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Abstract: Aberrant histone methylation contributes to the progression and development of 

many tumors. Histone methylation is a dynamic process regulated by both histone demethy-

lase and histone methyltransferase, which ultimately alters the levels of gene transcription. 

However, the relationship between histone demethylase and histone methyltransferase, as well 

as their regulatory mechanisms in ovarian cancer development, is still unclear. Lysine-specific 

demethylase 2B (KDM2B) is a key demethylase of H3K36me3 and H3K4me3 that regulates 

gene expression and plays a role in tumorigenesis via epigenetic mechanisms. To determine 

the expression pattern of KDM2B in ovarian neoplasms, we analyzed the mRNA and protein 

levels of KDM2B and the histone methyltransferase enhancer of zester homolog 2 (EZH2) 

in normal, benign, borderline, and malignant ovarian tissue samples. We found that KDM2B 

expression was gradually increased in ovarian tumors, with the highest expression found in 

the malignant ovarian tissues, and the differences in KDM2B expression among the different 

International Federation of Gynecology and Obstetrics stages and pathological grades/types were 

statistically significant. Moreover, KDM2B expression was positively correlated with EZH2 

expression in ovarian tissues. To determine the role of KDM2B in tumorigenesis in vitro and 

in vivo, we silenced KDM2B expression in ovarian cancer cells using the KDM2B short hairpin 

RNA expression lentivirus and established a nude mouse xenograft model. Downregulation 

of endogenous KDM2B decreased the expression of EZH2 and reduced the proliferation and 

migration of ovarian cancer cells. Loss of KDM2B suppressed ovarian tumor formation in vivo. 

Our results suggest that KDM2B plays an important role in the tumorigenesis of ovarian cancer, 

with a possible mechanism of increasing the expression of the oncogene EZH2; this indicates 

that certain histone methyltransferase may be positively regulated by certain histone demethylase 

in the epigenetic regulation of ovarian tumors. KDM2B may be a novel therapeutic target for 

the clinical treatment of ovarian cancer.
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Introduction
Epigenetic mechanisms, including DNA methylation, non-coding RNA regulation, 

chromatin remodeling, and histone modification, have been demonstrated to be involved 

in regulating many normal physiological functions of eukaryotic cells. Therefore, epige-

netic changes in any part of cellular regulation may lead to cell functional abnormality 

and cause many diseases.1 In some studies, tumor suppressor gene hypermethylation, 

genome-wide loss of DNA methylation, and histone modification were considered to 
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be closely related to tumorigenesis.2,3 Studies have reported 

that aberrant histone modification plays important roles in the 

progression and development of many tumors, which have 

been characterized by abnormal methylation/acetylation of 

amino acid residues in histones.4,5

Histone methylation is a dynamic process that can 

influence the interaction of histones with other functional 

proteins by dynamic regulation between histone demethylase 

and histone methyltransferase, ultimately altering the level 

of gene transcription.6 However, the relationship between 

histone demethylase and histone methyltransferase, as well 

as their regulatory mechanism in tumor development, is 

still unclear.

The oncogenic potential epigenetic regulator lysine-

specific demethylase 2B (KDM2B), which is a member of 

the JmjC domain-containing histone demethylase (JHDM) 

family, has recently drawn a great deal of attention.7,8 KDM2B 

regulates gene transcription via the demethylation of dimethyl 

histone H3 lysine 36 (H3K36me2) and trimethyl histone H3 

lysine 4 (H3K4me3).9 Some studies have indicated that the 

abnormal expression of KDM2B inhibits tumor suppressor 

genes and promotes oncogene expression, thereby contrib-

uting to uncontrolled cell growth and possibly leading to 

tumorigenesis.10,11 However, the roles of histone demethylase 

KDM2B during ovarian cancer progression are still unclear.

Enhancer of zester homolog 2 (EZH2) is a key enzyme 

subunit of polycomb repressive complex 2 that acts as a 

histone methyltransferase of histone H3 lysine 27 (H3K27). 

The methylated H3K27 leads to epigenetic silencing of 

target genes.12 Multiple studies have shown that EZH2 is an 

oncoprotein involved in the progression of many malignant 

tumors.13–15 In breast and ovarian cancers, highly expressed 

EZH2 is associated with a poor prognosis for patients.16,17 

In our previous study, we found that EZH2 expression was 

significantly increased in ovarian carcinoma compared with 

normal tissues. Moreover, EZH2 blocking suppressed the 

migration and invasion capability of ovarian cancer cells 

both in vitro and in vivo.18

Karoopongse et al found that EZH2 expression in myelo-

dysplastic syndrome cells was decreased after KDM2B 

knockdown.19 This result suggests that EZH2 expression may 

be regulated by KDM2B. Therefore, we hypothesize that the 

histone demethylase KDM2B can regulate histone methyl-

transferase EZH2 expression and contribute to the progres-

sion of ovarian cancer. To prove our hypothesis, we examined 

KDM2B and EZH2 expression in normal ovarian tissue, 

benign tumor, borderline tumor, and ovarian carcinoma 

and analyzed the correlation of their expression with the 

clinicopathological characteristics of ovarian carcinoma 

and the relationship between KDM2B and EZH2 expres-

sion. Furthermore, we demonstrated the role of KDM2B in 

the regulation of EZH2 gene expression, as well as in the 

proliferation and migration of ovarian cancer cells in vitro 

and in vivo; the preliminary results revealed potential regula-

tory relationships between certain histone demethylases and 

certain histone methyltransferases in ovarian cancer.

