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Advances in the structure and functions of KDM4A and its roles in cancer
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Abstract: Histone methylation is an important epigenetic modification, and lysine (K)-specific demethylase 4A
(KDM4A, also known as JMID2A) specifically catalyzes the demethylation of lysine residues of histone proteins,
thereby regulating chromatin structure and gene transcription. Recent studies have showed that KDM4A is involved
in the regulation of multiple processes including cell proliferation, differentiation, development, and metabolism.
Dysregulation of KDM4A is closely related to the onset and development of malignant tumors, making KDM4A a
promising target for anti-cancer therapy. Therefore, KDM4A has been becoming a hot topic in cancer research. In
this review, we discuss the structure, regulation, catalytic activity, and biological functions of KDM4A, as well as
its roles in cancer treatment.
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WORAAEMAE R H3 BRI L, 1 H3K4,
H3K9. H3K27. H3K36. H3K79 %%, fE4lE A H4
EIAT HAK20, X SLAE 0] J R 34 (1) 520 % A A
A, 40 H3K4. H3K36. H3K79 ) H 3Lk — i 23 i
TER RS, 1 H3K9. H3K27. H4K20 ) 34k
— Ao P DR P

B AR R R B R AR R R
% Wf§ (lysine methyltransferases, KMTs) i 1k, % g
5y N F SET 25 #6380 5 I A A £ SET 25 14 380 5 ik .
W HEANABME TR, WmAEB OB,
BERRAL . V2 = ASE, TR R T R AE 1956
TR RIS BARAC — B [E) BLER RN At — R AR E
B, 1973 4, BRI B 4 SR I g 0%
ANERR A R 2 R, R ST .
RUE I R 2 W A i 1 3 A A T4
Mz AR, BT IR S B B Rl 2 F AL
g, T LA H AR AT B A S — A AT A 1
HLH 2004 4, 55— NHE A X H HEALEE LSDI (lysine
specific demethylase 1) [{) & ILAFT 8 T AATHIAHA,
F I B W R A AT DL 4H B B R R R I A
HA LA B 1 1R F AT Bh A A B

145 BRI T PRI L IR, —3%
U R A B 5 Tk 1) M IR AR e R 2 R AL G,
LSD1 J& iz 5 Mk H B g & I —— it . LSDI
REFET HWHEALCHBHBE S, FE
fEAL H3K4mel/2 £ W EEA . 55— KN EH Jumonji
25 ¥ 3 ¥) & 1 5 (Jumonji domain-containing, JMJD)
K, BHFBEAWZME, HEAREDE 028,
T MRE T o- B R Z 5. IMID K%k
BAPIARHESS F, 762 T N Al C 3 (53 )
J9 JmiN. JmjC). 7T N 3t () TmjN 15 52 [ (1) 57 38
FHSS, AT C ¥ JmjC 52 IMID SR BERS 1:
F ALRER 2y, IMID AR AL TmiC Z5#4
35k ) 20 B 25 H 4L (Jumonji-domain histone deme-
thylase, JHDM) Z{j%. MR4EFFHILLEL, & JmjC 454y
B R AR N T AR, B JARIDL, JHDM3,
JHDMI1. PHF8, JHDM2, UTX/UTY PL A &4 JmiC
ZERI R A 7 AN (B D, T KDM4A
& JHDM3 M1 S B B — 5

1 KDM4AZEFIFIMEL IR

M F MR TR RS 1 2 LR 4A (ysine (K)-
specific demethylase 4A, KDM4A) X % JIMID2A.
JHDM3A. KIAA0677. fE N, iZHE KA T 4

Ak 1p34.1 4b, 78 B iz AR AL T 4L (44 4 D21
45431 cM 4b. KDM4A fH 1 4 JmjN. 1 4 JmjC.
2 /N PHD A1 2 /> TUDOR 5 #4415k ™. TUDOR 4
MR EA — P22 XRS5 7, KDMA4A ()X TUDOR
Sit 385 H3K4me3 L 45 s R B, = gk
I K4 S5 G48 3 A5 BRI A e Jerh,
o 2 NS FE R IE K H TUDOR-2 £ 17, 1 45 & %5
1 H TUDOR-1 25 ) 330 2 2k 1% 0 6 %) 4R B AR A
5E . KDMA4A 1] 38 i H TUDOR 45 #4348 5 12k 11 51
PN B = F A7 A (H3K4me3 I HAK20me3) ;
B 5T on, KDMA4A @i A 5] (1 77 230 51
H3K4me3 Fl H4K20me3, {E % 5 M1 H3K4me3 iH 7
[y 2 JAB (4 HAK20me3 #1345 50 ( 18] 2),

%f KDM4A 5 H3K9me3. H3K36me2. H3K36me3
HEVIN & PR ST AT, RV E AR
IR SR B KA FLAE FH R KDMA4A (1)
TR, R B A R BT I O R AL
PLRT o TETEHO A LR L e R FTTE AT
i P25 - 2>l it B 5 31 KDMA4A (1) R L e 45 4
ghikgat, FRRR & @ ST TS T O
KRN, AR e @IEKA T L H L
SR o FEAZ RN ) R i 4 G R 3 — PR AR
GERE, AT G R I AR R O Ay e B TR R B S A 2
F AN AT R 1), 070 S R R A T S 2 (T
Pz U, il R 7T KDMA4A F {46 A% 0 15 H3K-
36me3 WK I B Gk g kL, FERZHAER
[l — 5K e e T KDMA4A 25440 e 5k 1,

