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DNA i {316 & FE N XPC ik 2% 3 30 H] 58 51
+ 20 L Y W) AR Y

R, HILFE, B
R 24 R A =+ it %, K 400038

WE:. B WMESEGMET RN C AR (XPC) Hit e Xt |] 72 5T T 40 il (MSCs) =22 52, JF T HALH . &
Sy EEESE XPC RBR (XPC~/-) /NER K BF A= 8 (WT) /)N BB MSCs, 3t 22 40 B {30 W00 355 5% 40 M 2% T A 7R 3R 3K
CCKS 5 4ar I 241 B3 15 O , 9t R L0 YL £ L KM AL O Guta g8 i i oAk M iR 43 AR e T, 8 B AR OC B B ZLbE 1 g
(SA-B-gal ) Yo (AR 40 Hf 2 1 00, SE A 5 3R A5 B 4%E =X 507 (Real-time PCRY) Rl 32 248 G HE [H] P16, P21 mRNA
RIKEM . &R STEIGFRNPL/D BUERER IR A MSCs (mBMSCs ) 34 755 235 B PE SR T Bt AR 5 4 CD44 . CD29,
FEARFR MR SRR EY CD11b . CD45 (A5 HA BB K AR s fhig 1. o537 % 20 PD (HER A 34 K
S ) i, XPC-/-mBMSCs H 332 20 i3 LL 5] (44. 41 £5.49) % , I i & T WT mBMSCs (#)(13.17 £1.54)% (P <0.01);
5 WT mBMSCs #H H., XPC-/-mBMSCs Ha4EAE 7100 5. TR (4 d BF OD {f:0. 18 £0. 04 s 0. 36 £0. 04, P <0.05;5 d A
OD {5 :0. 27 £0. 04 vs 0. 56 +0. 05,P <0. 01) ; XPC-/-mBMSCs ' P16 mRNA #H %tk &5 WT 41 ot L o iE 2%
(P >0.05),1M XPC-/- mBMSCs #1 P21 mRNA AHX} &5 B B & T WT 40 (3.30 £0.23 vs 1.00 £0.09,P <
0.01) ; XPC @RI ANMIAE K08 , I 2 R A, W e 7 IH I T B, SA-B-gal Yyt FH MR BH ) o5 F 2 AR U0 ffa ( P
<0.01) , FEAHCILN P21 R 5B RAH AR F (P <0.01) . 451 XPC @Bk MSCs 3%, HALHI T
BE/2 T DNA 45 25 AR 1) P21/P53 {5530 B (W 7 o
KW AOMET R C AR, R TN, MeEgmEminmies; =%
RESES. R33 TEERIDAE. A XEHS. 1674 -8182(2018)07 — 0865 — 05

A preliminary study on premature senescence of mesenchymal stem cells
induced by deletion of DNA damage repair gene XPC in mice
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Abstract: Objective To observe the effect of xeroderma pigmentosum group C ( XPC) deletion on the senescence of
mesenchymal stem cells (MSCs) and explore its mechanism. Methods Bone marrow-derived MSCs from XPC knockout
(XPC-/-) mice and wild-type ( WT) mice were isolated and cultured in vitro. Flow cytometry was used to detect the
expression of surface markers of cultured cells. Cell counting kit-8 (CCK-8) was used to detect cell proliferation. Alizarin
red staining and oil red O staining were used to respectively observe the abilities of osteogenic differentiation and adipogenic
differentiation of MSCs. Senescence-associated (-galactosidase ( SA-B-gal) staining was used to detect cell senescence
situation. Real-time quantitative polymerase chain reaction ( Real-time PCR) was used to detect the expressions of aging-
related genes P16 and P21 mRNAs. Results Bone marrow-derived MSCs of mice( mBMSCs ) in both two groups presented
high expressions of positive surface markers CD44 and CD29 and basically had no expressions of negative surface markers
CD11b and CD45, but they had the abilities of osteogenic differentiation and adipogenic differentiation. During being
cultured to 20 PDs ( population doubling level ) in vitro, the proportion of senescent cells in XPC-/- mBMSCs was
significantly higher than that in WT mBMSCs [ (44.41 £5.49)% vs(13.17 £1.54)% ,P <0.01 ]. Compared with WT
mBMSCs, the proliferation ability of XPC-/- mBMSCs decreased significantly (OD value at 4-day:0. 18 +0. 04 vs 0. 36 +
0.04,P <0.05;0D value at 5-day:0.27 £0.04 vs 0.56 £0.05,P <0.01). There was no significant difference in the
relative expression level of P16 mRNA between XPC-/- mBMSCs and WT mBMSCs ( P > 0.05), while the relative
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expression level of XPC-/- P21 mRNA was significantly higher than that of WT mBMSCs (3.30 £0.23 »s 1.00 £0. 09,

