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W OE: MEG MRS ML T A B 1A (Histone lysine-specific demethylase 1A, KDM1A) 4k 4 0% & #i 2B
Hr k& T B (Histone lysine-specific demethylase) K6 — R, BETHF. LEKRTM. EBRLF. &
dFo g R F AN F AR REERGERN. EFRGFTANERIEE R, KDMIA 89 KL 5 I o9 K £ K
BB 4, it 5 TR 6 LM & F-N-F R 49 T s Sl 54, aF S AP B 69 A RIG s AL KAy AT AER
Bldedl 2 IR FUIRE . AREAIT RS, ERSHMEINLT, KDMIA EMBHE AR EYTHEARELRA L,
K LEASULF R XL, HiET KDMIA ESZFIBEABRK Y ARk, &4 7T HEANS, FiPd
KDM1A 2 ¥ 5 947 55 06 97 69 L L il = 84T 7 2.
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Function of histone demethylasehistone lysine-specific
demethylase 1A in tumor initiation and progression

Ximei Zhang, Xinli An, Shungin Zhu, and Yan Liu

School of Life Sciences, Southwest University, Chongging 400716, China

Abstract: As a member of the histone lysine-specific demethylase family, KDM1A plays a pivotal role in biological
processes including signal transduction, chromatin reprogramming, embryo development, hematopoiesis, glucose and lipid
metabolism. Recently, increasing studies and clinical evidences suggest that the expression of KDM1A is related to initiation
and development of tumors and plays a key role in regulating of initiation and development of tumors, such as prostate cancer,
breast cancer, lung cancer and liver cancer. KDMZ1A binds to distinct complexes and mediates different downstream signaling
pathways. However, KDM1A often plays an oncogenic role in the initiation and development of tumors. Based on the current
literatures, we describe the latest research of KDM1A in the initiation and progression of various tumors, and summarize its
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mechanism of actions, to provide clues for cancer therapy.

Keywords:

Wi 5 A 4 ok Jiek R A 20 i B 53 T K SRR R
WA JR , & WL Et 1 06 T 7 e g £14) 2 N S R v
HAREEAER . £URE B E DNA H
b, dAEABM ., PR EY . JE%5S RNA
Pt AL P R A Ui IR AR I 2 X T A A
RHGEZ—. BT R H3K27, H3K9, H4K20,
H3K79. H2BK5 i 5L HH SLAL#0-5 J PR AR 36 A K
MMl H3K27 ., H3K9 LA K H3K79 At = F LAk i) 5 5
DRI G, 22 A4 2R 7 i Y AL R 2 RE A% 52 Wi A
SEFEH IR, 2 1A AL R X T4
FEIEH MRS S AR BiE i . 2004 4, Shi
HIA] 2555 — R & B0 = Ry 5 1 2 R AL T
(Lysine demethylase 1A, KDM1A 1#k#k % LSD1
ot AOF2, BHC110), HiF T 418 A A9 H 3Lk 2l
Wi, KDM1A B TR ERR4IE R H3 k
B4 7. 559 AR ML, IRREBR p53
55 370 (AR b 3 SR B0 ps3 A T
7 sy bR R A B T BV Y KDMLA 22 DNA
FHILHEFLE 1 (DNA methyltransferase 1, DNMT1)
1 R RE R AR AR N R AL, DU A i
W5 R, KDM1A B T4 E SN, e
HEM . M5 KDMs #7751 [RIJEPE b HLE]
KDMs R[4 AN : 1) —252 KDM1s, HA
TR PRIES A% T1H2 (Flavin adenine dinucleotide,
FAD) i iy s e S AL il , LT BE 2 RBRd1 R M
H3K4mel/2 )}z H3K9mel/2 iy Ak, %Kik
i KDM1A F1 KDM1B #i%. 2) 55— 2H 31k
BRI, SFE G E ke T (Fe™) Ml
o F 3G 1R Sk il B L7l B AL 5 Jumonji C
(OmjC) L5, AR 4 T 45 H4 8 A4 O ] S AT
W HA R 7T AR (KDM2-8) ™ KDM2-8
RIS 5 2RI kA &R RE, HA 5 f %
AR B TREHER AT LAV R M I R IZ W e A
4n: KDM5C 8748 S 3 1 2 16 P e FUR 45 1 9 1 A7
£ ; KDMAC F B ik 2k BERS7F — & FE I BN 45 /il

% : 010-64807509

histone lysine-specific demethylase 1A(KDMZ1A), tumor initiation, tumor development, histone demethylase

G i i A 2502 KDM2-8 F i bt B AT AL
HE R LR e, (A2 B A R R =1k, G
T 2 F A, ek 2 AR 1 Y R AR B T R
HEL G Ye iR ghity . B g S
FRl® BgT kb Fe B KDM2-8 1 I 17 7E i
HHEVE i AR 2 — Rl o JH S DNA B4 it ,
AT 8425 24 LT 10, 55 i) 2 O e R TR P e =
LG T AE GRS L e BEARARL, AR M e —
RS A TS R 3 DG T R, R ke H R
3 TE BET XA BB B 258 T R

1E KDM1s Z % # KDM1A F1 KDM1B ft % 3L
PRy 4 RN 25 44 1 BEARARL, #B 5 SWIRM 2544 5l Al
eI AL AR, (H KDMIB R i &
— AN MUERR ZE-CW S5t , Zf-CW &5 #y e & —F
L5 4 A2 IR R ) LR e 2 AL A FRORIE T
RS e R N (0 R L A1, KDM s 76401 g
HHEEARAL B A L ARLLER AR B E IBA, NIT  4E
HARRIhEE. 75N Rl B4 KAESE,
KDM1s &R 8 IE 5L A fir i 3l Hh ke 2 G S A I 5 4R
PO 8Y S PR g A i 4 2 5 e 4 2 e
BYIAOE, KDM1s 7 e B 38 1S 4 Jre ) 3
Bt kA Z R D)RE

125 KDM1s ZKiERI L, KDM1A 549K
WA [R1 B AN W) A8 5226 4 DT 4 26 HR Ak
Fig TGP E A AR RO B RS RIS B RE T .
KDM1A Z5ZfaAYeilte, wisEsas. 3
OAREN | FobiEEE . MIRAR . B3, i
THARESE T H. KDM1A 15 Z Fiossp i 11 O R
ORI g e | BTk
PO AR PR S e R R R B IR
KFRo BRIbZA, — RIS, KDM1A S5k
SRR o L 220 g Pl A 5, s
i FEF AR R BAF R, A S0t KDM1A
SO R e J S oy LRI T g, IR
it b XA I O AE 5 B AT Stk AT T R,
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1 KDMIA fif

