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Janus tyrosine kinase 2 (JAK2)—signal transducer and activator of
transcription 3 (STAT3) signaling pathway is essential for modulat-
ing cellular development, differentiation, and homeostasis. Thus,
dysregulation of JAK2—STAT3 signaling pathway is frequently as-
sociated with human malignancies. Here, we provide evidence that
lysine-specific demethylase 3A (KDM3A) functions as an essential
epigenetic enzyme for the activation of JAK2—STAT3 signaling path-
way. KDM3A is tyrosine-phosphorylated by JAK2 in the nucleus and
functions as a STAT3-dependent transcriptional coactivator. JAK2—
KDMB3A signaling cascade induced by IL-6 leads to alteration of his-
tone H3K9 methylation as a predominant epigenetic event, thereby
providing the functional and mechanistic link between activation
of JAK2—STAT3 signaling pathway and its epigenetic control. To-
gether, our findings demonstrate that inhibition of KDM3A phos-
phorylation could be a potent therapeutic strategy to control
oncogenic effect of JAK2—STAT3 signaling pathway.
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pigenetic changes such as histone modification and DNA

methylation are actively involved in diverse cellular processes
(1-7). Among the histone modifications, lysine methylation is
one of the reversible regulations to attach methyl group to or
remove it from lysine residue by corresponding histone methyl-
transferases and histone demethylases. Lysine methylation plays
a crucial role in both gene activation and repression for dynamic
gene regulation and provides a binding site for chromatin-
associated proteins (8-11). Primarily, one of the histone lysine
demethylases, KDM3A (also known as JHDM2A and JMJD1A),
is a member of Jumonji domain-containing protein that elimi-
nates monomethylation and dimethylation of histone H3 lysine 9
(H3K9) for exerting transcriptional activation function (12).
Cofactors such as Fe (II) and a-ketoglutarate are indispensable
for KDM3A demethylase activity.

KDM3A has been shown to control the transcriptional activa-
tion process in metabolism and spermatogenesis, as proven by
phenotypes of Kdm3a knockout (KO) mice having obesity and
male infertility (13, 14). KDM3A positively regulates activation of
androgen receptor target genes such as PSA and NKX3.I in
prostate cancer (12). Although KDM3A has been shown to pos-
sess oncogenic function, it is unclear how transcriptional activation
and repression cycles can be orchestrated in cancer progression.

JAK2-STATS3 signaling pathway is involved in a variety of
physiological processes, including stem cell homeostasis, cell
cycle progression, and apoptosis (15-21). JAK2 is a nonreceptor
tyrosine kinase that induces cytoplasmic signaling cascades, while
it has been shown that JAK2 is also present in the nucleus of
human hematopoietic cells, functioning as the direct kinase of
histone H3Y41 (22, 23). Once activated, it activates the tran-
scription factor STAT3. STAT3 is tyrosine-phosphorylated by
JAK2 and forms stable homodimers or heterodimers, which
leads to local activation of target genes. Aberrant activation of
JAK2—-STATS3 signaling pathway has been shown to induce ab-
normal cell proliferation, migration, and antiapoptosis in various
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types of cancers (24-29). Therefore, inhibition of JAK2—STAT3
signaling axis could be an appropriate approach to attenuate on-
cogenic properties, and finding specific regulators in JAK2—
STATS3 signaling axis would establish a way to tightly control the
associated cancers. Given that JAK2 is also present in the nucleus
(22, 30), we hypothesized that JAK2 might have other substrates
including epigenetic enzymes in the nucleus.

Here, we provide evidence that KDM3A functions as a key
epigenetic factor for JAK2—STAT3 activation in cancer cells.
KDM3A is directly tyrosine-phosphorylated by JAK2 at 1101
residue, and phosphorylated KDM3A acts as a coactivator for
transcriptional activation of STAT3 target genes such as MYC
along with decreased H3K9me?2 levels, leading to the increased
cancer cell proliferation and motility. Altogether, our data reveal
that JAK2-KDM3A axis contributes to enhancement of onco-
genic effects and suggest a strategy for inhibition of KDM3A
phosphorylation in cancer development.

