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Original Article 
Elevated JMJD1A is a novel predictor for prognosis and 
a potential therapeutic target for gastric cancer
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Abstract: Jumonji domain-containing protein 1A (JMJD1A) play a key role in the development and progression of 
several malignancies. The present study investigated the expression and clinical significance of JMJD1A in gastric 
cancer. JMJD1A was found to be upregulated in gastric cancer tissues and cell lines. Furthermore, the upregulated 
expression of JMJD1A was significantly correlated with the results of the invasion depth (P=0.006), lymph node 
metastatic status (P<0.001), and TNM stage (P<0.001). JMJD1A was also shown to be an independent prognostic 
predictor of overall survival (HR3.988; 95% CI 1.948-8.167; P<0.001) for patients with gastric cancer. In addition, in 
vitro experiment revealed that knockdown of JMJD1A expression inhibited the gastric cancer cell proliferation, and 
further study suggested that JMJD1A knockdown suppressed MAPK pathway via transcriptional downregulation the 
expression of long noncoding RNA MALAT1. Therefore, we speculated that JMJD1A-MALAT1-MAPK signaling might 
participate in the JMJD1A-induced cell proliferation of gastric cancer. Collectively, our data demonstrate for the first 
time that JMJD1A gene has an important regulatory role in gastric carcinogenesis, and could function as a novel 
prognostic indicator and a potential therapeutic target for gastric cancer. 
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Introduction

Gastric cancer is one of the most aggressive 
and lethal human malignant diseases. It still 
remains among the leading causes of death 
from cancer in less developed countries in 
spite of its declining incidence worldwide [1, 2]. 
The development and progression of gastric 
cancer involves in a large number of genetic 
and epigenetic alterations of tumor tumor-relat-
ed and suppressor genes [3]. A better under-
standing of the underlying molecular mecha-
nism is essential for the development of novel 
therapeutic strategies.

Jumonji domain-containing protein 1A (JM- 
JD1A), also called KDM3A or JHDM2A, belongs 
to iron- and 2-oxoglutarate-dependent dioxy-
genases [4]. It is an important epigenetic mark 
associated with transcription repression by 

specifically demethylating mono- and dimethyl-
ated H3 ‘Lys-9’ residue (H3K9me1/2) [4]. The 
functional relevance of JMJD1A has not been 
fully clarified, but it appears to cause transcrip-
tional activation of various downstream target-
ed genes and amplifies hypoxia-induced gene 
expression [5, 6]. Recent studies also indicate 
that the upregulation of JMJD1A expression is 
associated with cancer development [6], such 
as renal cell carcinoma [7] and hepatocellular 
carcinoma [8]. However, the relationship 
between JMJD1A and the development of gas-
tric cancer remains unclear. In this study, we 
would like to explore the expression pattern of 
JMJD1A and its correlation with clinicopatho-
logical factors in gastric cancer. Furthermore, 
the prognostic significance of JMJD1A was 
assessed. In addition, the potential effect of 
JMJD1A on gastric cancer cell proliferation was 
also investigated.
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Materials and methods

Patients and pathological data

This study was approved by the ethics commit-
tee of Shanghai General Hospital, Shanghai 
Jiao Tong University School of Medicine. Tissue 
microarrays (TMAs) purchased from ShGnghGi 

75%), and 4 (76-100%). The final staining 
scores were calculated by staining intensity × 
percentages of stained cells, ranging from 0 to 
12. To evaluate the association between 
JMJD1A expression and clinicopathological 
parameters, patients were grouped into two 
categories: low expression (0-4) and high 
expression (5-12). Immunostaining was inde-

Table 1. JMJD1A protein is higher in gastric cancer tissues 
than in paired adjacent normal tissues (n=90) 

Cases
JMJD1A expression

P-value
Low High

Gastric cancer 90 48 42
<0.001*

Adjacent normal tissue 90 71 19
*Indicates P<0.05.

Outdo Biotech Company (China) were 
well-documented with clinicopatho-
logical information, including patient 
age, sex, tumor size, pathological 
grade and tumor staging (detailed in 
Table 2), as well as follow-up data. 
Ninety gastric cancer patients includ-
ed in the TMAs underwent surgery 
operation between August 2008 and 
March 2009, and postoperative  
follow-up was finished by September 
2014.

