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ABSTRACT Objective: To investigate whether the ability to resist apoptosis in senile bone marrow mesenchymal stem cells is
increased, and the mechanism is via increasing apoptosis-inhibiting protein (IAP) family expression. Methods: Rat bone marrow
mesenchymal stem cells (BMSC) were cultured in complete medium supplemented with 10% FBS in DMEM/F12 to the third passage,
followed by D-galactose (D-gal) to induce BMSC senescence and use (3-Galectinase staining was used for aging identification. After
normal BMSC and senile BMSC were treated with tumor necrosis factor alpha (TNF-a) and cycloheximide (CHX), the survival rate was
analyzed by adherent cell count, and the expressions of Cleaved PARP, Cleaved Caspase3, c-IAP1, c-IAP2, XIAP and
senescence-associated marker protein were detected by Western blotting. Then, the senile BMSC were treated with the IAP family genes
inhibitor AT-406, and CCK-8 was used to examine the cell viability of treated and non-treated groups. Finally, the apoptosis inhibitor
z-VAD-fimk and AT-406 were co-treated normal and senile BMSC to observe whether z-VAD-fink reduce the number of dead cells
caused by inhibiting apoptosis-inhibiting protein (IAP) family. Results: Compared with normal BMSC, the number of dead cells induced
by TNF-a and CHX was significantly lower in senile BMSC , and the expressions of Cleaved PARP and Cleaved Caspase3 were also
lower. Conversely, the expressions of c-IAP1, c-IAP2 and XIAP in aging BMSC were obviously higher than normal group. In addition,
the number of dead senescent cells was significantly higher in AT-406-treated senile BMSC than non-treated senile BMSC. Finally, the
number of dead cells in AT-406-treated senile BMSC declined after using z-VAD-fmk. Conclusion: Aging BMSCs can resist apoptosis
via increasing the apoptosis-inhibiting protein (IAP) family expression.

Key words: Senescence; Anti-apoptosis; IAP; AT-406

Chinese Library Classification(CLC): R-33; R331.2; Q255 Document code: A

Article ID: 1673-6273(2019)16-3006-07

AT RN T WA A R R AR T | A A A
FRES AR L R 988 AT A2 R S AL (R 2 A A )
AR — Fh AT R R | SR T 2 IRAORRREIR AR AT X R PRI U 50, S e AT 5 BB 0 4 Ml R

RS

* R  HE A ARG I FIH (81371979)
YEF A EIUHR(1989-) B LAFFE L, FBAFFEIT 0] B L 5153 B2 % , E-mail: palinwang@126.com
A HEIRPERR : Gyl (1974-) WA 0, 08% , FEERFST 5 1) - B OCTT 518 3 2%, E-mail: chengqing.yi@shgh.cn, L1 : 15316954091
(k& H#1:2019-02-06 4352 H 11:2019-03-02)



DREYESSHE  biomed.cnjournals.com  Progress in Modern Biomedicine Voll19 NO.16 AUG.2019

- 3007 -

A7 BB 7 A K R 7 R S Y AR — R BN 1, 48
FRATE LS54 B (SASP )P, SASP BENS RN 4T i fL A8,
A O SR R A R R B3 D A AR A MRS I AT RE R
25 1 (R RRSEAF ALY SASP EIREMS (L Jm 0 i) 18 M 2 hE L ZH 1
AR LA B 0 2 J) B AR e e A5 R TR T R, 540
FT AR, MRS AAE I E DL 1) g i R
B, B SRR A AR 1 S 2 AN A N 2 BRI A S Pk e
g & A R 3 2 — 1

PRI , T8 5 A0 X &5 R PR s 2 9 T T S A e
RETT, BLYSBE R MR BT, AR BT OC T 3RS 4 i 5
EHLHIFT R 2 (B R AR T H T PE T B AR % T+
AR, ZRIA W AESE F 4R INK-ATTAC /N RIR NS RR
T S AL RE 8% HE G2 AT W AH DG 1508 1) 14 J U2, I B S 4F /N
B Fart, (FGE 5 SE RV B I 2 A iR i AR 2D
TR (IAP) &—fy 2 B RSF AT &
H, RefgiE o 2L (AR AR -5 [ W) e 40 IsE T ik
P R ESAER M, TR 2S5 c-IAP] (c-IAP2
1 XIAP X 52 2 40 J 8 T B f g2, AT A 4 o) 5
AT-406 AN =FhEER A RIE , I G2 AN AETE1E D
B TR AT TSI A RE A A 310 T RE PR SRV B s 2 Al A, i
ST AR A DG BRI S B S T ik

