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Abstract: Cervical cancer is an important cause of cancer-related mortality and often has a poor prognosis be-
cause of its late diagnosis, aggressive local invasion, early metastasis, and poor response to chemotherapy and 
radiotherapy. It is expected that development of new strategies to block the tumorigenesis process will improve the 
disease prognosis. In this study, we tested our hypothesis that JMJD2A, a histone demethylase, may regulate cervi-
cal cancer cell motility, and silencing of it adversely affects cell biological characteristics. We used JMJD2A small in-
terfering RNA (siRNA) to silence its expression in a cervical cancer cell line to determine whether JMJD2A regulates 
cell proliferation, migration and invasion in vitro. JMJD2A was overexpressed in cervical cancer tissue and cells, 
and its expression level was related to histological differentiation; the poorer the tissue differentiation, the higher 
the expression of JMJD2A. Furthermore, JMJD2A knockdown led to reduced SiHa cervical cancer cell proliferation, 
migration and invasion. Our results suggest that JMJD2A could be a novel therapeutic target in cervical cancer.
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Introduction

Worldwide, cervical cancer is the third most 
common cancer in women, with an estimated 
530,000 new cases and 275,000 deaths each 
year [1]. Considering its 51% mortality rate, cer-
vical cancer has become a public health con-
cern. Although advanced cervical cancer can 
be treated by radical surgery, radiotherapy and/
or chemotherapy, have limited effects, and 
some patients with high-risk factors still have 
an unfavorable prognosis [2]. Therefore, new 
treatment strategies, diagnostic molecular 
markers and cancer therapeutic targets may 
prove useful in improving the prognosis of cer-
vical cancer patients. More recently, a number 
of Jumonji-domain-containing histone lysine 
demethylases (KDMs) have been identified that 
can demethylate trimethylated lysine residues 
of histone proteins [3-5]. The Jumonji domain-2 
(JMJD2) family of KDMs consists of four mem-
bers, Jmjd2A-D. JMJD2A, also named JHDM3A 
or KDM4A, demethylates histone 1.4 on lysine 
26 as well as histone 3 on lysines 9 and 36 [6]. 
Histone modifications are important due to 
their role in chromatin structure and organiza-
tion. Alterations in these modifications can acti-

vate oncogenes and inactivate tumor suppres-
sor genes that ultimately result in uncontrolla-
ble proliferation [7]. Recently, a growing number 
of studies have shown that JMJD2A is closely 
related to the development of different tumors, 
including breast [8, 9], bladder [10], prostate 
[11] and colon [12] cancer. These results sug-
gest that over-regulation of JMJD2A plays a role 
in the development of cancer in diverse tissues. 
However, the relationships between JMJD2A 
and cervical cancer have not been reported.

Like other epigenetic changes histone modifica-
tions are promising drug targets because they 
can be reversed relatively easily through che-
motherapeutic intervention compared to genet-
ic changes [13]. RNAi is a post-transcriptional 
regulation and provides a rapid means of 
depleting mRNAs by introducing double-strand-
ed RNA homologous to a particular message 
leading to its sequence-specific degradation 
[14]. 

In this study, to investigate how JMJD2A regu-
lates cervical cancer progression and/or metas-
tasis, we examined various effects of transient 
JMJD2A silencing by RNAi on a human cervical 
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cancer cell line. We found that silencing JMJD2A 
decreased cell proliferation, migration and 
invasion.

Material and methods

Tissue specimens

Tissue specimens consisting of 82 cases of 
cervical cancer and 20 normal cervical tissues 
were obtained from the Department of 
Pathology, Second Affiliated Hospital of Harbin 
Medical University after obtaining approval 
from the local ethics committees and informed 
consent from the patients. 

Specimens were acquired from December 
2007 to December 2012, and the stages and 
histological grades of the tumors were estab-
lished according to the criteria of the 
International Federation of Gynecology and 
Obstetrics (FIGO). All cervical cancer samples 
were classified as squamous cervical cancer. 
No patient had received radiotherapy, chemo-
therapy, or other treatment prior to surgery. 
Patient characteristics are summarized in  
Table 1.

