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[Abstract] Objective To investigate the effect of silencing histone deacetylase 9 (HDAC9) expression on the prolif-
eration and osteogenic differentiation of periodontal ligament stem cells (PDLSCs). Methods PDLSCs were isolated,
cultured and identified in vitro. An siRNA construct specific for HDAC9 was transfected into PDLSCs (siHDAC9
group), and a nontargeting siRNA was used as a control (siNC group). The interference effect was determined by qRT-
PCR. The cell cycle progression of PDLSCs was detected using flow cytometry. The proliferation activity of PDLSCs was
detected via CCK-8 assay. Western blotting was used to detect the protein expression of proliferating cell nuclear anti-

gen (PCNA). The mRNA expression of runt-related transeription factor 2 (RUNX2) and alkaline phosphatase (ALP) was

[¥FEHEF] 2021-04-15; [f&EBHA] 2021-08-28

[E£TIE ] EHEH ARSI H (31860326) ; 5 1 A BHE T A4 1 (2017FE468-227, 2018FE001-260) 5 2 IH BEBL K £ WF 5T
AT 4 (20205021) 5 2 B A BB T RF2EWFIE 3 43 (2020Y0134)

[1EERBA) Lot EIl, 51, Email : 469039529@qq.com

[{EEEER) A, B FAFE, 51, Email : km-ha@163.com , Tel : 86-871-65156650-3158 ; X1l , Al 2% , 1=, Email : adele999@
163.com , Tel : 86-871-65330099



b

AfiR&EMHEAE 2022F28 H$30%5 $F2H

© 90 - Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2022, Vol.30 No.2  http://www.kqjbfz.com

investigated by qRT-PCR. The protein expression of RUNX2 was detected by western blotting. In addition, the forma-
tion of mineralized nodules was assessed by alizarin red staining. Results Compared with that in the siNC group, the
mRNA expression of HDAC9 in the siHDACO9 group was lower (P < 0.01). Moreover, compared with those in the siNC
group, the proliferation index (P < 0.01), proliferation activity (P < 0.05) and protein expression of PCNA (P < 0.01) in
the siHDACO group were all increased. Compared with the siNC group, the stHDAC9 group exhibited higher mRNA ex-
pression of RUNX2 and ALP (P < 0.05), and the protein expression of RUNX2 showed the same results (P < 0.01). The
results of alizarin red staining showed that compared to the siNC group, the siHDACO group formed more mineralized
nodules. Conclusion Silencing HDAC9 expression can promote the proliferation and osteogenic differentiation of
PDLSCs.

