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[ Abstract] The proliferation and multi-directional differentiation potential of mesenchymal stem cells (MSCs)

enabled its wide use in the development of new therapies for bone and cartilage repair. Although preliminary work has

been done to verify the gene expression profile of MSCs osteogenic and chondrogenic differentiation, it is still unclear

what key factors initiate the differentiation of MSCs, resulting in its limited application in bone and cartilage tissue

engineering. The epigenetic mechanism mediated by histone demethylases (lysine [K]-specific histone demethylases,

KDMs) is the key link in regulating MSCs lineage differentiation. The lysine-specific histone demethylase (LSD) family

containing Tower domain and the histone demethylase family containing Jumonji C (JmjC) domain regulate the

expression of various osteogenic-related genes, including Runt-related transcription factor 2 (RUNX2), osterix (OSX),

osteocalcin (OCN), to mediate MSCs osteogenic differentiation. The KDM2/4/6 subfamilies regulate the chondrogenic

differentiation of MSCs through multiple pathways centered on SRY-related high-mobility-group-box gene 9 (SOX9). In

addition, nanotopology, mircoRNAs, etc. regulate the expression of a variety of osteogenic and chondrogenic

transcription factors through up- and down-regulation of KDMs. In summary, the role of histone demethylase in the

osteogenic and chondrogenic differentiation of mesenchymal stem cells will help us better understand the pathogenesis of

bone and cartilage damage diseases, and establish the foundation of future clinical applications for bone and cartilage

tissue engineering.
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W7, (5 R AR BIF 52 1 A B 2 R L A3 Ak i iz 1 SRR TR 1
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KDM2W 5 , AR R 3% Tmj CHl % 20 2 1 26 AR
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AR EE TS (LRR) | F-boxZ5 41 Al CXX CEEHS
SEFIR, B LR B PR T i 15 B AR S A Ak — R
FALRTH3KA, B H AL RS S H3K36., KDM2IE
FE WA B 4 i : KDM2A(JHDM1A) . KDM2B
(JHDM1B) . KDM2A A & 55 4l ff 38 58 K 2 W5 i) 3
TAMRE A S A AT SRR AR, KDM2B AT
AT A ML B | 5 A0 M R R ) TR T 4

JHL B8 BB A AR BT . R . R, KDM2A |
KDM2Bi#MSCs U/ B A 5 AL E- 43 AL Y RE 145
THHAFBCOR(BCL-6 co-repressor) & A4, HR-TH-.0>-2F
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fiE) JEBCORZEAE I F B i, RIS KM B L e
BB, e R MO IR B R A . ARIRET,
BCORE SR #5512 3 B LM M4 2 1 25 H AL s, i
ot — ol R ) LR AL B M 4 B kT S L UTER™ . 78
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NANOGH# 537K, NI SCAPs i1 Uk B 4346
4, KDM2A 5BCOR%Z, G 5 i Al i i K BREREGH
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FUFE Y, MKDM2A R AT S NF-« Bl %, 5 IENE-
kB - 7] BE 5 KDM2AXTMSCs 1 8 /8 F AR i 47
H X, KDM2BHBCORE BRI U 4y 2 —"", il P 3E4E
B S UARERKFAP-2al 3 T X . T
KDM2BH) ik Al AP-2a )3 21 I H3K4 FIH3K36/ H
SIS, AP-20 S , HE AR #E 2 P54 ] 78 5T T 48
JHL A B /R A KDM2AE SR 1% S VR [ 5
J5 A0 R/ A AR S R A A R A A R e
B TAERE L, — T/ N R IR B i3 B P KDM2ASR
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J T AR 2R A A ARG R s SR TR S . AR
F P B, A pR F ik . DNADY [ (& 45, SCELA MSCs
ST S bR e, RS LU E R =
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JmjNZER I, Ak, KDM4A/B/CR A & WA~ FH T35/
FALAL R A TUDORZES A4 S5 FN Y A~ PHD Y £ 45 2544
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T SP7/0SXI Kk, & i UH 736" TESCAPsHr,
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PP o, 2 B pUE 5 BUIR R SE 4Pk, A AE AR
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2.3 KDM5IERK &

KDM5W K% A4S ARID (AT-rich interactive
domain) 25 BUCARE AT, XSS AERFKDM 515 P BT 24
7, BRARIDAN, KDM5A & TmjN | JmjCE%#43  E
SR B H3KAR) B 454 . KDMS5SE B 44~ 1 53 4 i
KDM5A/B/C/D, 5 5 [ A7 7E B2 16 AR HIT 2 Y 22
5o KDM5AJEBMSCsLH 4 i 45 K, — 5 T
i ZBRRUNX2JA o F X 3R 1 H3K4 = H 3 AL A& M 41 i)
RUNX2[%% 5% e SMAD ISR, #E 1T Hil OSXFOCH)
IR 5 — 5 T KDMS5 At AT 3 55 HEH3 K4 25 H L it 14
FAEIIHIOCHIA, 78 A Wk 785 T4, KDM5A
[RER ) B A T 434k . 6 N6 T 40 il (hDPCs) Hh,
KDM5 AR B A A FUAH SCHE R 3 3l X3 H3K4
= WAL KT, I DSPP, DSP1% AN JE N 1y 3%
FRM — TR ST R, KDMSBAE S —Fh -1k iy
R 2 5 RUNX2 B & 3 Wt AL 845 . #E Ak
B EsNg b S, KDM5B, KDM6A S L Fh2H 4 1116
WililifERUNX2 g 8 T L DR B S5 4 | Bk, fif
H3K4., H3K27P A i i AL . S mEARARAS A 2R A,
SEMRUNX2 IR, $7m I35t 1 J2 T A 42 5 PR 17
PTG SR T RE TR B AR S SRR A