Materials and methods
Ovarian tissue samples
A total of 153 ovarian tissue samples were obtained from 

patients who underwent surgery between December 2009 

and June 2015 in First Affiliated Hospital of Guangxi 

Medical University (Nanning, People’s Republic of China). 

The samples included 20 cases of normal ovarian tissue, 

33 cases of benign ovarian tumor (15 serous cystadenomas 

and 18 mucous cystadenomas), 21 cases of borderline tumor 

(14 serous cystadenomas and 7 mucous cystadenomas), 

70 cases of epithelial ovarian cancer (42 serous adeno-

carcinomas, 20 mucous adenocarcinomas, 6 endometrioid 

carcinomas, and 1 squamous carcinoma), and 10 cases of 

non-epithelial ovarian cancer (4 granulosa cell tumors, 

2 immature teratomas, 1 thecoma, 1 yolk sac tumor, 1 dys-

germinoma, and 1 androblastoma).

The normal ovarian specimens were from patients with 

uterine myoma or adenomyosis who underwent adnexec-

tomy. The histological type of all specimens was confirmed 

by pathological examination. None of the patients underwent 

chemotherapy or radiotherapy before the surgery, and the sur-

gical staging of malignant tumor was determined according 

to the International Federation of Gynecology and Obstetrics 

(FIGO) guidelines. All the enrolled patients signed written 

informed consent forms for this study, and the study was 

approved by the Institutional Research Ethics Committee 

of Guangxi Medical University.

cell lines
The ovarian cancer cell lines, SKOV3 and A2780, were 

obtained from the China Center for Type Culture Collection 

(CCTCC, Wuhan, People’s Republic of China). A2780 cells 

were derived from a patient with primary ovarian adeno-

carcinoma, and SKOV3 cells were derived from malignant 

ascites of a patient with aggressive ovarian cancer. Both cell 

lines were cultured in RPMI-1640 media (Hyclone, Logan, 

UT, USA) with 10% fetal bovine serum (Thermo Fisher 

Scientific, Waltham, MA, USA) and maintained at 37°C in 

a humidified atmosphere of 5% CO
2
.
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immunohistochemistry
Formalin-fixed, paraffin-embedded tissue sections were used 

for immunohistochemistry (IHC) analysis. Ovarian tissue 

sections were deparaffinized with xylene and rehydrated in 

graded ethanol. Antigen retrieval was performed by boiling 

tissue sections in 10 mM sodium citrate buffer (pH 6.0) for 

5 min. Following this, the sections were immersed in 3% 

H
2
O

2
 for 10 min to inactivate endogenous peroxidase. After 

non-specific antigen sites had been blocked, tissue sections 

were incubated with goat anti-KDM2B antibody (1:100 dilu-

tions; Abcam, Cambridge, MA, USA) or rabbit anti-EZH2 

antibody (1:50 dilution; Abcam) overnight at 4°C. Immu-

nostaining was performed with diaminobenzidine using the 

streptavidin–biotin complex/horseradish peroxidase method, 

and hematoxylin was used for counterstaining.

ihc staining analysis
Positive expression was defined as cells presenting brownish 

yellow granules located in the nucleus and cytoplasm. Five 

visual fields containing the most concentrated positive cells 

were observed under a ×100 optical microscope. One hundred 

cells in the same fields under a ×400 optical microscope were 

chosen for calculating the staining intensity and average 

percentage of positive cells in each field (×400). The staining 

intensity was scored as follows: non-staining, light yellow, 

brownish yellow, and dark brown colors were graded as 

1, 2, 3, and 4, respectively. For the average percentages of 

positive cells, 0–25%, 26%–50%, 51%–75%, and more than 

75% were scored as 1, 2, 3, and 4, respectively. The scores 

of staining intensity and the average percentage of positive 

cells were multiplied, and scores of 0–4, 4–8, 8–12, and 

12–16 were considered negative (−), weak (+), moderate 

(++), and strong (+++), respectively. Weak, moderate, 

and strong expressions were all considered to represent 

positive expression.