[Key words] histone deacetylase 9; periodontal ligament stem cells; proliferation; osteogenic differentiation;
proliferating cell nuclear antigen; mineralized nodules; runt-related transcription factor 2;  alkaline phosphatase
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a-MEM 5% 3% %5 (SH30265.01B, Hyclone , £ [H ) ,
JIf 4 1L (ACO3L055, b i 25 iC AR Wy B H AT BR A
A, ), CD34 H1 4 (CD34-581-01) , CD45 4
(MHCD4501) , CD90 #T 14 (A15794) | CD105 4T {4
(MHCD10504) (Thermo Scientific, 2 [ ) , siHDAC9
J7 50 B FL BT BE siNC 81 ( g5 39, i ), 40
it S 39370 B (MA0334, K 64, ) , CCK-8
R & (MA0218, KiE R4, E ), Sbi A1 56 40
L 4% T )5 (proliferating cell nuclear antigen, PCNA)
P (10205-2-AP) | H il -3- W 2 i U (glyceral-
dehyde - 3 - phosphate dehydrogenase, GAPDH) $T {4
(10494-1-AP) (Proteintech, H1 [ ) , ftHt A RUNX2
BT A& (A2851, ABclone, H & ) , 11 3£ $T St — Bt
(511203, AR IERE , ), B 75 5 0 Ak B 5 Ak
57 & (HUXMA-90021, Cyagen, 3 [ ) , & RNA #2
BUR ) £ (151040, Promega, 92 [ ) , 1 stk &
(RR047, Takara, H 4<) , qRT-PCR % S YL BHA 7 &
(RR820, Takara, H A) , 5| ¥ & mle ( LA T,
), T A LA (CyFlow® Space , Partec, fi [ ) ,
KA (Multiskan MK3 , Thermo Scientific , 35 [H ) , BEIK
A5 AL (ChemiDoc™ XPS+, Bio-Rad , 35 [ ) , SZ 2%
It 5 & PCR X (QuantStudio5, Applied Biosystems,
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fif 20 2 B2 JEAC B 3% PDLSCs , 24 40 g %% 1 35 70%
DL B, SR F A BR A B v I 1 4l Ak O 4 34 4
U5 34X PDLSCs , BB Ak , 75 2% fifs 4 1l 38 1)
PR £ 2% i (phosphate buffered saline , PBS ) 1 4 4
VR EE Ry 1 x 10°4>/mL, 3% 2 EP & Hr, A R
) CD34 . CD45 .CD90 . CD105 Hii 4 , 4 ChEEM F
0.5 h, & 2% 4 I35 79 PBS ¥ 2 YO0 B, i 4
LA 5 CD 43 T 2235
122 ALYyl b BN R S 06 T
i) siHDACY Fl siNC 751, B3 34X PDLSCs, #2701 1]
6 fLAR T, 24 PDLSCs % £ 18 70% LA LB, ULk 12 h,
4y R siNC 2H F1 siHDACO 26, f# Lipofectamine
2000 % YL AH N 1Y) siRNA o 5% 7% 24 h Ji5 , qRT-PCR
ETHACR . siRNA P8G5 50 W3 1.
1.2.3 AR AG I DU 4 A A A I 4 i &
11 : SINC 2L F1 siHDACO 41 4331 % Y HH 0. 1) siRNA
YL A8 h T, R IH AL AR A AR, 4 °CTF 75%
2 CPERTAE 18 b, A YL 8 T AR (H G4 0.2 vhifk -
il {1k, P9 WE Y {0 Y% : RNase A =100:5:2 f L #] ic
fil),37 CHHE 0.5 h, ikFEE 3R (n=3), W4
JLASCASE I H- 53T o

@ CCK-8 A6 0 £ fifg 334 5 36 4 = LAAEFL 3 x 10° 4>
4 Jfd 7Y 1 2 PP PDLSCs £ 96 FLAR 7, 430l % 4% siH-
DACY 5 siNC, 5 M EfL, IF ik MES, & T
37 C.5%COMEAE %, il The gk 1.2.3 4 dJ5
B 4, in A f CCK-8 By 1595 5E,37 CIF&E 2 h,
it B A 22 450 nm B9 OD B, 2 A= K il 26

(3 Western blot 15 1lll PCNA Y 25 11 32 ik « 5%
B h)F, RS HLEND B EASFTE LR
VK, SRR IR EE I BEPARCE AT 0.5 b, AR R —T
4 CHHIE ,IMAZPUEE 1.5 h, 7EEE AR AL
t 5 AL T 50T o
124 WCE R OqRT-PCR A RUNX2 .
ALP i mRNA £i5 : #55% 24 h I, In A B 5
THRE SR IR, B2 ~3dFEHR1IRIBERW. BF7
dJ& , FEHCAS 4 5 RNA 22 5 RNA ¥R B RNA
S 5 i eDNA , Bt il qRT-PCR B KW I , XF mRNA
M FB AT . AN RKE . 5P 5 I
=1,