KDMI1A JE i T, &—Bol 3 Xt
852 MEAMM A Z AR, HALHLHZR k)
M AR R % A2 5] FAD BB H 711G, A=
S R B v LA, K A R i PR B0
KDM1A f# N % %5 A —4~ SWIRM Z5#43, (2 5:5%
BT 172-272), ZEERIANMN AR S DNA 73145
A, T ELAE SR 1 -2 S AR F DA S R 25
ket I R EEEE/EARY. CimdamElL
Mz AbyIl (AOL) Jf# TOWER 54l (3Lt
{3 4, 415-515) 4% BTN £ Hg B, Horp— A
AOL WA (ZdBEFRFEE 7 272-415) EH SWIRM
SEMA AR, B —A~ FAD 454 25 F4 S 1k
TP AT P PO At S T TR A I
HAMPIZH, (HRELERYES & WA F R 25—
A FIH T BRIERHE A A4 487, 1z 48 i S
2 11 H3 T 20 S 5L R A AR B AR VR s it 4 B
FREM Btz 4h, AOL-SWIRM 45435 4 7
B i3 1o AR R S A RN R 1 S IR 2 R Y
FIE AR KDM1A BofEfbag B, 5 —4
AOL WAt (ZALFREA A 515-852) RS &4 5
PERRYIFEE 1 A K (Protein complexes)., 3Z 1k
(Receptors). JE4wA% RNA (Non-coding RNA). JEZH
EHEJEY  (Non-histone substrates) . f# /> -RNA
(Micro-RNA), %% 54 (Transcription factor, TF)
4B AR RBEST G TOWER 2541568 55 RE1-
DUERHE S+ (COREST, M#% RCOR1) Al
THZS, R RIEEZEY, 5 T KDM1A
f1 e 5 P R BT JE D KA SRS RNA
(Long intergenic noncoding RNAs, LincRNASs) fig
i P G o AR S DA K st £ . HOTAIR 1K
—7#h LincRNAs, [HH 51mAE S5 2Rl 249 2
(Polycombrepressive complex 2, PRC2) #4&, 3
UifE 5 KDMI1A/COoREST/REST H-&WI4i4, il
HOTAIR #E M 1F L 228 PRC2 Hl KDM1A/
COREST/REST Z AW RIE—&, FHEf T
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B b, iR H3KA DL H3K27 12 H AL K-,
T T 0 2L LR HEA T R A 1) 72 A2 MCF-7 3L
IR AN Y 388 4~ c-Myc SBEERIH, iFgE & A X
SEILDR Y A 2 AT RERE IR A T HBXIP i (4 .
HBXIP f3Rik 5 c-Myc HIEE cyclin A elF4F
PIK LDHA RYRIEFDVIMG. H4HFH RNAI /7
HBXIP HITLER, B2 BRIX S BE A Ry i TR
I, HBXIP Refgilil st 5 c-Myc HI%EE
., F554% HOTAIR 1 KDM1A, Hrp HOTAIR F
3, HBXIP, HOTAIR 5% KDM1A [1I7TER#R
JE LS EAR PSS c-Myc {2 S RE Ik 7, 42
/R HBXIP/HOTAIR/KDM1A & & WIRERSAE MiRIT
FURE BT A . HOXALL-AS 1 8—F IncRNA
H5EmEEKEEVIMG, i — 2 k0
HOXA11-AS REfBAE R L8 Zeste FEPAIIE 5[]
%y 2 (Enhancer of zeste homolog 2, EZH2) A
KDM1A Z£4E#EKIE i EZH2/HOXA11-AS/KDM1A
BEW, BESYRETEN B I & R R B AL
. F B8 7E B b, IncRNA FOXD2-AS1 5
HOXA11-AS HATMMIIIRE, WABELDR EZH2
il KDM1A HEZ I UTBR AR 2140 M A iR 77 A=
JIF 40 8 32 /& (Erythropoie-tin-producing hepatocyte
receptor B3, EphB3) Y3 ik 7k i e ik 1 98 1Y &
AR L E X SeRESE K] LineRNA 1 KDM1A
HISZER ¥ KDM1A 5 HAb Z Fh G 5 W0k R AE— ik,
FENIE Th R R E A hRE . KDM1A BR T3 =0
IS HADSE SR EVERSN, 655 25k
A2 AP a8 Nl & M 2 L WEE TG (Histone
deacytylation, HDACs)Y | #%/MA T 412 2 itk
ZE%) (Nucleosome remodeling and deacetylation,
NuRDs)? | C-ufi 454 % 11 (C-terminal binding
proteins, CtBPs)M*. 75 5% Sl MAR X 1 Ml 3%
& (Estrogen receptor , ER)M¥ | 2 % 1k
(Androgen receptor, AR)*35g &4 1 %% 3 KDM1A
ZHHh, KDM1A FEREBENE. 8. 6.
Pz Bl 1 R, KDMLA R 45 A6
THAMFEN DI, S5 ZMAY TR,
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N SWIRM | AOL . AOL |L

1 KDMIA Hy&#gigi ik &0
Fig. 1 Domain architecture of KDM1AM,

2 KDMIA 5 BriE

A i e 2 PR AR 3 A% DR 2R AL R T Y
S RN SR — 2R R RIS R A o 2R
T, JEEA AT E . AnE. L.
Ui A7 P4 240 R A R T P AR S S RE Y R A R TR )
AH2E 20 T2 20 454K, BR4E-IRIAHE  (Otto Warburg)
B IRE A0 1 e B AR 5 I R AN Y e R A
fEfEB RIS, MEEAAAGT, BASR
R 245 TR B8 40 I >R P 1) 28 b A P I A FH ke 2
LR, MUE R AR IRAR, ZIRPFR IR
THRE SN (Warburg effect) ) JRIAA% 5L F L) i
R, PR A R R BOE R A AR
SR AN M A AR AR SR o A I S ke i 22 i F
TNV IR kA R R P I E AR R Z —
5T 2B KDM1A 7E 8 # 40ps AR b 5 AN
Al ECERAVE R, A S E R AR R R R
s 47) 47481

KDMIA {EJpfi A B 2 p i1 1, i
M AR A A 22 17 52 o Je g8 1) %% A= % Jé . KDMILA fig

7
i#

%=1 KDMIA fEZFhBhE ey 1E R

Table 1 The roles of KDM1A in various tumors

i 5REES T (Hypoxia inducible factor-1a,
HIFLor) iR [R] 1 FH 2% 45 JoE 6 200 L P A0 1% e 2o 2
T 445 TR I8 2 A 32 4 th g i T e g
J&% (Esophageal cancer) i, #F5T A Gad il
EMMANRILE (Extracellular acidification rate,
ECAR) FIFE% % (Oxygen consumption rate,
OCRY) A& 11 24t L A 114 AR T ik 32 72 TN B A A I 1
W, ZWITIEN] T KDM1A fEi i ol s A0t g
R R A L P A 3 B (2 22 19 B T
FEAWIRA, IEH T KDM1A A HEM i ol As
BEACHTE 72 040 Rl 38 A — 2 T Atk A2 W ok AE 15
B KB KDMLA RES RS 2R e IR T RE A 45
PeOARTER 22 W EW . RO TS 22 5B
AL G A1) 2 2 s AR 0 DA R AR T R A e
ERTIER, 28 KDML1A 54 ik al DL o 845
X e Yo [t 2 5 22 PR 1) kA R R AR R
RIS R KDMLA 7 [R] 27 i b vp % 14
HAFMIER (& 1), X T2 505w H
T RRATTHE— 2P RY

AR KDM1A FEA ] e v & 545 AN [R) 1R
AR S AE R 2B rh &R g ey, HED
KDM1A A3 iS5 KDM1A 3545 S REPES fin
FECFOUEL R H PR R R, —
FRJE IR KDMLA 4% 15 5 40 At A0 40 it
SRR 1 H3K4 F 3 fp A e 160

Type of cancer KDM1A interaction Functional role of KDM1A References

Prostate cancer GLUT1 1 Glycolytic process [50]

VEGF-A/cyclinA | Proliferation [51]
Non-small cell lung cancer TIMP3 1 Invasion [29]

REST 1 Oncogenesis [52]
Colorectal cancer Dickkopf-1 1 Oncogenesis [53]
Breast cancer HDAC5 1 Proliferation [54]

RORa2 1 Invasion [55]
Liver cancer Whnt/B-catenin 1 Sorafenib-resistant [56]
Gastric cancer MicroRNA-329 | Apoptosis, proliferation, growth [57]
Neuroblastoma Sestrin 2 1 Apoptosis [58]
Gynecologic malignancies P62 | Autophagy [59]
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2.1 KDMI1A 5715 %E

a1 AE 2018 AF 7 1S 0 0y BRI A R R
(Prostate cancer) A BT A BTG A R B
7.1%, HEfEi% (Lung cancer, 11.6%) FHLiisE:
(Breast cancer, 11.6%) ZJ&. R4 IEIER
i ERRE A BOE T2 3.8%, S5\ R ST R B
5N, KDMLA 590 Bt ) 4 A4 e 25 V1Al
Ko MIRREIERE , KDM1A 1E LE#JRPirEmi51
l#J& (Castration-resistant prostate cancer, CRPC)
mE A E kR, i H KDM1A ZE{%5 L
AT 470 J A A4 L e 7 8 i 5 40 g ) B
REFFCI | Gleason 14y . MLHE 56 H HA B
T IE A SR A, 7 51 A 4
KDM1A ik R T EREE Snail . AR kK-
HFE, RS (E-cadherin). p53 25K iAKF
TR BRILZAM, mifik KDM1A BEFEAR AT S AR
YRR A AF S 22, T INET AR b R AR S T )
AR, A siRNA il KDM1A f)3i5,
A AL fE 0% BG4 N 2 4B K I (Vascular
endothelial growth factor, VEGF-A) [#3ik, iRE
REL b7 A 38 3R 175 3 1 T 91 B e S M B st (Prostate
specific antigen, PSA) 1 Tmprss2 kP,