KDM4A 7] DLk AE 2 Pl e &1 . i 7R3,
TEM FLB Y 40 e o, KDMAA n] DL i) 41 i 5 1
R, 1 KDMAA B ZIR 547 (Y547) MR # 2=
Jk 55 KDM4A xif - F Wi (i #m il 4 F U, KDM4A 7
ZE)Z FEM G & R A B R, AHE FBX022M,
FBXL4", RNFS8 il RNF168 [ % Fiiz 2 & 40 v]
PLAE 1L KDM4A 32 246 ", Hd, FBXL4 /r &
[f] KD- M4A 2 ZALBR S5 T 4 A i i 1Y,
RNF8 1 RNF168 41 5:ff] KDM4A [z Z AL AP A2
#E7 53-BP1 /£ DNA i {5 7 & i 554 . i USP1
Al LA £ B4k IfFa 8 KDMA4A, 53k 51 41 i Je 40 i
[R5 1, KDMAA #ia ik 471 (K471) i67] LU SUMO
(small ubiquitin-like modifier) 1k & i, X Fh 4 1fi ]
DUtk KDMA4A 255 3L 0 i s L R % 5%, KDM4A
(K471R) AR [ 418 11 2 F S A ig o e i B,
[FIS, HHEFUEY], KDM4A [ SUMO b2 ifife it
T KDMA4A F1 p53 (AR E A ",
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A [ ARIDIARBPAKDMSA) 02325)
JARIDIB (PLU-1,KDM5B) (0.2380) } ——
JARIDIC (SMCX,DKMS5C) (0.0719)
{___JARIDID (SMCY.KDMSD) (0.0718)
— JHDM3A (JMJD2A,KDM4A) (0.2272
_|'|:JHDM3C (IMJD2C, KDM4B) (0.2202)
JHDM3B (JMJD2B, KDM4C) (0.2367)( 'HDM3
| JHDMB3B (JMJD2D,KDM4D) (0.2496
[ HDMIAGBXILKDM2A) (0.2297) )} —
JHDMIB (FBXL10, KDM2B) (0.2303

JHDMID (KIAA1718) (0.2968) } PHF8

I PHF8 (0.2903)
JHDM2A (JMJDIA, KDM3A) (0.2535
L wows (JMIJD1B,KDMIB) (0.2586) [ JUDM2
L JHDM2C (TRIP8) (0.3190)
JMJID3 (KDM6B) (0.3415)
_| —UTX (KDM6A) (0.0700) UTX/UTY
L—UTY (0.0703)
' MINAS3 (0.3581)
L NO66 (0.3627) JmjC only
_i JMJD4 (0.4288)
JMJID6 (PTDSR) (0.4226)
B JmjN JmjC PHD  Tudor C KDM4A | KDM4B | KDM4C | KDM4D | KDM4E
KDM4A Me1
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Me3
xows == — - B~
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Me1
1 16 58 144 310 689 865 877 991 1056 T S
KDM4D -.-— Me3
1 18 60 146 312 523 Me1 Demethylase activity
Me3
1 17 59 146 312 523 Met
I (20 | We2 Binds this
1 14 56 131 308 638 Me3
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Demethylase activity l Demethylase activity
at H3K9 at H3K4
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JmjC domain Tudor domain

A: KDMA4A JmjCik A Tudord X} H3K9me3 FTH3K4me3 (1M 5]; B: KDM4A =4EZEH)
[E]2 KDM4ARRYDIR A Fn = 445449

KDMAA [T USRI . REXS, VA4 B2, KDMA4A [ % 1436 2 B 403 1) 3,
Lerd LMt KDMAA 7635 12 ¢ i miR- 526b  7EGR P F HIF-1o B0, #7175 5 KDMAA
miR-137, miR-10a ] L% KDM4A [ £k #4750 f03eia B2,
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2 KDMA4ARIEHIFTIRE

KDM4A & —Fif B B R M AL Wy, 7215 et
poEtE. EKKRE. B2 R GRS TR
HEPRE.

KDM4A £ i 7 G € 53 14 07 T KA . ]
Wit R 3% L SHRFIE . TR X 2 N e e )i
(euchromatin) A1 53 4% 4, Jiii (heterochromatin), % 3 fig
IREIANE 43 MTEPE G4 )5 (active chromatin) A1ETE
PEG A (silent chromatin). WF7C &I, 4H 2 1 8t
AR R F AL 5 e 0 TR 1A ¢, KDMA4A (15t
FIKFARG T i 22 A 1 (heterochromatin protein
1, HP1) £ 7 Y (0 i AL ) & 45, KDMA4A siRNA 4b 2
T3 H3KO F B AL /K1 39 n S #EHE ] ASCL2 1 |
W, RE] KDMAA A RELEH Ge o i ik 2 bR 5 5 ik
PEAH S 4L 8 (1 A ARie . fE R, KDM4
¥ 7 Y5 ¥ dKDM4 (Drosophila KDM4)(1)/CG15835
257t R A iRz, HidRIA (L HP1
WSS €0 5 B Yt i, EAS R S e £ 5
4L (&1 . dKDM4(1)/CG15835 1] LAES T 5 4k
R I B AT 2 G B i A7 s, 148 H3K36 H
HAk . dKDM4(1)/CG15835 A fig i i 4% 4e o )i rp
H3K36 [ F R4, (k1 5 G e TR o5 e 2 )5 [X 35
ko B, Bt rp B Y 85 1o (heterochromatin
protein lo, HPla) A L 5% dKDMA4A ] H3K36 2 H!
SAREEEME 7. Crona 2 P 75 Ui — 4 4h b rp i
dKDM4A [P #ERE R A B, KDM4A it PUs Tk
H3K36me3 < i 1] 77 =X I 428 3k K Rk, [R) I & B
HP 1o 7 JE L5 5L R i 42 o Fl KDMAA F 55/ .
dKDM4A 7] LUE N T e ti)in, 251095 5 et
A7 B RN A8 BE (position-effect variegation, PEV).
# K DNA X1 F1 DNA #5125 . &£ DNA $ifji5,
dKDMA4A ¢ {7 EI| 5 G 4 )5 XURE T 24 4L, {46 H3K-
56me3 )2 34k, HFT DNA Bl & ik ir 7,
i %1k KDM4A/B/C 1] DL T4 DNA £ 70 2 5238 % ,
SURIER A AT T B fEBE RN, FiEhm
Jra LA (c-Jun [EJE Y0 ) 7240 A] L KDM4A/HP1a
BEVSFERN AR X, FFC H3K36 H ALK
FEPAAG H3K36 WAL ARt 2 2 1 25 4 Ak, 21
25 Jra LR P20 Tra B8 1 1E S 5 2R Y,

