown of CDKN3 on OC decreased cells 
invasion

To determine whether CDKN3 is involved in cell 
invasion, transwell assay was then performed. 
The result showed the inhibited invasive ability 
in siRNA-CDKN3 cells (Figure 4).

Inhibition of CDKN3 induces cell apoptosis in 
OC cells

Till now, most of studies about CDKN3 mainly 
focus on its function of cell proliferation, and 
other functions of this gene are largely 
unknown. Then, we evaluated the apoptotic 
function of CDKN3 in SKOV3 and HO-8910 
cells by Annexin V-FITC/PI staining assay. As 
shown in Figure 5, flow cytometry analysis 
revealed that inhibition of CDKN3 in cells sig-
nificantly induced cell apoptosis compared to 
corresponding mock shRNA in both SKOV3 and 
HO-8910 cells.

Western blot

Cells were harvested, and total proteins were 
extracted. Proteins were run on 10% SDS-PAGE 
gel and transferred to nitrocellulose mem-
brane. The blots were blocked with 5% skim 
milk, followed by incubation with antibodies 
against CDKN3, MCM2, MCM6, PCNA, CDK2 
and GADPH. Blots were then incubated with 

goat anti-mouse or anti-rabbit secondary anti-
body and visualized using enhanced chemilu-
minescence (ECL, Millipore) (Figure 6).

Discussion

Ovarian cancer generally presents in advanced 
stages with a high case ratio. The majority of 
women with ovarian cancer will develop recur-
rent disease and need surgical [14]. At present, 
the treatment methods include chemotherapy, 
surgery and radiation [15]. CDKN3 was identi-
fied with high levels in breast and prostate can-
cers by using a phosphatase PCR strategy [10]. 
In heaptocellular cancer, functional studies 
showed that CDKN3 is also over-expressed and 
can promote cell proliferation [16]. However, 
the functional implication and prognostic value 
of CDKN3 in ovarian cancer have been poorly 
defined.

Here, we found that CDKN3 was over-expressed 
in ovarian cancer. Among several ovarian cell 
lines, CDKN3 was found expressing notably in 
SKOV3 and HO-8910 cells. Therefore, this two 
cell lines were determined for further investiga-
tion. CDKN3 siRNA could effectively inhibited 
proliferation and invasion, induced apoptotic in 
ovarian cancer cells. To further elucidate the 
molecular mechanism of CDKN3 involved in, 
we performed GSEA to identify associated with 
signaling pathways. Cell cycle and DNA replica-
tion pathways play crucial role in the process of 
ovarian cancer cells.

The role of CDKN3 on cell proliferation has 
been well studied [17]. MCM2 and MCM6 is 
member of MCM family. MCM (minichromo-
some maintenance proteins) is composed of at 
least six subunits, including MCM2, MCM3, 
MCM4, MCM5, MCM6 and MCM7, which play 
an important role in DNA replication and exten-
sion [18]. And ensure DNA replication occurs 
only once in the cell cycle [19]. In cervical can-
cer cells, the research indicated that MCM2 
and MCM6 were over-expressed [20]. Then we 
detected the DNA replication related proteins 
MCM2 and MCM6 expression. Moreover, PCNA 
and CDK2 two cell cycle related proteins were 
also detected. The results showed that the pro-
teins expression were significantly decreased 
when CDKN3 knockdown in ovarian cells.

In summary, our results have shown that 
CDKN3 is frequently up-regulated in ovarian 
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cancer. The functional data strongly suggest 
that CDKN3 behaves an oncogene in ovarian 
cancer. Furthermore, CDKN3 is related to cell 
cycle and DNA replication signaling pathways. 
CDKN3 can act as a potential prognostic mark-
er and therapeutic target in ovarian cancer.

Acknowledgements

This study was supported by grants from the 
National Natural Science Foundation of China 
(No. 81460394, 81060217) and the Education 
Program Foundation of Jiangxi Province (No. 
GJJ14034).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yuanfang Zhu, 
Department of Obstetrics and Gynecology, The First 
Affiliated Hospital of Nanchang University, 17 
Yongwaizheng Street, Nanchang 330006, Jiangxi, P. 
R. China. Tel: 86-721-8692748; E-mail: yuanfang-
zhu31@163.com

References

[1] Jemal A, Siegel R, Xu J and Ward E. Cancer sta-
tistics, 2010. CA Cancer J Clin 2010; 60: 277-
300.

[2] Marchetti C, Pisano C, Facchini G, Bruni GS, 
Magazzino FP, Losito S and Pignata S. First-
line treatment of advanced ovarian cancer: 
current research and perspectives. Expert Rev 
Anticancer Ther 2010; 10: 47-60.

[3] Vaughan S, Coward JI, Bast RC, Berchuck A, 
Berek JS, Brenton JD, Coukos G, Crum CC, 
Drapkin R and Etemadmoghadam D. 
Rethinking ovarian cancer: recommendations 
for improving outcomes. Nat Rev Cancer 2011; 
11: 719-725.

