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Abstract. Jumonji domain-containing protein 2A (JMJD2A)
has been identified to promote cell proliferation in bladder
cancer; however, it remains undetermined whether JIMID2A
regulates cell migration and invasion in bladder cancer. The
aim of the present study was to further investigate the roles of
JMIJID2A in bladder cancer. The expression levels of JMID2A
in bladder cancer tissues and cell lines were established by
RT-qPCR assays and western blot analysis. Moreover, by
gain- and loss-of-function assays, the effects of JIMJD2A on
migration and invasion as well as proliferation were inves-
tigated in bladder cancer cells. The results revealed that the
expression level of IMJD2A was significantly upregulated
in bladder cancer tissues and cell lines compared to adja-
cent non-tumor tissues and a human immortalized bladder
urothelial cell line. Kaplan-Meier survival analysis indicated
that patients with high JMJD2A expression level had shorter
overall survival. Moreover, JMJD2A could promote cell
migration and invasion by facilitating epithelial-mesenchymal
transition (EMT) in bladder cancer. In addition, it was deter-
mined that IMJD2A promoted EMT through regulation of
SLUG expression. Collectively, our findings revealed that
JMJD2A may act as an oncogene and participate in bladder
cancer progression, which provides a promising therapeutic
strategy for patients with bladder cancer.

Introduction

Bladder cancer has become the most common tumor of the
urinary system globally (1) with almost 350,000-380,000 new
cases diagnosed worldwide annually (2). Although a great
number of bladder cancer patients have experienced effec-
tive treatment including chemotherapy, radiation therapy

Correspondence to: Dr Guangzhou Cheng, Department of
Urology Surgery, Tengzhou Central People's Hospital, 181 Xingtan
Road, Tengzhou, Zhaozhuang, Shandong 277500, P.R. China
E-mail: cgzhongniu@163.com

Key words: IMID2A, invasion, EMT, SLUG, bladder cancer

and transurethral resection, the prognosis for bladder cancer
patients is still unsatisfactory due to advanced stages with
distal metastases and frequent recurrences (2,3). Therefore, it
is urgent to elucidate the detailed molecular mechanism asso-
ciated with the tumorigenesis of bladder cancer.

To date, multiple histone methyltransferases and demeth-
ylases have been revealed. The IMJD2 family recognizes and
demethylates di- and tri-methylated H3K9 and H3K36 (4).
JMIJD2A is the most studied member of the JMID2 family,
and has been revealed to either activate or suppress gene
transcription through its demethylase activity (4-6). Notably,
JMIJD2A has been revealed to be aberrantly expressed in
multiple types of cancer, including breast (7,8), bladder (9,10),
lung (10,11) and colon cancer (12). The aim of this study was to
explore the function of JMJD2A in human bladder cancer and
detail its molecular mechanism.

Previous studies have revealed that epithelial-mesenchymal
transition (EMT) is essential for the metastasis of cancers,
such as bladder cancer (13). The main characteristic of EMT
is cadherin switching and the change of cytoskeleton and cell
polarity, which facilitates the motility of cells (14). Moreover,
EMT has been demonstrated to be associated with the emer-
gence of chemoresistance in several cancers (14). Additionally,
several studies have also revealed that intravesical recurrence
is associated with EMT (15,16).

In the present study, our findings revealed that IMJD2A
was upregulated in bladder cancer, and high expression of
JMIJD2A was closely associated with advanced histological
grade and poor prognosis of bladder cancer. Moreover, it was
revealed that JIMJD2A promoted cell migration and invasion
through regulation of EMT. Additionally, it was determined
that JIMJD2A transcriptionally regulated SLUG.

Materials and methods

Cell culture. Human bladder cancer cell lines (T24 and 5637)
and humanimmortalized bladder urothelial cell line SV-HUC-1
were purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA). T24 and 5637 cells were cultured
in McCoy's 5A modified medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) or RPMI-1640 medium
(Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc). SV-HUC-1
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cells were cultured in F-12K medium (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS. All cells were
maintained in a humidified incubator at 37°C with 5% CO,.

