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p21 mRNA %Kik A7 1% E (Survivn) , 2 Bt 208 K 4 202 2 11 B -3 (Caspase-3) , M 11 — B B2 A% % 3K & B (PARP) mRNA %
Ik 2K 198 B 75 (Western blot) il B-catenin AV A A i BE L E-3B(GSK-3B) FE M RA . BR  HSa gl b, Bislg S
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Mechanism of Bushen Huayu Shengxin Decoction in Delaying Senescence of Bone Marrow

Mesenchymal Stem Cells by Improving Ischemic-hypoxic Microenvironment

ZHANG Bao-xia, ZHANG Jin-sheng', HUI Xiao-shan, ZHANG Li-na
(The First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000, China)

[ Abstract] Objective: To explore the mechanism of Bushen Huayu Shengxin decoction in delaying
senescence of bone mesenchymal stem cells(BMSCs) by improving cellular microenvironment and regulating
pl16/pRb and p53/p21 signaling pathways. Method: The cells were cultured in serum-free 1640 medium and
hypoxic cell workstation for 24 hours to establish the cell model of ischemic-hypoxic microenvironment in vitro,
then randomized into control group (with complex medium) , model group (with complete medium) , and
treatment group (with serum medium-containing Bushen Huayu Shengxin decoction) , and all were cultured in
hypoxic cell workstation for 24 hours. The normal group was added with control culture for complete medium,
The cell cycle of BMSCs was detected by flow cytometry, the expressions of p16™**, p53, p21 and Survivn,
cysteine aspartic acid protease-3 (Caspase-3), polyadenosine diphosphate ribose polymerase (PARP) mRNA
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were analyzed by Real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) , and the
levels of B-catenin protein and glycogen synthase kinase-33(GSK-38) protein were detected by Western blot.
Result: Compared with the normal group, the proportion of S phase cells increased, while that at the G,/G,
phase decreased significantly in the model group (P<0.05). Compared with the model group, the proportion of
S phase decreased, whereas that at the G,/G, phase gradually increased in the treatment group (P<0.05).
Compared with the normal group, mRNA expressions of p16™*, p53, p21 and Survivn, Caspase-3, PARP in
the model group increased significantly (P<0.05). Compared with the model group, mRNA expressions of
pl6™*, p53, p21 and Survivn, Caspase-3, PARP in the treatment group decreased significantly (P<0.05).
Compared with the normal group, protein expressions of B-catenin and GSK-38 in the model group increased
significantly (P<0.05). Compared with the model group, protein expressions of B-catenin and GSK-38 in the
treatment group decreased significantly (P<0.05). Conclusion: Bushen Huayu Shengxin decoction could delay

the senescence of BMSCs by improving ischemic-hypoxic microenvironment and regulating p16/pRb and p53/

p21 signaling pathways.
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B oAk CEEE R UERE o T pl16™/Rb Fl p53/p21
KESEARESMEA S EEEXLEE AEIEH AL
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Bushen Huayu Shengxin decoction;

bone marrow mesenchymal stem cells; cell

AIRAW W B2y RFrh 2 R H IR Y
JIE & . B A K3 A (2%DMS0, 200 wmoL- L
BHA, 10 mmoL-L"' HEPES, 10 wmoL-L" Forskolin,
0.5 wmoL+L"'ATRA,5 mg-L'JfE % & , 1 wmoL-L"' &
A6 AT f #4 L 25 mmoL L™, 10 mmoL- L % 4 # KCI,
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2.1 HZMIERHI & SPF %% SD MEME KL 20 H,
R A AT TS 86 A5 RC RN B AR R A B O 4 2
1229 mL" kg, B 1R GHEHE 7 d, 88 8 R oK
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SD K Bl , Jd 29 4k B i 31 25 7 000 e B B i B, b BGE
I Y 56 42 B R i i A R L R RE v AT O
B, 200 H 990 o 98 2 50 1000 remin 550
5 min. M5 mL 58 4 85 3% 5218 40 )5 15 I 15 95 46 5
Fr 48 h kIR, HCER 40 i R, W TR AR 2% v (PBS)
W 2 mL¥E¥,E 1000 r-min” 2.0 5 min, il A FITC
FRiCHEBE A 1:50 B BT CD 105 Hp 4, ff 40 i 5 4 A
FEAMIRAT B 30 min, PR 2K k. 4
PEEB A 12 LA M5 IR, B 3 d il 1 IRk . 557
= P3AR, A A Kk 80% il A HEAT TH AL AL AR, B 97
#&H

