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[Abstract] Histone deacetylases (HDACs) can deacetylate histones, leading to tighter DNA binding, and thereby playing a
role in inhibiting gene transcription. On the contrary, histone deacetylase inhibitors (HDACis) can promote chromatin relaxation,
enabling various transcription factors to bind specifically to DNA and activate transcription genes. Dental stem cells (DSCs) are
human adult stem cells. These cells have the characteristics of less damage and low immune rejection during sampling, and are
especially important seed cells in the process of osteogenesis, odontogenesis and other differentiation. A large number of experimental
studies have shown that HDACs and HDACis together play important roles in cell division and differentiation, signal transduction,

regulation of cellular inflammation and other life processes. This review summarizes the research progress of HDACs and HDACis in
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regulating osteogenic and odontogenic differentiation of DSCs, aiming to provide insights into the study of the interaction between

HDACs and HDACis, and potentially guide clinical application of DSCs in the treatment of tooth and bone injury.

[Keywords] histone deacetylase; histone deacetylase inhibitors; odontogenic stem cells; differentiation

LRI LI, A VEPET 40 (dental stem cells,
DSCs) &Kl T A Al Rl se o400, w] AR
IT i MR BRI 25 15 AR, I BT, ©&5
BIITFSE 6 MO [ A ) DSCs, A4 A #1410 i
(dental pulp stem cells, DPSCs). Mt 7% L 7" 1 41 il
(stem cells from human exfoliated deciduous teeth,
SHED) . 2 R T 40 i (periodontal ligament stem cells,
PDLSCs) . HRZFL )k T 4fiJifd (stem cells of apical papilla,
SCAP). 4 & T 41 i (dental follicle stem cells, DFSCs)
01 i (8] 78 5T 1 40 Y (gingival mesenchymal stem cells,
GMSCs) %P, DSCs 217 5 Ji 1T 4 Ak hy 22 Fft 40 Jf 2%
I B SR i ARG R, DSCs 13X il A
I Z 0] 7L RE 1 A WF5E DSCs #4E K 7L Y i
RIGITHT N IR BEAl . SRE % 2 = — AN B
AL LR P R A R Rk i =, HATELAE 4
FBLE], 3 e @B | R . AR
RNA # 15 FI DNA AL, ASO0 20 8 g i b
& H £ 4 BEAL T (histone deacetylase, HDACs; n
HDACI-11, SIRT1-7) K 41 8 H % £ 1 A il 0 4f] 551
(histone deacetylase inhibitors, HDACis; Ul%EEAS IR |
FRAL LR . PR IFNOR ) 78 DSCs S8 RS

AB AL P R BEREHEATERIR , BN DSCs IR Ak
L AARDI s RIS S %

1 HDACs K Eil#I5 HDACis

H 1969 4EFF 4, Inoue Z57 % ¥R 4H 7 11 A il 1]
PLEBR OB, IR /N R 2 HUH HDACs . &
Pt Ak 32 257 20 B 11 O I # Bl (HAT's ) FTHDACs PR 2E
KHERF Y ShAS VT, Hi, HATs B D6 £ WEA A
) SR BE G % 2 N R I N P A 2 R Ak L 1) e- 2 SR
AL & R OB, S BEIER I A A T
Yeta 25 F L R 6381 HDACs Rl 4 & i
2 CRAAB AR PR Yo € T () e s e 4, DT e AR
YAt AR, AR T . AR L T
FERFIA | M A B TR S0 e T
R, 4B BRI 2B E DSCs LA 71k
il EXEEMERYL, B4 HDACs HRTE
HIAE 18 A AL, e T8 R AE rDR H A R 435
[ J5(HDAC1. 2. 37i18). [[Z5(HDAC4. 5. 6. 7.
9 F110). I AETLERATE B A5 K (SITR) AH G Bl 2k
IVZE(HDAC11), HAH AT SAEH W 1.

HDACis i & 81 B T H 50 i i A B, 1977 4F

R 1 HDACs KM 732 A AR
Tab.1 Classification, location, and role of histone deacetylases (HDACs) and their inhibitors

Paes BB Sy A frE XAEM
HDACs
I aHDACs HDACI. 2. 3. 8 OYATTEANMIAZ P, R TR 5 PR g s L)
1 a HDACs HDAC4. 5. 6. 7. 9. 10 FEZATETAIMAZAANMLT T, 1200 W8 5 A DI fE-5 4R 4 A oG 203
HASIRTL, 6. 70 FANMERE, SIRT2HFAIAIS, SIRT3. 4. SHMAitELk:
Ila HDACs SITR1-7 A
V4 HDACs . . Y;?;;ﬁig’gg;;ﬂﬂﬁ ELHIH HDAC KA Tl N R R M, Soph—2¢, B
HDACis
| B lEmR TSA. SAHAZE EE;;E);ZE ’I i"“;gg?’i ?Zﬁ%}(iiﬁi-KB . Wnt/B-catenin, JNK/c-Jun LUEPE, R
Bk i veS VPA % 225 ps3im s, AL AR AN g o)
T H e i MS-275 2% I a HDACs (MG, ek DSCs E /B A B oAl 1)
IVERRE FK2284% 1 a HDACs [l T PE 4% =i