Immunohistochemistry

Citrate buffer (0.01 M, pH 6.0) was 
used for antigen retrieval of the par-
affin-embedded sections. The slides 
were then incubated with a rabbit 
polyclonal antibody against JMJD1A 
(dilution 1:100; Sigma-Aldrich, USA) 
at 4°C overnight and then with horse-
radish peroxidase (HRP) (Gene Tech 
GTVision III Detection Kit, Shanghai, 
China) at room temperature for 40 
min. Following washing with PBS for 
3 times, the signal was detected with 
3, 3’-diaminobenzidine (DAB) solu-
tion. For negative controls, adjacent 
sections were carried out as 
described above, with exception that 
they were incubated overnight at 4°C 
in blocking solution without primary 
antibody.

Score of immunohistochemistry

The staining was scored according to 
the staining intensity and percent-
age as previously described [9]. 
Staining intensity was scored as 0 
(negative), 1 (weakly positive), 2 
(moderately positive), and 3 (strongly 
positive). The percentages of cells 
were scored into five categories: 0 
(0%), 1 (1-25%), 2 (26%-50%), 3 (51-

Table 2. Relationship between JMJD1A protein expression 
and clinicopathologic parameters of gastric cancer (n = 90)

Variables Cases
JMJD1A expression

P-value
Low High

Total 90 48 42
Gender
    Male 53 26 27 0.472a

    Female 37 21 16
Age (years)
    ≤60 38 17 21 0.224a

    >60 52 30 22
Tumor size (cm)
    ≤5 48 27 21 0.413a

    >5 42 20 22
Histopathological grading
    Well/Moderately 40 24 16 0.186a

    Poorly 50 23 27
Tumor invasion (T)
    T1 + T2 14 12 2 0.006a,*
    T3 + T4 76 35 41
Nodal status (N)
    N0 23 21 2 <0.001a,*
    N1 12 10 2
    N2 18 8 10
    N3 37 8 29
Metastasis status (M)
    M0 85 46 39 0.189b

    M1 5 1 4
TNM stages
    I + II 36 34 5 <0.001a,*
    III + IV 54 13 38
aChi-square test, bFisher’s exact test, *indicates P<0.05.
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Western blotting

Western blotting was performed as previously 
described [10]. Briefly, membranes were incu-
bated with primary antibodies. Following over-
night incubation, membranes were washed 3 
times in Tris buffered saline-Tween 20 (TBST) 
for 10 min each. The membranes were then 
incubated with the secondary antibody in 5% 
bovine serum albumin in TBST for 1 h. Then tar-
geted proteins were detected by chemilumines-
cence (Thermo Scientific, Hudson, NH, USA). 
GAPDH levels were used as loading controls. 
Antibodies used for Western blot analyses were 
as follows: JMJD1A (Sigma-Aldrich, USA), ERK, 
p-ERK, P38, p-P38, JNK, p-JNK, MEK, p-MEK 
(Cell Signaling Technology, Beverly, MA, USA); 
GAPDH (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA).

Cell proliferation assay

The effect of JMJD1A knockdown on gastric 
cancer cell proliferation in vitro was determined 
by measuring the absorbance at 450 nm. 
Briefly, untreated cells, cells treated with siRNA 
or non-target siRNA in 96-well plates (1×103 

cells/well) in triplicate was added (10 μl) by Cell 
counting kit-8 (CCK-8, Dojindo Molecular Tech- 
nologies, Kumamoto, Japan) at 24, 48, and 72 
h. The absorbance at 450 nm was measured 1 
h later.

Statistical analysis

The data are expressed as the means ± stan-
dard deviations (SD) of three independent 
experiments. The differences between two 
groups were compared with the Student’s 
t-test, Pearson’s χ2 test, or Fisher’s exact test, 
as appropriate. The patients’ survival curve 
was analyzed using the Kaplan-Meier method 
with the log-rank test. A Cox proportional haz-
ards model was used to calculate univariate 
and multivariate hazard ratios for the variables. 
All analyses were carried out using the SPSS 
13.0 software (SPSS Inc., Chicago, IL). A P-value 
of less than 0.05 was considered statistically 
significant.