2.3 Rl B A GOR SR A B A Y T 2 5 SOk
(51545 A U 41w W F 55, SR TG I 14 1640
B 95 IR A AN B T AR sl (47 85 9% 24 h, 2 KA
0 M T ARG N 37 °C(1%0,,5%CO0,, 94%N, ) 2 37 it
i S5H 4 Ak B B 40 R AR AR

2.4 W HZ HiFEMT BMSCs AL 4, 2 H
2H 58 4 15 95 B85 9% (L-DMEM+10%FBS ) ; #5751 £ 5¢
455 B 5 3% (L-DMEM+10%FBS ) |, {1 48 40 it T4
Wit 24 h AR R EAIMA G B FRES AE R
BH A 25 90, A ARG S8 20 M T 3 495 5% 24 ho B R 9%
A2 W7 AN B RN B AR A R O Il B AR A,
I 4840 B T AR 2 15 5% 24 ho

2.5 fEARAkm

2.5.1 U MUK I BMSCs 75 A [7] {31 455 v 40
JLJE SRR T A A 0 B A B TR R e R
B L3, Ye R 4 °C PBS ¥R 25 [ 2 W 40 i DT e
FF il RNaseA ¥ 100 pL,37 °C/K ¥ 30 min, il A
PI YL {4 7 400 wL iR 2,4 °CHEEIEH 30 min, ik
SRS T

2.5.2 Real-time PCR $ A K i e M Bk 48 6l 26 1%
f CD105-BMSCs 9 p16™*, p53, p21 mRNA F
Survivn, Caspase-3, PARP mRNA £k trizol
A S R U RNA A6 B {0 22 RNA 7 &, 8

JEE AR RNA 400 B 32 BUAY B RNA TE 1% 35 Bl Bk
Ji2 L YK S ¥R 0L 28 S, 18 S FI S S = 4%, 28 S Al
18 S W 4517 1 b BH 2%, 5 S B , Jo HAAl K43 7 4%
Ul ] 42 S RNA TR i M 85 A i T5 % . RNA MR
(mg L") =d,q/Ay,* Fi B A5 B0, & 41 B RNA [
Ayl Ango LA I AE 1.8~2.0 2 f 4, 36 B 2 BLEL RNA
G FEAC T . A B SN S bR i M 26 R2 245>0.99,
P HERR N 90%~110%, 15 B S 17 2% 14 fit % v 1
E H L R AR Kk B . FEAC RNA Sl I 5 3
5 5% ¢cDNA, R J5 Real-time PCR K il 4% 20 41 ifg
p16™* p53,p21 mRNA (£ IA5, Al UL . 75 fif th £k Tt
Fele | SR — i Pl 2R WOR CARRE SR Y,

B 7= W S vk Ao DL B-actin NS, P48 K
150 bp; B KWK & 20 wL, /il A Real-time PCR 7§ 7
A 5 K2 B 4644 95 °C 5 min, 95 °C 155,60 °C 20 s,
72 °C 40 s, 40 1 20 ; %5 i i1 £k 95 °C 155,60 °C 60 s,
60.3 °C 155,60.6 °C 15 s, K 2715 mRNA
FIAE X ik i, AL EE 3R 51T HI R E
LAY TR ) RO A BR A At & R, T
W1,