Immunohistochemistry

Immunohistochemistry was performed on sec-
tions of human cervical cancer tissue using 
previously reported procedures [15]. Tissue 
blocks were cut into 4-mm sections, which 
were stained with JMJD2A antibodies. All 
stained tissue sections were then graded by 
two independent pathologists, and separate 
scores were given to each sample based on: (1) 

plemented with 10% fetal bovine serum (FBS, 
Gibco, Invitrogen, Carlsbad, CA, USA), 1% peni-
cillin-streptomycin (Gibco, Invitrogen). JMJD2A 
siRNA and negative control siRNA were pur-
chased from Qiagen (Hilden, Germany) and 
were transiently transfected into SiHa cells 
using the Lipofectamine 2000 reagents (Invi- 
trogen), following the manufacturer’s instruc-
tions. Transfection compounds were assigned 
into three groups as follows: blank control 
group (without any treatment); siRNA control 
group (transfected with the JMJD2A siRNA); 
and negative control group (transfected with 
the negative control siRNA). Cells were then 
incubated for 48 h, followed by RNA and protein 
extraction.

Quantitative real-time PCR

Total RNA was extracted from cultured cells by 
Trizol Reagent (Invitrogen Life Technologies, 
Carlsbad, CA, USA). A reverse transcription kit, 
the one-step Prime Script RT reagent Kit 
(TaKaRa, Dalian, China), was used for the syn-
thesis of cDNA. Quantitative RT-PCR (qRT-PCR) 
for miRNAs was performed using the AccuPower 
2X GreenStar qPCR Master Mix (Bioneer, 
Daejeon, Korea) in an Bio-Rad CFX96 Real-
Time System. The sequences of forward and 
reverse oligonucleotide primers, specific to 
JMJD2A and housekeeping genes, were 
designed using Primer5 software. The primers 
were as follows: 

JMJD2A: F: GTGGTCTTCATTACCTGCTTTCGG; R: 
GGACCAAACTGGAGACAGTCCTGG; GAPDH: F: 
AACCCCAAGGCCAACCGCGAGAAGATGACC; R: 
GGTGATGACCTGGCCGTCAGGAGCTCGTA.

Table 1. Relationship between JMJD2A expression in cervical 
cancer tissues and clinicopathological features
Variable Cases JMJD2A Expression
Age < 40 years 29 19 0.646

≥ 40 years 53 32
Tumor SIZE < 4 cm 52 32 0.872

≥ 4 cm 30 19
Histological differentiation Well 28 15 0.057

Moderate 32 25
Poor 22 11

FIGO stage I 42 25 0.876
II 30 20
III 6 4
IV 4 2

tissue positivity, that is, the per-
centage of tissue staining positive 
(0-100%), and (2) the intensity of 
positively stained cells (0, none; 1, 
weak; 2, moderate; and 3, strong). 
Final score was calculated from a 
combination of intensity and per-
centage score. The total score 
ranged from 0 to 9.

Cell culture and transfection

Human cervical cancer cell line 
SiHa (Shanghai Cell Bank, China) 
was routinely cultivated in a com-
plete growth medium comprising 
Dulbecco’s Minimal Eagle’s Medi- 
um (HyClone, Logan, UT, USA) sup-
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Primers were synthesized by Sangon Biotech- 
nology Co. Ltd. (Shanghai, China). The PCR con-
ditions were: denaturation at 95°C for 10 min, 
40 cycles at 95°C for 10 s, 55°C for 30 s, and 
72°C for 30 s. Threshold cycle (Ct), which cor-
relates inversely with the target mRNA levels, 
was calculated using the second derivative 
maximum algorithm. 

Western blotting

After transfection, total protein was extracted 
from cells with lysis buffer (Beyotime, Shanghai, 
China) containing a 1% dilution of the protease 
inhibitor PMSF (Beyotime). We determined the 
protein concentration with a BCA Protein Assay 

Kit (Pierce, Rockford, IL, USA). Proteins (40 µg) 
were loaded onto 10% SDS-polyacrylamide 
gels, and separated proteins were transferred 
to PVDF membranes. After blocking the mem-
brane with 5% milk proteins for 2 h at room 
temperature, the membrane was incubated 
with monoclonal rabbit anti-human JMJD2A 
antibody (1:1000; Cell Signaling Technology, 
Danvers, MA, USA) and β-actin (1:2000; Cell 
Signaling Technology) at 4°C overnight. 
Immunolabeling was detected using an 
enhanced chemiluminescence reagent (ECL 
kit, Amersham). Western blot data were quanti-
fied using ImageJ pixel analysis (NIH Image 
software). β-Actin was used as an internal con-
trol to confirm equal protein loading. 