1 AR5 07

1.1 #F#

AR S5 BT FH 4 SD K B ph i 5 K R SR — AR
b Sc i iU S . DMEM/F12 B5 3558, JA 2R 3% , Wi B
Z£H Gibco A7), TNF-o A1 CHX W 5 22 [ Sigma 2\ 7], c-IAP1
ik Cleaved PARP #i{& Cleaved Caspase3 Fi{4x P16 Ak |
P21 44k P53 BT B-actin HL iAW H 3E[E CST A Hl, c-IAP2
1 XIAP HiiAkly § ¥ [FE abcam /A F] . AT-406 Fil z-VAD-fmk i
A 1 E MCE /A#],
1.2 REREMX BMSCs B4 B3

B4 JFl#% 80-100 g Y HEM: SD KB, MRERALSESS , H 75 %
KR 5 min, FEPH A5 T 208 H K BRSO B & A8
2 S AR, O BR S B e IR, R IACK B 1Y) PBS 2%
PR PTG ) PBS 22 wBCHEIBE B R B phidk =il e A
B 10 %R I A9 DMEM/F12 5305 3R 04 . 55 2w
T, BER AR, (A | mL 3mSR i R 2 s
T, 2 RE I A B e, B IRAE RS R B R
FERE 15 mL B045 P, 12000 /min 2500 3min, 4% 1,
FHE LR WO TUTTE il i B A0 B T, K LB F 10 em
ISR, BT 37 'C.5 % 4 LR n 40 TR A0 N B 55 .
48 h J5 BRI, DAJE B = R4 — W, B 8 A T R
ML
1.3 {HpEIE3E

¥ BMSCs # fl T H 42 10 ecm B9 85 3% L P (89 %
DMEM/F12 1374, 10 %la4- g, 1 %WdT), HE T 37 C,
FARTUI BN 5 %l CO, W RINEBE B 3240 H 8 3% , b — Kt
— IR A 24 90 %l FH 0.25 % AN AL, F EET

HAE 10 em BEFRMLE  BCESE =R 05
1.4 CCK-8 {77 & 4& M 4 RS 3H & 1

F 96 FLAR FEAE AN, FfL 100 L 41 B, 29 10000 4~
A, SRR EE(1,5,10,50, 100 M )D-gal 48R AL HEAS [5] B
[F](24,48,72 h), BEHUE I (] 5 AL A 10 nLCCK-8 K,
T 2 h JE7EREHR T T OB .
L5 B- FEEHELE

B AR TS FLA D, A0S EE R 2 70 % )5 Al R 5L
3, TR IS TS PR AN MRS 5 L, A PBS W Bk —i , A
1 mL [&5EW, IR FEE 15 ming Z JETEFR R E W, #HH] PBS 1§
PE= , FFLINA 1 mL TARWR, E T 37 CHlAATTINE 2K .
12 h JE i B TR, T A PBS 500 = 8 6 FLAR & 143t
2T FEHLIEER 6 MR, St 2 A Ll
1.6 Western blot Z& B EN 434

B IEH A S e A SR LS Fok b, W gREL,
N IR 5 PRI AN BB, SRJ5 1 BCA i1 &
I 28 e o A5 B A 10 % SDS-PAGE SERE FIK , T4 R85
B 9 £ 4% (PVDF) i I, 8% )5 1 5 4¢ PBST 2% i v (1)
5 YBIRT AR TIRE 1 /M, e AR S
RLETF 4 CIRESR, 12h )5 H TBST Wi, ARG EEIRT
HIPi—&IEE 1 /h8F. P TBST ykik =W, k%
F SRS A
1.7 Rz Em RS 4G 2 B o =