F 1 siRNAJFHIHI qRT-PCR 5|4 751
Table 1 ~ Sequences of siRNA and qRT-PCR primers

siRNA/primer Sequence
L Sense: 5'-UUCUCCGAACGUGUCACGUTT-3'
SING Antisense: 5'-ACGUGACACGUUCGGAGAATT-3'
T Sense: 5'-GUUGCAAUUACCGCCAAAUTT-3'
Antisense: 5'-AUUUGGCGGUAAUUGCAACTT-3’
Forward: 5'-TTCTTTGCCCAACATTACCTTG-3’
HDACY Reverse: 5'-GGTGGCTTTCCCTCTAAAGTAA-3’
Forward: 5'-CTCTACTATGGCACTTCGTCAGG-3’
RUNX2 Reverse: 5'-TCAGCGTCAACACCATCATTC-3’
Forward: 5'-GGACCATTCCCACGTCTTCAC-3’
ALP Reverse: 5'-CCTTGTAGCCAGGCCCATTG-3'
GAPDH Forward: 5'-CTTTGGTATCGTGGAAGGACTC-3’

Reverse: 5'-GTAGAGGCAGGGATGATGTTCT-3'

@ Western blot £ RUNX2 K #1515
7 A5G, PEEUR A MR 1, Western blot £ ] RUNX2
(AR A .

@PERLLYL . 14 dJ5 , 4%k IR I 3 R
[ 0.5 h, W RLLE WYL A 5 min, PBSPE3 K, W
YA IR
1.3 %t o

Ge it 2F A4 SPSS 26.0 HE 17 H 4 2 #r , 1 4H 11)
125 5 e R B0 A7 e #, P < 0.05 22 55 A 4 it

RUYRECSEN
= Mo

2 7F R
2.1 PDLSCs/k4l3z 45 %2

JE A A B AL 2] L IC Y | S 7 R |
AR (B La) s @A IRES RIF, 2K RIE K
SR BE R A B WAL A B (B 1b) o

It 220 A AR I 5 R R, T 3R 04 40 B
P 2 35 CD34(0.72% ) (& 2a) . CD45 (1.08% ) ( &l
2b) , BH 1 £ ik CD90 (97.84% ) ( & 2¢) . CD105
(98.02% ) (& 2d) , 5 PDLSCs 2 B AHATF , Ui B 20 ity
Sk ] 72 o R 5L
2.2 )5 HDACY % mRNA & ik

¥ Yt 24 h J5 , 38 i qRT-PCR ;1] HDACO
mRNA 235, ## T siNC 4, siHDAC9 21 PDLSCs 1
HDAC9 mRNA ik FE{K (1 =13.431,P<0.01) , %
FHUTER A ZL (B 3) o
2.3 4|3 g A
2.3.1 Pl B ARG I 40 R Y BLgk 48 h SR
=X 40t A ARG I 240 i S5 391, siHDACO 41 PDLSCs 34 55
FECPL(S HA+G2/M HAAA M (5 11 ) (37.64 + 0.53) %K
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(X40); PDLSCs: periodontal ligament stem
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Figure 1  Cultivation of PDLSCs
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a&b: PDLSCs negatively expressed CD34 (0.72%) (a) and CD45 (1.08%) (b); c&d: PDLSCs positively expressed CD90 (97.84%) (c) and CD105

(98.02%) (d); PDLSCs: periodontal ligament stem cells

Figure 2 Identification of PDLSCs by flow cytometry
2 AN AR % 5E PDLSCs

05F

0.0

Relative mRNA expression of HDAC9

siNC siHDAC9

T siNC 21 (33.52 + 0.44)% (1 =-10.352, P <0.01)
(F4),

232 CCK-8 £l 2 i 34 5E 1% £ CCK-8 A il 25
WK, 1 AT, 240 PDLSCs i OD {22 R LS 312
B X (P>0.05);2.3.4dH},siHDACY 44 PDLSCs )
OD {575 T siNC 41 (P < 0.05) , siHDAC #H PDLSCs 1
FE G PR (F5) o

2.3.3 Western blot ¥ {lll PCNA ) 25 14 %315  #5 ¢
48 h J5 , Western blot K] PCNA ) & H 315, 45 %
7R, siHDACO 41 PCNA 25 11 3k 5 T siNC 4 (1 =

was transfected into PDLSCs

Compared with that in the siNC group, mRNA expression in the stHDACO group was lower, **P <
0.01, n = 3; HDACO: histone deacetylase 9; PDLSCs: periodontal ligament stem cells; stHDACO:
siRNA construct specific for HDAC9 was transfected into PDLSCs; siNC: negative control siRNA