KDM4A fEAK R B M KIEEH . KDM-
4A/C 1t GFAP (glial fibrillary acidic protein) & [A] 4b
52 H3K36 2 HFEAL A RNA 485 1R, M
IR T R 40 501k B KDM4A 78 3R 9T Rl

FEAR A 2 A e 22 08 i B Rk A Y. PRDMI2 L3
Foxd3. Slug 1 Sox8 /& 3)1-1-4k H3K9me3, 1M KDM4A
AL R Fox3. Slug F1 Sox8 & 714k H3K9me3"™,
KDM4A 5 FIk1 ( fetal liver kinase 1) J&&)F454r,
B AR T4 (mouse embryonic stem cell, mESC)
1] P R 40 434k BY. Sankar %5 BRI, Kdmda™ i
PN B RIHE R AN 2R R W B B R, (HIRIR R
REFERC, BARIHHERIBHEER KRS,
iEW] KDMA4A fE il fif A & 2 S 24 ] . KDM4A
PRI PRE A v P 0T T IR 1 2 U0 368 A B 4t R AR N HIT K
HAEKEE. JIEEAH KDM4A 1) i 2k 25 3 3
H3K9me3 7£ bdH3K4me3 (broad dom-ains of H3K4me3)
YL IR BAE S T EEBIZHENE (zygotic genome
activation, ZGA) HAHICIEA . PRI #5055
AR R0 R S B 3RS 46 1 K e SR O D B SR TR AN
2 P, KDM4A 454 3 Sfrp4 11 Clebpa (B 5h 1L,
F&MK T H3K9me3 A1 DNA H 34k /K, Sfrpd i1 C/
ebpo L1458, B 5 Wnt {55 2805, AT #0 ]
BeE Ak, IR 21k . KDM4A 1] DA ki
1] 76 J5i 141 . (bone mesench-ymal stem cells, BMSC)
RIRCE 734k . KDMA4A 4545 %) Runx2. Osterix. B 1%
T FRIA (alkaline phosphatase, ALP) 1545 2 (osteocalcin,
OCN) K 1 5 31, e # H3K9 1 2% AL A A
FoAn B, BRI, FBXO022 it H FIST (F-box
and intracellular signal transduction) 45 #4155 7I] KDM4A
[ ImjN/ImjC Z5 4435, {23 KDM- 4A #)3Z AL A
B fig, 3@ id FIF H3K9 F1 H3K36 (1) F 3 4k 7K 7 ok
T 5 1P, Fbxo22 75 38 2 4H il vh DA p53 i
77 A EFRIA, SCF™” 5 KDM4A T H &4
SCF™°2.KDM4A, J#idiZ Z 4k p53 5 s Z i 2,
i it %35 KDM4A i 2L 58k mf Lhg e ps3t™.
KDMA4A e ARSI 5 77 TR FE/EH . KDM-
4A fieidt B2F1 (45 & A sk, et A R it
fig iR PDK1 A1 PDK3 fRIE,  JF a9 0 1 A A U
AR A R ) 5 4 . KDMA4A 1T 1 3 304
i T2 i B 1) 3% o T v AR Rk AR SR Ak, T R B0
PR R R . AR 2R IR R RN S B A
FL s, =R (TCA) TG i B B A7 B IR
MU 1 A0 2(IDH1/2) RAFERIRAR, X R AR
THE AT, B o BRI TR (aKG) 2K
R-2- }23E % 2 (R-2-hydroxyglutarate, R-2HG), R-2HG
S VR 2 B 25 F SR AGBE AT DNA 25 LA BgS
P, G KDM4A FEPEBOE I AL s V) iaEE =R
#07% 4 (mammalian target of rapamycin, mTOR)™",




746 AR

33%:

KDM4A & 2- &% "Rl (2-oxoglutarate, 2-OG) K
AEINERE, T TR R RS,
PR BUR T . KDM4A 1EANEBURE [ (O, sensor),
EIAZEAT] (Ky= 173 pmol/L) 1§ 2IARSMIF 7T (152
F; W, fE1E %k KDMA4A [ U20S 40 (N B AR
M) PR RSO SERR TR 5%, 1% 1 0.1%
10, N, KDM4A J& 1 BB 0 &S, X5
i FH 43 B 1 R 1 R A RO — B0 YRR IR
T, KDMA4A [k B, it Bs s s S
[A-¥ (HIF, hypoxia inducible factor) {5 5i&4%, JHTTHk
S 3& M1 2 M (hypoxia adaptive response)s KDM4A
¥ 2% % 23 ik HIF-1a 2 (5] [X 8 H3K9me3 7K1 4 &,
MM 3 50 HIF-1oc 117 mRNA 7K SRR 5 1 B A T
WEFCR DL, ML E T A2t KDM4A ()25 H L AL i
wEPE, R KDM4A 5 147 MR M BHAEH, 1X
LR H SR E Y4 & B B (heterocyclic com-
pound-binding proteins). Z F&FE4; T iEH 5 (Ubl-
conjugated proteins) F122 A i B Y. B 7T R BN,
GPS2 (G protein suppressor 2) 7] PAF&E KDM4A, {2
ik i 97 40 vh o AR A Y Bl A S TE ) O S Ay
(PPAR gamma) M1 H (R R S 3 7455, G 9miR
Jifi H vl = 18 fE % (adipose triglyceride lipase, ATGL)
25 UM IR D7 % (hormone-sensitive lipase, HSL)
S P AR R e s ik B

KDMA4A 7E 5 40 i 4y 7 HEA 0, BT
TN KL, KDM4A 25 |85 B G B
(oxidized low density lipoprotein, OxLDL) i 5 {) B
W2l M1 M4k, $27x KDM4A 1] g/ N 1 b fvG
I V8 AN S K SRR A A 25 28 M 300 PO v e i B 7
B 4ifigf, ChIP-seq Fll M\ LFEEF 3 #T (de novo motif
analysis) 575, NF-kB p65 /& KDM4A il KDM4C ]
ZEG AR, e AL F#L ) WDRS (—Fh{2 ik H3K4 H
BB MLL B 7 ), b8 20 B J5 B340 #1551 Cdkn2ce
A1 Cdkn3. T1fij Tth (T follicular helper) 4H A8 & J5 (1115
5 1] LAFE A4 4 i % KDM4A/KDMAC-WDRS-Cdkn2c/
Cdkn3 ZGBEI B, 2T B 40 I 5 HE5E R
M3 B

