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Abstract

BACKGROUND: Bone marrow mesenchymal stem cells have aging phenomenon during in vitro culture, but the mechanism is still unclear. Histone deacetylases
can deacetylate histones and make the chromatin condense, further shutting down genes.

OBJECTIVE: To investigate the expression pattern of histone deacetylase 9 in bone marrow mesenchymal stem cells during senescence.
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METHODS: The expression of histone deacetylases in bone marrow mesenchymal stem cells was analyzed by bioinformatics. Bone marrow mesenchymal stem
cells were cultured by in vitro subculture. The senescence status of bone marrow mesenchymal stem cells was detected by B-galactosidase staining and gRT-
PCR. The expression pattern of histone deacetylase 9 was detected by qRT-PCR, western blot assay, and immunofluorescence.

RESULTS AND CONCLUSION: (1) Data mining and bioinformatics analysis showed that only histone deacetylase 9 expression was up-regulated among all histone
deacetylase subtypes during bone marrow mesenchymal stem cell senescence. (2) Bone marrow mesenchymal stem cells presented obvious senescence at
passage 10; for example, B-galactosidase-positive cells were the most obvious, and the expression of senescence-related genes was up-regulated. (3) The
expression of histone deacetylase 9 was up-regulated and consistent with the data mining results. Histone deacetylase 9 was expressed in both the nucleus and
cytoplasm of young bone marrow mesenchymal stem cells, but the expression in the nucleus was lower than that in the nucleus of senescence bone marrow
mesenchymal stem cells. The expression of histone deacetylase 9 was almost not expressed in the cytoplasm of senescence bone marrow mesenchymal stem
cells, but increased in the nucleus. (4) The results have shown that histone deacetylase 9 plays an important role in the senescence process of bone marrow
mesenchymal stem cells, but the aging phenotype and molecular mechanism of histone deacetylase 9 need to be further studied.
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R TR T A — R A . B RE NI
) AR BE I T- 40 ™o 7E D s A R B MR IE . 181k
T GAGTT ~ 4% B T yRe S5 Jir PRI 8 149 25 i 1 s 00 T 340 K T
PSR A S B E 5 -, B 6 7o 5T 40 i B A 5 2 A
RO R AR AR 2 PR 7 21 SR T B 1) 7 o T4 M - R
AEAE I, AN B S 3G KT e A AR AP RS IR
AP, ERERFER TR IRE TR . BB RER 7R
TANA 2 B ILAN A A 2O (AR R, RFAREE ). TE4l
MREEAAR S (b AR A 4 ) 2o Aeie ek (W E KB
WAL FMLRE W R . B MRS, XY
Wi 7 HAE S BRI PRIGTT Fr VR A o B IR 7 BR T4 I E 5E
e, WS TN, R T
FE[A W1 Octd, Sox2. Nanog %6315 Fif, 1% Z A K I &K
U p16. p21. p53 ZEkik A Y. R AL FH ML
TR R EENER, HETE RO
IRZS 222 DNA 541 (454 ™, 415 (925 ZBELEE (histone
deacetylase, HDACs) #{ IA /& 2k PR s (R 4l (A=, FHLmp LA
18120 B B T Ak T 458 e €0 A TR AR A, 20 G P 2
K ¥, HDACs if MExf T iR TR R DA Z MO A L 3
RLBGEE A R AR OO, — SR (N 25 W A th 3 i AR
¢ HDACs il 71 K S22 i) "2 H AT 2K I HDACs JEAL4T 11
4~ (HDAC1-11), HADCs 7t fk [ LL B R 57, 4% H DNA 7
FURIARAE, 22 8t ) HDACs(1-11) AT DAL 308 3 25, class
[ (HDAC1, HDAC2, HDAC3. HDAC8), Class Il (HDACS.
HDAC9. HDAC6. HDAC10); Class [V (HDAC11), ifj % %§ %%k
() Class I113% & B iy sirtuins S 4Lk ™, 45 78 H W — Fir
HDACs 75 i /| 78 5 141 i 32 2 1 F2 o R G E A, X T
HFF R T BT B i 1R 78 SR T4 IR 3 2 A DS 2459, B B 2
SRR o SR BB E S B O T AR
AR W ) 70 5 T4 i 3 2 i A HDACO [k .