Figure 3 Relative mRNA expression of HDAC9 after transfection
3 #%Y4J5 HDACO mRNA %3k

-13.267,P<0.01) (K 6),

24 BB AR

2.4.1 qRT-PCREGEMRUNX2 ALPHImRNAZRL &
BT T d, qRT-PCR £l RUNX2 | ALP ) mRNA %
ik, 55 siNC 41 %8, stHDACO 41 RUNX2 mRNA %35
W (1=-16.719,P<0.01) , ALP mRNA ik F i
(1=-4.152,P<0.05) (Kl 7).

242 Western blot %] RUNX2 B #E 235 Ml
7557 d, Western blot & 1l RUNX2 {4 H # ik, 45
IR, siHDACO 4H /& F siNC 41 (1 = -15.726, P <
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a: cell cycle of the siNC group; b: cell cycle of the siHDACO group; c: proliferation index of PDLSCs in the siHDAC9 group was higher
than that in the siNC group, **: P <0.01, n = 3; HDACO: histone deacetylase 9; PDLSCs: periodontal ligament stem cells; siHDACO: siR-
NA construct specific for HDACO was transfected into PDLSCs; siNC: negative control siRNA was transfected into PDLSCs
Figure 4  Cell cycle of PDLSCs after HDAC9 silencing
4 HDACO YLERJG PDLSCs 2 it 5 11

15 = There was no significant difference in the proliferation activity of cells
e TSN between groups on the first day. Compared with that in the siNC group,
T SiHDAGY the proliferation activity of PDLSCs in the siHDAC9 group was in-
creased from 2 d to 4 d, vs. siNC group,*P < 0.05, **P <0.01, n = 3;

HDACO: histone deacetylase 9; PDLSCs: periodontal ligament stem

05k cells; stHDACO: siRNA construct specific for HDAC9 was transfected

0D value at 450 nm

into PDLSCs; siNC: negative control siRNA was transfected into
PDLSCs

1 1 1 1
00 1 2 3 4 Figure 5 Proliferation of PDLSCs after HDAC9 silencing

Time /d E5 HDACO LIRS PDLSCs 4 Jifd 1 5 i e

Protein expression of PCNA in the siHDAC9 group
was higher than that in the siNC group, **: P <

g
o
1

0.01, n=3; PCNA: proliferating cell nuclear anti-
gen; HDACO: histone deacetylase 9; PDLSCs: peri-
odontal ligament stem cells; stHDAC9: siRNA con-

siNC siHDAC9
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struct specific for HDAC9 was transfected into

PDLSCs; siNC: negative control siRNA was trans-
fected into PDLSCs
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Figure 6 Protein expression of PCNA after
siNC  siHDACS HDACO silencing
BEl6 HDACO LA PCNA & ik

o
=

0.01)(&l8), siNCZH (E19),

243 PEEaYA WEES 14d, HEROYL M

5¢, 45 B R R , siHDACY 4 9 5 (6 72 & & T siNC 3 4t i

4, WM T AT WL siHDACO H I B b 45 1 £ T F & 9 0% GE iR I7 T 1k BLRE AR W R AE , BH KT



b

RAREEemFhiA 202228 H30% #H2H
+ 94 - Journal of Prevention and Treatment for Stomatological Diseases, Feb. 2022, Vol.30 No.2  htip://www.kqjbfz.com

25
I SiNC
é 20k sk * mm siHDAC9
7
£
£ 15k
-
Z
==}
E 10k
£
=
= 05
0.0
RUNX2 ALP
0.8
o ok
o
z
. . Z 06
siNC siHDAC9 =
204
o
<
E202F
g
2
&
0.0
siNC  siHDAC9