FEARMILL 5% 10%mL %5 BEEERIE S FLbR R, 40 =4,
— 4R IR, A T AL A P A 40 i E T D-gal
P, o —2 H TAP ZEFE /Nl 7] AT-406(10 wM)
Ab 3 48 /NET, 53— AL FE TR I AT-406 Z HT 4 /N B
z-VAD-fmk D) 100 mM {9 7R IN 2= s b, SRR 10
=AM, Y PBS BEEPIIR JFEET 1 x 55w,
i il Accuri C6 4 e{Y (BD Biosciences, Mountain View,
CA, USA )41 5 PRI 25 (1 V-FITC A1 PL7EZ IR T 7E AR
WEE 15 4r4p)E AL .
L8 GitZE S

% H] GraphPad prism 5 2 AR 1E, % SPSS 21.0 4iit
BRI TG T BARR N R bRk, £
HZ MR RE T 2007, AL Z AR A K. A& P <
0.05 JEGETT A VERIPRTE.

2 R

2.1 D-gal FEBHEEFTRTHMESE

N TS IE H B 7S R T A0 (BMSCs ) is Bl 30k 2
FAME R R & D-gal 755 BMSCs, I 7EALBEAS [ [a] Ji5
CCK-8 KA AEIG 77 FoAT 1A I D-gal LA ] A5 A
AW A4S, BT 1Cs BUE A B T REGEH (LK 1A),
TERA S Y5280 P R AT T 10 g/L 155 BMSCs 48 h ik 3|5 3
W& AT HNE AL TR FRA1H A SA-b-gal 4
6, & IS5 1EH AL A0 A LL, 22241 SA-b-gal FH 40 i LE il
B BN (4 76.2 %, IEH 41 23.6 %, WLIE 1B), SLHh2h R
F W] D-gal 7% 10 g/L ¥ J& F 55 48 h REfE{f iE % BMSCs ik
RS



- 3008 - DREYES#HE biomed.cnjournals.com Progressin Modern Biomedicine Vol19 NO.16 AUG.2019

D-gal

100~ —- 24h
:\: -= 48h
E 754 - 72h
3
® 50+
S
S 254

T T
50 100

o=
-
"=
3

B-gal positivecells(%)
N " ~
- Lo T b

(B)XfERZHFN D-gal FEHEREZHMNB- $ARHFHILBRER,
Fig.1 D-gal induces bone marrow mesenchymal stem cell senescence.
(A) Effects of D-gal on the viability of BMSCs was detected by CCKS assays. (B) Quantification of SA-b-gal-positive cells.

Note: Data were expressed as x £ SD, n=6. *P<0.05, compared with Control group.
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Fig.2 D-gal-induced increased apoptosis resistance in senescent cells. (A) Rat BMSCs that were induced to senescence through D-gal induction (DS) and

control proliferating cells (growing, G) were treated with TNF-a and CHX (TNF-a+CHX) or vehicle (DMSO) for 10h. Determination of survival relative
to vehicle-treated cells by quantifying remaining adherent cells. (B) The cleavage of PARP and caspase-3 protein expression by senescent cells and control
cells was analyzed by Western blot, indicating the level of apoptosis after treatment with TNF-o and CHX.

Note: Data were expressed as x + SD, n=3. *P<0.05, compared with Control group.
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Fig.3 Increased expression of c-IAP1, c-IAP2 and XIAP in senescent cells induced by D-gal.

(A) Western blot analysis of IAP family members (c-IAP1, c-IAP2 and XIAP) and senescence effector proteins (p16, p21, p53) expression in senescence

(DS) and control (G) BMSC. (B) The molecular structure of AT-406. (C) Percent survival of senescent and control cells after 48 hours of treatment with
the indicated concentrations of AT-406 (inhibitors of c-IAP1, c-IAP2 and XIAP).

Note: Data were expressed as x £ SD, n=3. *P<0.05, compared with Control group.
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Fig.4 AT-406 induces apoptosis in senescent cells. (A) Percentage survival of senescent (DS) and control (G) cells treated with AT-406 (10 uM) for 48 h

with or without pretreatment for 6 h with the pan-caspase inhibitor z-VAD-fmk. (B) The senescent cells were treated with AT-406 in the presence or

absence of z-VAD-fik and analyzed using Annexin V-FITC/PI flow cytometry. (C) Western blot analysis of cleaved PARP and caspase-3 in the samples
described in A.

Note: Data were expressed as x £ SD, n=3. *P<(0.05, compared with Control group.
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