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Abstract

Histone methyltransferases are mainly comprised by a class of protein which can catalyze

the transfer of methyl groups to specific lysine (also occur in arginine, histidine and aspartic acid) residues on

the tails of histones, as well as non-histone proteins. Histone methylation is involved in the various regulatory

functions of chromatin, including transcription regulation, genomic stability maintenance, stem cell maturation and

differentiation, DNA repair, inflammatory immune regulation and other biological processes. Mounting evidences

have identified that the abnormal expression of various HMTs in osteosarcoma (OS) is closely associated with poor

prognosis in patients with osteosarcoma. According to the mechanisms of HMTs in OS, some potent, selective small

molecule inhibitors have been discovered for applications in clinical diagnosis, prognostic evaluation and biological

therapy. This review aims to provide an overview of the molecular mechanisms of HMTs and inhibitors in OS.
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Fig.1 The mechanism of promoting tumor growth in osteosarcoma
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Table 1 Classifications and functional characteristics of common histone methyltransferases
Kk YR LR HoAth 4 B HE A AL AR E R %Wﬁiﬁ%ﬁiﬁ
Family Histone methyltransferases ~ Aliases Histone methylation ~ Non-histone methylation iists:g:ted references
SMYD (SET and SMYD2 KMT3C H3K36 p53, RB1, PARPI, -
MYND domain- HSP90ABI, ERa
containing proteins) SMYD3 KMT3E H3K4 VEGFR1, MAP3K2 -
Polycomb complex EZH2 KMT6A H3K27 RORo, STAT3 [9]
NSD (nuclear receptor- NSDI KMT3B H3K36 NF-xB -
binding) NSD2 WHSCI, H3K36 - [10]
MMSET
NSD3 WHSCILI  H3K36 - [11]
SETD (SET-domain SETDIA KMT2F H3K4 HSP70 -
containing proteins) SETD7 KMT7 H3K4 PPPIRI2A, p53, NF-kB, —
E2F1, DNMTI, STAT3
SETDS8 KMT5A H4K20 PCNA, P53 [12-14]
Suppressor of SUV39H2 KMT1B H3K9, H2AXK134 - [15]
variegation 3-9
homolog
Euchromatic G9a EHMT2, H3K9 p53 Lys373, C/EBPfB [16]
histone-lysine KMTI1C
N-methyltransferase
MLL family MLL KMT2A H3K4 - -
MLL2 KMT2D H3K4 - -
MLL3 KMT2C H3K4 - -
DOTIL DOTIL KMT4 H3K79 - -
PRMT (protein PRMT1 - H4R3 MREL1I1, 53BP1, SAM68  [17]
arginine methyl- PRMT2 _ H3RS8 _ _
transferase family) PRMT3 _ _ RPS2, p53 _
PRMT4 CARMI1 H3R17 AIBI1, p300, CBP, RNA  [18]
Pol I1 CTD
PRMTS — H3R8, H4R3 — -
PRMT6 — H3R2, H3K4 — [19-20]
PRMT7 — H4R3, H2AR3, — -
H3R2
PRMTS - Unknown - -
PRMT9 - Unknown - [21]

PeL VT G R T AR AR R AR R, T R
A a3 b g B0 ) JiRE R AE . BR IR BAAE, HMTsid
BEAIF B 22 5 ifoJeg G e b 3 3ok 2 8 i 2 a3 b e Ok AR
JtfE . anreon g rh, A A R B EEEZH2 X
DNA F B F2 i 1 (DNMT1) 73 BB i H3K 27 = F 5
{6 (H3K27me3) A DNA FH AL LR, I i 470t 4 B
THH A1 A4k R F-CXCL9 M2 CXCL10E ik, %2 i
Jo0 4T 8 G 8 R 452520, H R, LHM T 7R
IR HIFME AL 25 vl I 32 v 22 i iR S s i 72
o G ER E DR (L HE R A S PE DL R . B n T 2
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H3KO) F AU AS M 5 5 DR 0K 2 S G €8 5 % BROAT
KB, E IR BEGOaMIDNA Y I #e 72 fi
1(DNMT1)/ffE Ak A S 498 B L ARHT T F: 4K, ARHIZ
B 5 e PR BRAR, 2B R R R R AR
(P EE R R 1 G9a X DNMTI fE & 2 5 /b
ARHIH AL AZ 1, 16 5R ARHIZE B PR 40 i o 1 42
I L A A LR P e T