®1 PCR3|#MFF
Table 1 Primer sequences of PCR

GEY) ¥ 31(5'-3" K JE /bp
ploNKaa ¥ AGATTCGAACTGCGAGGACC 193
T if ATACCGCAAATACCGCACGA
p53 L if AGCGACTACAGTTAGGGGGT 119
i TCTCCTGACTCAGAGGGAGC

p21 |3 TGAATGAAGGCTAAGGCAGAAGA 129

Fiff AGGCAGACCAGCCTAACAGATT

B-actin |2 CCCATCTATGAGGGTTACGC 150
Fiif TTTAATGTCACGCACGATTTC

Survivin |9 GAGTGACATGCCACGGCTAA 73
T TCCTGTAAGACACCAAGGCG

Caspase-3  |'JIf GGAGCTTGGAACGCGAAGAA 169
T ACACAAGCCCATTTCAGGGT

PARPI |3 ACCACGCACAATGCCTATGA 107

Fif AGTCTCCGGTTGTGAAGCTG

2.5.3 HEHREEEDIE L (Western blot) £ il 2 At N

Wnt/B-catenin {5 5 i 1% T 7 {5 5 43 F B-catenin

GSK-3B ik Tl 4 40 i kb ¥ 5 B #2 A RIPA

10 pL, PMSF 0.1 pL, H 3§ &) 3% 2% 51 %

14 000 r-min” & .0> 5 min, $2 8 (MK FE B T
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Ji& BB, — BL (GSK-3B 1: 500, B-catenin 1: 300,
B-actin 1:5 000) £ 4] K P& % , B il PVDF Ji£, TBST
e 3 W, A 10 min, AR 1:1J7 HRP I £ Hi R
IgG —-HT 1 mL, $% JK 60 min, TBST ¥ 3 &K , & K
5 min. ¥ A F B W R R R AE ORI 1 AR BUR &
1 min Ji5 B PR 2 5% — PR EERRE A X6 Je
HEATIE N . A H BB R R0 IR, L B-actin Ky
N2 ,Image Pro Plus 6.0 45747 23 #7 , LA B 19 247 JK B
(ELAS 2 AH R 2 1A X 238 B4 BT

2.6 SiibeFEarbr BiHE DL SPSS 20.0 4t it Ak 4

K2 ABLFREFAX PSR BMSCS 4 A B HA B 220 (x£5,n=5)

Br L R x5 oK, 41 IE] AR O 20 B e it , P<
0.05 8 ZERA G FE X

3 #R

3.1 X} BMSCsHifftlMmsgm 525 i,
B 7 2 BMSCs 41 il G,/G, 3] W I % 11K, S 40 41 i &
B TF i (P<0.05) 3 SRS ALZ L 45, 40 B AR AR
21 BMSCs 41l il G,/G, 3 Fb 1] 328 5 T 5, S 3 41 s %%
W AR (P<0.05) 5 5 52 & 35 50 B 40 LA, M ARt
A8 7 4 BMSCs 41 il G,/G, ] e 1] 32 5 T, S 1
A BHEAR (P<0.05) . WL 2.

Table 2 Effect of Bushen Huayu Shengxin decoction on cell cycle of P5 generation of BMSCs(x+s,n=5)

45 Fl /g kg! G,/G, G,/M S
S - 53.22+0.24 13.76+0.11 23.1240.16
IR - 45.23+0.24" 17.544£0.39" 31.23+0.16"
ERERE SN - 53.02+0.12 12.14£0.21 25.7440.27
NG AR AR BT T 24.58 63.02+0.42%9 11.54+0.1129 21.70+0.22%9

TE 528 T LB VP<0.05; S BERIZH LU HE DP<0.05; 55 5 B FR B4 LLBE D P<0.05(R 3~7 [d)) .