P <0.01). mBMSCs in XPC-/- mice grew slowly and appeared aging phenotype, and their proliferation ability decreased

significantly. The positive rate of SA-B-gal staining of XPC-/- mBMSCs was significantly higher than that of WT mBMSCs

(P <0.01). The aging-related gene P21 expression in XPC-/- mBMSCs was significantly up-regulated compared with WT

mBMSCs(P <0.01). Conclusion XPC deletion promotes senescence of MSCs possibly through the activation of P21 /

P53 signaling pathway caused by DNA damage accumulation.
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&) 75 5t T 40 i ( mesenchymal stem cells, MSCs ) /&
— K HA Z 10 734 v 68 1Y BUAR T 4 M, W] oAk AR
(= C= N TINESIN 1NN TN = D =i
T AU 36T LA R R T ARG P A A R R
FHHETS . SR, MSCs KRS FR 5 5 B P
IANMIAZ A ZETL A2 AL R T R IS,
RS RIS M AE C BHLAT , E AR TR RE e Ak
W bR, 7 R e HG A I PR R T Y A
U R EABESE MSCs [ R L], X Ll
PRIV PR Ry dE B,

H A\ 4 e 2 ) 2 e P 2 — 22 K DNA
BB R 5 B 40 i R 2 A B . SR, DNA
P A0 7 25 15 A B D A M i 1 A R L A
T B M T e SR A ) DG B 7 AH ST
SRELZ . HOMETE C 415K (xeroderma pigmen-
tosum group C,XPC)J2Z: 5 DNA i 4 7 4915 52 1 &
B e e B SRR LS W N ey ala o
AR, % T XPC AE DNA 45 45 5 2 b 1) 22
VRS R LB e 5 i e 2B R TR G 3, AR BIF 98 A 3R
ARGy AL 7 TR EE T XPC e Xt/ B
i MSCs % Z /5

I RS

L1 ## S2ishy XPC I B & (XPC-/-) /N
W I 26 [E Jackson SCHG %, i) 57 T il 2 4% 2 K28 5L 0%
S SPF iR %E . o-MEM }i 5724 (Hy-
clone) , ifi 4 IfiL7 ( Gibico) , % Y6 —HT (FITC) (Invitro-
gen) ,/INEEE MSCs BUIR TS 5 o0 AL 3G 77 2k (280l )
/NEUEBE MSCs JlH 5 5 o A 55 95 2k (FR0lk) , /N ER
MSCs %858 1 & (R&D systems) ,cDNA 39 % 55327
& (Bio-rad) , & AR ( Bio-rad) , 3 ZAH K
B-PRLRHT RN & (R aR) .

1.2 F%

1.2.1 MSCs Zuffds7e KER AR SR B 6 ~8 JH
WP LR Y (WT) Jo XPC-/-/N B, Ji 34 32 b BB /)N R
Ja AR A 75% LB I S5 min JFEUE,
IS 1957815 N i S e s Y = S Q= i S

HA ERYNLAN S5 4R H L, B i HL T 400 x 7 4k
2R MY PBS VP EEVE PR, TE h BB T, TR A
A S5 4 T W i T A B S A T g, W ol
WEE.LE T, 1000 rpm B S min, F B, A
e B R AL RN, FEAh TR SR b, 1 RN By 40
JOATHERR T 1 A EAR 10 em MIEFRML, R0 2 d J5
AT E IO . e 1 JR 5, 20 AR K 3R 3 80% il
B, e AR AT AAC, e 2 1 AR, LUS &
UAGAR I 85, $2 BEZS 20 B AT 15 7K OF (population
doubling, PD) ) 24t ffa 3¢ 5 A4 [ 1g ( 4 a0/ 4570 550) /
lg 2 ]38 U4 B A A I 7 A /) BB MSCs 3R
THIAR A o