RN A% AL A (SCNT) (193 Mgt A% B g 72 5 5
AR MR G G K B R M) E R R,
KDM4A fEHH R EE/ER . @7l e G
i ZGA # 5- FREE g ng (5-methylcytosine, 5-mC)-.
5- $2 H 3L g (5-hydroxymethylcytosine, 5- hmC).
H3K4me2/3 1 H3K9me3 HIsh A48 4k, W 575 &
JKF 1) 5-mC. H3K4me3 F H3K9me3 wJ GEPHAT 1 %

WAL I E AR, T8 IEIX LS R B M ] e 2 5
L1 2 5 B AR RV LE SR Y SR, AR
KDM4A mRNA &2 #5150 FBESE R IR (1 5 8 2%
KDM4A )i 255 m] DA CK 35 v B VI 1) 2 0 a8t 44 =
g, WA BIEmERARERES M

KDMA4A 38 0] LR T R sz A vd e . 1 51 i
St A AR PRI BB ZE 32 4 (androgen receptor, AR) 3
IR, MR E -MEENERE T, 45
T EAA R EEER 52 AR T BL S KDM4A JE R &4,
FEAF IR S AR VGG I, gk 7E — e AR T B
T RIGIBRE 10 &4 . KDM4A Rik & N &ibr2
HEER B2 AR R R RE DR (G0 A B Ry e R AR ) 3R
KA P BRI, KDMAA & Al LA R %
& (estrogen receptor o, ERa) X E Ak, FFIE st
TBCER S A S B T e RSP U 4 e a3 i B

3 KDMJ4A5 i

WA 5L £ B, KDMAA {F Ky # 5 R ik
R oct R M AL R, FE e 5 2 Fhog ik A&
P

W5 KRB, circ SPECC1 Al miR-526b 7 {5 4 4H
M RIA A R I, AL SRR, circ SPECCI
A LR Bt miR-526b -4 55 %) T i KDM4A/YAP1
AR AR, TS S e A A ) AR K R 28
KDM4A it % 1A 7] DL 35 FH Wr miR-526b X} 41 f 4=
KAZZEMRE, Iiifedt Bmanid K @Y. £ H
J 41, KDM4A fEfE Rk ik, KDM4A (1) m R
REAETURTIG 2, A EH% . KDM4A K5 H
S5 L2 PR JE T () miR-34a (7K S AH 5%, KDMA4A
Al LS H] miR-34a 3 sh Fig e N AR RIE, (2
E 8 A0 M A 2E K R R 4K B, Neault 25 P2 % B,
R AR T, miR-137 485 KDM4A mRNA, Ff
Woig ps3, | T AN sE . TR R T R, 3R
BEHA AT L% S RFXAP (regulatory factor X-associated
protein) ff ik, #Eif i KDM4A £k L, 5]
H3K36 FIEAL i, Mi#idl 7 DNA #4512 2 ik
12 B, 78 RS 40 0 (hepatocellular carcinoma, HCC)
F1, KDMA4A /& RFXS5 (regulatory factor X-5) [0 4L
[Al, RFX5-KDMA4A (it 1 4 i B G/G, #
B S WM HERE, JEHANHI4nHE T ", KDM4A |J
DAt pre-miR-372 FJFRIA RIS, BE /G miR-372 il
Ik PH W KDM4A mRNA [ IE# 84z, ¥R KDM4A
(138 (1) % 5 A% KDM4AS., KDM4AS i J i i T Vi
P21-WAF1/Cip1-Pim1-pRB-CDK2-CyclinE-C-myc i#
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A S 8 40 M B . B,

i KDMAA ] DU /N il (non-small
cell lung cancer, NSCLC) 4 fr2E KA1, KDM4A
38 o {12 3 e v 5k 2[R r S (distal-less homeobox 5,
DLX35) 4 8 25 340 B DLXS iyfes,
BOiE Myc 1) 3R ik J T i Wnt/B-catenin {5 5 il 1,
MR HE NSCLC kA HeRe R K B, KDM4A
FE NSCLC # A M40 il & of 2 2% 1R, 4 m K
KDM4A tf, miR-150 2% N ifl, MM NSCLC 4
f it 3 B 7€ NSCLC 40 g F', miR-150 2% /&
FIKIEFERE SIRT2 (9, 76 AS49 1 H1299 4
Hi R 1 miR-150 7] 3@ i SIRT2/KDMA4A i #% 11 il
NSCLC 41 ffd g 4= K AL #% 7. Ras Ji 56 PR 508
5| AN M Ak, KDMA4A ] LRI Ras ¥ 3 K D /F
Sl A Ak . HAERILHI DY - Ras AT LA
S p53 935 1 Y, T CTCF A1 KDM4A JE 2R 1 5
G, BEAE SR G 05 R IR e B DNA 4558 H 5
(chromodomain-helicase-DNA-binding protein 5,
CHDS5) HI55 — MW & 1, i H3K36me3/2 '~ &,
CHDS #5% F i, M7 550 pS3 i #4375 1k B B2
KDMA4A 7K 55 8 8 55 25 7L I 2 (lactate dehy-
drogenase A, LDHA) ik £ 1EFHC, H KDM4A Al
LDHA ik, Tif5iiZ. KDM4A 7] Ll LDHA
BT IX 454, L LDHA 3Rk, ik &g
MadgE . ERREAN .