3.2 X BMSCs 40 p16™*, p53,p21 mRNA % ik
M S 528 4l L g, B AL 4 BMSCs 4 il
pl16™“ p53 p21 mRNA [ % ik B B 7+ 55 (P<0.05) ;
S REAVZE LB, AR B AR A B 5 2 W 2 B IR BMSCs

R p16™%*, p53,p21 mRNA ) ik (P<0.05); 5%
G B R AR A LR, RN B AR A R O A P R IR
BMSCs 41l il p16™*, p53, p21 mRNA ) & ik (P<
0.05), W3,

K3 ANESLF AT X BMSCs 405 p16™%4, p53,p21 mRNA FiEF 0 (x+s,n=5)
Table 3 Effect of Bushen Huayu Shengxin decoction on the expression of p16'¥%** mRNA, p53 mRNA and p21 mRNA in BMSCs(x+s,n=5)

4153 /g kg p21 pl6hNKaa
EyE| - 1.3240.01 1.22+0.02 1.13+0.02
I - 4.61+0.12" 4.25+0.03" 4.13+0.08"
ERER TN - 4.57+0.21 4.12+0.17 3.30+0.12
A A BT T 24.58 2.89+0.06>% 2.5240.22%9) 2.41£0.09%9

3.3 X BMSCs 4l ffg A~ [A] 5 [6] 55 Survivn, Caspase-
3,PARP mRNA FIKEW 52 {4l i, #a
BMSCs 4l jf§ Survivn, Caspase-3, PARP mRNA & ik
W] 5 55 (P<0.05) 5 S5 AUZ LA, #M B AL A 8 O

21 B {2 B I BMSCs 4fl il Survivn, Caspase-3, PARP
mRNA £ ik (P<0.05), 58 &334l Hh i, #MNE Ak
W5 A B J7 41 B @ B X Survivn, Caspase-3, PARP
mRNA £k (P<0.05). W3 4~6.

R4 ABURER TR E R E S BMSCs 485 Survivn mRNA R iE #0 (¥+s5,2=5)
Table 4 Effect of Bushen Huayu Shengxin decoction on Survivh mRNAexpression at BMSCS of different time points(x+s,n=5)

215 /g kg! 1d 3d 5d 7d
EH - 0.35+0.02 0.80+0.02 1.32+0.01 1.32+0.01
RLAY - 0.83+0.03" 1.27+0.03" 1.82+0.03" 1.82+0.03"
BRI - 0.82+0.01 1.22+0.04 1.71£0.02 1.71£0.02
AN AR AR BT T 24.58 0.46+0.0229 0.83+0.0229 1.40+0.0429 1.40+0.0429

3.4 XF40 N B-catenin Al GSK-3 B 2K [ # 1K 57
525 A H B, B R4 B-catenin I GSK-38 7 1
. 90 .

PR W TE 5 (P<0.05) , SR AL A B, 4N B AR A
BT 7 2H B 5 A B-catenin 1 GSK-3B /& [1 % ik (P<
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x5 FSABEI XA E K E A BMSCs 48 il Caspase-3 mRNA & S8 (F+s,1n=5)
Table 5 Effect of Bushen Huayu Shengxin decoction on Caspase-3 mRNA expression at BMSCS of different time points(x+s,n=5)

2H 5 /g kg! 1d 3d 5d 7d
EH - 0.43+0.01 0.92+0.05 1.41+0.04 1.41+0.04
RLRY - 0.87+0.03" 1.34+0.02" 1.96+0.02" 1.92+0.02"
HAE R - 0.84+0.02 1.32+0.07 1.89+0.04 1.79+0.04
NGRS AR BT T 24.58 0.51£0.0229 0.95+0.0329 1.52+0.0329 1.52+0.0329

£ 6 NS AEH A xR E R E S BMSCs 405 PARP mRNA R & 00 (¥+s,n=5)
Table 6 Effect of Bushen Huayu Shengxin decoction on PARP mRNA expression at BMSCS of different time points(x+s,n=5)