HDAGCs. 0% 112 ZBEAL i ; HDACis. 21 85 14 2= Z It AL B 5 5

TSA. Htr IR 2 A SAHA. RS2l ; VPA TNIRIER; MS-275. A

WitE; FK228. Bk SITRI-7. YUER{E SRS I FAACHESS ; NF-kB. #% X kB; Wnt/B-catenin. Wnt/B-ZEF I ; JNK. c-Jun ZHEA i

B ; ps3. ps3 LN T

Riggs SR B, T RGN AT 5 R SR h 4L (1
AL B LA, B S OR B Z2 1) HDACs 3% &
I, HDACis b2F o s e IR iR . FRALa it
M2 . ERIKAIE I BERE, AR HDACis 1 4 5 R

il e B R AN HR )5 HDACis ELAT 875 40 g 2h RE Y
YER, A&k AIRIRIREE B, anh
A R ACTSA) . T RR B (NaB). R L W A
(vorinostat, SAHA). T W2 A 75 IR (VPA) o4



WMCEIREAS 2004F 4281 0% 4l

SRS % PR, HDACGIs b ZEPURAMERAN, W
Iz N A 2 A Y I R R 4y
HDACis( 4l SAHA . VPA)/NF - B 7] % S DSCs /& 4
ARSI S AR, 25 |, HDACs #il HDACis 7] ]
VSRR R AR ST R FE R R kBT, T
HWBEE T 5 H iR T R A SER

2 HDACs 5DSCs L HI% &

2.1 [2Z8HDACs [ Z8HDACs— i HA 5 HDACI
BT, HAMRMN LIRS, R4
AR T 5o B L e TiRe, EEEN T
Mit% ., FBFIE R, POSS-P6-U2 B-A YIRS
IR Bt 22 48 A 5 I SS M R A Ty 2 e e, T 7E
PR AN FAR P 5 il PDLSCs A B E fE 1, 41l HDAC1
J&, POSS-P6-U2 BACHK e #E R 4t W i (I T PDLSCs
() R fiE 04, HDAC2 ] fit i DPSCs Y B i 44k o
K H shRNA JLER HDAC2 X 1 40 M AH AR s ) i 6
TRA] A S G RR AL AR LR, BN d
F1 (OPN) FlB 4E 2 11 (BSP) il ik, RAIRBF 485 28 K
SEUSL 53 Ak, miR-193b-3p il il T HDAC3 [ %3k,
FHEUE T B I H3 Lk, s re e L
TR FF IG5 A B AN AE A RS TE . Man 4517
RIN, A W5 % 2% i AB M A 0 45 oAb i o
FVEA, FIHDAC2. 3 BEFEMEMHIF M1192 175 53
WG E e, TR HDPSC S HRE )1, fEdkE
P, AR AN, FHEAEEES N AR
YL, Krippel B T 4(KLF4) A 38 1 52 M) %
AL TR 1 1(DMP1) H Sp7 J7 5l 1 X 8 1 21 2 14
LAk, LS5 HDACS i AH HAE H K 75 hDPSCs
[i1) 25 A J5 4 D B 43 AR U1 HDACS Xk i 1) 76
JOT T 20 L B B o AR AT I IAE R, HF DSCs B G SCHik
A
2.2 [[2¢HDACs Il 2$HDACs iAW ELHENE
Gk, SRR, 5HARMBAE BT
2L, NMZEHDACs NRBIDNA, i &1l i 5 Rk sE
SEEATFAHEAER, LUF SIS 7 2 e B R 41
X J4A 5 DNAPY

HDAC4 Fll HDACS A] J# 45 5 B i . A7 W 5% 4
SE T SR BB | miR-365 1o Fe 3k AT B ]
HDAC4, MM -4 (8] 75 5T+ 44 il (BMSCs) [ %X
AR, AN, HDACS 75181 40 2 RIS S v
IR ek 7 T A 5 4 L BAE ™), HDACS SERRbR /N
LAY £k 22 (SOST) K F-BH . 7+ &1, 1fii SOST ] # l
BCE AR B IE R, BN BRI, 4R
HDACS 1 38 8 E H2 08 4% 8 21 il SOST Ay 3k [ & ik
S S P, Huang 52 % B, miR-22 Al i)
il HAAR HDACG 25 1 ik /K, Ji 4 7E IR i) 72 5