WIS, 1 KDMLA 3R i a7 F e i
PR F I T = B 59 1 (Rhodium (1IT)
complex 1) fig % ¥t &L A 25 7y 41 IR 9 40 g
KDM1A-H3K4me2 Z [a] § A H.AF A, Jf B 5
KDM1A Ji#:# p21.FOXA2 (Forkhead box protein
Al) LI NEIESLZAFEH 2 (Bone morphogenetic
protein, BMP2) SFJEL[EJH 714 3 . @ s
E[I7% (Western blotting, WB) 22T &3, &% 1
e (IR 4 A M % 12 /K (Glucose transporter 1,
GLUT1) MyEIAAKF-, HEXT KDMIA HyEiA
KL 0 . FERERIKE-, 4R KDM1A
JG, KBl GLUTL i) mRNA /KF T 40%. $2
INEEY 1 FE—E R EKI T KDM1A Bl
P2 GLUTL iy kBP0 fifs T (Pargyline) 1

http://journals.im.ac.cn/cjbcn

4 KDM1A [—Fh 256l ), #ef 5 FAD JE AL
St &, ol R IS 26 16T X 4
A=A DL R RS AR A TR ) A AR A BRI 52
H, AHFFE R Pargyline 1614 P A A 4p gy
KDM1A HIHIZCREAR, s i sehiE i FE sral
PRI X KDMLA A8 4l k. 76
HIA IR 4R, Pargyline RE % P AR T 41) 5 oes 40
L) 3B FR 22 RE T , FF38 A 3G A o S5 Rl 2 1
FIRACE, R RS 8 1 R 2 1 A RS kA
¥4k (Epithelial-mesenchymal transition,
EMT) s 728, BF5 & TR /A e 4R B 25 /R 4
KW (Demethylzeylasteral, T-96) AEfi%ivi% I J5i
& (Glioma) 4Rl EMT 12, ikl HAT B AR
ZZHE 1100 W] EMT 75 R O R AR 2%
HRRHEUIMC, R ilf KDM1A 3Rk, GBS
AR . AR R E R RR AR,
FEANH EMT ol R i il g i ¥ 88 51228, 18
FPUIRRCR

ARG IR T KDMLA 1 500 £ 1 40 i dig
FPrBUEER, IEB T KDM1A 55§41 s & A4
RIEFUIME ., REHIEHL T, KDMIA #efgil
b TR ER AT 5 0 B I SRR 3R A2 AR R
FAMCE MR IB TS SRS IR Lk, %
T 500 AR P R o (FL: DR PR A A 1) 2 R
KDMIA 45 Fi 51 B8 i) & A & i 1) HAR iR A 0
a2 1 2 I KRS

2.2 KDMI1A 53 5%

FLIRJ (Breast cancer, BC) J&Z ki) iy
BB [ IRt L PEBE T R A i (R AE . KDMILA
e L VR 32 202 S i (2 2R N EE 75
K. CHMRBRILIMEAL N KDMLA £
R T IER A2, KDM1A £k T
LI R A AR AR RS A A, R
W (Tranylcypromine, TCP) BEfgAEE&EIE. AN
A0 b A ) 5 A PR ARG L ) T TR AE (43R
FrlO, TSR R R TCP RERE I FLAR
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FEANNL A KDMIA JEPETY, 8 S DR 4 e e
JER) TCP A BeIM i iy A= 1<, FITLL TCP 1 i
RE TGS I R 25 AR SRR AT, R, —
U6 TCP AT GSK2879522 L) Kz ORY-1001 %54
WK, DMESEREREHE T KDM1A, X MR
25 H AT IE AL T6 7 2 ERE T F I A0/ 28 i i
T 0 Im KI5 — B B, KA Ry BFsE R T,

KDM1A BB AE R FRAE BT LA . (H KDM1A
TEFLIRIER B FAARBL T A T 2 — PR SN
RRMREHAEN XL LBEALEE 5 (Histone
deacetylase 5, HDACS) fE % i i 5% 5% 5 15 i
KDM1A & FE#E Rz RALEE USP28 iyfa e I
HEm4ER: KDM1A S mRRErE, s AL
AIRES . A shRNA i@k HDACS J& RESHI i 2
LA RGN AR . GOIGL i, 5T
80 T e AP L s 2 L P S R BT VT JBE T 3%
155 W] HDACS5-KDMLA filt it 7L A8 1) & A= il
R IEEA P, Rtz 4, KDMLA A 19
4 FER A ¢ IR L2 K o2 (Retinoic acid-related
orphan receptor 02, ROR02) &% &iGibxt+ A
7L A6 200 L P 522 A AR VR ROV, A0y 2 o e g
MG, UM RIMHIIER 1 (Breast
carcinoma metastasis suppressor gene 1, BRMS1)
fEFLME il 5 KDM1A/COoREST & & ¥tHiE
Fe, NS L NIRR A0 P A B SRR A T R H A R A
FITS, 55— TR S 4 R B SRR JE R SIX3 (Sine
oculis homebox3, S1X3) ifif5 KDM1A DL #F%
M 1 3 (Metastasis associated protein 3, MAT3)
HAEVE , F 554 KDM1A/NURD (MTA3) &
AP WNTL Al FOXC2 ZE[R, S Sy ik B il
BL K RE AL 1 AN M A S 5 A1 28, Itk KDM1A
TEIX A% 3R AR v 2 #4345 100 1) L e 980 A L 0 3 9 A 452
ZVEHIT, 38 KDMI1A 45478 R F W 55 M1 7E
LR b AR AE AR . BRILZ 4,

KDMI1A [ Ser112 i JiBER LX) T KDM1A 455
B 5 3+ I R L W A D) R R AT 1 AR T

% : 010-64807509

FEIRH, FBR KDMLA 5145 145 B4 P 2L iR g 41
MR EE AL RE ST, 11 %k KDM1A 5 KDM1A S112D
AR (BAUBERR L) REAEIE R AN ML T4 B
SR KDM1A S112A RASAK (BAHERERRfL) X T
AL 55 R e B ). 5 KDMIA 1
FLIRE TP E RS H A B st Bl KR

ZEA VL ESE R, KDMLA 163U Ve R &
AN E R P deE , H KDMLA B4R L
N 37 BB S () S JE &1, {0 KDM1A FEFLIRE
rh ) EARBL I AT A

2.3 KDMI1A 5HfifE

RN, Wi (Lung cancer) J& A&
KRR NI AR fre s B AE ™ . KDMLA ZE i
JuHSR AR /N i (Non-small cell lung cancer,
NSCLC) i i fie 9 4t A 33 58 1 B & 44245 3L
FERN . 7E NSCLC il 5 K H 2, KDM1A (1)
MRNA S 1 5T R A 7K1 3538 g 1E 4141
LRI, KDM1A BEfH TIMP3 LA
ek T HE NSCLC i (2222, 12 HAs o3
YL NSCLC 4iijfii & A549 . PC9 £ rhijifh] KDM1A
MRk, SRR 7E GO/GL #, i hili
355 00 Y RS TP X — L 0 4 i 2R
(Small cell lung cancer, SCLC) #1148 PN 43 ibbnic Jik
Rk 2B, 0 KDM1A J5, £S5
i3 A A 2 KR S g 25 PR g gk o A it
X KDM1A I BOE N AT 408, A IRIX s 5L
R ZH#S KDM1A 5851254, $#2/R T KDM1A
7E SCLC #Mig 2L mE B4 U7, ImAEsk
WFSEH5 H Rest £ g il B9 7081, L g LA
J SCLC b FRTEIRAS, it RNA BREHH AR K
P, @i KDM1A J5, Rest B2 FiE, #2/R8 Rest
AJREN KDMI1A 1 RSt JELesciit—4
WEB] T KDM1A Rt il 7 s il Rest MM 2
SCLC iy k4P,