Results

KDM3A Is Tyrosine-Phosphorylated by JAK2 at Tyrosine 1101 Residue.
Liquid chromatography—mass spectrometry/mass spectrometry
(LC-MS/MS) analysis showed that KDM3A is phosphorylated at
tyrosine 1101 (Y1101) residue (Fig. 14). Interestingly, the Y1101
residue and the surrounding amino acids of KDM3A are well
conserved among species (Fig. 1B). Coimmunoprecipitation (Co-
IP) assay using phosphorylated tyrosine-specific antibodies revealed
that KDM3A is tyrosine-phosphorylated (Fig. 1C). Therefore, we
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generated a specific antibody against phosphorylated KDM3A
at Y1101 residue (KDM3A-Y1101p) and confirmed no cross-
reactivity and its efficacy by immunoblot analysis (Fig. 1D). By
utilizing anti—-KDM3A-Y1101p antibody, we found that Y1101A
(YA) mutant form of KDM3A, in which the 1101st amino acid
residue tyrosine is replaced with alanine, abrogated tyrosine
phosphorylation of KDM3A (Fig. 1E). These data indicate that
KDM3A is tyrosine-phosphorylated at Y1101 residue.

Next, we decided to search for upstream tyrosine kinases re-
sponsible for KDM3A phosphorylation. Given that KDM3A is
localized predominantly in the nucleus, we explored tyrosine ki-
nases present in the nucleus. As JAK1, JAK2, Src, and Abll are
present in the nucleus as well as in the cytoplasm, we hypothesized
that they might phosphorylate KDM3A in the nucleus. Co-IP data
revealed that KDM3A bound to both JAK1 and JAK2 in the
presence of IL-6, which is a well-known upstream physiological
inducer for JAK activation and nuclear translocation (Fig. 1 F and
G). Next, we examined whether activated JAK1 or JAK?2 is re-
sponsible for the induction of KDM3A phosphorylation upon IL-6
treatment. We found that JAK2, but not JAKI, increased
KDM3A tyrosine phosphorylation following IL-6 treatment (Fig.
1H), indicating that KDM3A tyrosine phosphorylation at Y1101
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residue is JAK2-specific. Further, IL-6 treatment induced KDM3A
phosphorylation at endogenous expression level as assessed by
anti-KDM3A-Y1101p antibody, but JAK2-induced KDM3A
phosphorylation upon IL-6 treatment was abrogated by knock-
down of JAK2 by shRNA (Fig. 1]).

To examine whether JAK2 enzymatic activity is important for
KDM3A phosphorylation, kinase activities of wild type (WT),
constitutively active V617F mutant (CA), and dominant negative
kinase-inactive mutant (DN) of JAK2 were analyzed in HeLa
cells. JAK2 WT and CA mutant, but not DN mutant, exerted
kinase activity on KDM3A both in vivo (Fig. 1J) and in vitro
(Fig. 1K). Indeed, IL-6—induced KDM3A phosphorylation was
almost completely abolished upon treatment with AG490 and
TG101348, which are JAK?2 inhibitors (Fig. 1 L and M), but not
with other inhibitors including PP2, an Src-family inhibitor (Fig.
1N), or Asciminib, an Abl inhibitor (Fig. 10). Together, these
data indicate that KDM3A is tyrosine-phosphorylated by JAK2
in the nucleus both in vivo and in vitro.

IL-6—Induced KDM3A Tyrosine Phosphorylation Increases Its Demethylase

Activity. Although JAK2 is known to exclude HP-la from STAT
target genes for transcriptional activation in human hematopoietic
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cells (22, 30, 31), whether JAK2 signaling modulates KDM3A-
dependent histone H3K9 demethylation, a transcriptional activa-
tion mark, has not been elucidated. Therefore, we tested the pos-
sibility that the level of H3K9me?2 is changed during IL-6 treatment
based on the finding that JAK2-dependent phosphorylation of
KDM3A is induced by IL-6 treatment. Indeed, H3K9me2 level was
decreased during IL-6 treatment in HelLa and HEK 293T cells,
along with increased KDM3A phosphorylation and STAT3 phos-
phorylation (Fig. 24). Next, we examined whether IL-6—induced
JAK?2 is responsible for decreased H3K9me2 level. Indeed, IL-6
treatment decreased H3K9me2 levels, but knockdown of JAK2 by

shRNA led to an increased level of H3K9me2 with IL-6 treatment,
as confirmed by immunoblot (Fig. 2B) and immunostaining analyses
(Fig. 2C).