Figure 1. JMJD1A expression is upregulated in gastric cancer. (A) Representative photomicrographs showed JMJD1A 
expression, which was found to be localized in the nucleus (Scale bar, 50 μm). (B) Higher JMJD1A expression in 
gastric cancer samples in comparisons with matched adjacent non-tumor tissues. (C, D) Compared to gastric epi-
thelial cell line GES-1, the five gastric cancer cell lines exhibited higher mRNA (C) and protein (D) expression levels 
of JMJD1A, and the MKN-45 cells exhibited relatively high levels in five cancer cell lines. (E, F) The expression of JM-
JD1A was increased in tissue with advanced stage as compared to early stage of gastric cancer (Scale bar, 20 μm).

pendently scored by two pathologist blinded to 
the clinicopathological characteristics.

Cell culture

Human gastric cancer cells including BGC-823, 
MKN-45, MGC80-3, SGC7901, and NCI-N87 
and gastric epithelial cell line GES-1, were 
obtained from Shanghai Institute for Life 
Science, Chinese Academy of Sciences, and 
cultured in RPMI-1640 supplemented with 10% 
fetal bovine serum (FBS, both from Gibco, 
Carslbad, CA, USA) at 37°C in a humidified 
atmosphere of 95% air and 5% CO2.

Transfection of small interfering RNA (siRNA)

Gastric cancer cell lines MKN-45 was trans-
fected with the siRNA in Lipofectamine RNAi- 
MAX (Invitrogen), according to the manufactur-
er’s protocols. SiRNA (AGAAGAAUUCAAGAGAU- 
UCCGGAGG) were designed against human 
JMJD1A and obtained commercially (Gene- 
Chem, Shanghai, China). The ability of the 
siRNA to inhibit JMJD1A expression was 
assessed at 48 hours after transfection.

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from the cultured cells 
with Trizol reagent (Invitrogen), and first-strand 
cDNA was synthesized from 500 ng of total 
RNA using random primers and the M-MLV 
Reverse Transcriptase (Takara). The following 
primers were used to detect the expression 
level of JMJD1A, MALAT1 and GAPDH (int- 
ernal control): JMJD1A (sense): 5’-GGCGGAC- 
TTTAGACGTTCCA-3’; JMJD1A (antisense): 5’- 
AGATGAGCCTTCCACTTGGC-3’; MALAT1 (sen- 
se): 5’-GAATTGCGTCATTTAAAGCCTAGTT-3’; MA- 
LAT1 (antisense): 5’-GTTTCATCCTACCACTCCCA- 
ATTAAT-3’; GAPDH (sense): 5’-AGAAGGCTGGG- 
GCTCATTTG-3’; GAPDH (antisense): 5’-AGGGG- 
CCATCCACAGTCTTC-3’. RNA expression was 
measured by qRT-PCR using the SYBR-Green 
method (Takara) according to the manufactur-
er’s instructions. The results were normalized 
to the expression of GAPDH.
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1E, 1F). These data indicate that JMJD1A may 
be involved in gastric cancer progression.

High JMJD1A expression is associated with a 
poor clinical outcome in human gastric cancer

Kaplan-Meier analysis with a log rank test for 
overall survival (OS) was performed to assess 
the possible association between tumor 
expression of and patient survival. Patients 
with tumors expressing high levels of JMJD1A 
had a poorer OS than that of patients with 
JMJD1A-low tumors (log-rank test, P<0.001, 
Figure 2).

Using a univariate analysis in the Cox propor-
tional hazards model, a decreased OS was 
associated with the following characteristics: 
tumor depth, nodal status, TNM stage, and the 
JMJD1A expression (Table 3). Multivariate anal-
ysis revealed that the expression of JMJD1A is 
an independent prognostic factor for OS of  
gastric cancer patients (HR3.988; 95% CI 
1.948-8.167; P<0.001, Table 3).