KDM2B short hairpin rna lentiviral 
construction and cell transduction
KDM2B short hairpin RNA (shRNA) was designed and 

synthesized according to the KDM2B gene sequences 

(GenBank Accession Number: NM_032590). The sequence 

of KDM2B siRNA oligonucleotides was 5′-TTCTTCA 

AACGCTGTGGAA-3′. The sequence of negative control 

siRNA oligonucleotides was 5′-TTCTCCGAACGTG 

TCACGT-3′. After annealing reaction in a polymerase 

chain reaction (PCR) instrument, shKDM2B and shNC 

fragments were cloned into an shRNA expression vector 

(Genechem, Shanghai, People’s Republic of China) and 

used for lentivirus packaging. Lentiviral transduction of 

A2780 and SKOV3 cells was performed according to the 

manufacturer’s protocol.

rna isolation and real-time 
quantitative Pcr
Total RNA was extracted from ovarian tissue samples or 

cultured cells using TRIzol reagent (Invitrogen, Carlsbad, CA, 

USA) according to the manufacturer’s instructions. KDM2B 

and EZH2 cDNA were synthesized using a PrimeScript™ 

RT reagent kit (TAKARA Bio Inc., Kyoto, Japan). The 

forward and reverse primer sequences for KDM2B mRNA 

detection were 5′-CTCACTGCTGTTGGCACCAC-3′ and 

5′-TGCTTGCAGTACCTCAGGTCAATA-3′, respectively. 

The forward and reverse primer sequences for EZH2 mRNA 

detection were 5′-TTGTTGGCGGAAGCGTGTAAAATC-3′ 
and 5′-TCCCTAGTCCCGCGCAATGAGC-3′, respec-

tively. The sequences of the β-actin forward and reverse 

primers were 5′-GTCCACCGCAAATGCTTCTA-3′ 
and 5′-TGCTGTCACCTTCACCGTTC-3′, respectively. 

The real-time PCR reaction was performed in an Applied 

Biosystems 7300 Real-time PCR system (Applied Biosys-

tems, Foster City, CA, USA).

The final volume of each reaction was 20 µL, containing 

0.6 µL of 10 µM primer, 1.5 µL of cDNA sample, 7.3 µL of 

RNase-free water, and 10 µL of SYBR-Green Real-time PCR 

Master Mix (Rox; Roche Diagnostics GmbH, Mannheim, 

Germany). Reactions were performed according to the 

following cycling conditions: initial denaturation at 95°C for 

10 min, followed by 40 cycles of 95°C for 15 s, and 60°C for 

1 min. The relative KDM2B and EZH2 mRNA levels were 

calculated using the comparative threshold cycle (Ct) method 

(2−ΔΔCt) normalized by β-actin expression. All experiments 

were repeated three times.

Protein extraction and Western blot
Total cell lysates of A2780 and SKOV3 cells were obtained 

using radioimmunoprecipitation assay buffer (Millipore, Bil-

lerica, MA, USA) according to the manufacturer’s protocol. 

The total protein concentrations of each sample were measured 

via bicinchoninic acid assay (Beyotime, Shanghai, People’s 

Republic of China). Forty micrograms of total proteins were 

denatured in boiling water for 5 min and separated with 10% 

sodium dodecyl sulfate–polyacrylamide gel electrophoresis. 

The separated proteins were transferred onto polyvinylidene 

fluoride membrane, blocked with freshly prepared 5% bovine 

serum albumin for 2 h, and then incubated with rabbit anti-

KDM2B polyclonal antibody (1:1,000 dilution; Millipore) 
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or rabbit anti-EZH2 polyclonal antibody (1:1,000 dilution; 

Abcam) for 24 h at 4°C. Fluorescent dye-conjugated anti-

rabbit secondary antibody (1:15,000 dilution; Cell Signaling, 

Danvers, MA, USA) was used for detecting the primary 

antibodies for 1 h at room temperature. After washing three 

times with TBST, protein bands were visualized using the 

Odyssey infrared fluorescence scanning imaging system 

(LI-COR Biosciences, Lincoln, NE, USA).

cell proliferation assay
Cell proliferation assay was performed using a cell counting 

kit-8 (CCK-8) (Dojindo, Kumamoto, Japan) according to the 

manufacturer’s instructions. Briefly, 48 h after lentivirus trans-

fection, A2780 and SKOV3 cells were seeded into 96-well 

plates at a density of 3,000 cells/well in sextuplicate and cul-

tured at 37°C in a 5% CO
2
 atmosphere. CCK-8 was added into 

the 96-well plates and incubated for 1 h; the optical densities of 

each well were then detected at 450 nm in a microplate reader 

every 24 h for 5 days. Cell growth curves were generated by 

calculating the average optical density of each day.

Wound healing assay
A wound healing assay was performed to analyze the 

migration ability of ovarian cancer cells. A2780 or SKOV3 

cells (1×104 cells/well) were seeded into 96-well plates 

and cultured at 37°C in 5% CO
2
 atmosphere. After a confluent 

cell layer had formed, a 10 µL tip was used to draw a line 

at the bottom of the 96-well plates. Cells were washed with 

phosphate-buffered saline (PBS) and cultured in serum-free 

medium. Scratch widths in the same visual field were mea-

sured at 0, 12, 24, and 48 h. The experiment was performed 

in triplicate.

Transwell migration assay
For transwell migration assay, cells (1×106/well) were resus-

pended with 100 µL of serum-free RPMI-1640 medium after 

trypsinization and then seeded into the upper chambers of the 

transwell inserts (Corning Costar, Cambridge, MA, USA). 