We examined whether demethylation of H3K9 mediated by
JAK?2 is dependent on KDM3A. JAK2-dependent reduction of
H3K9me?2 levels in the presence of IL-6 was abrogated by knock-
down of KDM3A (Fig. 2D). To test whether JAK2-dependent
phosphorylation of KDM3A affects its intrinsic histone demethyl-
ase activity, we reconstituted an shRNA-resistant form of KDM3A
WT® or YAR mutant in KDM3A knockdown cells. Intriguingly, the
reconstitution of YA mutant of KDM3A showed significantly

A Hela 293T B Hela
IL-6 (min) - 30 60 90120180 IL6 (min) - 30 60 90 120 L % &
H3KSme2 -~ (el i e H3KOMe2 » ™= == == =v — ShIAKZ - + +4 - + 44

HE + G P — shNS + S

KDM3A-p + S KD > . HIKOMe2 > = e = -
KDM3A + == et o == == = KDM3A + == o e e e H3 » "= e e ® e

STATSp + STAT3-p» —— — — JAKZ + - .
STATS + [ STAT3 » = =——— — P-actin - - —————

C

shNS shJAK2

oaH3K9me2

DAPI

aJAK2

-IL-6

_ FKDM3AWTR ~ F-KDM3AYAR

Hela
L6 - - - + + +
JAK2 - o+ 4 - 4 s uFlag
shKDM3A - - + - 4 -
shNS - + - - + -
H3KIMe2+ = = == . —_ oH3KIme2
H3» o e
JAKZ > _—— -
KDM3A+ — o DAP!
F HelLa G H
KDM3A Mock WTR YAR Hela Hela
M m L LT OSM(min) - 3060 90120180  'L-11(min) - 30 60120
B e 2w g e H3KOme2+ — — — — — — H3K9me2 » = —
H3KIMe2 » = == wm = H3* —————— HS +
H3 + o o o o KDM3A-p+ ~ = = — — — KDM3A-p » B 8.1 i
KDM3A + ——— - KDM3A + = = = e e — KDM3A + S & & o
STAT3-p+ = == == == STAT3-p+ —— ——— STAT3-p » = -~
STAT3+ & == un an w= o STAT3+» = o o — S STAT3 + — — — —

Fig. 2. KDM3A phosphorylation by JAK2 increases its demethylase activity. (A) The level of H3K9me2 was analyzed in HeLa and HEK293T cells after IL-6 treatment.
(B) The level of H3K9me2 was analyzed after knockdown of JAK2 by shRNA in the absence or presence of IL-6. (C) Representative images of cells knocked down by
JAK2 shRNA in the absence or presence of IL-6. The cells were stained with anti-H3K9me2 or anti-JAK2 antibodies. Nuclei were counterstained with DAPI. Arrows
indicate cells expressing JAK2 and the level of H3K9me2. (Scale bar, 10 um.) (D) Demethylation of H3K9me2 was induced by JAK2, and knockdown of KDM3A
abolished JAK2-dependent demethylation of H3K9me2 in the presence of IL-6. (E) HelLa cells were knocked down by KDM3A shRNA and reconstituted with shRNA-
resistant form of KDM3A WT (WT®) or YA (YAR). Transfected cells were fixed and stained for anti-H3K9me2 and anti-Flag antibodies. The cells were counterstained
with DAPI to visualize cell nuclei. Arrows indicate cells expressing KDM3A and the level of H3K9me2. (Scale bar, 10 pm.) (F) Demethylation of H3K9me2 induced by IL-6
is dependent on KDM3A. Protein extracts from HeLa cells were knocked down by KDM3A shRNA and reconstituted with KDM3A WT® or YAR. Transfected cells were
collected to determine the H3K9me2 levels in the absence or presence of IL-6 by immunoblot analysis. (G and H) The level of H3K9me2 was analyzed after treatment
of (G) OSM (20 ng/mL) or (H) IL-11 (5 ng/mL), which share a gp130-mediated signaling molecule in Hela cells, serum-starved for 24 h.
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reduced enzymatic activity on H3K9me2 compared with WT of
KDM3A, as assessed by 1mmunostaln1ng Fig. 2F). Moreover,
when we introduced KDM3A WT®R or YAR mutant in KDM34
knockdown cells in the absence or presence of IL-6 treatment, the
level of H3K9me?2 decreased synergistically with KDM3A WT, but
not YA mutant, in the presence of IL-6 (Fig. 2F).