T4 A Y A S A AL S Ak R T O R I Y
YER] . Ma Z5E08058 1 41 ) HDAC6 (19335 . 3800 i
AH O FE H Runt #1555 5 A 2(Runx2) 1 235, A4
AR/ N Bl e T, IRkt AR B e
PRl HAT, ©2IFE T —FR5 HDACE BELEEAMN
i F) 41 ACY-241. ACY-1215 Fil KA2507 %6281
HDAC?7 i i microRNA(miRNA) 4 #5537 43 DSCs %&£ [A]
Ik, BB PR EYNEIL . EhDPSCs 1, K
BB E WY Smad K5 N G 7(Smad7). AJREH4H H
(Smurf1) FTHDAC7 /™5, JFH5% T Runx2 AY A,
HDACY JLER B AT 2L T miRNA B35, MM
S0 DSCs H 3458 A4k . Bk HDACY R i PDLSCs
FIYETERE Sy, (A AR T 40 i (hPDLSCs) £ %,
B3l i B b Y iR-383-5p # A B WA v, AT
HDAC9 mRNA 7K [EAIEEY . HDAC9 5 miR-17 AJTE i,
— AN R, B0 miR-17 20 5 A T R AR S
PDLSC H 540255 1 205, If- i HDAC #l il 71 7%
PR A VE RIS, #2278 HDACY 5/ 1] X PDLSC
(A BETE R oA R AR R VR

Wit & [ N Ah 2= 35 x) 1125 HDAC TR A WE5E
HDAC il 3 145 22 B 1 40 78 g B 46 v 14 7 FH AL
Tl HE W, A DSCs BIBLHE . A AR oAb oT 4
HET A
2.3 M2KAIVEHDACs T4k, KEEMAAFIV
FEHDACs i FEWF5 5 2 T SIRT, Hrr, L
Bl SIRT2 [A] Y5 L R 4 48 2 A SIRT1-7, FFET 24
IV 41 i X B

SIRT [ i 12 miRNA M{E#4) DSCs Y SE R ik
AT 9 95 BB 434k . PDLSCs H 1) miR-22-3p A 3 1
TUEK SIRT1 1) 3¢ 34 26 I 5 PDLSCs 148 5 Fll 4122
AL, miR-152 SIRT7 fliE hDPSCs HY 5 & 1 45 il
KEEVEH], 327 hDPSCs (IS REFINAY T IS REfe it T
fig VB ¥ A . SIRT7 4 miR-152 [ #E &5, fE & &0
hDPSCs 1 H: 635 T I, M SIRT7 32 2 14 0] mT 41 41
miR-152 1% S A 5B

SIRT 3 1 52 W 200 A 351 300 R 290 it 14 5 25 Sf o8 97 38
43 DSCs B H ik . Zhang P4 B, SIRT1 A
T A S R T A0 M g g O T B = R TR,
SIRT1 J&: PDLSCs Fl1 SCAP A% B 43 fk 11 3 S I 15 5 .
AWFGERBE, SIRTL J2: 48 o ¥ il i i (R 5 S Ay
FI, Kim AR, AR TG 28 R R
H i} 4(ubiquitin-specificprotease, USP4)41 5 SIRT1 1Y
R e il B A0 e b R AL B A 3R B A b
T IO 2 457 3 Csnkab (R FT S E30E-H b
Ak, ANEUARIFSE K B, SIRT 38 1k 52 0 5 Al 4K
BN SCE RSOk s R R, R R
H R EER IGEBP7 3 1 Ml I A L R i 7% i 4 U8



1% SIRT 1 SRR ARG Ve, /b p21 S5k, B
APH IE DPSCs 5%, FEME ELI 4L RS SIRT7
AT AR L 4 B AR R T R AR S R SCAPs 1Y
gk,

SIRT AJ i it NF-wB 4538 #5205 DSCs 2 [ 1Y
F3K ., KLES A5 543805 SIRT6, 1 KLFS 45 X 7] 18
145 NF-«B 18 30 5 SIRT6 X} il 22 B4 (LPS) i3 1
PDLSCs 4 4H . 4 i WL 20 Ak (52 L, gb4h
Lin ZFMIF 52, 38 i AMPK/ERK/SIRT1 4fif 7] 44 5
hDPSCs 4 [ T B BT RE 1 RIS v e

1E 55 IV 28 HDACs Wi — g —Fh, A WFoE 3R
B, HDACLL 556 EMLGIA 56, mT Ry MR 4 i
Hh 9 E FIE RS A OG22k (H H | A DL 7E
DSCs THIMFFTIRIE . LA EFFTal 488, HDACsTE
W . HE AT EEE N A, Mk
JA¥E HDACs X T T4 f 41 48 TRE 2410 2 SUAT 75 TR IR
AHIBFT