1.2.2 MSCs Z b kil 4nind i o e fig
J1 AR AR R 30% ~40% | B 35T k5
RIS R 3 R 1K, 1B 21 d R ¥
ML PBS VR 1 UK, 2% I [ 5E 20 min, PBS %
Ve, PR LY 20 min, ZEIR K VLIS 8 T WS L (0 1
Bl AHALRAE 734 BE J) - 55 5% 40 L 2 A, 4 ) g
PRI SRR AT A, BB 2 R 1 IR, LR
B3t 7 ~14 d J5 401 PBS %% 10 min, 4% Hhk:
PR 2 I [ 7 10 min,60% SN BEAEH] 5 min, JfI£L O
FEEYLAN, 15 min,60% FE N EES {4 10 min, H AR EKE
O U S N YT

1.2.3  CCK-8 kil 445 he /) F 4L 1 000
A SN 40 L 2 96 FLAR , B HR 96 fLAR i 5 A
FL, B S Pt , AR 1R RR 24 h B 1 Bt , &
FRIEFEIE S, BfLMA 100 pl B35 5,10 ul CCK-8
WU, T BB B AR A2 PO IRAL . TR LG A0 N 4k
ZLFE 4 h, BEFRY 450 nm I WO EE(OD {H) o
1.2.4 32K B FFLMEH i ( senescence-associat-
ed B-galactosidase,SA-B-gal ) SZ56  F 41 i e Fh £ 24
U, LR N TUE A 2 R AR AL P 10 mm x
10 mmAA% S 3, 8557 24 b s, BOH 40 € A, H
PBS 550, [ W % IR IS E 15 min, PBS 515 3 3 , N
A TAEW,37 CHEE R, AR R Y 10 min,
PBS 0k 2 Y WA T WEEIF IEAH , 1 BB ALY,
THEC 100 A4, e it de IV A 43 1
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1.2.5 0t 8 5 B A 5% = 2 7 ( Real-time PCR)
Kl P16 P21 mRNA FikfFoL  Trizol HEHEHAN L
RNA, 52 RNA ¥ ), - 80 CARAF ., iR H
H 4\ ] iscript ¢cDNA Synthesis 57| &, Real-time
PCR 2 N R H AR ) qPCR R &, B4 S W R &
% mRNA 1 pg,5 X iScript reaction mix 4 wl,iSeript re-
verse transcriptase 1 wl, Jill JC#% BR Bl 4l 7K & 20 wl 14
i, P16 i [4):5'-CTC AAC GCC GAA GGG GCT
GG-3', FiF51#).5'-CCG CGC GCT GAA TCC TCA
CA-3' 128bp; P21 L {i#5|%):5'-TTG TCG CTG TCT
TGC ACT CTG GT-3', FiF5|¥1:5'-AGA CCA ATC
TGC GCT TGG AGT GAT'139 bp; )y %/ GAPDH, |-
514 .5'-ACC CAG AAG ACT GTG GAT GG-3',
7514 :5'-TCT AGA CGG CAG GTC AGG TC-3' 200
bpo W 4%f4:95 °C 3 min,95 C10 5,60 C 30 s,40
AMIERR . SRFH 27 2SRRI B T mRNA (4]
XFRIA

1.3 seitZodr R SPSS 18. 0 At 8 b
PROYHT, HEEA DL x £ R, 4] F AR b T
FEAS o K3, IRl BBl . P <0.05 225 A 481t

2 5 R

2.1 mBMSCs 6k 9h3a5 4B T WT /ML
T2 XPC-/ /N B BE 6] 78 T 41 g ( mice bone marrow
derived mesenchymal stem cells, mBMSCs) , 52 d J5
A, KRR MG REA A, 5 5% 1 A A4y, i mT 5k

ela 1d: M2 MBET WT & XPC-/-mBMSCs JEZ5;1b le: lUAR AR /5 , ILL O Je G MEE T B0 s 1o 1 ld

