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Overexpression of KDM4D promotes acute myeloid
leukemia cell development by activating MCL-1
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Abstract: Acute myeloid leukemia (AML) is regarded as a fatal cancer in the world. The overall survival in adult
patients with AML is still poor. As lysine demethylases, the KDM4 family is found highly expressed in many kinds
of tumors. In this study, we demonstrate that KDM4D is overexpressed in AML and knockdown of KDM4D not only
inhibits the proliferation of AML cells, but also induces cell cycle arrest and apoptosis. Furthermore, our research
shows that KDM4D can regulate the expression of MCL-1 by demethylating H3K9me3 at the promoter region in
AML cells. Besides, we find that high expression of KDMA4D is correlated with poor overall survival in AML patients.
Taken together, our study demonstrated that KDM4D can promote MCL-1 expression in AML and may serve as a

novel target for the treatment of AML.
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Introduction

Acute myeloid leukemia (AML) is a heteroge-
neous malignancy characterized by aberrant
proliferation and blocked apoptosis in the
bone marrow [1, 2]. Although recent treatment
advances in anticancer and targeted drug ther-
apies, the prognosis of AML still remains poor
due to progress of resistance and high rates
of recurrence after treating with the available
chemotherapy [3, 4]. Thus, it is urgent to iden-
tify effective therapies to improve the overall
survival.

The basal subunits of chromatin are histones,
regulatory proteins, genomic DNA and non-cod-
ing RNAs [5]. Nucleosome is a primary compo-
nent of chromatin where 146 bp of DNA is
wrapped around a histone, an octamer consist-
ing of core histone proteins: H2A, H2B, H3 and
H4 [6, 7]. These histones can be reversibly
modified as many forms, such as phosphoryla-
tion, acetylation, methylation, and ubiquitina-
tion, et al [5, 6, 8]. The methylation of each of
H3 has particular functions, as H3K4me3 and
H3K36me3 are required for activating tran-

scription, while the methylation of H3K9 and
H3K27 are mainly linked to transcription re-
pression [9, 10]. Abnormal histone methylation
has been related to many human diseases in-
cluding malignant tumor [11-13].

Histone lysine methylation is a reversible post-
translational modification which is regulated
via the interplay between the lysine methyl-
transferases and lysine demethylases (KDMs)
[14]. It has been reported that a large family of
JmjC-domain containing lysine demethylases
(KDM) can demethylate lysine [15]. The KDM4
family (KDM4A-D, also known as JMJD2A-D) is
one of KDMs subfamily in humans, where
KDM4A-C are ~120 kDa proteins and possess
double PHD and Tudor domains, but KDM4D
encodes only half the size of others and lacks
PHD and Tudor domains [7, 16]. KDM4A-C
catalyze demethylation of histone substrates
H3K9Me3/Me2, H3K36Me3/Me2, and H1.4K-
26Me3, while KDM4D demethylate H3KOMe3/
Me2, H3K36Me3/Me2 and both the demethyl-
ated and trimethylated forms of H1.4K26 [11,
17-19]. The KDM4 proteins play an important
role in many different processes, such as regu-
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lation of gene transcription, epigenetic silenc-
ing, heterochromatin formation, genomic im-
printing and DNA repair [20]. Accordingly, irreg-
ulation of KDM4 proteins can raise the risk of
oncogenesis [21, 22]. For instance, it has been
uncovered that KDM4B and KDM4C are over-
expressed in breast cancer [23, 24]; knock-
down KDM4B can suppress the growth of
human gastric cancer cells [25]; Furthermore,
there is evidence that KDM4A was associated
with poor prognosis in non-small cell lung can-
cer patients [26].

But to date, we know little about the physiologi-
cal role of KDM4D in the occurrence and pro-
gression of tumor. There has been reported
that KDM4D promotes hepatic fibrogenesis by
modulating Toll-Like Receptor 4 signaling path-
way [27]. Also, scholars have proved that
KDM4D forms a complex with the p53 tumor
suppressor in vivo and interacts with the DNA
binding domain of p53 in vitro [20]. Moreover,
through the study of clinic data, high expres-
sion of KDM4D was linked to earlier recurrence
in pancreatic carcinomas [7]. However, the
function of KDM4D in AML remains elusive.