Following this, 600 µL of RPMI-1640 complete medium was 

added to the lower chambers, and the plates were incubated 

for 24 h at 37°C in a 5% CO
2
 atmosphere. Migrated cells 

on the bottom surface of the membrane were fixed with 

methanol and stained with 0.1% crystal violet. Cell numbers 

were counted after randomly selecting 5 high-power fields 

(×400) under the microscope, and the average number of 

cells was used for assessing migration ability. All assays 

were repeated three times.

cell cycle analysis
A2780 cells were trypsinized, collected by centrifugation at 

1,000 g for 5 min, and fixed with 70% ethanol at 4°C for 3 h 

after washing twice with PBS. The fixed cells were washed 

with PBS, resuspended in 100 µL of RNase A, and incubated 

for 30 min at 37°C. After the cells had been incubated with 

400 µL of propidium iodide in the dark for 30 min at 4°C, 

the cell cycle was analyzed using flow cytometry.

in vivo cancer growth of ovarian cancer 
in a xenograft model
An ovarian carcinoma xenograft model was employed to 

investigate the effect of KDM2B downregulation in tumori-

genesis. Ten 5-week-old female nude mice were divided into 

two groups (five mice/group), which were subcutaneously 

injected with 1×106 shKDM2B-A2780 cells or shNC-A2780 

cells into the dorsal flank, respectively. Tumor volumes 

were measured every week, and after the mice had devel-

oped cachexia symptoms, xenografts were removed for 

further study. Each tumor was analyzed for KDM2B and 

EZH2 mRNA and protein levels by real-time quantitative 

PCR (RT-qPCR) and Western blot analysis. This animal 

experiment was approved by the Animal Experimental 

Ethics Committee of Guangxi Medical University. The 

care of laboratory animals and animal experimentation have 

conformed to the administration rules of laboratory animals 

of the Animal Experimental Ethics Committee of Guangxi 

Medical University.

statistical analyses
All data were processed using SPSS 13.0 statistic software 

(IBM Corp., Armonk, NY, USA). The data were evaluated 

using analysis of variance and Student’s t-test. The chi-

square test and Fisher’s exact test were employed to assess 

the association between KDM2B and EZH2 expression and 

clinicopathological characteristics (age, histological type, 

tumor grade, FIGO stage, and lymph node metastasis) of 

ovarian cancer. Correlations between KDM2B and EZH2 

mRNA expression were assessed using Pearson’s correlation 

test. P,0.05 was defined as statistically significant.

Results
KDM2B and eZh2 were highly expressed 
in ovarian cancer
To determine the expressions of KDM2B and EZH2 in 

ovarian carcinoma, IHC was performed on 153 ovarian 

tissue specimens. Figure 1A shows the representative IHC 

staining of KDM2B and EZH2 in normal, benign, borderline, 
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and malignant tissue specimens. KDM2B expression was 

observed in 10.00% of normal ovarian tissue specimens 

(2/20), 50.00% of benign tumors (16/32), 63.64% of bor-

derline tumors (14/22), and 73.75% ovarian cancer (59/80), 

with a statistical significance of P,0.001 (χ2=28.332). 

Moreover, EZH2 expression was positive in 72.50% (58/80) 

ovarian cancer, which was higher than the observed 63.64% 

(14/22) in borderline tumors, the 56.25% (18/32) in benign 

Figure 1 expression of KDM2B and eZh2 in different ovarian tissue specimens. (A) KDM2B and eZh2 expression in the normal tissue, benign tumor, borderline tumor, and 
ovarian carcinoma (×200 magnification). (B) KDM2B mrna relative levels in the normal tissue, benign tumor, borderline tumor, and ovarian carcinoma. (C) eZh2 mrna 
relative levels in the normal tissue, benign tumor, borderline tumor, and ovarian carcinoma. (D) eZh2 expression was positively correlated to KDM2B (r=0.832, P,0.001).
Abbreviations: KDM2B, lysine-specific demethylase 2B; EZH2, enhancer of zester homolog 2.
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tumors, and the 20% (4/20) in normal tissues. There was 

a statistically significant difference among the groups 

(χ2=18.954, P,0.001; Table 1).

Fluorescent RT-qPCR was used for determining mRNA 

levels of KDM2B and EZH2 in 12 normal ovarian tissue 

specimens, 15 benign tumors, 10 borderline neoplasms, 

and 25 ovarian carcinomas, which were randomly selected. 

We observed that compared with normal ovarian tissue 

samples, KDM2B mRNA expression level in benign, 

borderline, and malignant tissue samples was increased by 

2-fold (21.19), 12-fold (23.62), and 20-fold (24.32), respectively 

(P,0.001). Similarly, EZH2 mRNA expression level was 

increased by 1.6-fold (20.66) in benign tumors, 2.4-fold 

(21.25) in borderline tumors, and 3.9-fold (21.95) in malignant 

tumors (P,0.001). There were significant differences in 

KDM2B and EZH2 expression levels among normal ova-

ries, benign tumors, borderline tumors, and ovarian cancers 

(Figure 1B and C).

eZh2 expression was positively 
correlated to KDM2B
The correlation between KDM2B and EZH2 was further 

analyzed using Pearson correlation analysis. We observed that 

high expression of KDM2B contributed to the increased level 

of EZH2, and EZH2 was positively associated with KDM2B 

in 62 randomly selected ovarian samples, with a statistical 

significance level of P,0.001 (r=0.832; Figure 1D).