KDM4A £ A 5 52 1% 15 o 5 41 i 988 40 i (U87-
MG) N Jibi J52 J53 Jed 41 (T98G) H ik, iy ¥l
KDMA4A 31k 7] G i e 12 5 W AT R0 i 4o 22 fi o
S ¥ A7 45

Hi 51 B 88 (prostate cancer, PC) & fEFE G 2
ZHF 5 1 Ik B (ubiquitin specific peptidase 1, USP1)
1 KDMA4A 1) 4%, USPL i@ £z #4k fase
KDM4A, KDM4A il i #f 3R 2 AR Jx 5l PC 41 fi 3
8, FW] USPI Al PC (g it s U, RisE
Bt AR E R KR G A EIBZ K 4 (leucine rich
repeat domain containing G protein-coupled receptor 4,
Lgrd) A {& #F KDM4A mRNA [#7KF, {2 AR 5
B s 7 ME TR (prostate-specific antigen, PSA) J&
HFAHEAE ], #H] PC 4 T B wE R R,
KDM4A ] LL#I1 ERG (ETS-related gene) 3|7 45 & 5|
Hippo {5 5 i i 1) F i R 1 ——Yes AR H 1
(Yes associated protein 1, YAP1) ) A5 T, [#{% YAP1
FEIRJE 87 4b 1) H3K9me3 7K F -2 2F J5 3 7 1 s
M, MifiZ 5 ERG {2 ik i 51 i ) & A Fdh Jgg 2,

miR-10a 7K-F-7E PC Il &% HEL N . B 9T
8], KDM4A & miR-10a [ # 3£ [X], miR-10a i@
i 47 % KDM4A & H T i Hippo-YAP i %% 7 PC
HE R P 72 NS IR BER . KDM4A (1)
1A KT F 98 1) Gleason BE2> FEEFL IEAH IS, #F
ORI, ETS #3¢[KF ETVI (ets variant 1, ETV1) £l
KDM4A St[REIVE RN R AT IR IR K A= ETVI
&3 KDM4A %54 % YAPL 3 2 7 3F 12 i3k YAPI &
R RR ) A AR

KDM4A 75 55 it 8 21 SUR 40 i 2 Hh (R Rk K7
3% L], KaplanMeier 2EA77r Hr B, KDM4A &
KK ) A S AR A R, KDMA4A AT DLt
YT SLUG (— P s IR 1 ) 2005 02 2k 155 bk s 11 |
%7 8] Jii %5 1k, (epithelial-mesenchymal transition, EMT),
REMT AN T R 12 28 1,

FEFL R T, KDM4A &% w5 Ri5, mlk KD-
M4A 7] 8K B A4 Ras [F] 2P0 7 T (aplasia Ras
homolog member I, ARHI) {3 ik, T id % 1% KD-
MA4A A [E{% ARHI (335 ) 7575 Py B 414,
KDM4A F1 KDM4B 7KV & 3% L, [F] i fEBE A
B IRF AR, KDM4B, KDM4A fil AR ik
B TR R RS ©. KDM4A K ] 7
N R1L9S-2 A1 ISK U A AE . R ZBREEFS .
X 2 B KDMA4A 72 1 B A JI55 e 4 i 3 5 A7 3 1Y)
TRHER T, & — AR E 25 HE 55 7. KDM4A
(R ZRIRTE N B 2008 4T i R R 30 7 e 4H 2R AR A B
= L, ek TR S 20 SR AE A 1 miR-
491-5p HE i fe 3 N 5 S 40 L ) 14 5 . KDM4A
W54 )50 B A B UIEC R, MUk KDM4A 1] LA
0| U SIS LI R A& 6 (IL-6) AT A2 8 (IL-8)
P25, 78 KDM4A 0] L | i IL-6 AT IL-8
755 U9 SUR A0 gk — 25 8L

# ] KDMA4A BCRTETT MR I — /Mol & 1
P 5| 7 KDM4A fEA Mg E - . 78 2 ek
E BRI M 11 155 A0 MILL 28] S HERY 2k i R R
9 225 B SETD2 (SET domain-containing 2)
AR, SETD2 28745 n LL 58 H3K36me3 (17K 4%,
] DNA #4518 5 [ N Fl DNA #1167 254 5] i
IR T, E/NER ., SETD2 Ki% 465 T MLL-
AF9 1531 L0 BV AR, 9 SO0 Bl b i 1 1)
iz, KDM4A #i7) JIB-04 7] LK 55 H3K36me3
(137K T f e 20 B X B A ) A Y. JIB-04
S —F/N TR, ATREER KDM4A 550 T 1)
gh gy U0 SX SR 9T — 7 TH A R I 7EFERE T8 K



748 Akl #3345
#<1 KDMJ4ATEA[E]BhiE  RY4E

Byt KDM4AKIE KT 1EH SR

& 1 miR-526b, miR-34a e A [21,52]

Jok iR 1 miR-137, RFXAP HIHIDNABUAE 5 @42, fedbanpui g [22,53]

lisg ] 1 RFX5. miR-372 FOHI AN T, A 4 [19,54]

a1 DLX5. miR-150, Ras, CHDS5 Ribma R e, B, kK [55-59]

LI 1 LDHA fesean s sg ., T, R3% [60]

A2 fie ot TR 1 LC3B. Beclin 1 AR A A 375 A B [61]

T 0 iR ge 1 MEBEZ k. USP1. Lgrd. ERG.  RukZNbgsE, #0400 E T [16,20,23,
YAP1. miR-10a. ETVI 50,62-63]

JE5 e 1 SLUG T4 HIT RS AR 28 [64]

T 1 WM 324k ARHI fedmpRZE, MEAR [51,65]

T 5 NI 1 il G N R T3 20T B A7 3 A48 B [66-67]

e 1 miR-491-5p RN 28 5 [68]

b 55 1 IL-6. IL-8 P4 3 5 [69]

TE: 19RKDMAAKIE i, | "KDM4ARIE T i

[ AT, 53— 75 T 9 Ji 8 A 46 58 AR T 3R it T
HTH B o

4 KDM4AHHI

T KDM4A 75 I8 K A= 6 o7 v (1) 3 AR
F, KDMA4A #5558 A5 U A 2. HFFRA
A KDM4A [ ds R ghite . BTk A E A =H
B e A A AL I e SR B SR K IS
PKF118-310 (TGF4/B-catenin 15 5 % 5 3@ % 11 4% Bt
) BIPURE T TE,  IF B 7 R AR g
FAk, TR B M b B R v AL A A R 7
H LAYEAR AN 2] KDM4A™,