Patient tissue specimens. A total of 89 resected specimens
from bladder cancer patients were collected for this study.
Bladder cancer specimens were compared with paired normal
bladder tissue from the same patient. All specimens had been
histologically and clinically diagnosed at Tengzhou Central
People's Hospital from August 2006 to April 2014, indepen-
dently, by three experienced pathologists. Prior to surgery,
none of the patients had undergone hormone therapy, chemo-
therapy or radiotherapy. All patients provided written signed
informed consent. The study was approved and supervised by
the Ethics Committee of Tengzhou Central People's Hospital
(Tengzhou, China).

Real-time quantitative polymerase chain reaction (RT-qPCR).
Total RNA was extracted from bladder cancer tissues
and cell lines using TRIzol reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) following the manufacturer's instruc-
tions. An RNA sample (2 ug) was utilized to synthesize
first-strand cDNA using a cDNA Reverse Transcription kit
(Takara Bio, Inc., Otsu, Japan). Subsequently, SYBR Green
was used to perform a quantitative real-time PCR (qPCR)
assay on an Applied Biosystems 7300 Real-Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
primer sequences were as follows: JMID2A forward, 5'-GAA
GCCACGAGCATCCTATGA-3' and reverse, 5'-GCGGAA
CTCTCGAACAGTCA-3"; E-cadherin forward, 5'-AAACAT
CATTGATGCAGACC-3' and reverse, 5'-GATAGATTC
TTGGGTTGGGTC-3'"; N-cadherin forward, 5'-CAAAGCC
TGGAACATATGTG-3' and reverse, 5-GTTTGAAAGGCC
ATATGTGG-3"; SLUG forward, 5'-ACACATACAGTGATT
ATTTCCC-3' and reverse, 5S'-“ACTGTAGTCTTTCCTCTT
CAT-3'; SNAIL forward, 5"TCTAATCCAGAGTTTACCTTC
CAG-3' and reverse, 5"-TGAAGTAGAGGAGAAGGACGA-3';
TWISTI1 forward, 5'-GTACATCGACTTCCTCTACC-3' and
reverse, 5'-GAAACAATGACATCTAGGTCTC-3"'; GAPDH
forward, 5'-AGAAGGCTGGGGCTCATTTG-3' and reverse,
5-AGGGGCCATCCACAGTCTTC-3'. GAPDH served as an
internal control. The 2-24°4 method was utilized to calculate
the relative expression of the target gene (17). All experiments
were carried out at least three times.

Western blot analysis. Following transfection, cells were
collected and lysed in RIPA buffer (Beyotime Institute of
Biotechnology, Haimen, China) with protease and phospha-
tase inhibitors at 4°C for 45 min, and the concentration of the
samples was quantified using a BCA protein assay kit (Pierce;
Thermo Fisher Scientific, Inc.) according to manufacturer's
protocol. Western blot analysis was performed according to a
previously described procedure (18). A total of 40 ug protein
was loaded in 10% SDS-PAGE. Subsequently, proteins were
transferred to polyvinylidene difluoride (PVDF) membranes
and blocked in 5% skimmed milk for 1 h at room temperature.
The membranes were incubated with indicated primary anti-
bodies at 4°C overnight. After washing with PBST three times,
membranes were incubated with HRP conjugated second anti-
bodies at room temperature for 1 h. The following antibodies
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were used: anti-JMJD2A (dilution 1:1,000; cat. no. ab105953;
Abcam, Cambridge, UK); anti-E-cadherin (dilution 1:1,000;
cat. no. 14472; Cell Siganling Technology Danvers, MA,
USA) and anti-N-cadherin (dilution 1:1,000; cat. no. 13116;
Cell Siganling Technology); and anti-SLUG (dilution 1:2,000;
cat.no.SAB1305973; Sigma-Aldrich; Merck KGaA ,Darmstadt,
Germany), anti-TWIST1 (dilution 1:500; cat. no. SAB1409777,
Sigma-Aldrich; Merck KGaA), anti-SNAIL (dilution 1:2,000;
cat. no. SAB1306281; Sigma-Aldrich; Merck KGaA) and
anti-B-actin (dilution 1:4,000; cat. no. A1978; Sigma-Aldrich;
Merck KGaA). The blots were visualized using an enhanced
chemiluminescent (ECL) kit (Thermo Fisher Scientific, Inc.).
All experiments were carried out at least three times. The
densitometry of the blots was quantified by ImageJ (National
Institutes of Health, Bethesda, MD, USA).