Figure 1. Expression of JMJD2A by immunohistochemistry in benign and malignant cervical tissue with well, moder-
ately, and poorly differentiated cervical cancer. A. JMJD2A protein expression in benign cervical tissue. B. JMJD2A 
protein expression in well-differentiated cervical cancer tissue. C. JMJD2A protein expression in moderately differ-
entiated cervical cancer. D. JMJD2A protein expression in poorly differentiated cervical cancer (all images taken at 
200× total magnification; bar indicates 50 μm). The scores for JMJD2A in tissue from well-,moderately, and poorly 
differentiated cervical cancer were 1, 4, and 9, respectively. There was no expression in benign cervical tissue.
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Cell proliferation assay

Cell proliferation was measured using Cell 
Counting Kit-8 assays (CCK-8; Dojindo Mole- 
cular Technologies, Gaithersburg, MD, USA). 
Human cervical cancer cells (2×103 cells/well) 
transfected with either negative control or 
JMJD2A siRNA were incubated in 96-well plates 
in a total volume of 100 μl/well. One day after 
seeding, the cell number was counted for the 
first time (defined as day 0) and 2 days later, 
the cell number was counted again. After 48 h 
incubation, cell growth inhibition was deter-
mined by a reduction assay as follows: 10 μl 
CCK-8 was added per well, and the cells were 
incubated for an additional 4 h and the absor-
bance at 450 nm was recorded using a 96-well 
plate reader (Infinite M200 PRO, Tecan, 
Morrisville, NC, USA). All experiments were per-
formed in triplicate.

In vitro migration and invasion assays

Cell migration and invasion assays were per-
formed using Transwell chambers (24-well, 
8-µm pore size, 6.5-mm diameter; Corning 
Costar, Cambridge, MA, USA). After transfec-
tion, cells (2×105 cells/ml) in 0.2 ml serum-free 
medium were placed in each upper chamber, 
either coated with (invasion) or without (migra-
tion) Matrigel (BD Biosciences, San Jose, CA, 
USA). Medium with 10% FBS (500 μl) was 

added to each lower chamber. After 24 h (migra-
tion) or 48 h (invasion) incubation, the cells on 
the top surface of the insert were removed by 
wiping with a cotton swab. The cells were fixed 
with 10% carbinol and stained with crystal vio-
let. The cells were counted using light micros-
copy (200× magnification). Three independent 
experiments were performed in triplicate.

Statistical analysis

Data were analyzed and expressed as mean ± 
SD for continuous variables. Associations 
among categorical variables were assessed 
using Fisher’s exact probability test or the x2 
test. Data for JMJD2A expression levels in the 
three groups were analyzed by ANOVA. Data for 
cell proliferation, migration and invasion assays 
in vitro were also analyzed by ANOVA. When the 
results of the ANOVA were significant, Dunnett’s 
test was used to assess the differences in 
these expression levels among each group. P < 
0.05 was considered statistically significant. All 
statistical analyses were performed with SPSS 
17.0 (Chicago, IL, USA).

Results

Pattern of JMJD2A expression in cervical tu-
mor 

To elucidate the expression of JMJD2A in cervi-
cal cancer tissue, we compared the degree of 
JMJD2A protein expression between benign 
and malignant cervical tissue. JMJD2A protein 

Figure 2. After transfection, expression level of JM-
JD2A protein in human cervical cancer SiHa cell 
line. Western blotting analysis and histograms show 
JMJD2A protein levels in SiHa cells. JMJD2A protein 
levels were downregulated in the siRNA group. (*P 
< 0.05, compared with blank control and negative 
control groups, respectively). 

Figure 3. Downregulation of JMJD2A resulted in cell 
proliferation inhibition. Histograms show the actual 
absorbance of the three different groups. Mean ac-
tual absorbance of the JMJD2A siRNA group was 
significantly lower than that of the blank control and 
negative control groups, respectively. (*P < 0.05).
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expression was detected in 62.2% (51/82) cer-
vical cancer, and in 25% (5/20) normal cervical 
tissue. Expression of JMJD2A was found in the 
nucleus as well as the cytoplasm. The differ-
ence in JMJD2A expression between cervical 
cancer and normal cervical tissue was signifi-
cant (x2=8.984, P < 0.05). Expression of 
JMJD2A was not related to the age, tumor size, 
histological differentiation and stage (P > 0.05). 
The poorer the tissue differentiation, the higher 