Myeloid Cell Leukemia-1 (MCL-1), one of the
antiapoptotic Bcl-2 family members, is requir-
ed for the survival of a variety of cell lines and
has a very short half-life [28]. There is eviden-
ce that MCL-1 plays an important role in AML.
For instance, ABT-199, the inhibition of XPO1,
can enhance cell death in AML via MCL-1 [29].
It is observed that overexpression of MCL-1 is
identified as playing an important role in sever-
al hematologic malignancies including in AML
cell survival and treatment resistance [30]. In
addition, recent studies have proved that MCL-
1 is one amplified chromosomal region in hu-
man cancers and is the reason for resistance
to various chemotherapeutic drugs [31-36].
We have known that MCL-1 protein levels are
regulated by phosphorylation, ubiquitination
and protease cleavage [39], But in our study,
we demonstrated that MCL-1 expression could
be controlled by KDM4D via demethylation of
H3K9me3 at the promoter region in AML cells.

Materials and methods
Cell lines and culture

Human AML cell lines HL-60, MOLM-13 and
NB4 were obtained from American Type Cul-
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ture Collection (ATCC, Manassas, VA, USA). All
cells were cultured in RPMI-1640 media sup-
plemented with 10% FBS. The above cell lines
were cultured at 37°C in a 5% CO, atmos-
phere.

Patients

All the blood samples from AML patients (n=
13) and the normal volunteers (n=5) were
obtained from The Central Hospital of Wuhan.
AML patients were clinically diagnosed based
on the French-American-British (FAB) classi-
fication criteria. CD34+ cells were isolated by
positive selection for the cell surface marker
CD34 using MojoSort™ Nanobeads (Biole-
gend) in accordance with the manufacturer’s
instructions. All patients and volunteers have
signed a written form of consents. Sample
acquisition and experimental protocols were
approved by the Ethics Committee of The
Central Hospital of Wuhan.

RNA isolation and quantitative RT-PCR

Total RNAs were extracted from cells using
TRIzol reagent (Takara). Reverse transcriptase
reactions were immediately performed using
the 5x Primescript RT Master Mix (Takara).
The mRNA levels of specific genes were ana-
lyzed by gRT-PCR with 2x SYBR Green Mix
(Takara). The primers are showed as follows:
GGGCAGGGGTGTTTACTCAAT (KDM4D forward),
TGTTTGCCAAATGGCGATACT (KDMA4D reverse).
The relative level of mRNA was calculated by
the AACT method.

Western blotting

Cells were washed with ice cold PBS, harvest-
ed and lysed with radioimmuoprecipitation as-
say buffer (RIPA buffer) (50 mmol/L Tris-HCL,
pH 7.4, 1% NP40, 0.25% sodium deoxycholate,
150 mmol/L NaCl, 1 mmol/L EDTA, 1 mmol/L
dithiothreitol and 1 mmol/L phenylmethylsulfo-
ny fuoride). Equal quality of proteins was sepa-
rated by SDS-PAGE, and then transferred onto
PVDF membranes (Millipore, Bedford, MA). The
membranes were blocked in 5% non-fat pow-
dered milk in Tris-buffered saline with 0.1%
Tween 20 (Sigma) for 1 hour. Blots were incu-
bated with primary antibodies at 4°C over-
night. On the next day, the membranes were
washed with TBST buffer 3 times, and then
subsequently probed with a horseradish perox-
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idase-conjugated secondary antibody. Protein
bands were detected by SuperSignal West
Dura Chemiluminescent Substrate (Thermo).
For immunoblotting, antibodies against KDM-
4D (1:1000; Santa Cruz Biotechnology), MCL-1
(1;12000, CST), GAPDH (1:1000; Santa Cruz
Biotechnology), H3K9me3 (1;1000, CST), H3
(1;1000, CST) were used.

Plasmid constructs

The construction of the pcDNA3.1-KDM4D vec-
tor was performed as follows: Total RNA was
extracted from 293T using TRIzol reagent
(Takara) and was immediately used for cDNA
synthesis using the 5x Primescript RT Mas-
ter Mix (Takara). The specific primers of the
KDM4D’s OFR designed by Gene Runner soft-
ware, were amplified using the Tagq DNA
Polymerase Mix. The PCR products were sub-
cloned into the pcDNA3.1 vector. The primers
are as follows: Forward: ATGGAAACTATGAAG-
TCTAAGGCC; Reverse: TTAGGGCACAGGGGCCC-
AGCT. The plasmid transfection was performed
with Lipofectamine 2000 (Thermo) following
the manufacturer’s instruction.