Further, we treated cells with other cytokines to examine
whether other cytokines also induce KDM3A phosphorylation
along with reduction of H3K9me2 level. Indeed, KDM3A phos-
phorylation was induced, along with subsequent demethylation of
H3K9me2 by Oncostatin M (OSM) and IL-11, other STAT3-
activating stimuli (Fig. 2 G and H). Since IL-6, IL-11, and OSM
share the gpl130-mediated signal-transducing molecules as their
receptors (32), they appeared to show similar effects on KDM3A
phosphorylation. However, we cannot exclude the possibility that
a specific mode of action and downstream target genes could be
differentially regulated by each STAT3-activating stimulus. These
data indicate that JAK2-dependent tyrosine phosphorylation of
KDM3A is responsible for the enhanced enzymatic activity,
resulting in the reduction of H3K9me?2 levels.

KDM3A Functions as a Transcriptional Coactivator in JAK2—STAT3
Signaling Pathway. JAK?2 interacts with STAT3 and activates
STATS3 target genes (24, 33-35). Activated JAK2 induces STAT3
phosphorylation for nuclear translocation and transcriptional ac-
tivation. Moreover, nuclear JAK2 has been shown to function as
an oncogenic factor by acting on other specific substrates such as
histones in addition to STAT3 in the nucleus. To test the possi-
bility that tyrosine-phosphorylated KDM3A functions as a tran-
scriptional coactivator for JAK2—-STAT3 signaling pathway, we
first examined whether KDM3A binds to STAT3. Co-IP assay
showed that the binding between KDM3A and STAT3 was sig-
nificantly enhanced by IL-6 treatment (Fig. 34).

To examine whether KDM3A is recruited to the JAK2—STAT3
target promoters via STAT3, we performed chromatin immuno-
precipitation (ChIP) assays on MYC promoter containing func-
tional STAT binding sites. ChIP assay showed the IL-6—dependent
corecruitment of JAK2, STAT3-p, and KDM3A-p on MYC pro-
moter, concomitant with decreased H3K9me2 levels (Fig. 3B).
These results indicate that tyrosine-phosphorylated KDM3A is
directly involved in IL-6—induced transcriptional activation of
JAK2-STATS3 target genes. In parallel, knockdown of KDM3A4 by
shRNA significantly attenuated IL-6—induced MYC mRNA and
protein levels (Fig. 3 C and D). Further, introduction of an
shRNA-resistant form of KDM3A WT, but not YA mutant fol-
lowing knockdown of KDM3A4, increased STAT3-dependent MYC
mRNA and protein levels upon IL-6 treatment (Fig. 3 E and F).

Besides, luciferase assays using M67 promoter-luciferase
reporter containing functional STAT3 response elements as
readouts showed that KDM3A phosphorylation increased M67
promoter luciferase reporter activity in the presence of the
constitutively active form of STAT3 (STAT3 CA), but not the
dominant negative form of STAT3 (STAT3 DN), which failed to
bind to STAT3 response element (Fig. 3G). STAT3-dependent
luciferase reporter activity was attenuated by KDM3A4 knock-
down (Fig. 3H) but elevated by KDM3A overexpression (Fig.
3[). Together, these data indicate that KDM3A function is
critical for the IL-6—dependent induction of JAK2-STAT3
target gene expression as a coactivator of STAT3.

KDM3A Phosphorylation Is Responsible for Increased Cell Proliferation
and Motility. Since dysregulation of JAK2-STAT3 signaling
pathway is frequently associated with human malignancies, we
examined whether IL-6—induced phosphorylation of KDM3A by
JAK2 is involved in modulating cancer cell growth, proliferation,
motility, and colony formation. We performed a cell motility assay
in the absence or presence of IL-6 that induces KDM3A phos-
phorylation. IL-6 treatment increased cell motility, and it took
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Fig.3. KDMB3A functions as a transcriptional coactivator of STAT3 in JAK-STAT
signaling pathway. (A) Co-IP assay was performed to detect interaction between
STAT3 and KDM3A in Hela cells with or without IL-6 treatment for 2 h. (B) ChIP
assays were performed using anti-JAK2, anti—-phospho-STAT3, anti—phospho-
KDMS3A, and anti-H3K9me2 antibodies on the MYC promoters after IL-6
treatment in Hela cells. **P < 0.01; ***P < 0.001 (Student’s t test). (C)
Quantitative RT-PCR analysis of MYC mRNA levels after knockdown of
KDM3A by shRNA in Hela cells following IL-6 treatment. ***P < 0.001
(Student’s t test). (D) Immunoblot analysis of MYC protein levels after
knockdown of KDM3A by shRNA following IL-6 treatment in Hela cells. (E)
MYC mRNA levels were measured by quantitative RT-PCR in Hela cells after
rescuing resistant forms of KDM3A WTR or YAR in shRNA-mediated KDM3A
knockdown cells following IL-6 treatment. *P < 0.05 (Student’s t test). (F)
Immunoblot analysis in Hela cells after rescuing resistant forms of KDM3A
WTR or YAR in shRNA-mediated KDM3A knockdown cells following IL-6
treatment. (G-I) STAT-responsive M67 promoter luciferase reporter was
transfected into HEK293T cells with indicated plasmids. Luciferase reporter
activity was measured at 48 h after transfection and normalized by
B-galactosidase activity. Values are expressed as mean + SD for three inde-
pendent experiments. *P < 0.05; **P < 0.01 (Student's t test).