1 ##BF55E Materials and methods
1.1 3%t gk AsELs, AR BCRH A5 HT .
1.2 B B H s S2I6-T- 2019 4F 10 H & 2021 42 9 HAE®E K

VLA R 6 5 AR S S0 = 58 e
1.3 At KEUCEBEIN 78 5 T4 bk A S8 | SR AR A
FRAT, %% : RASMX-01001, T IR % . DMEM £53:

3 (155 : RAXMX-90011, FEMVAEYIRIEHR /AR ); TRIZOL
(Invitrogen 2~ &, 3% [E, 1% %: 15596026); PrimeScript RT

master mix (TakaRa 2 @, H 4, %% 5. DRR047A); SYBR
Premix EX Taq™ II (TakaRa ], H7A, #%5: DRR420A).
1.4 7k

141 EPIFRAEHIE ST GSE34303 ML [ T BRI Rk i %
¥ % (GEO)™™, iZ 4 He ik 7 A A AR R B 5% B i v
AR THMMERA, NTHREZH ST RHZ W E
S, HFFTEH passage2/3 5 passagel0/11 #4740 M. 2R/
FIEF K /M. F]H BRB-ArrayTools v4.2.0 47 f) RMA(robust
multi-array analysis) J5 ¥:5% T- IR A6 £ Hs BEAT A vt AL AT E — 40 A
R U9 FH H b B 1Y SAM(significant analysis of microarrays)
T 22 ek BRI, RN HDAGs ik, W B
K ILZ (FDR) < 0.05,

1.4.2 795 HDAC9 H:K 1k (co-expression) [ 3K iH i BRB-
ArrayTools v4.2.0 ' “create genelist” —> “Correlated with a
target gene” TJfiE, fiik5 HDACO JLRIAMIEE, AT 4R
FOTTSEE, B EULAE o8 240> 0.5( IEM 5% ) 8 < -0.5( FkH % ).
P iE i N5 LR H IR B (human ageing genomic
resources, HAGR) SR iA L R IE DR e 35 5 A AR I
% [17]o

143 B- PFUMEHBEL (KRR BB B TR) 78 5T 140
(% 548, p5) A a2 R BB R 1A) 7 0T T4 i (5% 10 4K,
p10) #icH 5x10" A~ / LIS AN 2 6 FLAT, BT 37 C,
IR BN 5% CO, HrFR i 577 48 h &, WRERA S 77K,
PBS Pk 14k, MM 1 mL B- I WEHBEGL (i e W, =R
G52 1 h, WREREE M, PBS WEik4guf 3 ¥k, AKX 3 min,
MR PBS JE BEALINN 1 mL e TR, T 37 CRIR
FRGR R E IR, RH A BN W 8 AR R
=R R =

1.4.4 Real-time PCR &I T ZAH G R I U AR I K B
i D) 700 0 T4 B (585 5 AR ) AR S 1 K B i 1) 7 Joid T 40
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(% 104%), BT 37°C, BN 5% CO, i F-ME TR 4
YU MR FE Ik 2] 80% B AT HAL, SRS R AL T R 41 f LA
5x10* A~ / FLAYH M 25 P BRI AE 6 LA, LI 2 mL 58
R IR, BT 37 CHRREUN 5% CO, B 7= 5557 48 h,
% BY Trizol 2= #2 B 41 Jfd 24 RNA, 7 4% 3% I SYBR®Premix Ex
Taq™(DRRO47A) i k4T . FiAS . 95 °C 30's, 1 Cycle;
PCR X 8i: 95°C5s, 60°C 20s, 40 Cycles; JAfiRiZk: 95 C
30s, 65-90 C 1s. UL GAPDH A& FKILHK, FH 2 ¥4
g2 (p16. p21 J¢ p53) FiB BIAHXS 2 5. FED 5
MFEl, Wik 1.

=1 | EESIYFIUER

Table 1 | Information of gene primer sequences

S ElE 2l

HDAC9 F-Primer: 5'-AAG CCT CGT TTT CGG TAA CAT-3’
R-Primer: 5’-GGC AGA ATC CTC GGT CAG TAG-3'

pl6 F-Primer: 5'-GAT GGG CAA CGT CAA AGT GG-3’
R-Primer: 5’-TAC CGC AAA TAC CGC ACG AC-3'

p21 F-Primer: 5-GGG AGG GCT TTCTTT GTG TA-3’
R-Primer: 5-GCA TCG TCA ACA CCC TGT CT-3'

p53 F-Primer: 5'-TGA CTT TAG GGC TTG TTA TGA GAG-3'
R-Primer: 5’-CAG CAG AGA CCC AGC AAC TAC-3'