BAE 7 P R R, LK A 2 ) 4 2 08 5 AL
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AU S T RGBT B ME S, TR ER A T ) HE 19 F
ARARBAEENE X AT 45 (peri-
odontal ligament stem cells, PDLSCs ) V£ —Fi[a] 58
Jo ok Y5 T A0 B, B AT R RE A R 2 1) o)Ak g
HTEBE S R ASEZ R Tz R E" . Lia
SO NBLRE AR5 B 8 A TR AR ICA 1A PDLSCs Jf:
FITRIT 2 B, % 9 PDLSCs REWS -4 K 24 Jil

Compared with that in the siNC group, mRNA expression of RUNX2
and ALP in the siHDAC9 group was up-regulated, **: P <0.01, *:
P <0.05, n=3; RUNX2: runt-related transcription factor 2; ALP: al-
kaline phosphatase; HDACO: histone deacetylase 9; PDLSCs: peri-
odontal ligament stem cells; stiHDAC9: siRNA construct specific for
HDAC9 was transfected into PDLSCs; siNC: negative control siRNA
was transfected into PDLSCs

Figure 7 Relative mRNA expression of RUNX2 and ALP af-
ter HDACO silencing

E7 HDACY LB RUNX2 . ALP mRNA AH X3 ik 4

Protein expression of RUNX2 in the siHDAC9 group was higher
than that in the siNC group, **P < 0.01, n = 3; RUNX2: runt-re-
lated transcription factor 2; HDACO: histone deacetylase 9;
PDLSCs: periodontal ligament stem cells; siHDAC9: siRNA con-
struct specific for HDAC9 was transfected into PDLSCs; siNC:
negative control siRNA was transfected into PDLSCs

Figure 8 Protein expression of RUNX2 after HDACO si-

lencing

8 HDACOVLER )5 RUNX2 4 ik &

Compared with the siNC group (a), more mineral-
ized nodules were found in the siHDAC9 group
(b), n=3 (X 100); HDACO: histone deacetylase
9; PDLSCs: periodontal ligament stem cells; siH-
DACO: siRNA construct specific for HDAC9 was
transfected into PDLSCs; siNC: negative control
siRNA was transfected into PDLSCs

Figure 9  Alizarin red staining after

HDACO silencing
B9 HDACOUTER/FIE R LY (n

R Z WA AL, Wik, TARITIRES A
SR 27 AL L TR L 3 O R R I R 9T AR At
TR B, SR IBGE B SR I, X PDLSCs
Az A R R AT A ORI xR AT 8 4
BE A mEEME.

RNA 48 8L 5 & — 3 4 5% ik I U0 B8R ) 31
4, Horf siRNA AJAE R A 3 B A A 1 9 mRNA
M BEL 8 FE R B ik . RNA T AR I L%
B RS PE sIRNA F T U AR I 3 R i Rk, 5 H
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b 5 DR IR 5 A L, AR R R TR A, A 4%
TE, HEASEMRERE

JE I3 A e e ks S R FH I AR 4864 H 1) 4338
i RS gl A sk B g A O 0K B o etk 4
WL R i, 5 BRI gk | H B L Y A A,
LI RAR L, OB ) T4 (B M X4
A /NS A SIS RNA THEH AR
#H HDACO 1) siRNA Jf H Lipofectamine 2000 & H: 5%
YL % PDLSCs 1, 4R Ji5 38 i qRT-PCR £ #& T HE &%
H, kI siRNA B A A5 BT 1R 5% YL 58 0% A 230 %A%
HDACY 3Rk , AT AR OGS0 50 B8 R 4y JE A

PDLSCs (3458 5 BUH 43 A0 6 o i 4 F
FMEEDIRE M) R E LTS, 18 2 E M
F R, — R SCH T2 5 H, vl 8 1
Pt e 1, 4 2 Aekodk PDLSCs 438 4 5 ik
B 1 o R Is AL 7 1) F i 5 % A h 4y
HAAEEZEMMO . O HDACI 7E N 1) HDACs
Vi Sy 22 WL 38 1% v 28 11 2 Bk Ak K S il B 9 5 N
T S 5E AR EY T R AR SR %
RE 0% 76 A% 5 0] 28 42 11 1 28 HDACs HDACO #8133 H:
Xif 3T PDLSCs (518 & BI5 0