Knockdown of JMJD1A expression inhibits cell 
proliferation of gastric cancer by suppressing 
MALAT1-MAPK signaling

To further investigate the potential effects of 
JMJD1A on gastric cancer cell proliferation, we 
used JMJD1A-siRNA to down-regulate its 
endogenous expression in transfected MKN-45 
cell lines. The efficacy of JMJD1A knockdown 
was confirmed by qRT-PCR and western blot 
analyses (Figure 3A, 3B). As shown in Figure 
3C, JMJD1A knockdown was associated with 
significantly decreased cell proliferation com-
pared with that of control-siRNA. To determine 
the possible mechanism by which JMJD1A reg-
ulated cell proliferation, we performed western 
blot analysis to investigate the effects of 
JMJD1A knockdown on the mitogen-activated 
protein kinase (MAPK) pathway, which is often 
aberrantly activated in human cancers and 
contributes to increased cell proliferation abili-
ty [11-13]. The results showed that JMJD1A 
downregulation significantly reduced the levels 
of phosphorylated P38, ERK, MEK, and JNK, 
while no detectable changes were observed in 
the total levels of P38, ERK, MEK, and JNK 
(Figure 3D). In addition, previous study showed 
that JMJD1A could up-regulate long noncoding 
RNA MALAT1 gene transcription [14]. And 
MALAT1 could promote the tumor cell prolifera-

Figure 2. Kaplan-Meier plots with log rank test of 
overall survival (OS). OS is significantly lower in pa-
tients with tumors expressing high levels of JMJD1A 
than that in patients with tumors expressing low lev-
els of JMJD1A.

Results

JMJD1A expression is upregulated in gastric 
cancer 

We evaluated the expression of JMJD1A in a 
cohort of 90 patients diagnosed with gastric 
cancer and paired adjacent normal tissues by 
immunohistochemistry. Representative expres-
sion patterns in both cancer and noncancerous 
samples were shown in Figure 1A. JMJD1A 
expression was found to be localized in the 
nucleus. And higher JMJD1A expression was 
observed in gastric cancer samples compared 
to the matched adjacent non-tumor tissues. In 
brief, for tumor samples, 42 cases (46.7%) dis-
played high expression, while only 21.1% in 
adjacent tissue samples (Figure 1B; Table 1). 
Furthermore, the five gastric cancer cell lines 
exhibited higher expression levels of JMJD1A 
than the GES-1 cells, and the MKN-45 cells 
exhibited relatively high levels of expression in 
the five cancer cell lines (Figure 1C, 1D).

Association between JMJD1A expression and 
the clinicopathological features of gastric 
cancer patients

Then, we investigated association of JMJD1A 
expression and clinicopathological features. As 
summarized in Table 2, JMJD1A expression 
showed a positive results with the invasion 
depth (P=0.006), lymph node metastatic sta-
tus (P<0.001), and TNM stage (P<0.001, Figure 
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tion by activating MAPK pathway [15]. We also 
found that the expression of MALAT1 was 
decreased in response to JMJD1A knockdown 
(Figure 3E). Taken together, we speculated that 
JMJD1A-MALAT1-MAPK signaling might partici-
pate in the JMJD1A-induced cell proliferation of 
gastric cancer. 

Discussion 

Gastric cancer is a heterogeneous disease that 
demands continued attention and research 
with regard to prevention, early detection and 

novel therapeutic options. A large number of 
data have demonstrated that histone modifica-
tions such as methylation and acetylation play 
important regulatory roles in processes such 
as gene transcription and DNA damage repair, 
and misregulation of histone modification, 
actively contributes to human cancer [16]. 