Stable AML cell establishment

For stable knockdown, pLKO-puro vectors en-
compassing shRNAs targeting KDM4D or a
nontarget control were stably transfected into
AML cell lines, HL-60, MOLM-13, NB4. To ob-
tain viral particles, human kidney 293T cells
were co-transfected with shKDMA4D, phelper
and Evn using Cacl, and Herbs. About 48 h-72
h after transfection, cell supernatants contain-
ing infectious lentiviral particles were harvest-
ed, then filtered through 0.45 pm membrane.
The filtered supernatant was used to infect
AML cell lines, HL-60, MOLM-13, NB4. After
24 hours, 1 pg/ml of puromycin was added to
start select stable cell lines.

BrdU assay

The effect of KDM4D on cell proliferation
was assessed by the 5-Bromo-2-deoxyUridine
(BrdU) assay. 10,000-20,000 cells were cul-
tured in 24-well plates overnight at 37°C in a
5% CO, atmosphere. Each well was added with
culture medium containing DMSO and cultured
for 48 hours. The cells were incubated with
BrdU (Abcam, USA, 10 pg/ml) for 1 h and fixed
in 4% paraformaldehyde for 20 min, then wa-
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shed with PBS for 3 times. After treated with
0.5% Triton X-100 at 37°C for 2 h, the cells
were washed three times with PBS buffer.
Cells were incubated with a primary antibody
against BrdU (1:1000) at 4°C overnight, then
washed with PBS for 3 times. The nuclei were
stained with 0.5 ug/ml DAPI. The percentage
of BrdU staining was calculated from at least
10 microscopic fields.

Cell counting-kit 8

The viability of HL-60, MOLM-13 and NB4
cells was assessed by the use of a CCK-8 kit
(Dojindo Laboratories, Kumamoto, Japan). The
cells were inoculated into 96-well plates with
1640 medium at 37°C without CO, for 24 h.
Then, the cells were incubated with 10 uL of
CCK-8 reagent per well at 37°C without CO,
for 4 h. The optical density value of each wells
was measured at 450 nm using a microplate
reader.

Flow cytometry assay

To determine the cell cycle arrest and apopto-
sis, flow cytometry assays were performed.
The cells with indicated treatment for 24 h or
48 h were harvested. For apoptosis examina-
tion, the cells were stained with Annexin V-
FITC/PI Apoptosis Detection Kit (BD, San Jose,
CA, US) according to the manufacturer’s in-
struction. For cell cycle profiles, the cells were
fixed in 75% ethanol at 4°C overnight. After
being washed with PBS, the cells were resus-
pended in PBS with Pl and RNase A (Sigma
Aldrich, USA) at 37°C in dark for 1 hour. Cell
apoptosis and cell cycle distribution was per-
formed with an FACS analysis system.

Luciferase activity assay and ChIP assay

Cells were seeded in triplicate in 24-well plates
and allowed to settle for 24 h. Indicated plas-
mids plus pRL-TK Renilla plasmid were trans-
fected into the cells using Lipofectamine 3000
(Thermo Fisher Scientific). Twenty-four hours
after transfection, Luciferase activity assay
was performed using the Dual-Luciferase As-
say System according to the manufacturer’s
instructions. ChIP assays were performed us-
ing the ChIP assay kit (Billerica, MA, USA) ac-
cording to the manufacturer’s instructions. In
all, we cultured 10° cells in the 6 well cell cul-
ture cluster, then lysed the cells, and chroma-
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tins were produced by sonication. Anti-KDM4D
or anti-lgG was used to precipitate the DNA-
protein complexes overnight at 4°C. Magnetic
beads were used to recover the DNA-protein
complexes, which were followed by washing
and eluting. Cross-links were reversed at 65°C
overnight. The complexes were examined by
PCR and gRT-PCR. Primers used for ChIP as-
say were as follows: MCL-1 Forward: 5-GATC-
CCCATGGCAGCAGTAAAGCAAG-3’, Reverse: 5'-
GTTGCGCACGGCACCTACCAGCTG-3'. As a nega-
tive control, precipitated DNA was magnified
via a primer in an off-target region that was
the upstream of the MCL-1 transcriptional start
sites.

Statistical analysis

SPSS19.0 software was used to analyze all
data, and the results were presented as mean
+ SD. All experiments were repeated at least
three times. The student’s t test or ANOVA
multiple comparisons obtain the statistical sig-
nificance of differences between groups in
GraphPad Prism 6.0 (GraphPad Software, La
Jolla, CA), with P<0.05 considered as signifi-
cant.