almost 48 h for cells to close the gap, whereas cells knocked down
by KDM3A4 shRNA showed significantly reduced cell motility (Fig.
4A4). These data indicate that KDM3A is involved in enhancement
of cell migration in the presence of IL-6.

Next, we measured cell proliferation efficiency through growth
curve analysis, 5-bromo-2-deoxyuridine (BrdU) staining, and col-
ony formation assay. Results similar to the case of a cell motility
assay were acquired. IL-6 treatment increased cell growth and
BrdU incorporation whereas knockdown of KDM3A significantly
attenuated them in the presence of IL-6 (Flg 4 B and C). Re-

constitution of KDM3A WTX, but not YAR mutant, in KDM3A4
knockdown cells restored the increased BrdU incorporation in the
presence of IL-6 (Fig. 4C). We performed colony formation assay
by introduction of MYC with or without KDM3A4 knockdown
upon IL-6 treatment. Reconstitution of MYC in KDM3A4 knock-
down cells restored the reduced colony-forming ability upon IL-6
treatment (Fig. 4D). Our data indicate that KDM3A-induced
MYC expression upon IL-6 treatment is potentially important
for increased colony formation leading to increased cancer
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Fig. 4. KDM3A phosphorylation is responsible for increased cell proliferation and motility. (A) (Left) Photomicrographs from the scratch-motility assay of
Hela cells expressing KDM3A shRNA with or without IL-6 treatment. Wound closure was monitored at 24-h intervals for 48 h in Hela cells. (Right) Cell
migration (percent) was quantified by calculating the wound width. ***P < 0.001 (Student’s t test). (B) Proliferation was monitored at 6-h intervals in HelLa
cells ectopically expressing either control shRNA or KDM3A shRNA. Proliferation efficiency (percent) was quantified by calculating areas of cell population as
shown in the graph. ***P < 0.001 (Student'’s t test). (C) Confocal images of cells stained with BrdU. The fraction of increased BrdU-positive (BrdU™) cells after
IL-6 treatment decreased following knockdown of KDM3A by shRNA. Hela cells were knocked down by KDM3A shRNA and reconstituted with an shRNA-
resistant form of KDM3A WT (WTF) or YA (YAR). Nuclei were counterstained with DAPI. (Scale bar, 10 pm.) ***P < 0.001 (Student’s t test). (D) (Top) Colony
formation assay of Hela cells transfected with either control shRNA or KDM3A shRNA in combination with MYC with or without IL-6 treatment. Cells were
fixed and stained with crystal violet solution. (Bottom) Colony number was quantified as shown in the graph. ***P < 0.001 (Student’s t test). (E) Schematic
model depicting JAK2-KDM3A-STAT3 signaling axis. Modulation of H3K9 methylation signature by JAK2-dependent phosphorylation of KDM3A is one of
the predominant epigenetic events in transcriptional regulation of STAT3 target genes.
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noncanonical functions of JAK2. The Drosophila JAK over-
activation globally disrupts heterochromatin gene silencing, an
epigenetic tumor-suppressive mechanism, and HP1 counteracts
tumorigenesis induced by JAK-STAT overactivation (22, 36).
Therefore, disruption of heterochromatin gene silencing has been

progression. Together, these data indicate that phosphorylated
KDM3A further facilitates cell growth mediated by IL-6, thereby
positively regulating cell survival and cancer progression (Fig. 4F).