2.4 KDM6ZK &

KDM6Z % H 31 i 51 41 : KDM6A(UTX), KDM6B
(JMJD3), KDM6C(UTY) . ‘EAITAMEH T =H Ffbs —
HI S AL A HBK27, HEHE TmjCLs B 25 41 2 1 TP kA s
Mfi. KDM6A/Cih A ZA~TRPHE & )75 (tetratricopeptide
repeat), M RES S H MM EAEH . KDM6CIETRAF
FEKDMIE PEAT 7L i, H 45 IHKDM6CHR A 5
KDMG6A/BAHBL I PEAL £, AT KBRH3K27 = H Bk &
i, AR AR PR R SRR AR TR TR R . KDM6A/BYY
Z: 5 MSCsIYi R 5t 2 BB SRR Ak 1 L R 4 R
T #EBMSCsH1, KDM6A H 1% ABRRUNX2, OCIH 81X
BATH3K27 = BB, J5 3l B AR DGR R iy 1K1
FEE AN, KDM6 A WY T VE IS5 Wntf5 -3 i 2 1]
K. Wotd il FDkk1(Dickkopf-1) . WntZl {4p-
catenin 5 KDM6 A [8] fF7EAH H.94 7, B-catenin ] 3 i
KDM6AZ Ik, fii il 3L RUNX2 K OSXJi 8 F 111
= HIALH3K27 /K- BRAG, 245 B R 40 i 1Y) 1 o0 fL g
77, 52 W R i 2 WU , KDM6ARY S RESS , 41
K- H3K27me3 i3 311 T Dkk 1B 53, (i Wntfis 538 %
BN, B LA M B AT RE 2 ™. BRDKk14h, miR-
199a-3p o 3F S 1 #E [1) KDM6 A/ Wntf 53 ¢, 545
BMSCs g7k, IEBIMircoRNAs ] BELETZEAE N i

55 S 5 MSCsH U MBI ' e IR R T
i, KDM6ARYH3K27me3 2= 1 3L DI RE S S 4JH
JIET- 4 il (periodontal ligament stem cells, PDLSCs) [n] X
AL T A TE B, KDM6A Y BRI Al 5B A S 3 R
SOX9. COL2A1, ACANFKIK T, & A ZH =L /b,
miR-29a, miR-204HImiR-2111.25 5 T X —itFE, (HHHA
PRALEAT R BB, 7E B BUSCE 5 St B v, KDM6B
142 1 B 4 A R 2R (1 AR AT A2 4k, $7R KDM6BRT g E
MSCs I B B 7 Ak e £ ZEAE ™, FEBMSCs
t, KDM6BIH i 22 S H3K27me3 &4 £ 4% 53 s BMPHI
HOXFER A1k, IIMTRIE R I RUNX2HY 23K, A #F B
e, JEAER, R 2 KDM6B-HOX-RUNX 23 %
1 b FIHE S BRI, 563 T LAKDM6BA HhO i iU
ORI AL E R 2 . Hoh, mircoRNAs S A i
BEoAr S E L) LS5 . miR-146a, miR-148A-3p &%
miR-99a B # % E A KDM6B ) fa I 4 K1, 3 5= 1 7]
KDM6B-HOX-RUNX23H (i BMSCs ) i i 43 k.1 e %
IR0, ASALURE B AS 114 4 i B R B R RE AT BMSCs Al
B RE 1055, H3K27me334 ill, KDM6B M RUNX2 31k
AW, FEBMSCsHY SR E 73 Ak B b, KDM6B %L
PP A AR DG I, A135SOX9. COL2A1%, &
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3 H R 37 X B A H3K27me34Ric, S E 20 Ake . 18
XFKDM6BHE R w5 /N B A TmRN AR 1 3RB 500 ),
K ILSOX9JixX — i B SCHE™ . KDM6B-SOX9i [ 14
SEAFBIFT N G AFEBL SR b E 7 e Ak L5 5
HOERE, R T 9 S5 3 B3 s 14 s DR T o 4 A
Jrla) o SRR 78 5T T 4 A, KDM6B3E i A [7] (14 3
A F R A Tk . B HGE R, KDM6BYHH 5%
FBMP2JE 8T I, B 2 BREOE H TR H3K27me3 b5
I8, BT 3 — A A T AR S EE R A 3 o [RIE,
KDM6B /8] 454 DLX2# 15K P EilE, fFBMP2A] 5
DLX2 YR H T 1755 2 A Jo T 2 11 0 28 A Jo ik T 2
4 7, DLX2 7] BEAE A KDM6BIRFE A A i /ML i
55, 2 5/ KDM6B-BMP2-DLX 2l # . Fifi# #F 5T
HOTRA, CLFEARAE ., = SRR 32 DY ) 200 AR 35 PR 3k
UESE A KDM6BIAE A A B /AL i EIE (R 577, =%
Yo a0 i 2 R 1) 7 5T 40 H KD M6 B ik, BHIT
KDM6B-BMP2-DLX2: % LA il il 4 48 iAo e Ak,
JoE & R AE K T 456 H 15 (LGFBPS) A 45 8 Hy
KDMG6BI T ili#(55, it 771 4% NF-«xBf5 538 B4 75 7 JAl
LR SEEBT 9 AR SR L e