Result

KDM4D is highly expressed in AML and associ-
ated with poor survival

To demonstrate the prognostic value of KDM-
4D gene expression in AML, we carried out a
cohort survival analysis on data from two inde-
pendent public databases with transcriptome
analysis results. Through the SurvExpress pro-
gram, patients in the Metzeler Buske CM-AML
GSE12417-GPL97 dataset generated by Met-
zeler and Buske were divided into “Low Risk”
and “High Risk” groups according to the prog-
nostic index. It predicted that the “High Risk”
group of patients with AML exhibited a signifi-
cantly higher KDM4D expression level than the
“Low Risk” group (Figure 1A). In the available
microarray datasets of GEPIA, we discovered
that higher KDM4D expression predicted sig-
nificantly lower OS in AML patients (Figure 1B).
We also identified the expression profiles of
KDMA4D in serum samples from 13 AML pa-
tients and 5 healthy volunteers by gRT-PCR
(Supplementary Figure 1). Results showed that
KDM4D expression level was significantly in-
creased in AML patients compared with heal-
thy donors. To identify the expression of KDM-
4D in AML patients and normal PBMCs, we
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examined mRNA level of KDM4D in PBMCs
from 2 healthy donors and 3 human AML cell
lines (HL-60, MOLM-13, NB4). Corresponding
with the result from the public microarray data-
set, in the HL-60, MOLM-13 and NB4 cell lines,
the expression of KDM4D is significantly high-
er than that in normal PBMCs (Figure 1C). We
also measured the protein levels of KDM4D in
these cells and found that HL-60, MOLM-13
and NB4 cell lines had higher protein level of
KDMA4D than that of PBMCs (Figure 1D). Fur-
thermore, we have compared the expression
of KDM4D in normal counterpart of AML cells
(normal CD34+ cells) with AML cell lines (Sup-
plementary Figure 2). Taken together, our re-
sults indicate that KDM4D is upregulated in
AML cell lines.

KDM4D promotes the proliferation of AML
cells

We specifically up-regulated KDM4D expres-
sion in AML cells by infecting them with KDM-
4D over-expression plasmids, and the expres-
sion of KDM4D was validated by western blot
(Figure 2A). The CCK8 assay demonstrated
that overexpression of KDM4D obviously en-
hanced the proliferation of all three cell lines
(Figure 2B). Similarly, A BrdU staining assay
showed that KDM4D increased the percent-
age of BrdU positive cells compared with the
control (Figure 2C and 2D). The MTT data indi-
cated that over-expression of KDM4D promot-
ed the proliferation of the AML cells (Supple-
mentary Figure 3A-C). These results suggest
that KDM4D remarkably promote human AML
cells proliferation.

Silencing of KDM4D declines the proliferation
of AML cells

To validate the important role of KDM4D on
the proliferation in AML cells, we specifically
down-regulated KDM4D expression by infect-
ing them with a lentivirus expressing specific
shRNA targeting KDM4D. According to Western
blot results, KDM4D was successfully knock-
ed down in all three cell lines (Figure 3A). The
CCK8 assay demonstrated that knockdown of
KDMA4D obviously reduced the proliferation of
all three cell lines (Figure 3B). Consisting with
the CCK8 assay, the BrdU staining assay
showed that the percentage of BrdU positive
cells was decreased in KDM4D knock-down
AML cells (Figure 3C and 3D). The MTT data
indicated that low expression of KDM4D inhib-
ited the proliferation of the AML cells (Supple-
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Figure 1. The expression of KDM4D was elevated in AML cells. A. Box plot showing the KDM4D expression level
by risk groups in the AML GSE12417-GPL97 dataset generated by Metzeler and Buske (from SurvExpress pro-
gram), **P<0.01. B. The Kaplan-Meier curve comparing the KDM4D high expression population (red) and KDM4D
low expression population (blue) of AML patients was created from datasets of GEPIA, *P<0.05. C. Expression
level of KDM4D in PBMCs from 2 healthy donors and 3 human AML cell lines (HL-60, MOLM-13, NB4), **P<0.01,
***%P<0.001. D. Western blotting analysis of protein level of KDM4D in PBMCs, HL-60, MOLM-13, NB4.

mentary Figure 3D-F). These data clearly indi-
cated that KDM4D plays an important role in

AML cell proliferation.