Wound healing assay. A wound healing assay was carried
out to determine the effect of IMJID2A on cell migration
ability. Succinctly, a straight wound was scratched using
a 20-ul pipette tip when the transfected cells reached
~85-95% confluence in 12-well plates. The cells were washed
with phosphate-buffered saline (PBS) to remove the detached
cells, and the cells were maintained at 37°C in a humidified
incubator containing 5% CO,. The images of wound closure
were captured at 0 and 48 h with a digital camera system
(Olympus Corp., Tokyo, Japan). All experiments were
performed at least three times.

Transwell invasion assay. A Transwell invasion assay was
used to examine the effect of IMJD2A on cell invasion ability.
In brief, each Transwell chamber (BD Biosciences, Franklin
Lakes, NJ, USA) was first coated with 80 x1 Matrigel following
the manufacturer's protocol. Approximately 2x10° transfected
cells were suspended in 500 ul serum-free McCoy's 5A
modified medium or RPMI-1640 medium and added into
the top chamber. Subsequently, 500 1 McCoy's SA modified
medium or RPMI-1640 medium containing 10% FBS was
added into the bottom chamber. After incubation for 36 h, the
invaded cells were fixed with formaldehyde at room tempera-
ture for 10 min and stained with 0.1% crystal violet at room
temperature for 10 min. The non-invaded cells were removed
using a cotton swab. The cells were counted in six different
fields using a light microscope (Olympus Corp., Tokyo, Japan).
All experiments were performed at least three times.

Chromatin immunoprecipitation (ChIP) assay. A chromatin
immunoprecipitation (ChIP) assay was performed as previ-
ously described (19). Briefly, IMID2A was overexpressed or
knocked down in T24 and 5637 cells, and after transfection for
48 h, the cells were harvested and crosslinked with 1% form-
aldehyde for 20 min. Subsequently, the cells were lysed and
then sonicated to obtain DNA fragments (200-500 bp in
size). Next, the samples were immunoprecipitated with 2 ug
ChIP-grade antibodies H3K9me?2 (cat. no. ab1220; Abcam)
overnight at 4°C, supplemented with protein G beads.
Reversing the cross-links was carried out at 65°C overnight.
DNA was purified with a Qiagen DNA extraction kit (Qiagen,
Inc., Valencia, CA, USA). The immunoprecipitated DNA was
purified for RT-qPCR analyses with primers as follows: SLUG
forward, 5'-CTGGATTATGCCTCTGTGAT-3' and reverse,
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5"TGGTATTTATTTGCTGGTAG-3'. All experiments were
performed at least three times.

Colony formation assay. Approximately 5x10° infected
T24 and 5637 cells were plated in 6-well culture plates and
cultured with serum-free DMEM. Following culture for
2 weeks at 37°C in a 5% CO, humidified incubator, the cells
were washed with PBS and stained with 0.1% crystal violet
at room temperature for 10 min. Colonies (number of cells
>50) were manually calculated under a light microscope. All
experiments were performed at least three times.