KDM2B and eZh2 expression is 
associated with the clinicopathological 
features of ovarian carcinoma patients
We analyzed the relationship between KDM2B or EZH2 

expression and the clinicopathological features of malig-

nant tissues from 80 ovarian carcinoma patients (Table 2). 

Our results indicated that KDM2B was expressed in 78.57% 

(55/70) of epithelial ovarian and 40% (4/10) of non-epithelial 

Table 1 KDM2B and eZh2 protein expression in different ovarian tissue specimens

Variable KDM2B protein EZH2 protein

Positive Negative χ2 P-value Positive Negative χ2 P-value

normal tissues 2 18 28.332 0.000 4 16 18.954 0.000
Benign tumors 16 16 18 14
Borderline tumors 14 8 14 8
Ovarian carcinomas 59 21 58 22

Abbreviations: KDM2B, lysine-specific demethylase 2B; EZH2, enhancer of zester homolog 2.

Table 2 KDM2B and eZh2 expressions are associated with the clinicopathological features of ovarian carcinoma patients

Clinicopathological 
features

KDM2B protein EZH2 protein

Positive Negative χ2 P-value Positive Negative χ2 P-value

age (years) 2.369 0.124 0.529 0.467
,48 25 13 29 9
$48 34 8 29 13

histological types 0.018a 0.023a

epithelial carcinoma 55 15 54 16
serous 32 10 29 13
Mucinous 11 9 14 6
Other types 5 2 6 1
non-epithelial carcinoma 4 6 4 6

histological grade 10.055 0.002 13.537 0.000
g1/g2 24 17 23 18

(Poorly/highly differentiated)
g3 35 4 36 3

(Poorly differentiated)
FigO stage 12.597 0.000 22.452 0.000

i/ii stage 24 18 21 21
iii/Vi stage 35 3 37 1

lymph node metastasis 7.845 0.005 12.079 0.001
no 30 18 28 20
Yes 29 3 30 2

Note: aFisher’s exact test.
Abbreviations: KDM2B, lysine-specific demethylase 2B; EZH2, enhancer of zester homolog 2; FIGO, International Federation of Gynecology and Obstetrics.
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ovarian cancers (P=0.018). The positive expression of 

KDM2B was found in 58.54% (24/41) of the moderately 

and highly differentiated (G1/G2) ovarian cancer patients 

and in 89.74% (35/39) of the poorly differentiated (G3) 

ovarian cancer patients (χ2=10.055, P=0.002). Mean-

while, KDM2B expression was found in 92.11% (35/38) 

of patients with stages III/IV, representing a higher propor-

tion than that found in patients with stages I/II, where it 

was expressed in 57.14% (24/42) of patients (χ2=12.597, 

P,0.001). In terms of lymph node metastasis, KDM2B 

expression was detected more frequently in the group 

with lymph node metastasis (90.63%, 29/32) than in the 

group without lymph node metastasis (62.50%, 30/48; 

χ2=7.845, P=0.005).

Similarly, the EZH2-positive rates in epithelial and 

non-epithelial ovarian carcinoma were 77.14% (54/70) 

and 40% (4/10), respectively (P=0.023). In G3-differentiated 

cancer, the EZH2-positive rate was 92.31% (36/39), which 

was higher than in G1/G2-differentiated cancer, where the 

EZH2-positive rate was 56.10% (23/41). The difference 

was statistically significant (χ2=13.537, P,0.001). The 

expression of EZH2 was observed in 50% (21/42) of 

patients in stages I/II, while in the patients with III/VI stages, 

the EZH2-positive rate was 97.37% (37/38; χ2=22.452, 

P,0.001). For lymph node metastasis, the EZH2-positive 

rate in the patients without metastasis was 58.33% (28/48), 

and this increased to 93.75% (30/32) in patients who had 

lymph node metastasis (χ2=12.079, P=0.001). However, 

neither KDM2B nor EZH2 expression was associated with 

patients’ age. These results demonstrated that KDM2B and 

EZH2 positivity in ovarian carcinoma was significantly 

associated with the tumor histological type, tumor grade, 

FIGO stage, and lymph node metastasis but not with 

patients’ age.

KDM2B knockdown decreased eZh2 
expression in a2780 and sKOV3 ovarian 
cancer cells
To investigate the effect of KDM2B on EZH2 expression in 

A2780 and SKOV3 cells, we selectively silenced the KDM2B 

gene via the lentiviral expression vector of KDM2B shRNA. 

The inhibition efficiency of KDM2B and the expression of 

EZH2 were subsequently detected by RT-qPCR and Western 

blot analysis. The lentiviral shNC expression vector was 

regarded as a negative control, and cells that were not trans-

duced with the lentiviral expression vector were regarded as 

a blank control. KDM2B mRNA in shKDM2B-A2780 was 

reduced by 81.93%±4.56% compared with untransduced 

A2780 cells (P,0.001), while KDM2B mRNA levels of 

shNC-A2780 and untransduced cells were not significantly 

different (P.0.05). In shKDM2B-SKOV3 cells, the KDM2B 

mRNA level was reduced by 70.66%±6.19%, which was 

lower than that in shNC-SKOV3 or untransduced cells 

(P,0.001; Figure 2A). There were no significant differ-

ences between negative and blank controls (P.0.05). 