3 HDACis 5 DSCs L HIXx &

3.1 Flgmihds

3.1.1 TSA TSAJE—F4F5H 1 HDAC class 1 /1141
3R o TSA A A 4 ) 28 400 A R 118 0 SR A1
RIEM)H . AL, —EWREE ) TSA P {2 #E DSCs 1)
SRR )RR A DG AR Rk s i T AR
SN AT RIE R, I A FTERE R 1 . A AR
B L, B MR AR RS R R A ERER, T
PG TNK/c-Jun 38 % & TSA #<H5i () hDPSCs 1 58 731k,
YDA 55, Smad3 A S P A0 4 50 U] AT 410 il TSA
AT 50 hDPSCs (W L), Luo VL B, H 0.2,
2. 20, 100, 500 nmoL/L Y] TSAXbH 5, hDPSCs 4l
M H %, Hid 20 nmol/L TSA X hDPSCs H 5% il
K, KT 100 nmoL/L TSA N ] {fi hDPSCs 94 K 3%
PR BH 8 B AR . TSA i AT 38 48 #17 fi] HDACs BH 4 412 iF
hPDLSCs (14 B 1 431 ¥ fE™*!. hPDLCs [R] i /5 6k 1
ZX HDACs (HDAC1. 2. 3)#l Il 2§ HDACs (HDAC4,
6); TSAFRFZEMAIE 1SN, EHEVS T Runx2 Y1 £ Tk
k., 3% 7] BESE hPDLSCs {2 M1 i E EEHL il )

A PN 2 56t 3 BH TSA B AR A AR KA T,
Sukpaita S 73 33 /)N BB BB AIRIIESE, fif 4% TSA
1) 7 SR SR T2 i B s S i, AT g s
W BET o Cong-Nhat Z5 T[] REF FH /I BB A 7 ]
BT TSA S TARMIBC A BT T0E, K A3
hPDLSCs 5 TSA L [RIF 6, i iof e 2R 4y 3 204 A {4
MR AT e SRR B F2E 45875 HDACIs & & A kR
AN A AR o R P AR Ak i R BB
PR
3.1.2 SAHA SAHA J& —Fll HDACis, ‘%4 H nJifi

Med J Chin PLA, Vol. 49, No. 4, April 28, 2024

%, HEC KN HFIGER™ . SAHA TEGNEE /R Mk
J& B T 410 4] HDAC1. HDAC2 F1 HDAC3( [ %) K%
HDAC6( [T ) G PE, il i i S 4001k . BT
YR . S AR R R . SAHAAR SR
REVS ORI B R (ALP) TGP, (Ho]3bsm B Sk
T 1-2(BMP-2) 5 S 1 ALP i B 7E i E 75 S o A
W, A SR Y SAHA A I E Y R 4 R R
1 il 30 A 21 21 2 R A 10F DPSCs B ] 4R ST
AN, B AR IE, SAHA R P [E] N-(4-5 5050 W
PR A3 7 D, T B St RAIG R B €6 NN T98G i
JoRE A0 R A B A AR T, B SRR TR YT I
JERE 20 B A H S AR YT R EY S 2006 4, FDAI
#ET 55— H T AEIR YT 1Y HDACis, R SAHARY,
Fifi J5 EDA M AL #E T 55 41 3 Ff HDACis (1A Lb 7] s>
B K 2= SO DR R )

INEE BRI R B, SAHA Al B IEA
&M 2(BMP-2) 75 5 W AN M A g e Ab
SAHA N FBEHIF], 8wy E il s~ 4
B RAE I, DAREAR 2R AP fE 5% (GVHD) Y
KR R SAHA BN T IR R JRE . BURS AR
B2 SEIRYT IS — @R, (A AR T AT
P07 B, AT KA 5 i I R A 52 264 7
Bk
3.2 JEEENRITTERZS
3.2.1 VPA VPAEA 44 HDACs i3], mT#0fi
HDACI 9 M, [FIH 7] 3%5 5 HDAC2 By R fi% . VPA
AR HERRS> DSCs (AT . B K AR S R 2 (1) 2
ik, BWFFE &P, 24 hDPSCs %% T 1 mmol/L VPA
Jii . AR TR o oK BB B T . veA
3 2o A0 ) HDAC2 38 -8 4 88 11 RN B 4 11 19 3R
ik, MEFEhDPSCs MUH B TLEs 1 1L B,

IEAN, VPATERSMFIA Y X PDLSCs f 3 5 A1 53
A B R BIVE U, VPA 7E 40 i Hh i 25 24 ) 2
WRIL N Rl FRE W VPA AT HE DPSCs HH 1)
FARFITE -1 R RS 1k, (524 VPAR
FER T, AN A P TARIC B 1 caspase-3 {ifi P 1]
SEYESE IR gAY kA, BT VPA I
B, FERN AR PR T AR Pl ff PDLSCs &4
WY, AR LLA G A3 25 25 T £ =5 i e 1o Um
AR FHZE VPA [R]BT 45 25 40 BT () PDLSCs B HE A #R
FUAN, 7555 PDLSCs 7B Z A E LS, it
RSN R RN, BRGT RS ) VPA 25
o R WA LS, W] R I R B TR YT AR L S
A
322 TREE  NaB [RBSA] 55 2 Fh Al i A 08 171
M. AW LI, 100 wmol/L NaB Al fiE 7 i & H
Runx2. osterix. OC 1 BSP YKk, F1PH B HH LPS