KDM1A )/ il 5 a1 GSK1-LSD1 .
GSK2879552 1F 1£ 14 7 i i1 — 39 s R 6o, wF
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SN, RFE R KDMIA 0050 300 A 9as 40 i f0
Bt Z R 2R R RN, HAE A%,
KDM1A il 5] 2-PCPA #Ef5)8i/> NSCLC 40 rY
s . TR ZE, B EGFR 227511 PCY 4y
R4 2-PCPAJRYT I AN R 65 . 128 . 1258
AE LA Kras RAERY A549 41 24 Fr FI%,
H HA EGFR 2781 PCO 4 its & b H A Kras 2878
) A549 i) KDM1A ()3 1K 8 B = o $&7R 7E NSCLC
4ifigH, EGFR RAEH Kras %48 %HT KDM1A #fi
00 o RPN i g 20 M T KDMILA 5
TURNE I B 22 AL F oL, XF SCLC JEH 24 43 #r
SRR T BUSR RN 25 kR 72 DNA H ALK
AEEZES, 8 HAE SCLC 4 bk L & 5 & 1k
SCLC prA<H DNA F AL B U HRREAFE -y KDM1A
e bR L S AR 7/ E TS TRk /N i s A S S
A BA HUSRMEM DA DNA H IEALERE i A U8
fk ¥t (Patient-derived xenografts, PDX) #i %!
X KDMLA 30 il 3] HAT gl

ZEA DL EWFSRAE R, KDMLA 5 iy & 2
RIEFYIMG, U 544K o1k
FHORIE R I T & ¥ 5 HEAEH . KDM1A fE MR
J7 Wi PR e, ARG E S PUE Y 2 B2
BT, (HASTR] ZE A 82 40 i X5 F KDM1A fi
il 700 A SRR AN ), T R S5 g 4 i i) DNA
FH AR A A 6 o (L DG il 4 4 e Xo) B 98 25 P
JEPEF SR RNEIRA, Tl — 5T .

2.4 KDMI1A 555

PRI, JFRE (Liver cancer) ¥ N4 ERES
IS ORI UL 98 hE 2R DU R g e FE TR B, B4R 2N
Wil 841000 i, - 782000 AN, W ER,
KDM1A 5 kA B UIAI G . I REHE B
KDM1A i 33K T 45 5 i Jigs , KDM1A 7
HYVRI 98 T 41 (Cancer stem-like cells, CSCs)
th Rk E H S 4 Me % (Hepatocellular
carcinoma, HCC) 5 AfIAS BT AHSC BT, fhis
et R, TEREIIMIE /3 (T3-T4) FaiE 43

http://journals.im.ac.cn/cjbcn

%% (G3) 1, KDMIA PH M40 il £ F % 9 14
(T1-T2) FIffRE >4k (G1-G2), %£HW KDM1A 5
HCC sMb A2 % U1 M1 5P . KDM1A #85 Z itk
AKAF-fEE i 8 1 /IMAR AR KDMLA [ 3k i
R &, SETA0 SIS CSCs 1 B R BT AL
BEPER E AT AN HepG-2 th, Ml
KDM1A BYTEPE,  RE 6% R A A 2 AR 1 15 RO W T
il A IE M, B Gk R A AR OGS R B
H3K4 (1 AL IR HOE FHOCEE . #2278 KDM1A
A ok 22 T 34k H3KA 7 4 e A AR A 26 3 R
2RI, LU BESE S SR £ W] KDMLA X i)
RAR A fEHER

A4S, KDMLA 519 00 B & AE d 5 )
2% . KDM1A 1936 PEXT F a4 KR IE e
(Sorafenib) JRI7 AL Bl CSCs H#IE & ATF
i) . i F§ KDMZ1A i1l 5] Pargyline il GSK2879552
REfs I R P E 2 HCC 4 iy T 40 i 4
fiE, Heanyi BEAL T 40 bR ic 4 Lgr5. Sox9. Nanog
1 CD90 i mRNA K-, #2554 khricdy Alb il
Hnf4 i mRNA 7K, SR 1% A T 20 A A C 4t
PRiCY CK19 & sl A, HEEA S,
KDM1A il 57 Refg - 3t i dE e i) HCC 4t
TR X R P AR A U, NI 2 R R PR e
XTI ARETETe s, #E PLC 4 &
Hr i R P IEJE A & . KDM1A Sl IR A
B-catenin {5 5 i A9 HELIL A c-Myc Al Cyclin D1 /1Y
MRNA 7KEPE, 78 miR-302 A S:1915 1 £ Ak
40 (Induced pluripotent stem cell, iPSC)
HCC 4ifar, @3l KDM1A figfig s HCC Xt
25U TRI A 1 A H3K 4 HY AL R A 2 i
c-Myc Feik e,

DL FZ5 BRI, KDM1A 5 & % R s
PIMIE . KDMIA 1B A fd s 356 R i 1 F & 45 46 1
PRI &2 . i IR CSCs HREFF 3R A5 i 24 4k
MIVER, A58 IR T AR N, HRT X+
KDM1A il 71 BE A 412 55 HCC i) 245 1y SRk iy
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FEWAG T —E A, (H R 96 0 S5 o A
H KDM1A il FE %2, Btk — B
KDMIA il 5% 5 JF9a B4 410 o 2800y - 92 L N
TER 3 F IR R T S T 12—
25 KDMIA 52 M¥EABMR

2 VEBE &R % (Acute myeloid leukemia,
AML) 1B Ry d5c i UL I R G R, 2 v
S, L BRI R B R AN Y R AR DA
TE 6 3 10 240 A 4 % o s R T, 29
60%1) AML % ' KDMIA #f 323k 84, 7e3 i st
i, KDM1A SRS R A (Mixed-lineage
leukemia, MLL) H&[E7EN L1 43 fbad FE Hp 4y 1
) S BoR, 7EAZE MLL-AF9
I /N B B ef | KDMILA RERSIF- S 141 15 T4
Ml (Leukemia stem cell, LSC) #%fE, KDM1A 7&
MLL-AF9 255 R AL i EARHEVERT, ZEHrA
SRR FLF MRS, MW T A
FH sh-RNA il KDM1A [ 22355 ESE 2 11 L% Fr
CHEH (CD11b/ITGM Fi CD86) ik bFt, ik
2 A B A R L K A 26 AML 41 sE e RE TR R
B [EIREHL, PRPIME] KDMLA o2 BT R
K, IS CD11b 1 CB86 iy b 5,

FEWRIR b, R T S I 5878 T S 4%
K45 AML IRYT I L T BRI R PE . $8 mli6yT
TR XS T G R B M EESR 1 KDM1A LK
HE A AL DOTIL 45, Hp i migyr
2y 3L R 4 SR BB S SR R AN b, ERR
AML HPAEFE I 53 Ak BRI (0] B, 76 FHSE ) KDM1A
1 DOTLL I35 T4k i 25 P Ak 2 MLL-AF9 8K 5l
# /N B L s A1 MLL EEHRERY PDX By # X
Yt JFoh 1 2E AT TR, AR, B
KDMIA il 71 5 35 1 4y 68 51 AT 35 1k 1Y 42 1 4
=, {HJ2 M DOTIL #ifil ) EPZAT77 &b 34 S i
BOM LR AL, oAb, FEHl o AL PN 3 S R 5
(C/IEBPa 1 PU.L) T, flifs AML A%t
KDM1A #iifil e a2 1, 427511 KDM1A iy

