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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
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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 siHDAC9 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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i), 37 CHFHE 0.5 h, ikFHEE 3R (n=3), W4
FELASCAGE I H- 53T o
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B 4, in A # CCK-8 By 15 95 5L, 37 CIF&E 2 h,
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Table 1 ~ Sequences of siRNA and qRT-PCR primers

siRNA/primer Sequence
. 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'
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(98.02% ) (& 2d) , 5 PDLSCs 2 B AHAT , Ui B 20 ity
SRy ) 78 o R 5L o
22  #F )5 HDACY # mRNA & ik

MYt 24 h J5 , 38 i qRT-PCR ;] HDACO
mRNA 35, #H# T siNC 4, siHDAC9 41 PDLSCs 1
HDAC9 mRNA ik A (1 =13.431, P <0.01) , %
FIUTER A ZL (B 3) o
2.3 4l L3 g A
2.3.1 PN B ARG I 40 R Y BL gk 48 h SR
=X 40t A ARG I 240 i S5 391, siHDACO 41 PDLSCs 34 55
§ECPL(S HA+G2/M HAAA M (5 1) (37.64 + 0.53) %K
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(X40); PDLSCs: periodontal ligament stem
cells

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 4N AR % 5E PDLSCs

05F

0.0

Relative mRNA expression of HDAC9

siNC siHDAC9

T siNC 4 (33.52 + 0.44)% (¢t = -10.352, P < 0.01)
(F4),

232 CCK-8 £l 2 i 34 58 1% £ CCK-8 A il 2
WK, 1 diF, 240 PDLSCs i OD {22 R L8312
B X (P>0.05);2.3.4dH},siHDACY 44 PDLSCs F¥)
OD {875 T siNC £H (P < 0.05) , siHDAC #H PDLSCs 1
B ER (E5) .

2.3.3 Western blot ¥ 1l PCNA ) 25 14 %315  #5 e
48 h J& , Western blot £ Il PCNA /) 2 [ 33k , 45 %
7R, siHDACO 41 PCNA 25 11 3k 5 T siNC 4 (1 =

Compared with that in the siNC group, mRNA expression in the stHDAC9 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
was transfected into PDLSCs

Figure 3 Relative mRNA expression of HDAC9 after transfection

3 %YLJ5 HDACO mRNA ik

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

24 BB S AE R

2.4.1 qRT-PCREGEMRUNX2 ALPHYmRNAZRL &
BT T d, qRT-PCR A1l RUNX2 | ALP ) mRNA %
ik, 55 siNC 41 %8, stHDACO 41 RUNX2 mRNA %35
W (1=-16.719,P<0.01) , ALP mRNA 3% F i
(1=-4.152,P<0.05) (Kl 7).

242 Western blot %l RUNX2 B EE 2315 Ml
7557 d, Western blot #1l RUNX2 {4 1 #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 HDACY silencing
4 HDACY YLERJG PDLSCs 4 it 5 1

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 siHDACY 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

05 cells; stHDACY: 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 Jifl 1 5 i e

Protein expression of PCNA in the siHDAC9 group
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ng
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gen; HDACO: histone deacetylase 9; PDLSCs: peri-
odontal ligament stem cells; stHDAC9: siRNA con-
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Figure 6 Protein expression of PCNA after
siNC  siHDACS HDACO silencing
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odontal ligament stem cells, PDLSCs) V£ —Fi[a] 78
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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 %3 ik 4

Protein expression of RUNX2 in the siHDACO 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 45 K 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, TART ke A
SR 27 A 2L TR 3K O R R I R 9T AR At
TR B SR IBGE B R I, X PDLSCs
Az A R R AT 4 R R xR AT 6 4
BEHABEME.

RNA 48 81 4 & — 3 4 5% ik I U0 R ) 31
4, Horf siRNA A R A 3 1 B A A 1 ) mRNA
M B8 FE R B ik . RNA THLE AR I L%
B RE S PE siRNA F T U AR 3 P i Rk, 5 H
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LA /NS A SIS RNA T3 R 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 M5 BT IR 5% YL 58 0% A 230 %A%
HDACY 3Rk , AT AR OGS0 56 B8 R - A

PDLSCs (3458 5 BUH 43 A0 0 Ho i i F
FMEEDIRE M KRR KT, 18 2 E M
F R, — R SCH T2 5 H, vl 8 a3
Pt SE I 1, 4 2 Aekodk PDLSCs 438 4 5 ik,
B 1 o R is AL 7 1) F 8 5 7% A h 4y
HAEEZEMMO . O HDACI 7E N 1) HDACs
Vi Sy 22 WL 38 1% v 28 11 2 Bk Ak K S il o B 9 5 N
T S 5E AR EY T R AR SR
RE 1% 76 A% 5 0] 28 42 11 1T 28 HDACs HDACO #£ 13 H:
Xif 3T PDLSCs (518 & B 520

Rastogi %5 "B 55 & B, miR-377 %) 3K T
Al HDACO 23k 18, 32 1§12 25 200 e 1) 14 5, 2
HE T 65 R 20 9 1 0 R 5 i H siRNA R
HDACO (1335, I v] 30 GO/G 1 3 40 At BEL¥F , 411 il
2 B %) G A, A0 R R A A g 0 aE R o SR
AR RS2, Luo 55 ™R FH — 8 V& B 19 HDAC 11 i 7]
% 24 6+ 40 it (dental pulp stem cells, DPSCs) 5 ,
% B HDACO %5 HDACs 1) 3 15 g4 i , 41 # 1 H3
FHA 1) LA AKF- T, 1 DPSCs 458 g 7 iR,
$E7R HDACO 3k 1) F P8 X DPSCs A4 38 5 ol ke 31| —
FE AR HEVE FH o 6 X 40 M B 43k 14 4 T
HDACO L -F th R BLH A A (9 4E FH o Chen 557 fiff
5% KB, HDACY (1) 155 2R 15 W] {2 32 RUNX2 X B 25
1 (osteopontin , OPN ) & K 5% 5 114 i3 2y , 4 5[] 78 o
T+ 40} (mesenchymal stem cells , MSCs ) F il & 9316
fiE 71 ; HDACO () I I mT fiff MSCs 19 BB 431k 2%
g, PR K RSN B P A o T Zhang S5 AF
FE 7, HDACO YT 8K 7T 8 38 o e 2% 20 i 1 w7k
A7 2, BUE /N L MSCs 1B AR 25 5 T i £
RUNX2 ,ALP #5235 -1, HDACO [T ER X /N BUE
SR B KO AR T BURAE R . Bk, XL
9 ik s, HDAC #1006l 5510 7T 38 5o NF-«B 38 2% A
Wt 10 % 34 5 A5 22 B8 00T 2F iR T 20 i (gingival
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