Rastogi 55"/ 55 & B, miR-377 %) 3K T I
A HDACO 23k 18, 32 1 412 15 200 e 1) 34 5, 2
HE T 65 R 20 9 1 0F R 5 i H siRNA R
HDACO (1335, I n] 30 GO/G 1 3 40 it BEL¥F , 411 il
2 B %) B, A R R A A g Y aE JRE o SR
A RS2, Luo 55 0% FH — 8 V& B 19 HDAC 101 il 7]
% 28 6+ 40 Bt (dental pulp stem cells, DPSCs) 5 ,
% B HDACO 45 HDACs 1) 3 15 g4 ) , 4 3 1 H3
FHA 1 LA AKF- T, 1 DPSCs 3458 fig 7 iR,
$E7R HDACO 3k 5 F P8 X DPSCs A4 38 5 ol ke 3] —
FE AR HEVE FH o 6 X 40 M B 1 43k 1) 4 T
HDACO L -F th R 8L AN A 9 4E FH o Chen 557 fiff
5% &L, HDACY [ 155 3R 15 W] {2 32 RUNX2 X B 25
1 (osteopontin , OPN ) & K56 5 114 i3 2y , 4 5[] 78 [
T+ 40} (mesenchymal stem cells , MSCs ) F il & 4316
fiE 71 ; HDACO () I8 I AT fifi MSCs 19 BB 431k 2%
iy, TS K S AS BY P2 A o T Zhang S5 A AF
FE 7, HDACO YT BR 1T 68 38 o e 2% 20 i 1 w7k
407 R, BUE /N BLMSCs 1B Ak 25 5 B i £
RUNX2 ,ALP {5235 114, HDACO [T ER X /N BUE
SR B K AR T BURAE R . Bk, XL
9T s, HDAC #1006l 351 7T 38 5o NF-«B 38 2% Al
Wt 10 8% 35 5 A5 22 B8 00 3CF 2F iR T 20 i (gingival

stem cells, GSCs) Y i & 4 4b B8 T o DL k5T 3%
B, HDACO 1 2 5 41 ifu 114 184 5 Ak i o Aead 72, 3
RASFEMEWARME . B2%EHE 20NN,
HDACY XJ 2 Ji 384 5 A A% 1 43 A6 A TR T R =
YRR IR A RP 2 ) 22 5 OANRIE G 5 2 (R ) 2%
SEAER E A Y HDACO %F PDLSCs it 3 5 F1 i
B AL R IR M AR 2E

ENGISEISTRUE A L Y/ke vy Rl T VINRIR N
PDLSCs A PDLSCs [ 34 58 RE 1 3% 58 , [w] i) 7R A
PDLSCs ™ b 25715 55 1 7= A= 3144 22, i€ i/ PDLSCs 1)
BCE 46, #2785 HDACO B AT X PDLSCs 138 5 1 AL
B L AR o X 0 o 41 i RS A ak
H A 40 i T 1045 5 20F PDLSCs B FH T 2 i 96 2R
(A 3R 7 R AR T 5B 1 O £ R SR I, A Sfe T mT £ X it
Wit25¥, 35 5 PDLSCs W is B 6E 11 .

(] 5], A 55 A Ry F — 25 R 55 AH DG AL 25
T LAY, fH HDACO 4% PDLSCs 184 58 5 B 71k
(14 VE FH A ASFNAH 6 A5 530 8%, LA R A 2y B 53 2411
R4S ) 245 v J2 A5 A E )RR B R B A
FEA SRR AMEFT , AH I 0] (1) [ BHK 25 S HDACO
£ 55T PDLSCs 1) 2 J8 5 F B 36 v (40KG B 1 FH 4
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