% : 010-64807509

25 R AT BE S TR AML 434k B T g 4
ARl Zeste JEPH 145 T-[R U4 2 (Enhancer of
zeste homolog 2, EZH2) J& PRC2 Ay fk Iy & .
EZH2 fE B 4l & 11 3% % i (Histone
methyltransferase, KMT) ff{b H3K27 (¥ H 3Efk
5 R 2 W B4R KDM1A EoA R aE .
1E AML B3 EZH2 fil KDM1A £k 5 EH
FEAHR F 38 2 Hl L BEA 3 KDM1A #l EZH2
ALRE T BT T-H A Bel-2 mRNA FIEE H K
-, RBE EIEIAT-E A Bax MEAEEH C Y
MRNA 1 [ 5K 3 1 75 08 7,

LI E4EREN], KDMIA 45 AML /Y& 4E
HATACE, JUIHJEEES: LSC WAk . Bk
il KDM1A #§i5713697 AML, AML 5 35151 24
P, PURSCR AL . BAIH KDM1A HH:Ab
1 A P ST TI697 AML B EA B R
e, AWFFEER Y, SP2509 1 —F A 341 KDM1A
MR 50z i HDAC R b L
(Panobinostat) 1564 fiff FH EL G i 24 47y i fii FH B 25
SREFEA T AZE AML 40049/ R4 %, H
B s AT R

2.6 KDMI1A 50Off=

M9 (Oral cancer) J&7E&JEH E R s
DLRERAE , HERAHAP R KDMLIA FRikKFE
TIEH P40 KA LU A BR, KDMIA
B B T s R 40 it Jss  (Oral squamous cell
carcinoma, OSCC) ik FJt, HERKmE S
T R RS PO R e B4 15 22 A A
HEAF I A VIR BT A JRUSE 1 R R /N B
Rirh, {2281 HSC-3 4l g & hid %5 KDM1A fiE
MR, Ak KDM1A JERAT, )
BB ME, R OSCC MK i
KDM1A k4535 s EAE M . SR Ak /Ny
Tl an GSK-LSD1 il KDM1A i g% 4EL%
PR ERE, % EGF (Epidermal growth factor,
EGF) {7 5l i, W/ BRRANNLE PDX BRI i
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fEE L I MMP13, CTGF. LOXL4 DL K&
HRIE, BMEJeAAEm E-E5R R PRk,
A, R E £ Hris 1 GSK-LSD1 #ii c-Mcy .
B-catenin F1 YAP F4) it i i g e R 5 s R 2%, [ st
BN pS3 MK IFE ST F Y
LR i KDMLA 19363k, REGEHH) 41 i
WrE, WIS IR ZERE ), Bifi OSCC Mtk
UG PE L K T aniaRa e v . fEsh i sE s, HE ks e
57 KDM1A #lifil R Ge il OSCC B i il B
AP Ry — Bl IR S T RERS R 2
FIIEERE , 7633 7635 KDM1A i H Jsdis PDX #iAu o
R R R RS LA IS ] /570 122 A 1) 5 =R P 240 e 1 34
B, (R AEREE AR R R A ST KDMLA f91E
I, 7R R 7R O s P RE AL PR IE KDM1A
SRR BIHUE SO, KDM1A 1 R14%F 0SCC
A AR 23 52 B R B 22 1) DG
2.7 KDMI1A 5RRE

lidpit e (s o N T A RIS L S 3 S
2y 2R 2, B 1 ARAAERAR
30%, 5 AELEMERTREIAR 5%, AR &
P, Jeilid CKlo 512 KDM1A RY5S 687 i 22 & iR
MIBERRIL G, GSK3B A REMEER L KDM1A %55
683 i 22 A v 15, KDM1A (1) Ser683 i & ik 1k
J& A USP22 5 Kz 24k, B KDM1A,
Wi T GSK-3p 1 USP22 14 E i) KDM1A X} T
Y HE 1 H3K4 125 L B T3 1, H3K4 L H
FEAL I BMP2, 2 35 S5 25 1 AR ) o e ) 55
(Cyclin-dependent kinase inhibitor 1A, CDKN1) L4
K GATA 45411 6 (GATA-binding protein 6,
GATAB) (1% 5 , T35 ieg T 20 i) | S A
R REZA L (Glioblastoma, GBM) ({42 . 76/
BRI | i Y7 5T GSC11 (Glioma stem cells 11,
GSC11) J& ¥4t BUARAE B S A9 e o B9, 4 A0 H
sh-KDM1A RifB5 5 (19 GSC11 Ll % sh-USP22 B i
GSCLL fii A 7 5 /INBUIS 22 B R 6% 10 il e g %) T
AR, M A R MEI R e KDM1A (1)

http://journals.im.ac.cn/cjbcn

TR, 8 KDM1A F1 USP22 5 GCSs Ay
RS YIM ., A GBM #EAH, Wk
KDM1A 7KF-5 GSK3B F1 USP22 7K~F-#5 UIAH G
FE/ANERARPT, R GSK3PB A il 37 A 04 e H ik
T KDM1A 52X 2R T i R il
e Rk Bl BB A ALT2 F1 T98G 4
M Zrh, J217 Z10EE USPT R4 KDM1A fa
P£, USP7-KDM1A I #i p53 155 i i 51 i
GO/GL FBHHME , fedkmi ik A 22, bl
MR R, KRR RIUCTY RE4E L KDM1A
HIFaE Tk, B2 B9 KDMLA i A A R B R ik
#AE GBM [ KA & b & 4435 E2AEH . KDM1A
AORBRSEIIER] , FFR KDM1A BEfS IS & BE40 i
SR RE R[] U4 (Avian myelocytomatosis viral
oncogene homolog, MYC) i /& I H3K4 i) = H &
b, #EmHEE MYC ERik. MYC Eiknydgm X
S R D 98 e ot F 5% s A ¥ 2 (Oligodendrocyte
lineage, OLIG2). SOX2 LA POU3F2, ixuuf
7% T GBM FE A4 B HAT T 4l i Rtk IR S 2
L

EA s XS KDML1A #il5] TCP Al
HDACL il FI4K 37 il (Vorinostat) &% &L % 14
¥ (Entinostat) AbFEAE B T-40 )l (Glioma stem
cell, GSCs) Ji, HAFIGRMEALE] 30%4 A7k
T2 B AL PR S ) AETE %, R W] GSCs 4t Xt
WA RO BUR . R TR FHLH, e
T BB KDM1A J5 (9 LN-18 2 Jif] R 1565 I ARSIk
SE A AR B A KR R GR e B g L, B TP53
A F R B TP73 7EERAALH T, HkkE
ETRW . AR U SRS AR T A
RSl (Vorinostat) F1 TCP i Rh2h 4 b 332 45
A, BEASG1HE p53 A1 TAp73 ik Hr B fifi FH 25k
WRE, R TGRS FEETEN
W5 iz — A B SRR SR ) KDMLA i 7
75 3 I A o B 1) R 0 9 A L R R A T I S B B —
$T T i J R 1) A B2 RRAE SE T B2 5 KDMLA 1)
HIFHEST GBM LR
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3 REHRE

KDM1A 1E R 55— 4k & B 2 B Ak
PRUESE 5 Z R AE G, U S Z R0 I i kA
RIEEYIMK ., HATHBIFIES: T KDMLA 768
) 7 g s vh R R AR AR R, AR 4K -
KDM1A JZAE R e 9 2 A AE 19 o 55001 & KDM1A
VE R (e AR B Y BB 7, 7R 4R 5 e 1R AA
3800 47 A L 0, KDMLA JlURe A
SRR S — RN ENRE A WSS,
Ml SEE LR ik, E 2 iR, KDM1A
SAFEMIA ST BT REARE S Y
AR, BEMSAE by T B0 IR T T 4 A0 PN ) 9

FHTXS T KDM1A 72 i b i 7 I BL R 52
MMERA . 4, KDM1A fg5—RIIANFME
MBS . Non-coding RNAs, Micro-RNAs 4