WMCEIREAS 2004F 4281 0% 4l

S0 1 PR R AR R S AN i TR F (L8 A
TNF-a) [ i85, #F — 5 0 5 3F 52, NaB 41 il
PDLSCs "1 HDACs Ji7 1] 2035 A E 453 3 5B 7 o 18 B
(IR, $78 NaB AT/ A DSCs F2E (1) — i 7E
EOPEENELEY/ S

3.3 RHIPEE R %‘jgﬁ%"f?%(entinostat, MS-275) &
AR EE R ) —Fh, B A0 F il HDAC 1-3 B3]
R, LA A 32 B AR A B ) P Y B
FF5E R, MS-275 78 DPSCs kit # b ] {2 gk
AJTHETE A 1. ALP, S BT % 25 11 Fl1 Runx2 (1
Tk, ERHCRH A A AL, H MS-
275 AU FEPE R /N, Sultana 2512V & B, HDACis 7]
VA R A 56 3 R Y mRNA kKR, i
A2 OF 4 BE 40 A9 B4k, 1.0 pmol/L MS-275 155 %
MDPC-23 4 g 1 4 A T AL A A i/ ity 48
7~ HDACis il BEH T A #EMIEF ARG . HET, MS-
275 W T 2 R IR T, BRI S J2 A o -
0 BEE A RN AR AR MR BT B 3R T R i
2‘5%[60-63]0

4 BESRE

HDACs )2 HDACis 1| 2 5 41l 5324504k . 75
B MMRAEMEE, UKREEARFELSEL
Pyl fE, ROKEh T s . A AR Y
WERMHE R, WREET AN T4 b R
NI o A A — bR AR 56 PR ) 3 st 1 24 vk
HDACs }% HDACis 7 DSCs & & 2H 22 rf i VE FHAR 1%
BK, YRA T DSCs Al B i s (5 s, A
B 5% DSCs 43 24t B i £ ) 734k

HDACs M HDACis H i & %) 12 058, {HT41
JHL 3 A AR S5 B A3 AT st i e ) s i PR 2
N, MERYERF . LM RN . SR &
miRNA Y5 H A B YIE, AR 4 A8 i A i
I8 A 0 R R 0T BB B IR T DSCs FAE I U A
A, i, HDACs X HDACis Z ] A B.AE F 234
7 A R B A R (R, H AT L REAE
i M HDACs, 1 FHA R KA e 257 5K
MIBFFE R, H 2 R BR TR S S 56 F sl s 7 8131
KT HDACis I1E -MIAAAES L, HSRIRIMIFTR R
HDACis A {2 #F BB 40 (b, {H McGee-Lawrence
SOV — TG R AF 5T K B, AE S AE 36 7 30 18] 6
HDACis [ £ & B % % B W B4, H HDACs #ill il 7
TG, I, BF& BRI A £ B Ak 3 i 750 A
G2, AT A A o B i PR e
I A 57 FH 2 14 387 A9 O 32 RNAF 9% JEL . R R 1
HDACs M HDACis #47 Kt FLif 58, BG 2 Fh2l
YRAYT A TR X PESEES:, AR ) DSCs FiAR LAY

HART7 18 K7 o
(&%)

(1]

(2]

(3]

(4]

(]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

[14]

(15]

(16]

(17]

(18]

(19]

Sui B, Wu D, Xiang L, et al. Dental pulp stem cells: from discovery
to clinical application[J]. ] Endod, 2020, 46(9S): S46-SSS.

Das M, Sloan AJ. Stem cell sources from human biological waste
material: a role for the umbilical cord and dental pulp stem cells for
regenerative medicine[J]. Hum Cell, 2023, 36(4): 1312-1325.

Safa A, Sahin F. Stem cells derived from dental tissues[J]. Adv Exp
Med Biol, 2019, 1144: 123-132.

Gan L, Liu Y, Pan Y, et al. Dental tissue-derived human
mesenchymal stem cells and their potential in therapeutic
application[J]. Stem Cells Int, 2020, 2020: 8864572.

Zhang L, Lu Q, Chang C. Epigenetics in health and disease[J]. Adv
Exp Med Biol, 2020, 1253: 3-55.

Inoue A, Fujimoto D. Enzymatic deacetylation of histone[J].
Biochem Biophys Res Commun, 1969, 36(1): 146-150.

Inoue A, Fujimoto D. Histone deacetylase from calf thymus[J].
Biochim Biophys Acta, 1970, 220(2): 307-316.

Ding P, Ma Z, Liu D, et al. Lysine acetylation/deacetylation
modification  of  immune-related  molecules in
immunotherapy(J]. Front Immunol, 2022, 13: 865975.
Ramaiah MJ, Tangutur AD, Manyam RR. Epigenetic modulation

cancer

and understanding of HDAC inhibitors in cancer therapy[J]. Life
Sci, 2021, 277: 119504.