Silencing of KDM4D induces cell cycle arrest
and apoptosis of AML cells

The apoptotic arrest and subsequently uncon-
trolled cell cycle are common phenotypes of
cancer cells. Therefore, we next investigated
whether KDM4D could regulate cell cycle and
apoptosis in AML cells. As shown in Figure 4A
and 4C, the downregulation of KDM4D in HL-
60 and MOLM-13 cells significantly decreased
the proportion of cells in S phase. In addition,
we examine the effect of KDM4D on cell apop-
tosis. Annexin V-APC/7-amino-actinomycin D
double staining was performed, followed by
flow cytometry analysis. We found that knock-
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down of KDM4D in HL-60 and MOLM-13 cells
significantly increased the percentage of apop-
totic cells (Figure 4B and 4D). These data
together with the aforementioned results sug-
gested that KDM4D might act as a potential
oncogene in AML.

KDMA4D transcriptionally activates MCL-1 ex-
pression via demethylation of H3K9me3 at the
promoter region in AML cells

The critical role of MCL-1 in tumor progression
motivated us to identify the genes that are reg-
ulated by KDM4D. In the available microarray
datasets of GEPIA, we found that MCL-1 has a
positive correlation with KDM4D (Figure 5A). To
investigate the mechanism of KDM4D regula-
tion of MCL-1 expression, Chromatin immuno-
precipitation (ChlIP) analysis was carried out to
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Figure 4. Silencing of KDM4D induces cell cycle arrest and apoptosis of AML cells. (A and C) KDM4D knockdown induces the cell cycle arrest in HL-60 and MOLM-13
cells. HL-60 and MOLM-13 cells were infected with lentivirus carrying control shRNA or shRNA targeting KDM4D for 48 hours, then cell cycle analysis was performed.
The representative (A) and quantitative results (C) are shown. (B and D) KDM4D knockdown induces apoptosis in HL-60 and MOLM-13 cells. The representative (B)
and quantitative results (D) are shown. The percentage of cells in the UR region represents the apoptotic cells. **P<0.01, ***P<0.001.
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Figure 6. KDM4D regulates the survival of AML cells through MCL-1. A. HL-60 and MOLM-13 cells were infected with
vector, KDM4D overexpression plasmids, KDM4D overexpression plasmids with ShMCL-1 lentivirus. The protein
levels of KDM4D, MCL-1, GAPDH were detected by western blot. B. Proliferation capacity of HL-60, MOLM-13 cells
with the corresponding treatment were detected by CCK-8 method (left) and Bromodeoxyuridine assay (right). C. HL-
60 and MOLM-13 cells were infected with lentivirus carrying control shRNA, shKkDM4D and shkKDM4D with KDM4D
overexpression plasmids. The protein levels of KDM4D, MCL-1, GAPDH were detected by western blot. D. Prolifera-
tion capacity of HL-60, MOLM-13 cells with the corresponding treatment were detected by CCK-8 method (left) and
Bromodeoxyuridine assay (right). *P<0.05, **P<0.01.

show that KDM4D could bind to the promoter
region of MCL-1 (Figure 5B). Western blot in
KDM4D overexpression AML cells demonstra-
te that MCL-1 was upregulated and H3K9me3
was downregulated compared to control cells.
While knocking down KDMA4D, the results were
adverse (Figure 5C). When KDM4D was up-
regulated in all three AML cells, the amount of
immunoprecipitated DNA from the MCL-1 pro-
moter was increased in ChIP assay, and the
result was opposite when KDMA4D knock-
down (Figure 5D). We next constructed report-
er plasmids containing the MCL-1 promoter,
When KDM4D was overexpressed, MCL-1 pro-
moter activity was significantly increased. In
the same way, MCL-1 promoter activity was
significantly decreased when KDM4D was
knockdown (Figure 5E).

KDMA4D regulates the survival of AML cells
through MCL-1

To further investigate KDM4D’s role on MCL-1
expression in AML progression, we performed
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a ‘rescue’ experiment by co-transfecting HL-60
and MOLM-13 cells with KDM4D and shMCL-1
vectors or shKkDM4D and MCL-1 vectors. Wes-
tern blot showed that the expression of MCL-1
has a positive correlation with the expression
of KDM4D (Figure 6A and 6C). Next, we found
that inhibition of MCL-1 could reverse the ef-
fects of KDM4D overexpression on cell prolif-
eration and apoptosis in CCK-8 and BrdU as-
say (Figure 6B). Likewise, overexpression of
MCL-1 could partly reverse the effect of KDM-
4D knocked-down on cell proliferation and
apoptosis (Figure 6D). Collectively, these re-
sults demonstrated that KDM4D regulates the
survival of AML cells through MCL-1.