2 KDMI1A 7ERiE Hh a9 1E R AL
Fig. 2 Diagram of the mechanisms of KDM1A in tumor.

% : 010-64807509

454, 14, KDMI1A fERIRY R (5 5 i i
WS, W EEIRA R E S 0 PR A
—EWF5E . BRI Ah, KDMIA REGE AL HEWEBE A |
T A 5 e e 240 B R IRV AR AL, {4 iPSCs E
TR, AT L 5 B R 20 i 0 g i O
KDM1A TEMEACHS F A1 SOk sz 258N 5L
(G, (R ILHLT 1 A AR TR A . ol
W7 F W] KDMLA REHE I 1o 8 s G S 2K 2 b
fitf 2 (Hexokinases 2, HK2) mHEENG 71, fEdEiRIA
AW . ORY-1001 il KDM1A, Blig HK2 fiff
TG TTRIREAG , DT 5 TR VAR RO, 390 i e 40
a7 BRI A, KDMLA S iR 22 ke
i 1 T AR P 55 i L 88 O S OGS . RO
A EFXT KDMLA il S99 8500 ko, (R AL
N FEE— W5 . BTS2, KDM1A 7E/
1 A R TR i A F A A0, AR IR I K12
W A YT 1 B VAR R T A 5

<@
%
Estrogen C,;
receptor -
ERg,

. cjb@im.ac.cn

235




236

ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin J Biotech

REFERENCES

[1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

Fu WL, Huang Q. Cancer epigenetics. Clin Biochem
Lab Med Foreign Med Sci, 2004, 25(4): 289-290 (in
Chinese).

IR, K. IR RME L. AN I R AR
YAk =4 SR 524531t 2004, 25(4): 289-290.

Barski A, Cuddapah S, Cui KR, et al. High-
resolution profiling of histone methylations in the
human genome. Cell, 2007, 129(4): 823-837.

Shi YJ, Lan F, Matson C, et al. Histone
demethylation mediated by the nuclear amine oxidase
homolog LSD1. Cell, 2004, 119(7): 941-953.

Huang J, Sengupta R, Espejo AB, et al. p53 is
regulated by the lysine demethylase LSD1. Nature,
2007, 449(7158): 105-108.

Wang J, Hevi S, Kurash JK, et al. The lysine
demethylase LSD1 (KDM1) is required for
maintenance of global DNA methylation. Nat Genet,
2009, 41(1): 125-129.

Karytinos A, Forneris F, Profumo A, et al. A novel
mammalian flavin-dependent histone demethylase. J
Biol Chem, 2009, 284(26): 17775-17782.

Klose RJ, K, Bae Y, et al. The
transcriptional repressor JHDM3A demethylates
trimethyl histone H3 lysine 9 and lysine 36. Nature,
2006, 442(7100): 312-316.

Cloos PAC, Christensen J, Agger K, et al. The
putative oncogene GASC1 demethylates tri- and
dimethylated lysine 9 on histone H3. Nature, 2006,
442(7100): 307-311.

Whetstine JR, Nottke A, Lan F, et al. Reversal of
histone lysine trimethylation by the JMJD2 family of
histone demethylases. Cell, 2006, 125(3): 467-481.
Fodor BD, Kubicek S, Yonezawa M, et al. Jmjd2b
antagonizes H3K9 trimethylation at pericentric
heterochromatin in mammalian cells. Genes Dev,
2006, 20(12): 1557-1562.

Yamane K, Toumazou C, Tsukada YI, et al.
JHDM2A, a JmjC-containing H3K9 demethylase,
facilitates transcription activation by androgen
receptor. Cell, 2006, 125(3): 483-495.

Wu BH, Wang YP, Han ZG. Research progress of
role of JmjC family in tumorigenesis. J Shanghai
Jiaotong Univ: Med Sci, 2013, 33(5): 676-680 (in

Yamane

http://journals.im.ac.cn/cjbcn

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Chinese).

M, EECE, §RET. ImiC GEAE IR kA
YER AT SR Sk [J]. b S8 i R 2E 4l BES R,
2013, 33(5): 676-680.

Ma JP, Han J, Zhang JL. Research progress of
histone demethylase. Guide China Med, 2017,
15(12): 46-47 (in Chinese).

RN, Hh8, ke k. A& AR5
HEE. rhE 2GR R, 2017, 15(12): 46-47.
Stavropoulos P, BlobelG, HoelzA. Crystal structure
and  mechanism of human lysine-specific
demethylase-1. Nat StructMol Biol, 2006, 13(7):
626-632.

Shao GB, Ding HM, Gong AH, et al. Inheritance of
histone H3 methylation in reprogramming of somatic
nuclei following nuclear transfer. J Reprod Dev,
2008, 54(3): 233-238.

Katz DJ, Edwards TM, Reinke V, et al. A C. elegans
LSD1 demethylase contributes to germline immortality
by reprogramming epigenetic memory. Cell, 2009,
137(2): 308-320.

Zhang J, Tan L, Hou JY, et al. Trans-2-
phenylcyclopropylamine  induces cells
apoptosis in zebrafish mediated by depression of
LSD1 activity. Brain Res Bull, 2009, 80(1/2): 79-84.
Wang LJ, Pei ZY, Tian YC, et al. OsLSD1, a rice
zinc finger protein, regulates programmed cell death
and callus differentiation. Mol Plant-Microbe Int,
2005, 18(5): 375-384.

Hiramoto M, Udagawa H, Ishibashi N, et al. A type 2
diabetes-associated SNP in KCNQ1 (rs163184)
modulates the binding activity of the locus for Sp3
and Lsdl/Kdmla, potentially affecting CDKN1C
expression. Int J Mol Med, 2018, 41(2): 717-728.
Shan JY, Zhao BB, Shan Z, et al. Histone
demethylase LSD1 restricts influenza A virus
infection by erasing IFITM3-K88 monomethylation.
PLoS Pathog, 2017, 13(12): €1006773.

Chen YC, Chao TY, Leung SY, et al. Histone H3K14
hypoacetylation and H3K27 hypermethylation along
with HDAC1 up-regulation and KDM6B down-
regulation are associated with active pulmonary
tuberculosis disease. Am J Trans Res, 2017, 9(4):
1943-1955.

Togasaki E, Takeda J, Yoshida K, et al. Frequent

nerve



k& FIAEARSRITRIEEPELES 1A EMERERRDHIER

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

s

somatic mutations in epigenetic regulators in newly
diagnosed chronic myeloid leukemia. Blood Cancer
J, 2017, 7(4): e559.

Maes T, Mascard C, Ortega A, et al. KDML1 histone
lysine demethylases as targets for treatments of
oncological and  neurodegenerative
Epigenomics, 2015, 7(4): 609-626.
Williams JS, Chamarthi B, Goodarzi MO, et al.
Lysine-specific demethylase 1: an epigenetic regulator
of salt-sensitive hypertension. Am J Hypertens, 2012,
25(7): 812-817.

Zhou AD, Lin KY, Zhang SC, et al. Nuclear GSK3p
promotes tumorigenesis by phosphorylating KDM1A
and inducing its deubiquitylation by USP22. Nat Cell
Biol, 2016, 18(9): 954-966.

Harris WJ, Huang X, Lynch JT, et al. The histone
demethylase KDM1A sustains the oncogenic
potential of MLL-AF9 leukemia stem cells. Cancer
Cell, 2012, 21(4): 473-487.

Wang Y, Zhang H, Chen YP, et al. LSD1 is a subunit
of the NuRD complex and targets the metastasis
programs in breast cancer. Cell, 2009, 138(4):
660-672.

Hayami S, Kelly JD, Cho HS, et al. Overexpression
of LSD1 contributes to human carcinogenesis
through chromatin regulation in various cancers. Int J
Cancer, 2011, 128(3): 574-586.

Kong LZ, Zhang P, Li W, et al. KDM1A promotes
tumor cell invasion by silencing TIMP3 in non-small
cell lung cancer cells. Oncotarget, 2016, 7(19):
27959-27974.