215 Fl /g k! 1d 3d 5d 7d
=H - 0.34+0.03 0.83+0.02 1.33+0.02 1.33+0.02
[ - 0.85+0.02" 1.19£0.05" 1.71£0.05" 1.71£0.05V
=R ST =1 - 0.81+0.05 1.11£0.01 1.69+0.08 1.67+0.08
NG A A BT 24.58 0.47+0.0329 0.89+0.0329 1.35+0.0929 1.35+0.0929

0.05), 58 &R R A A i, #NE AL A 37 5 4l 8-
catenin Fll GSK-38 £ [11 3R ik FE AL A & (P<0.05) . UL
K1,%7,

ot 8 1 1 L

[-catenin WSS sem— s— S 125 kDa
fractin W W S— W 0.

A B C D
A 4L B BB C A B I IR B AL D AN AR A B 5 2
1 BMSCs 4 fifl B-catenin #1 GSK-38E A RiAHE ik
Fig. 1  Electrophoresis of B -catenin and GSK-38 protein
expression in BMSCS

RT WBUBEF AT BMSCs H il B-catenin F1 GSK-38FE A R
ERM (X£s,n=5)
Table 7 Effect of Bushen Huayu Shengxin decoction on expression

of B-catenin protein and GSK-3 protein in BMSCS(xX+s,n=5)

B-catenin
21 51 Fl4/g kg GSK-3/B-actin

/B-actin
= H - 1.15+0.03 1.10+0.02
157 = 3.65+0.12" 3.16£0.07"
CRERIE IS - 3.43+0.22 2.95+0.13
B A A BT O 24.58 2.15+0.04>9 1.79+0.0329
4 g

7 [ 3 05 1 40 A R AL AR K B B R A0 A A7
1) Jr 0 1 A B8 A A AR AR 1 1 DL B A% 18 L 431k BT 1Y)
2 B 52 BT B o AVE T, 3X 38 5 99 45 BMSCs 12
gz R AR R, B gY R p1e™t, ps3 Al
p2 1 76 4 5 S 1 45 38 b Ab AR O H A ple™t e,

p21 Ml p53 A2 A5 7 10 B S 2 P EAN I AR
FRIP, IR 58 43 T U802 | 40 Y 25 55 R 48 il )
AE ZE AL o 3 B 2 A i A B BR B A 4
pl6™* p21 Fl p53 53 [ , W] L) 4 £F BMSCs 34 6 53
bk BE X PT By o AT R E AN E O

Tt 2 A AT 00 S 56 O 58 I DR S e b & R
AN B AR A T T v B b B B R R B RE RN R L X
AIH BB, 2 S A 25 )1 R Y I3 A B AE T i
Al 2B, 2 L2 AR TR DT A TS,
HAAE AR AR 2R N B R AN AL
IS e Al Go/G B b B8 3% T v L S B L 431 B
2 T AR AT, i T R i g S G A B i 5 [ £ HE
K, 52 HA M, B2 p16™*, p53,p21 mRNA
#1 Survivn, Caspase-3, PARP mRNA ik B i iH &,
SRRV R, 4N B A AR B 4l ple™t*, p53, p21
F1 Survivn, Caspase-3, PARP mRNA 2 ik [ I B &,
554 5 IR B LB A B AR A B U 4l ple™te,
p53,p21 fil Survivn, Caspase-3, PARP mRNA % ik [#
K& . 5% 4l i, 4] B-catenin Fil GSK-
3B R IBHG NN B, 5 AR AT L, AP AR A
)7 4 B-catenin Fl GSK-3B8 7 (1 FK kPR B, 5
AR IR B A L, AN AR AR B J5 21 B-catenin il
GSK-3B % H £ KRR & . U B BMSCs 7 1M
AR R T R TG 5 O B i i g5i SRR TR] A G 5 D
FEANAAA, AT 24T WG 40 5 R B
Ul B, B R RN B AR AR BT T AT LLGE S e R I R AR
P 3 28 855 8 4% p16/pRb Al p53/p21 15 5 i [ 4k 2%
BMSCs # ¥,
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