3.2 EZH2

Enhancer of zeste homolog 2(EZH2){F N £ fii 41
il 2 A 42(polycomb repressive complex 2, PRC2)[]
AL, EALH3K27 = H Ak, RIEH: S HI i /E
FHBY . H3K27 = F B AR AB A 5 G € 5 b R B0 AL,
PR AR VR, ATHES) B PR . EZH2R
I J5 B AL e R SB35 T B, ) I AR 4
XPARTT 245 U5 5O I 2 v, JF HEZH23@ 1 1
TSSC3 M AX AR 1 1 A Jed 20 Jtd 1) 38 G A A%, (5]
I S SR A ) 200 L T e 0
3.3 NSDRI&

NSDZK B FENSDI(KMT3B). NSD2(MMSET/
WHSC1). NSD3(Wolf-Hirschhorn syndrome candidate
1-like 1, WHSCIL1). %54 5 A F IR R
Bk 20 B FH3 S 36 R R TP R A U T BRI R
IABHS NSD2if it #l 1| E-cadhering® i 12 3E& AR
A4, I BB FEMTIEBEE IR AN . 122800,
NSD37EH A8 40 i b sy 3R 0k, M IRNSD3- S 2 E A
Je A0 B P 2 TR B, A B G/ ML L R R T 48
KOG I, UEWINSD3LE B AR ) A A2 K e b g B L
FREDD A, B AL e AN B A
3.4 PRMT1

PRMT1 /& LA 20 2 FTHASE 307 K 20 8 o I 470 1
o LB A B A ) 2H B A RS AR T AR A R
PRMT 1AL AR HH 10 335 55 e 40 Ji o 1k &2 1A
SR, FE R 7 T 0V FHBIL ) 32 S 30 oo ke PRI 3¢
BE KRB R e B 4 R s . fEPS3/RbEEA]-
P AR 20 B, PRMTI S8 RS in B & F
FAABH, PrFleIFAG 1\ p53 3L [a) I 42 5 R B 1R 2,
AT A 2 Jeb g 40 Jf A G, HPRMIT 1 % B 10 R 11
BARMU LA 15 ) W07
3.5 PRMT4/CARMI1

L0 R 1 AH GRS 2R FH IR F F2 i 1 (coactivator-
associated arginine methyltransferase 1, CARM1)UIAE7E
e LR B 45 B s b 3 38, BRI AU R

Pl, CARMITE A8 41 i o [ R B B 308, R L3R
ik 85 o W Enneking 2 AR U, AR TR 2K
HEnneking 73 1, CARM 1R A 1E & 2 1) o0 A 2 3 T
1. CARM Ll it JUif pGSK3B/B-catenin/cyclinD 118
PR R A LR S, R a2 PR 4 R
3.6 PRMT6

PRMTOf Y41 28 FIH3 552457 4 2 R X Bk XL
H Ak H M HIIH3K A B AL 12 1. PRMTOTE B IR
Y1 B 38 ok BB A A T D 2 DR P21 S P2 744 i FE
RO BB CDK A 1) 75 CTP/KIP 58 I B 02 )T T
Y1 i 7 1, UTERPRMT6 S BLGo/MAH A J& 3 BHL )
PRMT6IE RS 7 14 A AL DNA R & B -B(pol-B) 583 152
A RS R A 1, 38 5 pol-B S5 DNA 25 & g
71, M2 Eipol-BRIBEIN TGV, Ak, PRMT6IE T
% 53 40 Thrombospondin-1(TSP-1), 42 3F& PR 41 il
FiETE. R PRPRMT6F EUTSP1R A Tt iy, B AR 40
HiE e 2 23, 24 ob Ak B TSP-14% 7 bt
RBEAKRTSP- UK & PR 4 B i M &, TE A
PRMTGE I B P F TSP- 1520 B AR s AR E FE 20,