Zhou XF, Ma H. Evolutionary history of histone
demethylase families: distinct evolutionary patterns
suggest functional divergence. BMC Evol Biol, 2008,
8: 294.

Aravind L, lyer LM. The SWIRM domain: a
conserved module found in chromosomal proteins
points to novel chromatin-modifying activities.
Genome Biol, 2002, 3(8): research0039.1.

ChenY, Yang YT, Wang F, et al. Crystal structure of
human histone lysine-specific demethylase 1
(LSD1). Proc Natl Acad Sci USA, 2006, 103(38):
13956-13961.

Pilotto S, Speranzini V, Tortorici M, et al. Interplay
among nucleosomal DNA, histone tails, and

disease.

010-64807509

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

corepressor CoREST underlies LSD1-mediated H3
demethylation. Proc Natl Acad Sci USA, 2015,
112(9): 2752-2757.

Ismail T, Lee HK, Kim C, et al. KDM1A
microenvironment, its oncogenic potential, and
therapeutic significance. Epigenet Chromatin, 2018,
11(1): 33.

Lee MG, Wynder C, Cooch N, et al. An essential role
for CoREST in nucleosomal histone 3 lysine 4
demethylation. Nature, 2005, 437(7057): 432-435.
Tsai MC, Manor O, Wan Y, et al. Long noncoding
RNA as modular scaffold of histone modification
complexes. Science, 2010, 329(5992): 689-693.

Li YH, Wang Z, Shi, et al. HBXIP and LSD1
Scaffolded by IncRNA hotair mediate transcriptional
activation by c-Myc. Cancer Res, 2015, 76(2):
293-304.

Sun M, Nie FQ, Wang YF, et al. LncRNA
HOXA11-AS promotes proliferation and invasion of
gastric cancer by scaffolding the chromatin
modification factors PRC2, LSD1 and DNMTL.
Cancer Res, 2016, 76(21): 6299-6310.

Xu TP, Wang WY, Ma P, et al. Upregulation of the
long noncoding RNA FOXD2-AS1 promotes
carcinogenesis by epigenetically silencing EphB3
through EZH2 and LSD1, and predicts poor
prognosis in gastric cancer. Oncogene, 2018, 37(36):
5020.

Hakimi MA, Bochar DA, Chenoweth J, et al. A
core-BRAF35 complex containing histone deacetylase
mediates repression of neuronal-specific genes. Proc
Natl Acad of Sci USA, 2002, 99(11): 7420-7425.

Shi YJ, Sawada JI, Sui GC, et al. Coordinated histone
modifications mediated by a CtBP co-repressor
complex. Nature, 2003, 422(6933): 735-738.

Perillo B, Ombra MN, Bertoni A, et al. DNA
oxidation as triggered by H3K9me2 demethylation
drives estrogen-induced gene expression. Science,
2008, 319(5860): 202—206.

Metzger E, Wissmann M, Yin N, et al. LSD1
demethylates repressive histone marks to promote
androgen-receptor-dependent transcription. Nature,
2005, 437(7057): 436-439.

Magerl C, Ellinger J, Braunschweig T, et al. H3K4
dimethylation in hepatocellular carcinoma is rare

. cjb@im.ac.cn

237




238

ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin J Biotech

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

compared with other hepatobiliary and gastrointestinal
carcinomas and correlates with expression of the
methylase Ash2 and the demethylase LSD1. Human
Pathol, 2010, 41(2): 181-189.

Duteil D, Metzger E, Willmann D, et al. LSD1
promotes oxidative metabolism of white adipose
tissue. Nat Commun, 2014, 5: 4093.

Warburg O. On the origin of cancer cells. Science,
1956, 123(3191): 309-314.

Qin Y, Zhu WW, Xu WY, et al. LSD1 sustains
pancreatic cancer growth via maintaining HIFla-
dependent glycolytic process. Cancer Lett, 2014,
347(2): 225-232.

Sakamoto A, Hino S, Nagaoka K, et al. Lysine
demethylase LSD1 glycolytic and
mitochondrial metabolism in  hepatocellular
carcinoma cells. Cancer Res, 2015, 75(7): 1445-1456.
Kosumi K, Baba Y, Sakamoto A, et al. Lysine-
specific demethylase-1 contributes to malignant
behavior by regulation of invasive activity and
metabolic shift in esophageal cancer. Int JCancer,
2016, 138(2): 428-439.

Yang C, Wang WH, Liang JX, et al. A
rhodium(lll)-based inhibitor of lysine-specific
histone demethylase 1 as an epigenetic modulator in
prostate cancer cells. J Med Chem, 2017, 60(6):
2597-2603.

Kashyap V, Ahmad S, Nilsson EM, et al. The lysine
specific demethylase-1 (LSD1/KDM1A) regulates
VEGF-A expression in prostate cancer.Mol Oncol,
2013, 7(3): 555-666.

Jin YJ, Ma D, Gramyk T, et al. Kdmla promotes
SCLC progression by transcriptionally silencing the
tumor suppressor Rest. Biochem Biophys Res
Commun, 2019, 515(1): 214-221.

Huang ZB, Li SZ, Song W, et al. Lysine-specific
demethylase 1 (LSD1/KDM1A) contributes to
colorectal tumorigenesis via activation of the
Wnt/B-Catenin  pathway by  down-regulating
dickkopf-1 (DKK1). PLoS ONE, 2013, 8(7): €70077.
Cao C, Vasilatos SN, Bhargava R, et al. Functional
interaction of histone deacetylase 5 (HDACS5) and
lysine-specific demethylase 1 (LSD1) promotes
breast cancer progression.Oncogene, 2017, 36(1):
133-145.

coordinates

http://journals.im.ac.cn/cjbcn

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

Kim K, Lee JM, Yu YS, et al. RORa2 requires LSD1
to enhance tumor progression in breast cancer. Sci
Rep, 2017, 7(1): 11994,

Huang MX, Chen C, Geng J, et al. Targeting
KDM1A attenuates Wnt/B-catenin signaling pathway
to eliminate sorafenib-resistant stem-like cells in
hepatocellular carcinoma. Cancer Lett, 2017, 398:
12-21.

Cai LS, Chen QX, Fang SY, et al. MicroRNA-329
inhibits cell proliferation and tumor growth while
facilitates apoptosis via negative regulation of
KDM1A in gastric cancer. J Cell Biochem, 2018,
119(4): 3338-3351.

Ambrosio S, Sacca CD, Amente S, et al. Lysine-
specific demethylase LSD1 regulates autophagy in
neuroblastoma through SESN2-dependent pathway.
Oncogene, 2017, 36: 6701-6711.

Chao A, Lin CY, Chao AN, et al. Lysine-specific
demethylase 1 (LSD1) destabilizes p62 and inhibits
autophagy in gynecologic malignancies. Oncotarget,
2017, 8(43): 74434-74450.

Hino S, Kohrogi K, Nakao M. Histone demethylase
LSD1 controls the phenotypic plasticity of cancer
cells. Cancer Sci, 2016, 107(9): 1187-1192.

Bray F, Ferlay J, Soerjomataram |, et al. Global
cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in
185 countries. CA: Cancer JClin, 2018, 68(6):
394-424.

Sehrawat A, Gao LN, Wang YL, et al. LSD1
activates a lethal prostate cancer gene network
independently of its demethylase function. Proc Natl
Acad Sci USA, 2018, 115(18): E4179-E4188.

Kahl P, Gullotti L, Heukamp LC, et al. Androgen
receptor  coactivators  lysine-specific  histone
demethylase 1 and four and a half LIM domain
protein 2 predict risk of prostate cancer recurrence.
Cancer Res, 2006, 66(23): 11341-11347

Wang M, Liu XH, Jiang GJ, et al. Relationship
between LSD1 expression and E-cadherin expression
in prostate cancer. Int UrolNephrol, 2015, 47(3):
485-490.