Furthermore, we found that the EZH2 mRNA levels were 

decreased by 42.31%±5.76% in shKDM2B-A2780 cells and 

32.65%±6.52% in shKDM2B-SKOV3 cells after KDM2B 

knockdown (P,0.001; Figure 2B).

KDM2B and EZH2 protein levels in A2780 and SKOV3 

cells were further confirmed by Western blot analysis. Simi-

larly, compared with untransduced A2780 and SKOV3 cells, 

KDM2B protein levels were decreased by 35.01%±9.96% 

and 26.11%±5.17% in shKDM2B-A2780 and shKDM2B-

SKOV3 cells, respectively (P=0.005 and 0.001; Figure 2C 

and D). Meanwhile, the EZH2 protein levels were decreased 

by 23.79%±4.07% and 21.81%±4.36% in shKDM2B-A2780 

and SKOV3 cells compared with those in shNC-A2780 and 

shNC-SKOV3 or untransduced A2780 and SKOV3 cells 

(P=0.005 and 0.001; Figure 2E).

KDM2B silencing reduced proliferation 
capability of ovarian cancer cell lines
To evaluate the effect of KDM2B knockdown on cell prolif-

eration, CCK-8 assay was performed. Based on the results of 

the CCK-8 assay, the cell growth curves demonstrated that 

the proliferation ability of shKDM2B-A2780 and shKDM2B-

SKOV3 cells was significantly reduced on days 2, 3, 4, and 5 

compared with that of the shNC-A2780, shNC-SKOV3, 

and untransduced cells. These differences were statistically 

significant (P,0.001; Figure 3A and B). Our results indi-

cated that the proliferation capability of ovarian cancer was 

suppressed by KDM2B downregulation.

We speculated that KDM2B was involved in ovarian 

cancer proliferation through cell cycle regulation. To confirm 

our hypothesis, we further performed cell cycle analysis using 

flow cytometry. The result showed that KDM2B depletion 

induced a slight G1 arrest in ovarian cancer cells, indicating 

that KDM2B may contribute to cell cycle progression from 

phase G1 to S (Figure 3C–E). shKDM2B-A2780 cells 

were characterized by a slight but significant increase of 

the percentage of cells in phase G0/G1 (P,0.05), while the 

percentage of cells in the S and G2/M phases was reduced 

(P,0.05). These data revealed that KDM2B was a cell cycle 

regulator that participated in controlling the proliferation 

capability of ovarian cancer cells.
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KDM2B deficiency repressed cell 
migration in ovarian cancer cells
The role of KDM2B in ovarian cancer cell migration was 

subsequently analyzed by wound healing assay and tran-

swell migration assay. Wound healing assay revealed that 

the scratch healing rates of shKDM2B-A2780 cells were 

14.12%±4.60% at 24 h and 22.72%±4.83% at 48 h, which 

were low compared with those of shNC-A2780 and untrans-

duced A2780 cells at the same time points (P=0.002, 

P,0.001; Figure 4A and B). For shKDM2B-SKOV3 cells, 

the scratch healing rates at 24 h and 48 h were 9.94%±2.64% 

and 23.30%±4.68%, respectively, which were lower than 

those of shNC-SKOV3 and untransduced SKOV3 cells at the 

same time points (P,0.001, P,0.001; Figure 4C and D).

Transwell migration assay produced similar results. Com-

pared with shNC-A2780 and shNC-SKOV3 cells, the migration 

ability of shKDM2B-A2780 and shKDM2B-SKOV3 cells 

to cross an 8 µm pore size polycarbonate membrane was 

significantly inhibited when KDM2B was knocked down 

(P,0.001, P,0.001; Figure 4E–H). There was no significant 

difference between untransduced A2780 cells and shNC-

A2780 cells (P.0.05), as well as untransduced SKOV3 cells 

and shNC-SKOV3 cells (P.0.05). The results demonstrated 

that KDM2B knockdown could repress ovarian cancer cell 

migration in vitro.

KDM2B silencing inhibited ovarian 
tumorigenesis in vivo
To further investigate the function of KDM2B on ovarian 

tumorigenesis, we employed a nude mouse xenograft 

model. We focused our attention on the A2780 cell line, 

which easily allowed stable transfection. shKDM2B-A2780 

Figure 2 KDM2B knockdown decreased eZh2 expression in a2780 and sKOV3 cells. (A) KDM2B mrna in shKDM2B-a2780 cells and shKDM2B-sKOV3 cells were 
reduced after KDM2B knockdown (P,0.001). (B) eZh2 mrna level was decreased in shKDM2B-a2780 cells and in shKDM2B-sKOV3 cells after KDM2B knockdown 
(P,0.001). (C) Western blot analysis of KDM2B and eZh2 protein levels in a2780 and sKOV3 cells. (D) KDM2B protein levels were decreased in shKDM2B-a2780 and 
shKDM2B-sKOV3 cells after KDM2B knockdown (P=0.005 and P,0.001). (E) The eZh2 protein levels were decreased in shKDM2B-a2780 and sKOV3 cells (P=0.005 and 
P=0.001). all assays were repeated three times.
Abbreviations: KDM2B, lysine-specific demethylase 2B; EZH2, enhancer of zester homolog 2.
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or shNC-A2780 cells were inoculated into the dorsal 