JIF 9 240 L B T S A S R 2 IR | A i Rg SR K
F A O 18 T2 15 5 L /& (TNF-related apoptosis-
inducing ligand, TRAIL) 1%L T 52 {4 (death receptor,
DR) #zh B Hr ik 176 97 2%, KDMA4A i 71 C-4
A LA 5 TRAIL A6 T2 52 A4 75 il e o L i e A i
A1 g A L BRI, T A1 1) 4 i A (R A
MO T, $E e T MR 4 ) # 2H TRAIL FISET: %2
BT HUR BERUEE U BeAh, WEE N B H
— P SR LDD2269, LDD2269 & KDM4A
(R SR 77 (IC50 = 6.56 pmol/L), fEA&ANAT LA |
NEE a4 HCT116 FIRaE e sk T 7,

ST TR SR AN AL (1) B H 4 A Y KDMA4A
Pl R EL A = A it 2 TR ke i P 6 e JOR AT A A1 il v
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) KDM 5if £ 7,
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w] DA 0L 5K 2K 1T (angiotensin 11, Ang 1) i
S ST LA M 2 P s s AR U 24, T
T 9l BE IR 7K T B KDMA4A 358 55 M 4 1] 550K &
AR PR R T8 RV T B B T A

(& £ X #

[1] Wysocka J, Allis CD, Coonrod S. Histone arginine
methylation and its dynamic regulation. Front Biosci,
2006, 11: 344-55

[2] Martin C, Zhang Y. The diverse functions of histone lysine
methylation. Nat Rev Mol Cell Biol, 2005, 6: 838-49

[3] Bannister AJ, Schneider R, Kouzarides T. Histone
methylation: dynamic or static? Cell, 2002, 109: 801-6

[4] Paik WK, Kim S. Enzymatic demethylation of calf thymus
histones. Biochem Biophys Res Commun, 1973, 51: 781-8

[S] Shi Y, Lan F, Matson C, et al. Histone demethylation
mediated by the nuclear amine oxidase homolog LSD1.
Cell, 2004, 119: 941-53

[6] Lee DH, Kim GW, Jeon YH, et al. Advances in histone
demethylase KDM4 as cancer therapeutic targets. FASEB
1, 2020, 34: 3461-84

[71 Katoh M, Katoh M. Identification and characterization of



el

F %

4. KDMAAZER . DhRe S AL R vh A R ROWT 7E 0k Fé

749

(1]

[12]

[13]

[14]

[16]

[17]

(20]

(21]

IMJD2 family genes in silico. Int ] Oncol, 2004, 24: 1623-8
Lee J, Thompson JR, Botuyan MV, et al. Distinct binding
modes specify the recognition of methylated histones
H3K4 and H4K20 by JMJD2A-tudor. Nat Struct Mol Biol,
2008, 15: 109-11

Chen Y, Liu X, Li Y, et al. Lung cancer therapy targeting
histone methylation: opportunities and challenges. Comput
Struct Biotechnol J, 2018, 16: 211-23

Couture JF, Collazo E, Ortiz-Tello PA, et al. Specificity
and mechanism of JMJD2A, a trimethyllysine-specific
histone demethylase. Nat Struct Mol Biol, 2007, 14: 689-
95

Chen Z, Zang J, Kappler J, et al. Structural basis of the
recognition of a methylated histone tail by JMJID2A. Proc
Natl Acad Sci USA, 2007, 104: 10818-23

Bernard A, Jin M, Gonzalez-Rodriguez P, et al. Rphl/
KDM4 mediates nutrient-limitation signaling that leads to
the transcriptional induction of autophagy. Curr Biol,
2015, 25: 546-55

Tan MK, Lim HJ, Harper JW. SCF(FBX022) regulates
histone H3 lysine 9 and 36 methylation levels by targeting
histone demethylase KDM4A for ubiquitin-mediated
proteasomal degradation. Mol Cell Biol, 2011, 31: 3687-
99

Van Rechem C, Black JC, Abbas T, et al. The SKP1-Cull-
F-box and leucine-rich repeat protein 4 (SCF-FbxL4)
ubiquitin ligase regulates lysine demethylase 4A
(KDM4A)/Jumonji domain-containing 2A (JMJD2A)
protein. J Biol Chem, 2011, 286: 30462-70

Mallette FA, Mattiroli F, Cui G, et al. RNF8- and
RNF168-dependent degradation of KDM4A/IMJD2A
triggers 53BP1 recruitment to DNA damage sites. EMBO
J,2012, 31: 1865-78

Cui SZ, Lei ZY, Guan TP, et al. Targeting USP1-dependent
KDMA4A protein stability as a potential prostate cancer
therapy. Cancer Sci, 2020, 111: 1567-81

Yang WS, Campbell M, Chang PC. SUMO modification
of a heterochromatin histone demethylase JMJD2A
enables viral gene transactivation and viral replication.
PLoS Pathog, 2017, 13: 1006216

Yu SE, Park SH, Jang YK. Sumoylation of the histone
demethylase KDM4A is required for binding to tumor
suppressor p53 in HCT116 colon cancer cell lines. Animal
Cells Systems, 2018, 22: 22-8

Chen DB, Xie XW, Zhao YJ, et al. RFXS5 promotes
the progression of hepatocellular carcinoma through
transcriptional activation of KDM4A. Sci Rep, 2020, 10:
14538

Zhang J, Li Q, Zhang S, et al. Lgr4 promotes prostate
tumorigenesis through the Jmjd2a/AR signaling pathway.
Exp Cell Res, 2016, 349: 77-84

Chen LH, Wang LP, Ma XQ. Circ_ SPECCI1 enhances the
inhibition of miR-526b on downstream KDM4A/YAP1
pathway to regulate the growth and invasion of gastric
cancer cells. Biochem Biophys Res Commun, 2019, 517:
253-9

Neault M, Mallette FA, Richard S. miR-137 modulates a

(23]

[26]

(27]

[33]

[33]

[37]

tumor suppressor network-inducing senescence in
pancreatic cancer cells. Cell Rep, 2016, 14: 1966-78