BEAEEOL

3| 80% Ry, I AT G AR IS B AR A AR g
YU B TSN PD T RE 240 A 5 Y ) T A 2
JRLAR , il B S IR A G, AR B B ] 48 h 22 Ay
ZE BB R AL E T, E R4 Rl O et i
N, A EA L SRSk g . IR T,

2.2 AX M AN mBMSCs & @ Ax & I
8 PDA: A7 A ML, >R 11 it =X 20 Ml B ARG I mBMSCs %
PR R R IB O S5 5R WR, WT mBMSCs il XPC-/-
mBMSCs ¥ 15 2 35 HPEAR R CD44 CD29; A A %
kP PEpRE CDI1b CD45, LI 2,

2.3 #AF mBMSCs 37 fetm i % £ 0L KWIRE
WT f XPC-/- mBMSCs, 55 F MEZ 41 i % (K 3a,
3c) , XPC-/-Zi I AEEE 35 20 PD £= 47 B H 50 L0 (i 22
BRI A MAR SR, BRLBTSUOR, B s L 2, B B R
FEVE , i WT 41 i & JC B B A8 4k, f%5 34 50 PD 42
LA I BE S IS . AT SA-B-gal Y a7k Ky
D2 21 0 (&1 3b.3d) , 45 3R 7 (] 3e) 5k
%2 20 PD J5 XPC-/-mBMSCs H 2 32 41 it Fb 9] hy
(44.41 £5.49)% , B 5. &5 F WT mBMSCs (13.17 +
1.54)% (P <0.01), RH CCKS8 K I 4 ffd 3 5 A
J1, 85 B B on (& 3f) 5 WT mBMSCs A b, XPC-/-
mBMSCs Bi7HRE S0 5 FR& (4 d OD {§:0. 18 £0. 04
s 0.36 +0.04,P <0.05;5 d OD {f:0.27 +0.04 vs
0.56 +0.05,P <0.01),

2.4 A mBMSCs P16 & P2ImRNA &k L 4
JH 3 A S {5 553 I A Wi 2%, 4 3ok P16/RB

{5 7l B P21/ PS3 {5538 i o o 1T 4R 58 2 o] b i

"R

- - P o 8

SRS, RGN

1 fRAMESE WT K XPC-/-Fifh mBMSC HIEZS M et
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2004 ]
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504 50 [
! 0 BT E) 4 ¢ e T g “ ey Tror-rTY v . - - -
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FLIH FLIH FLIH FLIH

2 AR K RSN R WT Je XPC-/-PFiFh mBMSC 9 R i bx i

] X 801
= *k
| § 60
WT g
20PD - &Y
g
§ 201
o
AN SN
v WT20PD XPC-/-20PD
*% [J WT20PD
— Hl XPC--20PD
XPC-/- .
20PD

T s O N N 1d 24 3d 4d 5d @)

= . L

{E:3a.3¢: 88 T W% 20PD i WT Fil XPC-/- mBMSCs ZHAEIEAS ( % 200) ;3b 3d: SA-B-gal YL (AN 20PD WA ML g B 00, Jh AR R AL, i som
NI 5 e O B B-gal G BHIE AN ( x 200) ;36 SA-B-gal Yb A FHPERE L ;31 BEH 20PD mBMSCs 0, 433 THeAhE 1.2.3.4.5 d i#E47 CCK8
I, AR R ' FE 5 i 3 5 I 2%, WP mBMSCss L3, * P <0.05, " " P <0.01,

3 WT J XPC-/-Fifh mBMSCs 3458 Fll 5 15 50

4 fada Afrf P16 J P21 SEPH SRR AE ML, 451 ow , XPC-/-
O wr -

A B XPC-- mBMSCs ' P16 mRNA %7 A &5 WT 4iig4H b
;@ TCH i 225 (P >0.05) ;i XPC-/- mBMSCs 1 P21
< 2- mRNA FIA FE AW 2 5 T WT 405(3. 30 £0. 23 ws
°E‘1_ T 1.00 £0.09,P <0.01) . L& 4.