flank of five nude mice in each group. The tumor sizes 

of each group were measured every week, and we found 

that KDM2B knockdown inhibited tumor growth in nude 

mice after 4 weeks (P,0.001; Figure 5A and B). The RT-

qPCR and Western blot results indicated that the EZH2 

mRNA and protein level decreased in shKDM2B-A2780 

cells compared with shNC-A2780 cells. There was a 

significant difference between the two groups (P,0.001, 

P,0.001; Figure 5C–E). These results demonstrated that 

KDM2B depletion could inhibit ovarian tumorigenesis by 

EZH2 suppression.

Figure 3 Decreased cell proliferation was detected with the CCK-8 cell counting kit and flow cytometry after KDM2B silencing. (A) The growth curve indicated that the 
optical densities of shKDM2B-a2780 were lower than those of the untransduced a2780 cells and shnc-a2780 on days 2, 3, 4, and 5. The differences were statistically 
significant (P,0.001). (B) The growth curve indicated that the optical densities of shKDM2B-sKOV3 were reduced on days 2, 3, 4, and 5 compared with untransduced 
sKOV3 and shnc-sKOV3 cells, with a statistical difference of P,0.001. (C) cell cycle analysis of shnc-a2780 shows the g1-, g2-, and s-phase cells. (D) cell cycle analysis 
of shKDM2B-a2780 shows the g1-, g2-, and s-phase cells. (E) The percentages of shnc-a2780 and shKDM2B-a2780 in the g0/g1 (P,0.001), s (P=0.001), and g2/M 
phases (P=0.012) were determined by three replicates. all assays were repeated three times.
Abbreviations: CCK-8, cell counting kit-8; KDM2B, lysine-specific demethylase 2B.
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Figure 4 cell migration was reduced after KDM2B knockdown. (A) scratch healing rates of a2780 cells decreased at 24 h and 48 h after KDM2B knockdown (P,0.05). 
(B) representative pictures of wound healing assay of a2780 cells (×100 magnification). (C) scratch healing rates of sKOV3 cells decreased at 24 h and 48 h after KDM2B 
knockdown (P,0.001). (D) representative pictures of wound healing assay of sKOV3 cells (×100 magnification). (E) Penetrated cell numbers of a2780 cells were reduced 
after KDM2B silencing (P,0.001). (F) representative results of transwell assay of a278 cells after KDM2B silencing. (G) Penetrated cell numbers of sKOV3 cells were 
reduced after KDM2B silencing (P,0.001). (H) representative results of transwell assay of sKOV3 cells after KDM2B silencing. all assays were repeated three times. 
scale bar =100 µm.
Abbreviation: KDM2B, lysine-specific demethylase 2B.

Discussion
Ovarian carcinoma, a malignant genital tumor, threatens the 

health and life of many women due to its poor prognosis. 

Although studies on ovarian cancer are increasingly performed, 

its precise molecular mechanism is still not fully understood. 

Carcinogenesis depends on alterations of multiple genes, 

steps, and stages involving oncogene activation and tumor 

suppressor inactivation. Epigenetic regulation comprises DNA 
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methylation, histone modifications, chromatin remodeling, 

and non-coding RNA regulation, which plays an important 

role in many physical or pathological processes, such as cell 

growth, cell apoptosis, drug resistance, and the self-renewal 

of stem cells.20–23

Multiple studies have indicated that epigenetic alteration 

may be an important molecular mechanism contributing to 

the development and progression of many malignant tumors. 

Villalba et al observed an increased level of DNA methylation 

in oncogene promoter regions in lung cancer tissue.24 

Abnormal expression of microRNAs has been reported in 

gastric cancer,25 breast cancer,26 and glioblastoma,27 and this 

is associated with a poor prognosis.

Histone demethylase KDM2B belongs to the JHDM 

family. The protein encoded by the KDM2B gene contains 

JmjC domain, CXXC motif, PHD domain, proline-rich region, 

and leucine-rich repeat. Among them, the JmjC domain is the 

active center that can catalyze the demethylation of H3K36me2 

and H3K4me3.28–31 Recently, some studies have suggested 

that KDM2B regulates gene expression in a JmjC-dependent 

Figure 5 Ovarian tumor growth was inhibited after KDM2B repression in vivo. (A) Tumor volume of the shKDM2B-a2780 group in the nude mouse xenograft model was 
significantly decreased compared with tumors obtained from the shNC-A2780 group. (B) Tumor volume of the shKDM2B-a2780 group in nude mouse xenograft model 
was significantly decreased compared to tumors present in the shNC-A2780 group at 3 and 4 weeks (P=0.024 and P,0.001). (C) KDM2B and eZh2 mrna expression was 
repressed in the shKDM2B-a2780 group compared with the shnc-a2780 group (P,0.001). (D) Western blot analysis of KDM2B and eZh2 protein in shnc-a2780 and 
shKDM2B-a2780 groups. (E). eZh2 protein expression was repressed in the shKDM2B-a2780 group compared with the shnc-a2780 group (P,0.001). all assays were 
repeated three times.
Abbreviations: KDM2B, lysine-specific demethylase 2B; EZH2, enhancer of zester homolog 2.
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manner and may be involved in tumorigenesis; thus, it has 