Cell counting kit-8 (CCK-8) assay. CCK-8 (Beyotime Institute
of Biotechnology) assays were carried out to determine the
effect of JMID2A on cell proliferation. Approximately 4x10°
transfected cells were suspended and placed in each well of
96-well plates and incubated at 37°C in a humidifier incubator
containing 5% CO,. After incubation for 0, 24, 48 or 72 h,
20 ul of CCK-8 solution was added into the cells of each well
and cultured at 37°C for 30 min. The optical density (OD)
was determined at 450 nm using an ELISA microplate
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). All
experiments were carried out at least three times.

Statistical analysis. All the data is presented as the
mean + standard deviation (SD) and analyzed using GraphPad
Prism 5.0 (GraphPad Software, La Jolla, CA, USA). Statistical
differences among groups were examined using Student's t-test
or one-way analysis of variance (ANOVA) followed by Tukey's
post hoc test. Kaplan-Meier analysis and log-rank tests were
carried out to assess overall survival. P<0.05 was considered
to indicate a statistically significant difference.

Results

JMJD?2A is upregulated in bladder cancer tissues. A previous
study had indicated that IMID2A was upregulated in bladder
cancer (10). To ascertain whether JIMID2A was upregulated
in bladder cancer tissues, RT-qPCR and western blot analysis
were conducted in 89 pairs of bladder cancer tissue samples
and matched adjacent normal tissue samples. As revealed
in Fig. 1A, the expression of JMJD2A was higher in the
bladder cancer tissue samples compared with the normal
tissue samples (Fig. 1A, P<0.05). The relationship between
the expression of JIMJD2A and the clinicopathological char-
acteristics of bladder cancer was then assessed. The mean
value of JIMJD2A mRNA content in tumor cells was used
as the standard. Thus, higher values than the standard value
were defined as high expression, and lower values than the
standard value were defined as low expression. As revealed in
Table I, high expression of IMID2A was positively associated
with tumor size and lymphatic invasion as well as high-grade
bladder cancer, suggesting that JMJD2A played an essential
role in tumor growth and metastasis in bladder cancer. In
addition, the survival curve demonstrated that high expression
of JIMJD2A was associated with shorter overall survival and
predicted a poor prognosis (Fig. 1B). Subsequently, the expres-
sion of IMJD2A in two bladder cancer cell lines (T24 and
5637) and a human immortalized bladder urothelial cell line
(SV-HUC-1), used as a control, was determined. As revealed
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Table I. Clinicopathological variables in 89 bladder cancer
patients.

JMID2A protein
expression
No. Low High
Variables (n=89) (n=36) (n=53) P-value
Age (years) 0.709
<55 35 15 20
=55 54 21 33
Tumor size 0.019
Small (<1.5 cm) 41 22 19
Large (>1.5 cm) 48 14 34
Lymphatic invasion 0.047
Yes 41 12 29
No 48 24 24
TNM stage 0.007
I-11 31 24 20
II-1v 35 12 33

JMID2A expression in bladder cancer tissues from patients was
categorized based on tumor stage and analyzed by RT-qPCR.

in Fig. 1C, both the mRNA and protein expression levels of
JMIJD2A were high in bladder cancer cell lines, T24 and 5637
compared with those in SV-HUC-1 (Fig. 1C, P=0.042). These
data indicated that JIMJD2A may function as an oncogene in
bladder cancer.

JMJID2A promotes bladder cancer cell migration and invasion.
To explore the effect of JIMJD2A on bladder cancer cells,
JIMID2A was first overexpressed or knocked down in T24 and
5637 cells. After confirming the expression of IMID2A
(Fig. 2A), wound healing and Transwell invasion assays were
performed to detect whether JMID2A affected bladder cancer
cell migration and invasion. Wound healing assays revealed
that the migratory ability of T24 and 5637 cells was signifi-
cantly enhanced when JMJD2A was overexpressed; whereas
the migratory ability of T24 and 5637 cells was decreased
when JMJD2A was knocked down (Fig. 2B). Consistent
with the wound healing assay result, in Transwell invasion
assays, the number of invaded cells in JMJD2A-overexpressed
T24 and 5637 was increased; however, the number of invaded
cells in JMJD2A-depleted T24 and 5637 was decreased,
compared to the control cell group (Fig. 2C). Overall, these
results indicated that IMJD2A promoted bladder cancer cell
migration and invasion.