Discussion

In this study, we provide a functional and mechanistic link between
upstream  stimuli-triggered intracellular JAK2—-STAT3 signaling
cascades and downstream epigenetic modification mechanism by
KDM3A. We propose that modulation of H3K9 methylation
conferred by JAK2-induced tyrosine-phosphorylated KDM3A is
one of the predominant epigenetic events leading to cancer cell
proliferation and motility. Several studies have demonstrated

11770 | www.pnas.org/cgi/doi/10.1073/pnas.1805662115

shown to be essential for the Drosophila JAK overactivation-
induced tumorigenesis. Genetic studies in Drosophila revealed
that JAK gain of function suppresses and loss of function enhances
heterochromatic gene silencing. In human hematopoietic cells, di-
rect phosphorylation of histone H3Y41 by nuclear JAK?2 is followed
by a decrease of HP1a binding from chromatin, contributing to the
oncogenic function of JAK2, while the displacement of HP1a by
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JAK?2 is likely to be tightly regulated in normal cells (22, 36).
Moreover, inhibition of JAK2 activity in human leukemic cells
decreases both the expression of the hematopoietic oncogene o2
and the phosphorylation of H3Y41 at its promoter.

Our data provide a previously unrecognized JAK2—KDM3A—
H3K9me? signaling axis in the nucleus triggered by IL-6, leading
to increased cancer cell motility, proliferation, and growth. JAK2
activation confers KDM3A to function as a coactivator for STAT3
through enhanced binding to STAT3 and increased H3K9
demethylation. Given that JAK2—STAT3 signaling pathway is
evolutionarily well conserved in maintaining cellular homeostasis,
dysregulation of JAK2—STAT3 signaling pathway may lead to
severe consequences, such as cancers. Therefore, identification
of signal-dependent modulation of epigenetic enzymes and their
dysregulation could provide insights into mechanisms of cancer
progression and pave the way for drug development.

There are more than 30 members of the Jumonji-containing
KDM family (37). Over the past decade, development of clinical
target candidates has not been successful in the case of Jumonyji-
containing KDMs, whereas four compounds already have been
in clinical trials against LSD1. The big hurdle for the develop-
ment of selective compounds modulating Jumonji-containing
KDMs is the high structural similarity and potential functional
redundancy among its family members. Since we identify the
JAK2-KDM3A-H3K9me?2 signaling axis, targeting KDM3A
phosphorylation by JAK2 could provide a therapeutic strategy
through perturbation of crucial oncogenic signaling cascade.
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Materials and Methods

Experimental methods for reporter assay, quantitative RT-PCR, ChlIP assays,
identification of phosphorylation sites by LC-MS/MS, immunocytochemistry,
in vitro cell motility assay, and cell proliferation assay are provided in S/ Appendix.

Cell Culture and Reagents. Cells were cultured at 37 °C in an atmosphere of 5%
(volivol) CO,. HEK293T and Hela cells were cultured in DMEM supplemented with
10% FBS (Gibco) with penicillin (100 U/mL) and streptomycin (100 pg/mL). IL-6
(50 ng/mL; R&D systems), OSM (20 ng/mL; R&D systems), IL-11 (5 ng/mL; R&D
systems), AG490 (10 pM; Sigma), TG101348 (2.5 pM; Selleckchem), Asciminib
(250 nM; Selleckchem), or PP2 (10 pM; Sigma) were treated for indicated
times. The following antibodies were used: anti-JAK1 (#3332), anti-JAK2
(#3230), anti—phospho-STAT3 (#9131), and anti-H3K9me2 (#9753, #4658,
ab1220) (Cell Signaling Technology, Abcam); anti-STAT3 (sc-8019) (Santa Cruz);
anti-KDM3A (nb100-77282) (Novus); anti—phospho-Tyrosine 4G10 (05-1050)
(Millipore); anti-HA (MMS-101R) (Covance); and anti-FLAG (F3165) (Sigma).
Specific anti-phospho-KDM3A antibody was generated by Peptron (Korea)
using immunized rabbits. Synthetic phosphopeptide (KMYNApYGLI) was used
as the immunogen.

Statistical Analysis. Statistical differences between the test and control
samples were determined by a Student’s t test. Bars in graphs indicate
mean + SEM. Graphpad Prism was used for all analyses.
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