[4] Lowe KA, Chia VM, Taylor A, O’Malley C, Kelsh 
M, Mohamed M, Mowat FS and Goff B. An in-
ternational assessment of ovarian cancer inci-
dence and mortality. Gynecol Oncol 2013; 
130: 107-114.

[5] Mok SC, Kwong J, Welch WR, Samimi G, Ozbun 
L, Bonome T, Birrer MJ, Berkowitz RS and 
Wong KK. Etiology and pathogenesis of epithe-
lial ovarian cancer. Dis Markers 2007; 23: 
367-376.

[6] Malumbres M and Barbacid M. Cell cycle, 
CDKs and cancer: a changing paradigm. Nat 
Rev Cancer 2009; 9: 153-166.

[7] Rossi AG, Sawatzky DA, Walker A, Ward C, 
Sheldrake TA, Riley NA, Caldicott A, Martinez-
Losa M, Walker TR and Duffin R. Cyclin-

dependent kinase inhibitors enhance the reso-
lution of inflammation by promoting inflamma-
tory cell apoptosis. Nat Med 2006; 12: 1056-
1064.

[8] Nalepa G, Barnholtz-Sloan J, Enzor R, Dey D, 
He Y, Gehlhausen JR, Lehmann AS, Park SJ, 
Yang Y and Yang X. The tumor suppressor 
CDKN3 controls mitosis. J Cell Biol 2013; 201: 
997-1012.

[9] Demetrick DJ, Matsumoto S, Hannon GJ, 
Okamoto K, Xiong Y, Zhang H and Beach DH. 
Chromosomal mapping of the genes for the 
human cell cycle proteins cyclin C (CCNC), cy-
clin E (CCNE), p21 (CDKN1) and KAP (CDKN3). 
Cytogenet Cell Genet 1995; 69: 190-192.

[10] Lee SW, Reimer CL, Fang L, Iruela-Arispe ML 
and Aaronson SA. Overexpression of kinase-
associated phosphatase (KAP) in breast and 
prostate cancer and inhibition of the trans-
formed phenotype by antisense KAP expres-
sion. Mol Cell Biol 2000; 20: 1723-1732.

[11] Wang L, Sun L, Huang J and Jiang M. Cyclin-
dependent kinase inhibitor 3 (CDKN3) novel 
cell cycle computational network between hu-
man non-malignancy associated hepatitis/cir-
rhosis and hepatocellular carcinoma (HCC) 
transformation. Cell Prolif 2011; 44: 291-299.

[12] Lai MW, Chen TC, Pang ST, Yeh CT. 
Overexpression of cyclin-dependent kinase-
associated protein phosphatase enhances cell 
proliferation in renal cancer cells. Urol Oncol 
2012; 30: 871-878.

[13] Chen Q, Chen K, Guo G, Li F, Chen C, Wang S, 
Nalepa G, Huang S and Chen JL. A critical role 
of CDKN3 in Bcr-Abl-mediated tumorigenesis. 
PLoS One 2014; 9: e111611.

[14] Chi DS, McCaughty K, Diaz JP, Huh J, 
Schwabenbauer S, Hummer AJ, Venkatraman 
ES, Aghajanian C, Sonoda Y and Abu-Rustum 
NR. Guidelines and selection criteria for sec-
ondary cytoreductive surgery in patients with 
recurrent, platinum-sensitive epithelial ovarian 
carcinoma. Cancer 2006; 106: 1933-1939.

[15] Singh S, Armstrong A, Robke J, Waggoner S 
and Debernardo R. Hyperthermic Intra-
Thoracic Chemotherapy (HITeC) for the man-
agement of recurrent ovarian cancer involving 
the pleural cavity. Gynecol Oncol Case Rep 
2014; 9: 24-25.

[16] Xing C, Xie H, Zhou L, Zhou W, Zhang W, Ding S, 
Wei B, Yu X, Su R and Zheng S. Cyclin-
dependent kinase inhibitor 3 is overexpressed 
in hepatocellular carcinoma and promotes tu-
mor cell proliferation. Biochem Biophys Res 
Commun 2012; 420: 29-35.

[17] Yu Y, Jiang X, Schoch BS, Carroll RS, Black PM 
and Johnson MD. Aberrant splicing of cyclin-
dependent kinase-associated protein phos-
phatase KAP increases proliferation and mi-

mailto:yuanfangzhu31@163.com
mailto:yuanfangzhu31@163.com


CDKN3 knockdown in huamn ovarian cancer

4544 Int J Clin Exp Pathol 2015;8(5):4535-4544

gration in glioblastoma. Cancer Res 2007; 67: 
130-138.

[18] Giaginis C, Vgenopoulou S, Vielh P and 
Theocharis S. MCM proteins as diagnostic and 
prognostic tumor markers in the clinical set-
ting. Histol Histopathol 2010; 25: 351-370.

[19] Kelly TJ and Brown GW. Regulation of chromo-
some replication. Annu Rev Biochem 2000; 
69: 829-880.

[20] Malinowski DP. Minichromosome Maintenance 
(MCM) Proteins as Tumor Markers: The 
Detection of MCM Proteins as Markers of 
Aberrant S-Phase Entry in Cervical Neoplasia. 
Tumor Markers Research Focus 2007; 47.