4 AT RESBEIIFITR

I JUAE, B0 B R RS BRI B A ik
FEVE v A M N g3 1 AR R S SR A A
BT B A, L EE O A F R (WS [ EZH2
DOTIL. PRMTS) T2k A I AR50 HT HAUE 2B B
H AT, A58 53 SR JR A 5 4 AL 00 o) 70 A0 4 R S
R o
4.1 G9a/GLP(GYa-like protein)

H 2007 4F 5 — /N G9a ey 1k 8 14 5 34 1) 77 BIX -
0129447 &I LASK, FEHEUNC-0638", BRD47705%,
UNCO06428%, A-3664%, UNC0224*&E — 2 1) 4171 ]
FAE — — PR, X AR 3 2 5 A DGl 5
Sh5A e AT BELIBT T 307 S i
4.2 EZH2

H AT CIESE, EZH24MH7/GSK343. MiR-138%,
TSSC3PTAT LA & R A0 IS T8 . ek, Ff it
MO T2 GSK343:# i I EZH2 f LI K e-Myc
FBPI(Fuse-binding protein 1)fl H3K27me3, il
EZH2-c-MycHIFBP1-c-Myc/5 518 4, & 8 2% [F K
B RIJR 2 R v
4.3 PRMTI1

A B A 2 M (PRMT L0 1) 57 4k & 4
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DB75. DB75H] L #l il PRMT 1 1k 1] 2% 1 FALY
(11 FRTHOC4) F I Ak & 1 i #2145, DB7534 38 i 417
HIPRMT 1415 FIRBM15(RNA-binding protein 15)%
STRALKE s MR HR A AL AL 21, THERBM155SF3BI
HEMMEES, BT RNAB B f2H,
4.4 PRMT4/CARM1

152 R MEH BRI R, CARMI B e BNy T
N FHIEZM2302 52 2 #4422 FTH3R17 A AEH HE
(ELHEPARP. SMB)) FH I AL AZ MR, = 803 i) frf e 24
MLXE%E . EZM23027E /)N BRAAR N B A B0d H 1 2530
JIEREIE, T DL O Ro@ AR AT /N AR AT, X
ZIN B PR SR 2B K 3 B SR A A, (B A7 AR B 2
FIEL ARSI R 7,
4.5 PRMT6

H il C & 3L, 1b & YIEPZ0204112PRMT6IT] 38
RN G F RN T, &G PRMT6/8/1 H ) 3%k 14 & Hoth
HEAHEREBEET10065 0L b, B 29PR 830 /1
FIRVEIG A AT N R A S8, A B A I IR
RIE,

5 BESRE

RMBALAE 5 5 NIRRT RIE. H
B Go e Ve I 3 3 I R DML O, B AT 2 48R
[ FR G B A I S 55 R A G, DR iR 4 3R 0 35
FABIH I LR (SRR CL2 8o N ZRIR 7 R
W 5, B UL B 1 R G R I /N 23 7 4 ) 75 L
BIEERIN TR 418 A R B B EZH24 1
FIEPZ-6438 FIDOT1LA1 il F|EPZ-5676 L\ ik A1/
e A RS, FEA M MLLE AR 5. Hihs
SF R ) AR R A o ) A 7 3265 NI PR 36 i
WIR B, A N AR R AR iRy T . H R
FE PR AT, 4L 2R 1 R B T A LA ik SR 1
FLARVE I RLE v AN B, DR, 3k — 20 e iH 4 2 (9
SR RS BT B PR PRSI /R AL, IR R IR
EEREE . m AR HTMS R, B FAER
KA B PRIIRE (1 AL S DR B G V6T
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