JMJD1A is an H3K9me1/2 histone demethyl-
ase [4]. As H3K9 methylation in promoter 
regions is inhibitory to transcription [17, 18], 
JMJD1A demethylase activity tends to enhance 
gene expression [5, 6, 19]. Recent studies 

Table 3. Univariate and multivariate analysis of overall survival

Clinicopathological parameters
Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
JMJD1A (High/Low) 8.446 4.480-15.923 <0.001* 3.988 1.948-8.167 <0.001*
Gender (Female/Male) 1.452 0.866-2.435 0.157
Age (years) (>60/≤60) 0.622 0.371-1.045 0.073
Tumor size (cm) (>3/≤3) 1.497 0.893-2.510 0.126  
Tumor differentiation (Poorly/Well+Moderately) 1.666 0.972-2.854 0.063
Tumor invasion (T3+T4/T1+T2) 1.943 1.310-2.881 0.001*
Nodal status (N3/N2/N1/N0) 2.772 2.038-3.770 <0.001* 2.507 1.623-3.874 <0.001*
Metastasis status (M1/M0) 1.942 0.700-5.392 0.203
TNM stages (III+IV/I+II) 6.92 3.581-13.373 <0.001*
HR hazard ratio, 95% CI 95% confidence interval, *indicates P<0.05.

Figure 3. JMJD1A knockdown inhibits gastric cancer cell proliferation. qRT-PCR (A) and western blot analysis (B) 
were performed to detect the knockdown effect on JMJD1A expression in MKN-45 cell. (C) Effects of JMJD1A knock-
down on proliferation was evaluated by Cell Counting Kit-8 assays. (D) Western blot analysis was performed to 
detect the expression of key molecular factors of MAPK pathways, including ERK, p-ERK, P38, p-P38, MEK, p-MEK, 
JNK and p-JNK. (E) The mRNA expression of MALAT1 was decreased in response to JMJD1A knockdown.
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show that JMJD1A have important regulatory 
roles in the development and progression of 
some types of tumors, such as colorectal can-
cer [20], neuroendocrine prostate tumors [21], 
and hepatocellular carcinoma [8]. However, 
studies on JMJD1A expression during tumori-
genesis and progression of gastric cancer 
remain to be elucidated.

The present study revealed for the first time 
that JMJD1A expression were upregulated in 
primary gastric cancer tissues and immortal-
ized cancer cell lines. Further statistical analy-
sis found that high JMJD1A expression in gas-
tric cancer tissues was significantly associated 
with other malignant tumor characteristics, 
such as invasion depth, lymph node metastatic 
and TNM stage.

Moreover, Kaplan-Meier survival analysis dem-
onstrated that high JMJD1A expression was 
significantly associated with poor prognosis of 
gastric cancer patients. Finally, univariate and 
multivariate Cox model analyses suggested 
that JMJD1A was an independent prognostic 
factor, indicating that JMJD1A was a new pre-
dictor to the prognosis of patients with gastric 
cancer.

To further understand the role of JMJD1A in 
tumorigenesis, RNAi was used to knockdown 
the expression of JMJD1A in MKN-45 cells. 
Then CCK8 assays were implemented, and the 
results revealed that knockdown of JMJD1A 
inhibited cell proliferation activity. To elucidate 
the possible mechanism by which JMJD1A reg-
ulates gastric cancer cell proliferation, western 
blot analysis of the key molecular factors of 
MAPK pathways were performed. MAPK path-
ways are most important signal transduction 
pathways by activating the related signaling 
cascade [22-25]. We observed that JMJD1A 
knockdown significantly reduced the expres-
sion phosphorylated MEK, ERK, P38, and JNK. 
However, no detectable changes in total MEK, 
ERK, P38, or JNK protein expression were 
observed. The direct link between JMJD1A and 
the MAPK pathway remain to be elucidated. 
Tee AE et al [14] found that JMJD1A could up-
regulate MALAT1 gene transcription by demeth-
ylating histone H3K9 at the MALAT1 gene pro-
moter. Wu XS et al [15] revealed that MALAT1 
promoted the cell proliferation of gallbladder 
cancer cells by activating MAPK pathway. In our 
study, we also found that inhibition of JMJD1A 
expression could suppress MALAT1 expression 

in gastric cancer. Therefore, we can hypothe-
size that JMJD1A activates MAPK pathway via 
transcriptional regulation the expression of 
MALAT1, which need to be further verified.

In conclusion, our data supported that JMJD1A 
is an important factor in gastric cancer cell 
growth and progression and its upregulated 
expression is common in gastric cancer tissue. 
Further studies are required to confirm our 
hypothesis that JMJD1A is a potential target for 
gastric cancer therapy.
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