GAPDH F-Primer: 5'-GAC AAC TCC CTC AAG ATT GTC AG-3'
R-Primer: 5'-ATG GCA TGG ACT GTG GTC ATG AG-3'

1.4.5 Western blot }z %y 75 Yt YL a6 M HDACO 1R 1L G4F
BHE S Lz (58 10 4%) 1K BB fi 18] 78 07 1 4 4%
[ 5x10° AN / FLIG AN B 3 FE B RN LE 6 FLAR P, LI 2 mL
FEARTRE, BT 37 °C, B HCH 5% CO, H IR T
Brgs. Higt 24 h jGiREUEEE H, RFLIMA 60 uL RIPA-PMSF
FURACIEAT AN M ZRAR FH 20 B ARCRs 75 A A P 4 i 2 A
NOEIT , R AR AR - AR AW "B R EPE .,
B UK FZEA 20 min, B EERS 5 min FHAT R R EE 1k, S
4 R )G, T4 °C. 13000 r/min 50> 20 min; T
I RE (RN BT IR FIRE 5 ) 28T EP 5, SR BCA L
AT (IR EEM %2 T SDS-PAGE ki, k. HEHE, 5% [illg
Wiky 1 h, IO BELF I — 5T HDAC9(Abcam A /], B35
ab109446, 1 : 1000), 4 CHFHE IR BAFRIR TBST iYL
3, BHKS min, MMAFERELF =40, RE, WE1h, M
EPEPR TBST ¥k 3 Yk, 4K 5 min; 15 H ECL Bl 5,
N5 R AB R G AR A R

VA 1 K R i R) 70 0 T 4B i (36 5 AR ) IR
R H 4 ) 7 T T P (5B 10 4R) i HR 2x10" AN / FLIR 4l
FERFN T & B QUM 1 24 FLIR B EE R 24 h, 40g/L 2 E
HE (pH=7.4) [f5E, XBREER, PBS ¥eik, ®FLIMA 2 mL
0.5%Triton X-100, #K i E 15 min, 2B 0.5%Triton X-100,
PBS ik 3 ¥k, BEIK 2 min, FH 3 FHE A1 60 min, 2 ERE
P, IO R4S 1Y) HDAC9(Abcam A /], 1¢%5 ab109446) —
Pi(1 1 400), 4 CHrELR, KFr—Pi, PBSILL, A
BEUF I OhRIC I —Ht, BEOGHEE 60 min, 0B K,
BE, REEME T,
1.5 &R EAF O il E L GSE34303 H HDACI 13
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B @EMETERTHEE LA B- F A H bl JoE
P pl6. p21. p53 [IFKIA; (3 HDACY K [z i HELE R
(25 5M0) RaE& (5 10 ) Brilln 7e i T4rpe iRk .

1.6 %itF o4 KA Prism 6 Gt AT EdE b, diLiE
BIBLBCR A t IR0 HT, P<0.05 NZESFAH BEMERE L.

2 258 Results

2.1 3EIEAR AT HDACO 12 % 2B BE 18] 7% T it ¢4 Rk
BRI AEYE B GEO B B BE 1) 78 5 T4
TE YA K 55 GSE34303 HEAT M, 4R EORYITE R
TEd, WA HDACO RIlEERRA, WE 1.

2.2 2 & ik 45 # i@ 3L BRB-ArrayTools v4.2.0 §1 “create
genelist” -> “Correlated with a target gene” Ifj fg, K ¥

L HDACO LR A M B R 40 4, ¥ NIEM K. dE—P i@
I HAGR % ¥ i, KB 40 AN 3LRE R F 3 A
(ANGPTL4, PLAT. SCNOA) NFEZHJCHEERH, W 1.

23 B-FIUbEHEE L EL R 10 EREM A T4
SR T HRIFZIG, B - FUNEH B U 6 PH 4 o 5
. N T HE— B RS 10 AE B IR 78 R T 4R I
KA, KGR E R REHAT TR, SRER: 55§
5 fRLL#R, pl16. p21 J¢ p53 £ 5 10 AR & [H] 78 i T 41 g o
KM mRERSES, ZERAREEZ WE 2.

2.4 qRT-PCR R #7188 1) R T e fee 32 £ id 42 F HDACY
a9 &L 5 GEO Hds i 45 S — 5 7E3E I HDAC9 I
mEFRIBIRG, ZERAEFEER X Western blot #4145 1 5
aRT-PCR 45 5 — 5, HDACO £ [ /£ 3% & (1) 15 il [A] 70 5 T 41
HhERIAR N, WL 2.