2.5 Hit&ImjCaEMAS O ERELE

KDM3AfEHF P (i 5 FP Ak & — H B A H3K9
JI5t HY R, CORU BT 2k 3l R T o G5 R 4l I 5t Y 6935
HYFEAL . SHTIAR Y SERCE 73 AL KDMs A [F], KDM3A
AT AR B I Y T BE, #h 4 T KDMsTE 4= fi JE 1 o
SR SRV B 25 1. KDM3 A 2 7E 4% 5 B B 22
NFATUR 31T X B H3K9me2 &4, S NFAT1AY4E IR
PRI IR, DAAERE AR AR DI BE™ . KDM3ATY
fe S # 2 E /N R S 8O T REFEUUE, B R
B AL B2 a7 4 T LA .

KDM7 AW 8% % 78 S Kk & & s a2 1 A H
FEAURET, & TmjCAs F U PHD RIS EE 45 F e, J5 2 fifi
KDM7A BAT (L FE1EATF/EH3K4me3/H3K9Ime3 H & L T
EFRH3K4me2/H3K9me2 H I AL &1 09 R PE .
BMSCsH', KDM7AR] 5 #% 5 C/EBPaMISFRP1J5 8l 45
A, BBEAE AP REFRICH3K9me2 AIH3K27me2, Ji
3))C/EBPaFISFRP1%% i, S ik g oAk w4 il 1 e 43
fEU7 AN, TTERKDM7 ASIE T 280 Wntf5 5, i B
B AR AL, 22 WK DM 7 ASE it 25 W 38t 4% #1145
C/EBPa, SFRPUFIZMWntf5 5 F-fiif T BMSCs Y sl Fl
JiRE s

PHF2 /2 —Ff ] {i 41 2 11 A 20 8 0 R 56 1 it 21
T2 16 FP LT, 25 A5 Tmj CA5 A B MIPHD R RS 454, 2078 11

A (protein kinase A, PKA) B L5 ARASHEIL TG P,
PHF2# # ARID5BH 55 2H iU & Wi & 4% £ BRH3K9 — 1
FALPRICTRE . 2/ BRI R IR AYMSCsH, ARID5B
A PHF24H 55 8 SOXOMY i3 2l F X 48k, I 2B XA Y
H3K9me2{& i, i5 T LA 4346, PHESEXTZHE 1 —
P S R — PP bR 2 LA e 3 11 L R P e e P 35
fiti, 4H3K4me3fE(ERT, PHF8XTH3K9me2 45 & /1 i
s, 3 L BH3K9mel /2184 . fEBMSCsH', PHF8
i3 22 BRSA TB2JA 80 ¥ X 3k Y H3K9me 2 i 17 (] 22412 2
RUNX2, OSX#ik, % BMSCsHI L E 4L AE 111,
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Fig 1 The role of KDM:s in osteogenic and chondrogenic differentiation of MSCs

KDMs regulate the lineage differentiation of MSCs involving many transcription factors, signaling pathways and genes related to osteogenic and chondrogenic
differentiation including BCL-6 co-repressor (BCOR), epiregulin (EREG), insulin-like growth factor-binding protein (LGFBP5), secreted frizzled-related protein 2, 4
(SFRP2, 4), transcription factor AP-2 alpha (AP-2a), Wnt pathway, NF-kB pathway, Runt-related transcription factor 2 (RUNX2), osteocalcin (OC), bone morphogenetic
protein (BMP), distal-less homebox (DLX), osterix (OSX), SRY-related high-mobility-group-box gene 2, 9 (SOX2, 9), collagen type I/IT (COL1/2), collagen type IT alpha 1
(COL2A1), aggrecan (ACAN), nanog homeobox (NANOG), lysine-specific histone demethylase 1 (LSD1). A: The role of KDMs in MSCs osteogenic differentiation; B: The

role of KDMs in chondrogenic differentiation.
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