Sun'Y, Hong JH, Ning Z, et al. Therapeutic potential of tucidinostat,
a subtype-selective HDAC inhibitor, in cancer treatment[J]. Front
Pharmacol, 2022, 13: 932914.

Ma ZQ, Feng YT, Guo K, et al. Melatonin inhibits ESCC tumor
growth by mitigating the HDAC7/B-catenin/c-Myc positive
feedback loop and suppressing the USP10-maintained HDAC7
protein stability[J]. Mil Med Res, 2023, 10(2): 207-226.

EF, A5, T RORT . R E SRR IS K e R P
VEFWFIEHE R ()], S AL R 22 2%, 2022, 47(2): 192-196.

Chen H, Huang Z, Chen C, et al. The role of histone acetylation
modification in dental tissue-derived mesenchymal stem cells and
odontogenesis[J]. Cell Reprogram, 2023, 25(1): 11-19.

Yu T, Zhang L, Dou X, et al. Mechanically robust hydrogels
facilitating bone regeneration through epigenetic modulation[J].
Adv Sci (Weinh), 2022, 9(32): €2203734.

Paino F, La Noce M, Tirino V, et al. Histone deacetylase inhibition
with valproic acid downregulates osteocalcin gene expression in
human dental pulp stem cells and osteoblasts: evidence for HDAC2
involvement[J]. Stem Cells, 2014, 32(1): 279-289.

Meng F, Li Z, Zhang Z, et al. MicroRNA-193b-3p regulates
chondrogenesis and chondrocyte metabolism by targeting HDAC3
[J] Theranostics, 2018, 8(10): 2862-2883.

Man K, Lawlor L, Jiang LH, et al. The selective histone deacetylase
inhibitor MI192 enhances the osteogenic differentiation efficacy of
human dental pulp stromal cells[J]. Int J Mol Sci, 2021, 22(10):
5224.

Tao H, Lin H, Sun Z, et al. KLF4 promotes dentinogenesis and
odontoblastic differentiation via modulation of TGF- 3 signaling
pathway and interaction with histone acetylation[J]. ] Bone Miner
Res, 2019, 34(8): 1502-1516.

Tao H, Li Q, Lin Y, et al. Coordinated expression of p300 and



(21]

[22]

(26]

(27]

(30]

(35]

(36]

HDACS3 upregulates histone acetylation during dentinogenesis[J]. J
Cell Biochem, 2020, 121(3): 2478-2488.

Di Giorgio E, Brancolini C. Regulation of class [I a HDAC
activities: it is not only matter of subcellular localization[J].
Epigenomics, 2016, 8(2): 251-269.

Chen J, Wu X. Cyclic tensile strain promotes chondrogenesis of
bone marrow-derived mesenchymal stem cells by increasing miR-
365 expression[J]. Life Sci, 2019, 232: 116625.

Sato T, Verma S, Andrade CDC, et al. A FAK/HDACS signaling
axis controls osteocyte mechanotransduction[J]. Nat Commun,
2020, 11(1): 3282.

Wein MN, Spatz J, Nishimori S, et al. HDACS controls MEF2C-
driven sclerostin expression in osteocytes[J]. ] Bone Miner Res,
2015, 30(3): 400-411.

Huang S, Wang S, Bian C, et al. Upregulation of miR-22 promotes
osteogenic differentiation and inhibits adipogenic differentiation of
human adipose tissue-derived mesenchymal stem cells by repressing
HDAC6 protein expression[J]. Stem Cells Dev, 2012, 21(13):
2531-2540.

Ma C, Gao J, Liang J, et al. HDACG inactivates Runx2 promoter to
block osteogenesis of bone marrow stromal cells in age-related bone
loss of mice[J]. Stem Cell Res Ther, 2021, 12(1): 484.

Ferrarelli LK. HDAC inhibitors in solid tumors and blood cancers
[J]. Sci Signal, 2016, 9(446): eaaj2316.

Loo Yau H, Ettayebi I, de Carvalho DD. The cancer epigenome:
exploiting its vulnerabilities for immunotherapy[J]. Trends Cell
Biol, 2019, 29(1): 31-43.

Laino AS, Betts BC, Veerapathran A, et al. HDAC6 selective
inhibition of melanoma patient T-cells augments anti-tumor
characteristics[J]. ] Immunother Cancer, 2019, 7(1): 33.

Vimalraj S, Saravanan S, Subramanian R. Rutin-Zn ( 1) complex
promotes bone formation - A concise assessment in human dental
pulp stem cells and zebrafish[J]. Chem Biol Interact, 2021, 349:
109674.

Ma L, Wu D. microRNA-383-Sp regulates osteogenic
differentiation of human periodontal ligament stem cells by
targeting histone deacetylase 9[J]. Arch Oral Biol, 2021, 129:
105166.