Silencing JMJD2A suppresses proliferation of 
SiHa cells

To investigate the role of JMJD2A in the prolif-
eration of cervical cancer cells, we silenced 
JMJD2A in SiHa cells by siRNA transfection, 
and examined whether JMJD2A was associated 
with cell proliferation. Figure 3 shows a signifi-
cant decrease in the proliferation rate of cells 
transfected with JMJD2A siRNA (0.483 ± 

Figure 4. A. Downregulation of JMJD2A resulted in cell migration inhibition. 
Representative images depict cell migration after JMJD2A siRNA transfec-
tion in SiHa cervical cancer cell line. Column diagram analysis for the num-
ber of SiHa cells in the migration assay. The number of cells in the JMJD2A 
siRNA group (83 ± 5.4) was significantly decreased compared with the blank 
control (141 ± 8.9) and negative control (136 ± 4.7) groups. (*P < 0.05). B. 
Downregulation of JMJD2A resulted in cell invasion inhibition. Representa-
tive images depict cell invasion after JMJD2A siRNA transfection in SiHa cer-
vical cancer cell line. Column diagram analysis for the number of SiHa cells 
in the invasion assay. The number of cells in the JMJD2A siRNA group (49 ± 
2.8) was significantly decreased compared with the blank control (84 ± 6.3) 
and negative control (82 ± 5.9) groups. (*P < 0.05). 

the expression of JMJD2A 
(Figure 1). Quantitative real-
time PCR (data not shown) 
and western blotting (Figure 
2) showed that the SiHa cell 
line expressed high levels of 
JMJD2A.

Transfection with JMJD2A 
siRNA inhibited JMJD2A 
mRNA and protein expression 
in SiHa cells

According to the results of 
real-time qRT-PCR (data not 
shown), JMJD2A mRNA expre- 
ssion levels in the siRNA con-
trol group were significantly 
lower than in the blank control 
and negative control groups, 
respectively. However, there 
was no significant difference 
between the blank control and 
negative control groups. Wes- 
tern blot analysis (Figure 2) 
showed that there was no sig-
nificant different (P > 0.05) in 
the expression of JMJD2A pro-
tein between the blank control 
(0.777 ± 0.090%) and nega-
tive control (0.709 ± 0.085%) 
groups. JMJD2A protein expre- 
ssion in the siRNA control 
group (0.398 ± 0.092%) was 
significantly lower than in the 
blank control (P < 0.05) and 
negative control (P < 0.05) 
groups. These data indicated 
that the expression levels of 
JMJD2A mRNA and protein in 
SiHa cells were significantly 
reduced after transfection 
with JMJD2A siRNA.
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0.051%) compared with the blank control (P < 
0.05) and negative control (P < 0.05) groups. 
There was no significant difference (P > 0.05) 
between the blank control (0.749 ± 0.089%) 
and negative control (0.739 ± 0.118%) groups. 
These results demonstrated that transfection 
with JMJD2A siRNA could reduce the prolifera-
tion of SiHa cells.

JMJD2A silencing reduces migration and inva-
sion of SiHa cells

To elucidate the role of JMJD2A in the process-
es of cervical cancer cells, we inhibited JMJD2A 
expression in SiHa cells by RNAi, and detected 
cell migration and invasion. Figure 4A shows 
that, compared with the blank control and neg-
ative control groups, cell migration in the 
JMJD2A siRNA control group was significantly 
inhibited (P < 0.05). However, no significant dif-
ference (P > 0.05) was observed between the 
blank control and negative control groups for 
cell migration. Additionally, we detected that 
JMD2A silencing affected cell invasion similarly 
to migration of the cervical cancer cells (Figure 
4B). These results demonstrated that after 
transfection with JMJD2A siRNA, migration and 
invasion of SiHa cells were significantly redu- 
ced.