Mu H, Xiang L, Li S, et al. MiR-10a functions as a tumor
suppressor in prostate cancer via targeting KDM4A. J Cell
Biochem, 2019, 120: 4987-97

Hancock RL, Masson N, Dunne K, et al. The activity of
JmjC histone lysine demethylase KDM4A is highly
sensitive to oxygen concentrations. ACS Chem Biol, 2017,
12: 1011-9

Klose RJ, Yamane K, Bae Y, et al. The transcriptional
repressor JHDM3A demethylates trimethyl histone H3
lysine 9 and lysine 36. Nature, 2006, 442: 312-6
Lloret-Llinares M, Carre C, Vaquero A, et al. Charac-
terization of Drosophila melanogaster JmjC+N histone
demethylases. Nucleic Acids Res, 2008, 36: 2852-63

Lin CH, Li B, Swanson S, et al. Heterochromatin protein
la stimulates histone H3 lysine 36 demethylation by the
Drosophila KDM4A demethylase. Mol Cell, 2008, 32:
696-706

Crona F, Dahlberg O, Lundberg LE, et al. Gene regulation
by the lysine demethylase KDM4A in Drosophila. Dev
Biol, 2013, 373: 453-63

Colmenares SU, Swenson JM, Langley SA, et al.
Drosophila histone demethylase KDM4A has enzymatic
and non-enzymatic roles in controlling heterochromatin
integrity. Dev Cell, 2017, 42: 156-69. e5

Awwad SW, Ayoub N. Overexpression of KDM4 lysine
demethylases disrupts the integrity of the DNA mismatch
repair pathway. Biol Open, 2015, 4: 498-504

Liu Y, Zhang D. HP1a/KDM4A is involved in the auto-
regulatory loop of the oncogene gene c-Jun. Epigenetics,
2015, 10: 453-9

Cascante A, Klum S, Biswas M, et al. Gene-specific
methylation control of H3K9 and H3K36 on neurotrophic
BDNF versus astroglial GFAP genes by KDM4A/C
regulates neural stem cell differentiation. J Mol Biol,
2014, 426: 3467-77

Matsukawa S, Miwata K, Asashima M, et al. The require-
ment of histone modification by PRDM12 and Kdm4a for
the development of pre-placodal ectoderm and neural crest
in Xenopus. Dev Biol, 2015, 399: 164-76

Wu L, Wary KK, Revskoy S, et al. Histone demethylases
KDM4A and KDMA4C regulate differentiation of embry-
onic stem cells to endothelial cells. Stem Cell Rep, 2015,
5:10-21

Sankar A, Kooistra SM, Gonzalez JM, et al. Maternal ex-
pression of the histone demethylase Kdm4a is crucial for
pre-implantation development. Development, 2017, 144:
3264-77

Sankar A, Lerdrup M, Manaf A, et al. KDM4A regulates
the maternal-to-zygotic transition by protecting broad
H3K4me3 domains from H3K9me3 invasion in oocytes.
Nat Cell Biol, 2020, 22: 380-8

Qi Q, Wang Y, Wang X, et al. Histone demethylase KD-
M4A regulates adipogenic and osteogenic differentiation
via epigenetic regulation of C/EBPa and canonical Wnt
signaling. Cell Mol Life Sci, 2020, 77: 2407-21



G gEEd

33%:

[47]

[50]

[51]

[52]

[53]

[54]

Qin G, Li Y, Wang H, et al. Lysine-specific demethylase
4A regulates osteogenic differentiation via regulating the
binding ability of H3K9me3 with the promoters of Runx2,
Osterix and Osteocalcin. J Biomed Nanotechnol, 2020,
16: 899-909

Johmura Y, Sun J, Kitagawa K, et al. SCF(Fbx022)-KD-
MA4A targets methylated p53 for degradation and regulates
senescence. Nat Commun, 2016, 7: 10574

Wang LY, Hung CL, Chen YR, et al. KDM4A coactivates
E2F1 to regulate the PDK-dependent metabolic switch
between mitochondrial oxidation and glycolysis. Cell Rep,
2016, 16: 3016-27

Carbonneau M, Gagné LM, Lalonde ME, et al. The
oncometabolite 2-hydroxyglutarate activates the mTOR
signalling pathway. Nat Commun, 2016, 7: 12700

Wilson JW, Shakir D, Batie M, et al. Oxygen-sensing
mechanisms in cells. FEBS J, 2020, 287: 3888-906
Dobrynin G, McAllister TE, Leszczynska KB, et al.
KDMA4A regulates HIF-1 levels through H3K9me3. Sci
Rep, 2017, 7: 11094

Konduri PC, Wang T, Salamat N, et al. Heme, a metabolic
sensor, directly regulates the activity of the KDM4 histone
demethylase family and their interactions with partner
proteins. Cells, 2020, 9: 773

Cardamone MD, Tanasa B, Chan M, et al. GPS2/KDM4A
pioneering activity regulates promoter-specific recruitment
of PPARY. Cell Rep, 2014, 8: 163-76

Wang X, Wang S, Yao G, et al. Identification of the
histone lysine demethylase KDM4A/JMJD2A as a novel
epigenetic target in M1 macrophage polarization induced
by oxidized LDL. Oncotarget, 2017, 8: 114442-56

Hung KH, Woo YH, Lin 1Y, et al. The KDM4A/KDM4C/
NF-kB and WDRS epigenetic cascade regulates the
activation of B cells. Nucleic Acids Res, 2018, 46: 5547-
60

Deng M, Liu Z, Chen B, et al. Aberrant DNA and histone
methylation during zygotic genome activation in goat
cloned embryos. Theriogenology, 2020, 148: 27-36

Weng XG, Cai MM, Zhang YT, et al. Improvement in the
in vitro development of cloned pig embryos after kdm4a
overexpression and an H3K9me3 methyltransferase
inhibitor treatment. Theriogenology, 2020, 146: 162-70
Shin S, Janknecht R. Activation of androgen receptor by
histone demethylases JMJD2A and JMJD2D. Biochem
Biophys Res Commun, 2007, 359: 742-6