Discussion

Effective therapeutic strategies targeting AML
are still scarce [40]. In this report, we have
demonstrated that KDM4D plays an important
role in AML progression. MCL-1 signaling is a
well-known contributor of tumor anti-apopto-
sis, which is the most unique member of the
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Bcl-2 family [41]. However, regulators involved
in MCL-1 signaling during tumor progression
remain less understood. It has been shown
that KDM4 activities are required for MLL-AF9
translocated AML via using KDM4A, KDM4B,
and KDMA4C conditional triple-knockout mice
[42]. Here we found KDM4D modulates pro-
liferation and apoptosis via MCL-1 signaling.
While KDM4D deficiency inhibits the prolifera-
tion of AML cells, induced expression of KDM-
4D promotes the proliferation and decreases
apoptosis of AML cells. Our data provide KDM-
4D as a novel therapeutic target.

The function of KDM4D in tumor development
is seldomly investigated. It has been claimed
that KDM4D may modulate the transcriptional
activity of p53, one of the most important
tumor suppressors and found mutated in half
of all human tumors [20]. However, to our best
of knowledge it has not been reported as an
independent factor that can influence the tu-
mor progression in AML. In this study, we found
that high KDM4D expression was significantly
correlated with better AML cells survival and
showed primary mechanism how KDM4D regu-
lates the proliferation an apoptosis of AML.
However, we did not find its prognostic value in
AML and haven't demonstrated the effect of
KDM4D in vivo. Though, we speculate that
KDM4D may be a confounding factor to affect
the prognostic value in AML.

In vitro assays demonstrated the oncogenic
role of KDM4D in AML. Ectopic expression of
KDM4D contributed to tumor growth in AML
cells (HL-60, MOLM-13, NB4) by promoting cell
proliferation and inhibiting apoptosis. On the
other hand, lentivirus-mediated knockdown of
KDMA4D significantly inhibited cell proliferation.
Moreover, we observed that ectopic expres-
sion of KDM4D led to demethylation of H3K9-
me3 and upregulation of MCL-1. All these
changes in biomarkers suggest a strengthen
of tumor growth. On the other hand, the knock-
down of KDM4D impairs its ability in methyla-
tion of H3K9me3 and downregulating MCL-1.
This is the first report on the role of KDM4D in
tumor progression in AML.

It has been reported that nuclear KDM4D
expression has a positive correlation with lung
carcinoma, especially with squamous cell car-
cinoma [43]. Using different databases, we did
see the similar changes in AML patients. Our
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results have suggested that KDM4D can func-
tion as an oncogene in AML, which is support-
ed by the studies reported by others that
KDM4D was required for proliferation and sur-
vival in colon cancer cell.

We further explore the downstream signaling
pathway responsible for KDM4D oncogenic
function in AML and found that the KDM4D-
mediated tumor growth could be attributed to
the activation of MCL-1 signaling via demethyl-
ation of H3K9me3, which is critical for the pro-
liferation of AML. KDM4D has constantly been
regarded as an important factor in cancer
cells, and the overexpression is associated
with increased cellular proliferation and an-
chorage-independent growth [44]. However, its
mechanism in regulating signal pathway in
human cancers is unknown. Our CHIP result
indicated that KDM4D could interact with
MCL-1 at the promoter region and enhance the
demethylation of H3K9me3.
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Supplementary Figure 1. KDM4D was overexpression in AML patients. gRT-PCR analysis of KDM4D expression in
serum samples from 13 AML patients and 5 healthy volunteers. *P<0.05.
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Supplementary Figure 2. The expression of KDM4D was elevated in AML cells. Western blotting analysis of protein
level of KDM4D in CD34+, PBMCs, HL-60, MOLM-13, NB4.
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Supplementary Figure 3. The effect of KDM4D on cell proliferation verified by MTT assay. A-C. Proliferation of all
three AML cells (HL-60, MOLM-13, NB4) overexpressing KDM4D detected by MTT method. D-F. Proliferation of all
three AML cells (HL-60, MOLM-13, NB4) low expressing KDM4D detected by MTT method. *P<0.05, **P<0.01.