Overexpression of IMJD2A facilitates EMT in bladder cancer
cells. EMT plays a crucial role in the metastasis of bladder
cancer cells (20). To further determine whether JMID2A
promoted bladder cancer cell migration and invasion through
regulation of EMT, the expression of EMT-associated genes,
including E-cadherin, N-cadherin and vimentin in bladder
cancer cells, was detected by RT-qPCR and western blotting.
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Figure 1. IMJD2A is upregulated in bladder cancer tissues. (A) RT-qPCR and western blotting of JMJD2A were carried out in tumor tissues and adjacent
normal tissues. "P<0.05 vs. normal tissues. (B) Kaplan-Meier plots demonstrated that survival was based on the expression of IMID2A. (C) The expression of
JMIJD2A in bladder cancer cell lines (T24 and 5637) and a human immortalized bladder urothelial cell line (SV-HUC-1) was observed using RT-qPCR and

western blot analyses. "P<0.05 vs. SV-HUC-1.

As revealed in Fig. 3A and B, the expression of N-cadherin
and vimentin was upregulated, and in contrast, E-cadherin
expression was significantly downregulated upon JMID2A
overexpression in T24 and 5637 cells; however, inhibition of
JMJD2A resulted in an increased expression of E-cadherin
and a decreased expression of N-cadherin and vimentin
(Fig. 3C and D). These findings demonstrated that IMJD2A
promoted bladder cancer cell migration and invasion by
inactivating the EMT pathway.

JMJD?2A transcriptionally regulates SLUG in bladder cancer
cells. To further decipher the detailed mechanism of JMJD2A

on the modulation of EMT, it was next examined whether
JIMJD2A regulated the expression of EMT-related transcrip-
tion factors, including SLUG, Twistl, and SNAIL. Notably, it
was revealed that the overexpression/knockdown of JIMID2A
had little effect on the expression of TWIST1 and SNAIL but
affected the expression of SLUG (Fig. 4A and B). These results
revealed that JIMJD2A regulated EMT possibly through the
modulation of SLUG. qChIP analysis was next performed to
determine whether JIMJD2A regulated this gene by modulating
H3K9me2 demethylation at promoter regions. In order to verify
this hypothesis, qChIP assay was used with anti-H3K9me2
in JMJD2A overexpression or JMJD2A-depleted T24 or
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Figure 2. IMJD2A promotes bladder cancer cell migration and invasion. (A) JMJD2A expression levels were determined by RT-qPCR and western blot
analyses after treatment of bladder cancer cell lines with either the vector, the FLAG-JMJD2A plasmid or SCR and siJMJD2A. "P<0.05 vs. vector, “P<0.05
vs. SCR. (B) Wound healing assays in T24 and 5637 cells expressing either the vector, the FLAG-JMJD2A plasmid or SCR and siJMJD2A. The images
represent the experiment in T24 cells. "P<0.05 vs. vector, “P<0.05 vs. SCR. (C) Transwell invasion assays in T24 and 5637 cells expressing either the vector,
the FLAG-JMJD2A plasmid or SCR and siJMJD2A. The images represent the experiment in T24 cells. SCR, scramble siRNA; siJMJD2A, JMJD2A siRNA.
“P<0.05 vs. vector, "P<0.05 vs. SCR.
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Figure 3. Overexpression of JIMJD2A facilitates EMT in bladder cancer cells. (A and B) JIMJD2A was overexpressed in T24 and 5637 cells. After transfection
for 48 h, RT-qPCR and western blot analyses were performed to assess the effects of JIMID2A on EMT. "P<0.05 vs. vector (C and D) JMID2A was knocked
down in T24 and 5637 cells. After transfection for 48 h, RT-qPCR and western blot analyses were performed to assess the effects of IMID2A on EMT. EMT,
epithelial-mesenchymal transition. “P<0.05 vs. SCR. SCR, scramble siRNA.