Oreland L, Kinemuchi H, Yoo BY. The mechanism
of action of the monoamine oxidase inhibitor
pargyline. Life Sci, 1973, 13(11): 1533-1541.



k& FIAEARSRITRIEEPELES 1A EMERERRDHIER

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

s

Kauffman EC, Robinson BD, Downes MJ, et al. Role
of androgen receptor and associated lysine-
demethylase coregulators, LSD1 and JMJD2A, in
localized and advanced human bladder cancer. Mol
Carcinog, 2011, 50(12): 931-944.

Schmidt DMZ, McCafferty DG. trans-2-
phenylcyclopropylamine is a mechanism-based
inactivator of the histone demethylase LSD1.
Biochemistry, 2007, 46(14): 4408-4416.

Wang M, Liu XH, Guo J, et al. Inhibition of LSD1 by
Pargyline inhibited process of EMT and delayed
progression of prostate cancer in vivo. Biochem
Biophys Res Commun, 2015, 467(2): 310-315.
Zhang K, Fu G, Pan GZ, et al. Demethylzeylasteral
inhibits glioma growth by regulating the
miR-30e-5p/MYBL2 axis. Cell Death Dis, 2018,
9(10): 1035.

Lee MG, Wynder C, Schmidt DM, et al. Histone H3
lysine 4 demethylation is a target of nonselective
antidepressive medications. Chem Biol, 2006, 13(6):
563-567.

Lim S, Janzer A, Becker A, et al. Lysine-specific
demethylase 1 (LSD1) is highly expressed in
ER-negative cancers and a biomarker
predicting aggressive biology. Carcinogenesis, 2010,
31(3): 512-520.

Macheleidt IF, Dalvi PS, Lim SY, et al. Preclinical
studies reveal that LSD1 inhibition results in tumor
growth arrest in lung adenocarcinoma independently
of driver mutations. Mol Oncol, 2018, 12(11):
1965-1979.

Qiu RF, Shi H, Wang S, et al. BRMS1 coordinates
with LSD1 and suppresses breast cancer cell
metastasis. Am J Cancer Res, 2018, 8(10): 2030-2045.

breast

Zheng Y, Zeng Y, Qiu RF, et al. The homeotic
protein  SIX3 suppresses carcinogenesis and
metastasis through recruiting the LSD1/NuRD

(MTAZ3) complex. Theranostics, 2018, 8(4): 972-989.
Feng JX, Xu GY, Liu JW, et al. Phosphorylation of
LSD1 at Ser112 is crucial for its function in induction
of EMT and metastasis in breast cancer. Breast
Cancer Res Treat, 2016, 159(3): 443-456.

Nagasawa S, Sedukhina AS, Nakagawa Y, et al.
LSD1 overexpression is associated with poor
prognosis in basal-like breast cancer, and sensitivity

010-64807509

[77]

[78]

[79]

[80]

[81]

(82]

[83]

[84]

[85]

(86]

[87]

(88]

to PARP
€0118002.
Mohammad HP, Kruger RG. Antitumor activity of
LSD1 inhibitors in lung cancer. Mol Cell Oncol,
2016, 3(2): €1117700.

Negrini S, Prada I, D’Alessandr R, et al. REST: an
oncogene or a tumor suppressor? Trends Cell Biol,
2013, 23(6): 289-295.

Alsager SF, Tashkandi MM, Kartha VK, et al.
Inhibition of LSD1 epigenetically attenuates oral
cancer growth and metastasis. Oncotarget, 2017,
8(43): 73372-73386.

Liu CG, Liu LM, Chen XJ, et al. LSD1 stimulates
cancer-associated fibroblasts to Notch3-
dependent self-renewal of liver cancer stem-like
cells. Cancer Res, 2018, 78(4): 938-949.

Zhao ZK, Dong P, Gu J, et al. Overexpression of
LSD1 in hepatocellular carcinoma: a latent target for
the diagnosis and therapy of hepatoma. Tumor Biol,
2013, 34(1): 173-180.

Koga C, Kobayashi S, Nagano H, et al.
Reprogramming using microRNA-302 improves drug
sensitivity in hepatocellular carcinoma cells. Ann
Surg Oncol, 2014, 21(4): 591-600.

Jin J. Targeted therapy of acute myeloid leukemia. J
Clin Hematol, 2018, 31(2): 178-180 (in Chinese).
UL SVTERE AR IR A IR Il PR I S 2
i, 2018, 31(2): 178-180.

Niebel D, Kirfel J, Janzen V, et al. Lysine-specific
demethylase 1 (LSD1) in hematopoietic and
lymphoid neoplasms. Blood, 2014, 124(1): 151-152.
Vu LP, Luciani L, Nimer SD. Histone-modifying
enzymes: their role in the pathogenesis of acute
leukemia and their therapeutic potential. Int J
Hematol, 2013, 97(2): 198-2009.

Fang JW, Ying HY, Mao T, et al. Upregulation of
CD11b and CD86 through LSD1 inhibition promotes
myeloid differentiation and  suppresses cell
proliferation in human monocytic leukemia cells.
Oncotarget, 2017, 8(49): 85085-85101.

Cusan M, Cai SF, Mohammad HP, et al. LSD1
inhibition exerts its antileukemic effect by
recommissioning PU.1- and C/EBPa-dependent
enhancers in AML. Blood, 2018, 131(15): 1730-1742.
Wen SJ, Wang JK, Liu PP, et al. Novel combination

inhibition. PLoS ONE, 2015, 10(2):

drive

. cjb@im.ac.cn

239




240

ISSN 1000-3061 CN 11-1998/Q A4 T #2244t Chin J Biotech

[89]

[90]

[91]

[92]

[93]

of histone methylation modulators with therapeutic
synergy against acute myeloid leukemia in vitro and
in vivo. Cancer Lett, 2018, 413: 35-45.

Fiskus W, Sharma S, Shah B, et al. Highly effective
combination of LSD1 (KDMZ1A) antagonist and
pan-histone deacetylase inhibitor against human
AML cells. Leukemia, 2014, 28(11): 2155-2164.
Yang CY, Lin CK, Tsao CH, et al. Melatonin exerts
anti-oral cancer effect via suppressing LSD1 in
patient-derived tumor xenograft models. Oncotarget,
2017, 8(20): 33756-337609.

Wang YL, Zhu YM, Wang Q, et al. The histone
demethylase LSD1 is a novel oncogene and
therapeutic target in oral cancer. Cancer Lett, 2016,
374(1): 12-21.

Porter KR, McCarthy BJ, Freels S, et al. Prevalence
estimates for primary brain tumors in the United
States by age, gender, behavior, and histology.
Neuro-Oncol, 2010, 12(6): 520-527.

Yi L, CuiY, Xu QF, et al. Stabilization of LSD1 by

http://journals.im.ac.cn/cjbcn

[94]

[95]

[96]

[97]

deubiquitinating enzyme USP7 promotes
glioblastoma cell tumorigenesis and metastasis
through suppression of the p53 signaling pathway.
Oncol Rep, 2016, 36(5): 2935-2945.

Kozono D, Li J, Nitta M, et al. Dynamic epigenetic
regulation of glioblastoma tumorigenicity through
LSD1 modulation of MYC expression. Proc Natl
Acad Sci USA, 2015, 112(30): E4055-E4064.

Singh MM, Johnson B, Venkatarayan A, et al.
Preclinical activity of combined HDAC and KDM1A
inhibition in glioblastoma. Neuro-Oncol, 2015,
17(11): 1463-1473.

Sun H, Liang LN, Li Y, et al. Lysine-specific histone
demethylase 1 inhibition promotes reprogramming by
facilitating the expression of exogenous transcriptional
factors and metabolic switch. Sci Rep, 2016, 6: 30903.
Shan C, Lgu Z, Li J, et al. ORY-1001 suppresses cell
growth and induces apoptosis in lung cancer throuh
triggering HK2 mediated Warburg effect. Front
Pharmacol, 2018, 9: 1411.

(AT BT