2.5 %JE K A HDACO & % 4 AR 228 818 LR T e
89 %38 HDACS 74561 % 1] 70 5 41 M (1 M % 5 ik i 38
HRIE, HHDACO fEMI P MRIEM T ELHMM. ZEH
i 170 70 93 1 40 M 17 2% Hh ) L7 3895 HDACS, il 4 i H 1)
Fakgm, WE 3.

3 iif Discussion

B REFE R T A T RSN G TR . BE
HIRFEH . 2 MLt AR i, BT &g
YEIT ISR BRG] R FAIR 2 —, B BN IR T R
PP B YRE T, SRT A 1A) 78 SR T4 M A A
FEit R A T AR I AR AT 1R A, LI A R FH 484
THME AN E R 2R, IR ) R 5 e LI DR L FH 1) S ] /8
2 AW RE R R BRI T AR H MBI A 58 7-10
AR, B S BN I 32 22 (1) R AE , A AR BOZEARIE K, i SR 4 T
AT, AR B 2 FUNET B Y (O M R T
Gt % U9 RS B ) 7 5 T AR A A e R R R AR
T, MpERE, E2REE. ZWREEEN R T
MfE 10 RN RIEEHENZZNER, 5UAETARK
N
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INAE R N FGRME RO B B N R RIKIE I IAE, 2257 3R IX topS0
N, BOBFRONREAR IR, PAPRRORIEERI IR, CONEE SRR Y
1) 70 50T 4 L 10 2 St T SR R B S s 1] B AR S AR AR R A Bt
fk; D 5 HDACO JLZARIFEA, 47 mMK. BUEBR R AR R R A0
UN

B 1 | BRI ESEE KRR GSE34303 hLAE R X Z B LES 9(HDACY)
BFRIE

Figure 1 | Expression of histone deacetylase 9 (HDAC9) in data mining of
high-throughput data set GSE34303

HDAC9 i - 160 kD

B-actin . @ 42 kD

5 H 048
. 4 A % RTPCR KrMAE2 1600 p16. p21 K p53 2eik, 5% 5 (KL
i, *P<0.05, °P<0.01(n=3); By RT-PCR & |41 5 & it HDAC9 ik,
595 UL, °P<0.01(n=3); € v PHHIF 7551 T4 B 5L b H G4
1, (kXA 50 um); D 2y Western blot #41ll] HDAC9 & [ % ik
El2 | BEEETERTMITEE £E A, BEEAZEHAE 9(HDAC)
HEEMBARIKUR p- FFEHERE
Figure 2 | Bone marrow mesenchymal stem cell aging gene expression,
and histone deacetylase 9 (HDAC9) gene and protein expression and
B-galactosidase staining

DAPI HDAC9 Tubulin Merge

Enlarged

. -“

Tubulin, ?I@JT?‘E(QFHJ]@'E"BE) DAPI, Hifh,

LR FE N
FEPEA 7

mﬂm ) |

EE HDACY, £¢ta5k;
76 (AR )

3 | A=A X ZE1LES 9(HDACO) E B BER FE R T4 P A RIAE L
(x200)

Figure 3 | Localization of histone deacetylase 9 (HDAC9) expression in
bone marrow mesenchymal stem cells (x200)

DAFERE FLN R R AL HIAE T 202 A A =
KRR P, HDACs 2 B3 e 50 e (0057 (1 45 ) R B s I8 1
(10355 1 A R 2 LA R e St R, S B R DR R TR T BR (/2
% P HDACs fEFZEZ R B RR R IBEHNA P, Hp
HARZRNEN y HDACs 25 2% ( 11 a)HDACY, HAEFEEZMINL
PIAIM B, A 4EAN I AR S R A Y, T A A1k
SRR o LR AT LA T R R Ak, R K .
B I N 1A HDACO [ 3154 2= 5 BUE 8 W) 78 T T 41 i
(10 BB A BB P ML 5 0 A B ST BRAR, R A AL R S 7 iR
FZE A A R BT ) 70 R 4 B s i I A+ ] ] DS bR T
DA HDACY ik 9,