Berry WL, Shin S, Lightfoot SA, et al. Oncogenic features
of the IMJD2A histone demethylase in breast cancer. Int J
Oncol, 2012, 41: 1701-6

Hu CE, Liu YC, Zhang HD, et al. IMJD2A predicts prog-
nosis and regulates cell growth in human gastric cancer.
Biochem Biophys Res Commun, 2014, 449: 1-7

Ding G, Xu X, Li D, et al. Fisetin inhibits proliferation of
pancreatic adenocarcinoma by inducing DNA damage via
RFXAP/KDM4A-dependent histone H3K36 demethylation.
Cell Death Dis, 2020, 11: 893

An J, Xu J, Li J, et al. HistoneH3 demethylase JMJID2A
promotes growth of liver cancer cells through up-regulating

[55]

[58]

[59]

[61]

[62]

[63]

[64]

[65]

[67]

[68]

miR372. Oncotarget, 2017, 8: 49093-109

Sun S, Yang F, Zhu Y, et al. KDM4A promotes the growth
of non-small cell lung cancer by mediating the expression
of Myc via DLXS5 through the Wnt/B-catenin signaling
pathway. Life Sci, 2020, 262: 118508

Xu W, Jiang K, Shen M, et al. Jumonji domain containing
2A predicts prognosis and regulates cell growth in lung
cancer depending on miR-150. Oncol Rep, 2016, 35: 352-8
Jiang K, Shen M, Chen Y, et al. miR150 promotes the
proliferation and migration of nonsmall cell lung cancer
cells by regulating the SIRT2/JMJD2A signaling pathway.
Oncol Rep, 2018, 40: 943-51

Mallette FA, Richard S. JMJID2A promotes cellular
transformation by blocking cellular senescence through
transcriptional repression of the tumor suppressor CHDS.
Cell Rep, 2012, 2: 1233-43

Guerra-Calderas L, Gonzalez-Barrios R, Patino CC, et al.
CTCF-KDM4A complex correlates with histone modifica-
tions that negatively regulate CHD5 gene expression in
cancer cell lines. Oncotarget, 2018, 9: 17028-42

Su Y, Yu QH, Wang XY, et al. IMJD2A promotes the
Warburg effect and nasopharyngeal carcinoma progression
by transactivating LDHA expression. BMC Cancer, 2017,
17: 477

Wang B, Fan X, Ma C, et al. Downregulation of KDM4A
suppresses the survival of glioma cells by promoting
autophagy. J Mol Neurosci, 2016, 60: 137-44

Kim TD, Shin S, Janknecht R. ETS transcription factor
ERG cooperates with histone demethylase KDM4A.
Oncol Rep, 2016, 35: 3679-88

Kim TD, Jin F, Shin S, et al. Histone demethylase
JMIJD2A drives prostate tumorigenesis through trans-
cription factor ETV1. J Clin Invest, 2016, 126: 706-20
Wang F, Li Y, Shan F, et al. Upregulation of IMJD2A
promotes migration and invasion in bladder cancer
through regulation of SLUG. Oncol Rep, 2019, 42: 1431-
40

Li LL, Xue AM, Li BX, et al. JMJD2A contributes to
breast cancer progression through transcriptional repression
of the tumor suppressor ARHI. Breast Cancer Res, 2014,
16: R56

Qiu MT, Fan Q, Zhu Z, et al. KDM4B and KDM4A
promote endometrial cancer progression by regulating
androgen receptor, c-myc, and p27kipl. Oncotarget, 2015,
6:31702-20

Wang HL, Liu MM, Ma X, et al. Expression and effects of
JMJD2A histone demethylase in endometrial carcinoma.
Asian Pac J Cancer Prev, 2014, 15: 3051-6

LiY, Wang Y, Xie Z, et al. IMJD2A facilitates growth and
inhibits apoptosis of cervical cancer cells by down-
regulating tumor suppressor miR4915p. Mol Med Rep,
2019, 19: 2489-6

Zhang H, Wang Z, Wang F, et al. IL-6 and IL-8 are
involved in JMJD2A-regulated malignancy of ovarian
cancer cells. Arch Biochem Biophys, 2020, 684: 108334
Mar BG, Chu SH, Kahn JD, et al. SETD2 alterations
impair DNA damage recognition and lead to resistance to



el

= W% %

4. KDMAAZER . DhRe S AL R vh A R ROWT 7E 0k Fé 751

[71]

chemotherapy in leukemia. Blood, 2017, 130: 2631-41
Cascella B, Lee SG, Singh S, et al. The small molecule
JIB-04 disrupts O, binding in the Fe-dependent histone
demethylase KDM4A/IMJD2A. Chem Commun (Camb),
2017, 53: 2174-7

Franci G, Sarno F, Nebbioso A, et al. Identification and
characterization of PKF118-310 as a KDM4A inhibitor.
Epigenetics, 2017, 12: 198-205

Roatsch M, Hoffmann I, Abboud MI, et al. The clinically
used iron chelator deferasirox is an inhibitor of epigenetic
JumonjiC domain-containing histone demethylases. ACS
Chem Biol, 2019, 14: 1737-50

Wang J, Wang H, Wang LY, et al. Silencing the epigenetic
silencer KDM4A for TRAIL and DRS simultaneous

(73]

[76]

[77]

induction and antitumor therapy. Cell Death Differ, 2016,
23: 1886-96

Lee HJ, Kim BK, Yoon KB, et al. Novel inhibitors of
lysine (K)-specific demethylase 4A with anticancer
activity. Invest New Drugs, 2017, 35: 733-41

Laukka T, Myllykoski M, Looper RE, et al. Cancer-
associated 2-oxoglutarate analogues modify histone
methylation by inhibiting histone lysine demethylases. J
Mol Biol, 2018, 430: 3081-92

Hu Q, Chen J, Zhang J, et al. IOX1, a JMJD2A inhibitor,
suppresses the proliferation and migration of vascular
smooth muscle cells induced by angiotensin II by
regulating the expression of cell cycle-related proteins. Int
J Mol Med, 2016, 37: 189-96