Discussion

We measured the expression of histone 
demethylase JMJD2A in cervical cancer tissues 
and cells, and aimed to clarify the relationship be- 
tween JMJD2A and cervical cancer progres-
sion, as well as to establish whether JMJD2A 
might be a potential molecular therapeutic tar-
get in cervical cancer. First, we investigated 
JMJD2A overexpression in cervical cancer tis-
sues and SiHa cells by immunohistochemistry, 
real-time qRT-PCR and western blotting. 
Expression of JMJD2A was not related to the 
age, tumor size, histological differentiation and 
stage, but the poorer the tissue differentiation, 
the higher the expression of JMJD2A. We also 
showed that transient silencing of JMJD2A 
reduced cell proliferation, migration and inva-
sion of SiHa human cervical cancer cells. 
Collectively, our results strongly suggest that 
JMJD2A overexpression plays an important role 
in cell proliferation, migration and invasion of 
cervical cancer, and that JMJD2A exhibits fea-
tures of an oncoprotein and is closely related to 
tumorigenesis.

We demonstrated that expression of JMJD2A in 
cervical cancer and downregulation of JMJD2A 
affected the biological characteristics of cervi-
cal cancer cells, such as proliferation, migra-
tion and invasion. However, how JMJD2A affect-
ed tumorigenesis and tumor biological charac-
teristics in cervical cancer was not clear. Based 
on recent data, we discuss the probable func-
tion of JMJD2A in cervical cancer. 

JMJD2 proteins are especially capable of effi-
ciently demethylating trimethylated H3K9 and 
act either as coactivators or corepressors [11, 
16]. Recent reports also relate histone methyl-
ation downregulation with tumorigenesis [17]. 
In recent studies, JMJD2A catalyzed the de- 
methylation of trimethylated H3K9, and also of 
dimethylated H3K9 and trimethylated H3K36 
peptides [3, 6]. Appropriate JMJD2A expression 
can maintain the balance of histone lysine 
methylation and demethylation, and have im- 
portant biological significance in building and 
maintaining the regulation of heterochromatin 
in normal cells. JMJD2A overexpression can 
cause imbalance in histone lysine methylation 
and demethylation, and affect the stability of 
the structure of heterochromatin [9]. In accor-
dance with these studies, histone demethylase 
JMJD2A protein may participate in tumori- 
genesis.

A recent study reported that JMJD2A formed 
complexes with p53 in vivo and binds to it in 
vitro [12]. During tumor development, a large 
percentage of cells are lost through apoptosis 
[18]. Such cell death is triggered by a variety of 
extracellular signals, including growth/survival 
factor depletion, hypoxia and a loss of cell-
matrix interactions, as well as intracellular sig-
nals such as DNA damage [19]. It is well known 
that p53 is a tumor suppressor gene, as well as 
a DNA-binding transcriptional regulator [20, 
21]. It plays a critical role at the G1/S phase of 
cell cycle transition, where it can either block 
entry into S phase or activate apoptosis in 
response to DNA damage [22]. In more than 
50% of human cancers, somatic mutations in 
p53 have been found [23]. Expression of the 
p53 protein was associated with both poor 
prognosis and metastasis in cervical cancer 
[24]. There is a significant association between 
p53 gene expression and cervical cancer [25]. 
Apoptosis is controlled by a balance of pro-
apoptotic and antiapoptotic genes. Two promi-
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nent target genes of p53 include the cell cycle 
inhibitor p21 and the proapoptotic protein 
Puma [26, 27]. Previous studies have shown 
that p53 can directly suppress transcription of 
Bcl-2 protein, which is a prosurvival protein [28, 
29]. The data show that JMJD2A depletion can 
increase p53 protein levels and regulate p53 
transcriptional activity and further regulate  
p53 target genes. Knockdown of JMJD2A can 
increase expression of p21 and Puma protein. 
JMJD2A depletion reduces Bcl-2 levels, which 
suggests that JMJD2A can decrease the ability 
of p53 to inhibit Bcl-2 transcription [12]. These 
observations provide evidence that JMJD2A 
promotes tumorigenesis by the p53 pathway 
represses p21 and Puma expression and stim-
ulates Bcl-2 expression. There is growing evi-
dence that JMJD2A may play an important role 
in cervical cancer progression by activation of 
the p53 signaling pathway.

In conclusion, we showed for the first time that 
histone demethylase JMJD2A expression in 
cervical cancer and a possibly clinically signifi-
cant role of JMJD2A in cervical cancer cell pro-
liferation, migration and invasion. These data 
strongly indicate that JMJD2A as an oncopro-
tein may play an important role during tumori-
genesis and suggest that JMJD2A could be a 
novel drug target in cervical cancer therapy. 
However, our study was based on tissues and a 
single cell line, therefore, the mechanism of 
JMJD2A in cervical cancer needs further 
research.
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