N T k0 B i HDACO 757 i 1) 78 I 41 i 32 2 i 72
HIERIA, B AEYE B R UE R, MRS
HDACO R I =R IARAS,  HILAEREE 1)1 i 7] 70 5 141 ffa o
EIHA R FRIAB, HDACO 7E4F 4% H i 1] 76 o7 T 4H M 1
A% Sanf 2 I FRIL, TgH i 1, HDACY 7E4H
2% R IA AR, AN A% T Rk . AR AR
5 A OGE wE E EHE GSE34303 424 5, K I IE L N H HE
IF) 78 )l 4, 10 HDACO I 2 B ik, (H @it
qRT-PCR #4736 1iF J5 Fofth HDACs YV 28 th 45 S [m P& 5 11 2 7 %
K, I HH R BT B T AR AT DAY A R i R) 70 0T T A
BAE RG34 B8 AT DS M HDACY F 334 P, [l it i A
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FUHE S KVE T HDACY, & XS T HoAth HDACs 7Y (1) 3R i A5 5
TSI

BT RS E RAEUA SRS T, T 48
HDACY [ 3 iAth B m R K RAE . 546, ] HDACI [
FIK Ja v DR BCE o A S0 g A, EERE, H
HDACO J 1] LA 275 %2 & &K (1 P53 119 3R IA K B B Ak 7k 7 2,
4545 1% 95 HDACO 78 3 & T A Ml h (R IB M, i — B
7~ HDACO 7E-F 4 DhRe - A EEMENH, HHEFERE
5 HDACO K HEAE I 4y AL M s it — D FL. W45 R
{7k HDACO W] DL iof i 5 PPARY/RANKL {5 5 417 il it -5 24 ffa
TR Y. ZHANG %5 9 1F 70 2 B HDAC 75 /I U184 A AH 5% (11
TR R R, FC R AR B A) 78 0T T 40 B ) HDACO B i
TR, SUHFT L RA— 5. CHEN 28 PU R e s iR
EZH2(enhancer of zeste homolog 2) ®] Lifid N i HDACY K%
A2 3 T U 428 2 2 T A M T R B g 734k 5 A HDACO £
FRCE B2 9% SRS I R T 4 e bt R AR, WU
25 Bt R W, HDACO 5 miR-17 AH EL A i AT LA 5 48 RE IR
AN RS 4H ()  43 . HDACO B 1 78 T4 il 77 T
(e 4k, HaR ] LU B M2 (R ALIR S B,
A LA 5 A B AN K () M2 B R 28 1 ML R B
IBAAE IR 38 R R AR T T4, HDACO 235
TIREERRANE M1/M2 A, A RrE— .

TR K I, 5 HDACY LR IA 40 ML, A 3 Mk
ANGPTL4, PLAT, SCNOA JNEEZ KA, ANGPTLA( I A= Ak
FRER A 4) TR 7850 T4 M 5 1k e i R v 3k R IR Y,
PLAT JE[X ) %2 &1 5 REE A5 B, SCNOA 7R3 5E K155 5 1 4h
i 3E 22 th B R IAIRAS, T SCNOA B2 (5 L, 48 i U A
HIFELRA B, XLt MU THTH2 7% HDACY 552 (1R A
RIEHEEERER.

2i ERR, BRI IGAIE T HDACY £ B 617 78 )it T
i B R R ERRRE, ZERNT PRI
B i [B) 70 03 40 5 o e R e O R LA B e,
— 5 7 106 T 1 AE % 1 U] 78 0T T 4 i 22 2 ) S Ak 2
H, N T HES T A M PR S A AR B

EHTEk: FRt A AN, 2%, FRERAIIN. FLE. G T4,
FETE A RIDA, FAPEA XTI LR

BBEIH: ZAFELT CDAITE LR SFEEAAR LS AR A
(2019-KYYWF-0347) ” #F» “E R § R AAFFA5 A4 H (82001488, 81801040)" 4
Ry, PR E I, %% LA %o I A B 758 B Rt it oAt
BAARiE,

M LT HMEE F Y, ERAAAAFLTREG ST RALEHNZA R,

HAEIRIEER : Stie R o) B Rk A AR FRANE), SZEER A RSN i ek
LHe, R EACTEE A,

SiEiEf: MR ET EFREFRHNARER L (FRAMREREREFESTH
T4t G KAL) .

NEEE: LF B2 LRI G R AR RT3 REE,

NEE: XFZNFUTIE E RREF, FATIRDOAA LS WL R

EYGIWFERR: LFRitF kL RR L FEHRTH.

SCERRI: LR 4 O S REHRBALE T A X i,

FERGREERR: X R — BT AR E, R (Goirk FHTH0) “F 4 -4k
WAMARR - AR F XEF 407 &3k, £EEFIAGHAT, LFRAUETLER
R T RN SR A R, FIEAFERTR PRk, TR FN. i, 3790,
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