Li LY, Liu WJ, Wang H, et al. Mutual inhibition between HDAC9
and miR-17 regulates osteogenesis of human periodontal ligament
stem cells in inflammatory conditions[J]. Cell Death Dis, 2018, 9
(5): 480.

Zheng M, Guo J. Nicotinamide-induced silencing of SIRT1 by miR-
22-3p increases periodontal ligament stem cell proliferation and
differentiation[J]. Cell Biol Int, 2020, 44(3): 764-772.

Gu S, Ran S, Liu B, et al. miR-152 induces human dental pulp stem
cell senescence by inhibiting SIRT7 expression[J]. FEBS Lett, 2016,
590(8): 1123-1131.

Zhang QB, Cao W, Liu YR, et al. Effects of Sirtuin 1 on the
proliferation and osteoblastic differentiation of periodontal
ligament stem cells and stem cells from apical papilla[]]. Genet Mol
Res, 2016, 15(1). doi: 10.4238/gmr.15015234.

Luo N, Mosialou I, Capulli M, et al. A neuronal action of sirtuin 1
suppresses bone mass in young and aging mice[J]. J Clin Invest,
2022, 132(23): e152868.

Kim JM, Yang YS, Xie J, et al. Regulation of sclerostin by the SIRT1
stabilization pathway in osteocytes[J]. Cell Death Differ, 2022, 29

(37]

(38]

[41]

[46]

(48]

[49]

MedJ Chin PLA, Vol. 49, No. 4, April 28,2024

(8): 1625-1638.

Bradley EW, Carpio LR, van Wijnen AJ, et al. Histone deacetylases
in bone development and skeletal disorders[J]. Physiol Rev, 2015,
95(4): 1359-1381.

Li X, Feng L, Zhang C, et al. Insulin-like growth factor binding
proteins 7 prevents dental pulp-derived mesenchymal stem cell
senescence via metabolic downregulation of p21[J]. Sci China Life
Sci, 2022, 65(11): 2218-2232.

Jin LY, Hu L, Liu HN, et al. Analysis of coding RNA and LncRNA
expression profile of stem cells from the apical papilla after
depletion of sirtuin 7[J]. Chin J Dent Res, 2020, 23(3): 169-176.

Li C, Xiao F, Wen Y, et al. Kriippel-like factor S-mediated Sirtuin6
promotes osteogenic differentiation and inhibits inflammatory
injury of lipopolysaccharide-induced periodontal membrane stem
cells by nuclear factor kappa-B  pathway[J].
Bioengineered, 2022, 13(3): 6966-6977.

Lin CY, Chin YT, Kuo PJ, et al. 2, 3, 5, 4-Tetrahydroxystilbene-2-O-

inhibiting

{3 -glucoside potentiates self-renewal of human dental pulp stem
cells via the AMPK/ERK/SIRT1 axis[J]. Int Endod J, 2018, S1
(10): 1159-1170.

Sahakian E, Chen ], Powers JJ, et al. Essential role for histone
deacetylase 11 (HDACI11) in neutrophil biology[J]. J Leukoc Biol,
2017, 102(2): 475-486.

Jin H, Park JY, Choi H, et al. HDAC inhibitor trichostatin A
promotes proliferation and odontoblast differentiation of human
dental pulp stem cells[J]. Tissue Eng Part A, 2013, 19(5-6):
613-624.

Luo Z, Wang Z, He X, et al. Effects of histone deacetylase inhibitors
on regenerative cell responses in human dental pulp cells[J]. Int
Endod ], 2018, 51(7): 767-778.

Wang H, Chen Q, Liu WJ, et al. Effect of trichostatin A on the
osteogenic differentiation potential of periodontal ligament stem
cells in inflammatory microenvironment induced by tumor necrosis
factor-a stimulation[J]. Chin J Stomatol, 2016, 51(4): 235-241.
Huynh NC, Everts V, Pavasant P, et al. Inhibition of histone
deacetylases enhances the osteogenic differentiation of human
periodontal ligament cells[J]. J Cell Biochem, 2016, 117(6): 1384-
1395.

Sukpaita T, Chirachanchai S, Chanamuangkon T, et al. Novel
epigenetic modulation chitosan-based scaffold as a promising bone
regenerative material[J]. Cells, 2022, 11(20): 3217.

Cong-Nhat N, Everts E, Nifuji A, et al. Histone deacetylase
inhibition enhances in-vivo bone regeneration induced by human
periodontal ligament cells[J]. Bone, 2017, 95: 76-84.

Pun MD, Wu HH, Olatunji FP, et al. Phosphorus containing
analogues of SAHA as inhibitors of HDACs(J]. ] Enzyme Inhib
Med Chem, 2022, 37(1): 1315-1319.

Lee ZH, Kim HJ, Ryoo HM. A novel osteogenic activity of
suberoylanilide hydroxamic acid is synergized by BMP-2[J]. J Bone
Metab, 2015, 22(2): 51-56.