gradually received increasing research attention.25,32 KDM2B 

overexpression in mouse embryonic fibroblasts (MEFs) 

induces cellular proliferation and inhibits apoptosis, leading 

to the immortalization of normal cells.7

Our study demonstrated for the first time that the expres-

sion level of KDM2B in normal ovarian tissue, benign 

tumor, borderline tumor, and ovarian carcinoma was gradu-

ally increased and closely associated with the histological 

type, tumor grade, FIGO stage, and lymph node metastasis. 

Moreover, KDM2B gene silencing using lentiviral vectors 

suppressed the proliferation and migration of ovarian cancer 

cells in vitro and in vivo. These results demonstrated that 

KDM2B plays an important role in the development and 

progression of ovarian cancer and could be regarded as a 

genetic marker of tumor malignancy.

Kottakis et al found that RNA interference in KDM2B 

reduced the numbers of cell colonies and inhibited cell 

cycle progression in breast cancer.8 Moreover, Tzatsos et al 

discovered that KDM2B was highly expressed in pancreatic 

cancer compared with normal pancreatic tissue and was 

associated with the poorly differentiated type and aggressive 

disease.33 These findings are in agreement with our results. 

However, other researchers reported suppression of KDM2B 

in certain tumors. Frescas et al confirmed that the expression 

of KDM2B in human glioblastoma was low.34 They also 

observed that KDM2B could disturb the proliferation and 

metabolism of tumor cells by repressing the transcription 

of ribosomal RNA genes and concluded that KDM2B acts 

as a tumor suppressor gene in human glioblastoma. Taking 

these results together, we speculate that the biological func-

tions of KDM2B are distinct in different histological types 

of tumors, and the exact mechanism needs to be studied in 

the future.

EZH2 is another key epigenetic regulator that represses 

transcription by promoting methylation of H3K27 in target 

genes. Many studies have shown that EZH2 overexpression 

can be detected in multiple malignant tumors, including 

prostate cancer,35 breast cancer,36 cervical cancer,37 pancreatic 

cancer,38 gastric cancer,39 and bladder cancer,40 and that it 

behaves as an oncogene during carcinogenesis. In our previ-

ous research, we found an increased level of EZH2 in ovarian 

cancer tissue, while the proliferation ability of ovarian cancer 

cells was significantly restrained when EZH2 was depleted.18 

Although there has been plenty of research on the roles of 

EZH2 in cancer formation, how EZH2 is regulated is rarely 

discussed. Ma et al discovered that microRNA-26a decreased 

the expression of EZH2 in hepatoma cells.41 Moreover, 

Yang et al confirmed that cyclin E and cyclin-dependent 

kinase-2 could promote EZH2 activity by enhancing its 

phosphorylation after protein translation.42

Tzatsos et al found that depletion of KDM2B in MEFs 

leads to EZH2 reduction.43 In ovarian cancer, however, their 

relationships have not been studied previously. Our research 

indicates that EZH2 expression is gradually increased with 

increasing levels of ovarian tumor malignancy and is associ-

ated with histological type, tumor grade, FIGO stage, and 

lymph node metastasis in malignant tissue. Furthermore, 

KDM2B expression is positively correlated with EZH2. 

Repressing the expression of KDM2B in ovarian cancer 

cells significantly lessened the amount of EZH2. This sug-

gests that EZH2 may be one of the target genes affected 

by the epigenetic regulation of KDM2B. Therefore, in the 

progression of ovarian tumor, high KDM2B expression may 

indirectly increase the level of H3K27me3 in the promoter 

regions of cancer-related genes by regulating EZH2, thereby 

influencing the transcription of these target genes and contrib-

uting to tumorigenesis. Our results preliminarily illustrated 

the regulatory relationship between KDM2B and EZH2 in 

ovarian cancer. However, the specific mechanisms by which 

KDM2B regulates EZH2 need to be further explored.

Conclusion
The increased expression of KDM2B in ovarian cancer was 

associated with histological type, tumor grade, FIGO stage, 

and lymph node metastasis, and it was positively correlated 

with EZH2. KDM2B depletion reduced the expression of 

EZH2 in ovarian cancer and suppressed the capability of cell 

proliferation and migration in vitro. Our study confirmed the 

role of KDM2B in EZH2 epigenetic regulation in ovarian can-

cer for the first time, preliminarily revealing that certain histone 

methyltransferase is positively regulated by certain histone 

demethylase in the epigenetic regulation of ovarian tumors. 

KDM2B may be a potential genetic marker for ovarian cancer 

diagnosis and a novel molecular target for clinical therapy.
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