r=| 3 % it
c L] L]
P16 P21

TEA PR VG B IR A HERS A B4 5P A D

7 Wb mBMSCs H&g, * * P <0.01,

4 Real-time PCR *ﬁ?ﬂﬂ ZOPD mBMSCs ':P %%ﬁﬁ*ﬁﬂ:zﬂgﬂfﬁ%ﬁ‘ﬁ B"J}ﬁﬁi:':éﬂ;lﬁ@o EE :J:}ﬁ'{zl:q:
P16 . P21mRNA F k1 AL BAT BRI A A7), 28 5 32 2045 o AL IR S SRR

B0 XPC B H 3 mBMSCs Hgemigs Acprsy  DUOHOR. A BRI A b B
%Fﬁ Real-time PCR Kj?ﬂ“?ﬁi’f—%ﬁj@ﬂ‘j ZOPD E/‘Jw‘ng éﬂm%%\émﬁﬂ%%%fﬂ%o DNA *ﬁﬁﬁgiﬂg/ﬁ‘\
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FHE M DREE I EL E T, 1T DNA H 45 K6
5 7R 1 A B T SR B R A AR Y T A0 M R
PR BE R A AR %) BIRSEIESE , AR
T2 DNA 505 7K P36 w8, L5t R A] g isf ) 22
AP 25 5, T G5 DNA 453 17 24 66 1 1)
AR L A BFSE o5, DNA 55455 1 24 75 AN Al
K H B BN A 25 5 IR T A it E A e AR
HLA R DNA &5 A8, L840 40 i e 1) 1 A
-1 Bl T AN EE A, DNA S5 25 R 48T A
T Y 5L P 21 1) S8 A R R A AR e A, TR
MR M . X 28 DNA B IR 12 A e 3 5 | e 2 AH O
R T BB, 2 755 kg 200 B I o 20 J PR 2 B AR A ) —

XPC AU VIBRE E (NER) i 48 i1k
IR R R I B 1 B A8 A IR B 1, W] AE DNA $i
Pl o5, 3 A e & 4 A R S 1R AR
DNA #5105 J5 P53 4 5 (1) 4H B 8 T 0 46 g & 1 BH
W AR R KR B PR ST R, 4% XPC 7E
PIIYTFZ DNA 540 10 24 T 850 F B B A A S 408 i
T MR e A (i RIAT A O, Horp, XPC 3 R
B /I B R R i HL5) R A 2 B S
L AR g B 45 R 4R R, XPC Bk 2k B B A
mBMSCs T3 , 21 g 334 5 v B S 012 . DNA 451453 119
FREGEA N AN 2 1 T 2R N 2 — T 4N
Ht DNA 545 1 25 o0 F ek il T PR k24 A
ZREN . AT B s, XPC Bk B 8 ik T
X—id

ELH 201 T 5 530 1% 5 5 A0 5 2 M G 1)
Ja45, P21/P53 @ % FIl P16/RB %, pS3 i, M
BN R p2l WAFL Fnii 4 8 1 HDM2, 2 4% iz bt
A T WAL AR ple St
(INK4a/MTS1/CDKN2) fii T%5 9 S Ju{t (R 55 2 [X
17 (9p21) , Gk PR A A ] 114 ek e 4100 i 22 PR 2 1 - 24
i TSRS Bl ( p1OINK ) PR K HL 7y ] A 35
HEFL[A (alterafive reading frame, ARF) FE [, XLbLE
PSR 3 200 ) 4 o) LA B0 ol ks 1 B A
FEAE 0 ELAR A SR 4 20 D R e
A, P21/P53 3 i Al P16/RB #2541 5 b
2 46 5 S 1 3 A 5l i, (R e /N R4, 1
P21/P53 5 51 AR LS B, AN S IR
HHM XPC-/- mBMSCs R HL Ky P21 4 TRk b

P (HIX R 75 B R 25 XPC A i3 aof 4E o b fa o &
5 mBMSCs ) B a7, i85 A /e 2e IR A ISR .
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