Khathayer F, Taylor MA, Ray SK. Synergism of 4HPR and SAHA
increases anti-tumor actions in glioblastoma cells[J]. Apoptosis,
2020,25(3-4): 217-232.

Mann BS, Johnson JR, Cohen MH, et al. FDA approval summary:
vorinostat for treatment of advanced primary cutaneous T-cell
lymphoma[J]. Oncologist, 2007, 12(10): 1247-1252.
M, Woo MM, Schran H, et al

Savelieva Population



20244F4 28 H 5549 254l

[54]

[ss]

[59]

(60]

(61]

pharmacokinetics of intravenous and oral panobinostat in patients
with hematologic and solid tumors[J]. Eur J Clin Pharmacol, 2015,
71(6): 663-672.

Reiman T, Savage KJ, Crump M, et al. A phase | study of
romidepsin, gemcitabine, dexamethasone and cisplatin combination
therapy in the treatment of peripheral T-cell and diffuse large B-cell
lymphoma; the Canadian cancer trials group LY. 1S study([J]. Leuk
Lymphoma, 2019, 60(4): 912-919.

Foss F, Advani R, Duvic M, et al. A Phase Il trial of Belinostat
(PXD101) in patients with relapsed or refractory peripheral or
cutaneous T-cell lymphoma(J]. Br J Haematol, 2015, 168(6):
811-819.

Choi SW, Braun T, Henig I, et al. Vorinostat plus tacrolimus/
methotrexate to prevent GVHD after myeloablative conditioning,
unrelated donor HCT[J]. Blood, 2017, 130(15): 1760-1767.

Um S, Lee H, Zhang Q, et al. Valproic acid modulates the
multipotency in periodontal ligament stem cells via p53-mediated
cell cycle[J]. Tissue Eng Regen Med, 2017, 14(2): 153-162.

Duncan HF, Smith AJ, Fleming GJ, et al. Histone deacetylase
inhibitors induced differentiation and accelerated mineralization of
pulp-derived cells[J]. ] Endod, 2012, 38(3): 339-34S.

Kim TI, Han JE, Jung HM, et al. Analysis of histone deacetylase
inhibitor-induced responses in human periodontal ligament
fibroblasts[J]. Biotechnol Lett, 2013, 35(1): 129-133.

Sidiropoulos DN, Rafie CI, Jang JK, et al. Entinostat decreases
immune suppression to promote antitumor responses in a HER2"
breast tumor microenvironmentU]. Cancer Immunol Res, 2022, 10
(5): 656-669.

Lee EC, Kim YM, Lim HM, et al. The histone deacetylase inhibitor
(MS-275) promotes differentiation of human dental pulp stem cells
into odontoblast-like cells independent of the MAPK signaling

(62]

(63]

[64]

(65]

[66]

(67]

(68]

(69]

(70]

system[J]. Int J Mol Sci, 2020, 21(16): 5771.
Sultana S, Uehara O, Yoshida K, et al. The histone deacetylase
inhibitor, (MS-275),

differentiation of an odontoblast-like cell line in the absence of an

entinostat induces the odontogenic
osteoblast mineralization medium[J]. Odontology, 2021, 109(3):
661-671.

Iwata H, Nakamura R, Masuda N, et al. Efficacy and exploratory
biomarker analysis of entinostat plus exemestane in advanced or
recurrent breast cancer: phase II randomized controlled trial[J]. Jpn
J Clin Oncol, 2023, 53(1): 4-15.

Riggs MG, Whittaker RG, Neumann JR, et al. N-Butyrate causes
histone modification in HeLa and Friend erythroleukaemia cells[J].
Nature, 1977, 268(5619): 462-464.

Luan YP, Li J, Bernatchez JA, et al. Kinase and histone deacetylase
hybrid inhibitors for cancer therapy[J]. ] Med Chem, 2019, 62(7):
3171-3183.

Bouyahya A, El Omari N, Bakha M, et al. Pharmacological
properties of trichostatin A, focusing on the anticancer potential: a
comprehensive review[J]. Pharmaceuticals, 2022, 15(10): 1235.
Squarzoni A, Scuteri A, Cavaletti G. HDACi: the Columbus' egg in
improving cancer treatment and reducing neurotoxicity?[J] Cancers
(Basel), 2022, 14(21): 5251.

Uddin MS, Mamun AA, Alghamdi BS, et al. Epigenetics of
glioblastoma mechanisms  to
therapeutic approaches[J]. Semin Cancer Biol, 2022, 83: 100-120.
Dai Y, Wei T, Shen Z, et al. Classical HDACs in the regulation of
neuroinflammation[J]. Neurochem Int, 2021, 150: 105182.
McGee-Lawrence ME, Westendorf JJ. Histone deacetylases in

multiforme: from molecular

skeletal development and bone mass maintenance[J]. Gene, 2011,
474(1-2): 1-11.

(TTfE4mt: K]