5637 cells. The results revealed that H3K9me?2 at the promoter  at the promoter of SLUG was significantly decreased when
of SLUG was significantly increased when JMJD2A was JMJD2A was overexpressed in T24 and 5637 cells (Fig. 4C).
knocked down in T24 and 5637 cells; however, H3K9me2  These results indicated that SLUG was transcriptionally
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Figure 4. IMJD2A transcriptionally regulates SLUG in bladder cancer cells. (A and B) JMJD2A was overexpressed or knocked down in T24 and 5637 cells.
After transfection for 48 h, the effects of IMJD2A on EMT-associated transcription factors, including SNAIL, SLUG and TWIST1 were assessed. "P<0.05 vs.
vector, "P<0.05 vs. SCR. (C) qChIP assay was performed using H3K9me2 antibody in JMID2 overexpressed or depleted cells. "P<0.05 vs. vector, “P<0.05 vs.

SCR. SCR, scramble siRNA.

regulated by JMJD2A through its H3K9 demethylase activity.
The aforementioned results revealed that JMJD2A transcrip-
tionally activated SLUG expression in bladder cancer.

SLUG overexpression reverses the effects of JMID2A on
migration and invasion in bladder cancer cells. To further
investigate whether SLUG was involved in JMID2A-mediated
malignant phenotypes of bladder cancer cells, SLUG was
overexpressed in JMJD2A-depleted T24 or 5637 cells.
The mRNA and protein levels of SLUG were subsequently
established using RT-qPCR and western blot analyses,
respectively. As revealed in Fig. 5A and B, co-transfection
with JMJD2A siRNA and SLUG plasmids reversed the
inhibitory effect on SLUG expression in T24 or 5637 cells
compared with transfection with IMJD2A siRNA alone

(Fig. 5A and B). The migration and invasion of these two
groups were also compared. As revealed in Fig. 5C and D,
overexpression of SLUG reversed the inhibitory effects
on migration and invasion of JIMJD2A-depleted T24 and
5637 cells (Fig. 5C and D), revealing that SLUG was in fact
involved in JMJD2A-mediated malignant phenotypes of
bladder cancer cells.

JMJD2A promotes bladder cancer cell proliferation. To
further confirm the biological function of IMJD2A, CCK-8 and
colony formation assays were performed to identify the roles
of IMJD2A on bladder cancer cell proliferation. As revealed
ectopic expression of JIMJD2A promoted the cell proliferation
rate, compared with vector control group; however, inhibition
of IMJD2A suppressed the cell proliferation rate compared
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Figure 5. SLUG overexpression reverses the effects of JMJD2A on migration and invasion in bladder cancer cells. (A and B) SLUG was overexpressed in
JMJID2A-depleted T24 and 5637 cells, and the expression of SLUG was determined using RT-qPCR and western blot analyses. "P<0.05 vs. SCR. (C) A wound
healing assay was used to detect the effect of SLUG on JMJD2A-mediated bladder cancer cell migration ability. "P<0.05 vs. SCR. (D) Transwell invasion assay
was used to detect the effect of SLUG on JMID2A-mediated bladder cancer cell migration ability. "P<0.05 vs. SCR. SCR, scramble siRNA.

with the SCR control group (Fig. 6). Consistent with the
CCK-8 assay results, in the colony formation assays, the
ectopic expression of JMID2A in T24 and 5637 cells was
increased; whereas the colony formation of JIMJD2A-depleted
T24 and 5637 cells was decreased (Fig. 6B). These findings
indicated that IMJD2A promoted the proliferation ability of
bladder cancer cells.

Discussion

JMIJID2A has been revealed to be aberrantly-regulated in
various types of cancers, including breast (7,8), bladder (9),
lung (10,11) and colon cancer (12). In the present study, the
results of RT-qPCR and western blot analyses revealed

that IMJD2A was upregulated in bladder cancer (BC)
tissues and cell lines, which was in contrast to a previous
study (9). However, our research was consistent with a
study by Kogure et al (10). The reason for the discrepancy
in the results obtained may be due to the difference in the
number of specimens or geographical regions of selected
samples. In addition, the expression of IMJD2A was also
analyzed in a bladder database on cBioPortal (http:/www.
cbioportal.org; data not shown), suggesting that IMJD2A
is increased in bladder cancer. In order to further decipher
the roles of JIMJD2A in bladder cancer, CCK-8, colony
formation, wound healing and Transwell invasion assays
were performed, which revealed that ectopic expression
of IMJD2A promoted T24 and 5637 cell proliferation,
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Figure 6. IMJID2A promotes bladder cancer cell proliferation. (A) JMJD2A was overexpressed or knocked down in T24 and 5637 cells, and a CCK-8 assay was
performed to determine the effect of IMID2A on cell proliferation. "P<0.05 vs. vector, “P<0.05 vs. SCR. (B) IMID2A was overexpressed or knocked down in
T24 and 5637 cells, and a colony formation assay was performed to determine the effect of IMJD2A on cell proliferation. The images represent the experiment

in T24 cells. "P<0.05 vs. vector, "P<0.05 vs. SCR. SCR, scramble siRNA.

migration and invasion while these effects were reversed
when the expression of IMJID2A was knocked down. The
results demonstrated that JMJD2A could regulate bladder
cancer cell functions. Moreover, Kaplan-Meier curves
revealed that the patients with high expression of JMID2A
experienced poor prognosis (P<0.05).

One noteworthy observation was that JMID2A promoted
migration and invasion of bladder cancer cells. EMT is a
well-characterized process that results in invasion and meta-
static dissemination of human cancers (21,22). Therefore,
whether JMJD2A could modulate EMT of bladder cancer
cells was further examined. Gain- and loss-of-function
analysis revealed that JMJD2A overexpression decreased
E-cadherin expression and increased N-cadherin expression,
while JMJD2A inhibition led to the opposite results. These
data indicated that JIMJD2A may modulate cell invasion by
facilitating EMT in bladder cancer cells.

In the present study, our findings suggested that JIMJD2A
transcriptionally activated SLUG. SLUG was upregulated
by JMJD2A at both the mRNA and protein level, and SLUG
promoter activity was significantly activated by JIMJD2A,
indicating a transcriptional activation of SLUG by JMJD2A.

However, there are still some limitations in our study.
Our research revealed that JIMJD2A expression was associ-
ated with the stage of bladder cancer, and JMJD2A promoted
cell proliferation, migration and invasion in bladder cancer.
However, the upstream of JMJD2A in bladder cancer is still
unknown. It would be interesting to decipher whether the
stages of bladder cancer can also influence the expression
of IMJD2A. We assume that there are some proteins which
regulate JMJID2A expression in different stages of bladder
cancer. In future, ATAC-seq and RNA-seq could be performed
using diverse stages of bladder cancer tissue samples and
potential transcription factors may be predicted. This may
help us to further gain insight on bladder cancer development.
Moreover, detection of the expression of JMJD2A in tissues
using immunohistochemical analysis should be performed. In
addition, the effect of JIMJD2A in vivo should also be assessed
for further investigation.

In summary, this study indicated that JIMJD2A contrib-
uted to tumorigenesis in bladder cancer by regulating SLUG.
Additionally, high JMJD2A expression was associated with
a poor prognosis for bladder cancer patients. JIMID2A may
act as an oncogene in bladder cancer and may be a potential
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therapeutic target for bladder cancer. Moreover, considering
current changing clinical treatment standards, it would be of
high relevance to explore the correlation between IMD2A
and PD-L1 expression or other immune markers and T-cell
infiltration.
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