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blot 2 RT-PCR 87~k MSCs*" 4Hifflf¥j ATP7B £: R AEMS K IIFRE 3Rik ; SRB Z5 R bR, =4 FREE b MSCs™™ 4H il 1 4 A7 1E 7tk
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The protective effect of overexpressed ATP7B in bone marrow-derived mesenchymal stem

cells against copper toxicity
Shao Cunhua,Chen Shenglin, Dong Tianfu,Cheng Feng”
(Liver Transplantation Center ,the First Affiliated Hospital of NJMU, Nanjing 210029, China)

[Abstract] Objective;To investigate the role of ATP7B overexpression for the survival of bone marrow-derived mesenchymal stem
cells (MSCs) of LEC rat in presence of various copper concentrations in vitro. Methods;Bone marrow cells were isolated from the
femurs of LEC rat by flushing with rat MSCs growth medium;the lentivirus package system carrying ATP7B/green fluorescent protein
(GFP) gene was constructed,and MSCs were infected by the virus. The expression of ATP7B was measured by immunofluorescence,
Western blot and Real-time PCR. The SRB assay was used to analyze the viability of MSCs and HepG2 in the presence of various
copper concentrations. Results; We successfully built up LEC rat MSCs*™® which can stably express high level of ATP7B in vitro. In
the SRB assay, the viability of MSCs"™ was significantly higher than that of either MSCs®* or HepG2 in the presence of high copper
concentrations. Conclusion:MSCs of LEC rat rescued by ATP7B can effectively antagonize copper toxicity in vitro,and may represent
a novel strategy for therapy of Wilson disease.
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PR, EREE TR T 400 (bone marrow-de-
rived mesenchymal stem cells, MSCs) FSNSNEEAF N
22 10) S AR 5 2H 25 AL RE ) 25 52 3 AR BE A
T WFSEIESE MSCs FITEAR N S AR 4N
ORIz ] UR 22 D N 1 O 42 2 & i 8 ]
BHI T MSCs A8 5 7 10158 4 73 W 2 Fh 240 g DY
LB FMEE AT , J3 A A0 S 4 1 H T
AMHETIRE™, AR EA ATPTB HED 185
BERIAR B QU MSCs  (RSMIFSE MSCs 45 ATPTB
FLRIEYT Wilson JRE Y] BE

1 #RF7EE

1.1 ##

80~100 g Mt LEC (Long Evans Cinnamon) X
L CEAA% 2 NI H B 24 B% S. Gupta B 424 1R 37
T s ERL RS S Y e 12 h BRSSO &
Jit 18~23°C, FBS CuCl,, HH%HR (3EH Gibeo 24
A]), KB MSCs 355835 () NFRM A4 ) , 9t GAPDH
Peik Bt ATPTB HifA& (32 Cell Signaling Technology
28], i Bl CD45 .CD29 .CD90 . .CD11b Hifk (£ H
eBioscience 2 )) , SRB 21 i 5 K 240 it # P AG I
Rl & (FRPlRAY) R HepG2 M LA RS
TR IR AR B A S = it
12 7%
12.1 LEC K& MSCs 5 8 BHhALET

10%7K G S HE Jes 1 SRR, PR AL, TCIR A
B NS FIE, KRB MSCs 55 7738 &2 whd i i
i B e AR b S 200 HIEMISE, 1 x 10°4/ml
A TR MSCs B 53, 4T 10 om B35
ML, 24 h B RHHE, 48 h &5 2 Wl , J5 5 2~3 d ¥t
W1 YK ,7~9 d 40T 80% /A B, 1:3 f&4% , FIH
MSCs o W BEREPE | L PR AN BE 0L, DLAEEE | fa]
175 1 4li4k MSCs , B 5~8 10 E KR A BRI Al 4i iy
1 x 10° A4, L= 103 vK 3] 30 min, PBS V5V
FEJT 1500 r/min B0 5 min, MIAPLE CD45-
FITC #i Bl CD29-PE . %kl CD90-FE  $it i CD11b-
FITC HifAK , 4°CHOEIE T 30 min, Ji 240 A% (36
Becton Dickinson 23] )ME MSCs FPrli,
1.22 &7 ATPTB A B2 5% 49 (L &fedh 4

H pcDNA3.1-ATP7B (R 5t ERF 74—t m
P& e Fili AR B ) K BE 2 4.5 kb 4B A\ ATP7B
M) cDAN W 5g S| pWPT-GFP 1 3K 1% pWPT-

ATP7B JJikr, R FHRTIRBERRES L UL 44 pWPT-
ATP7B J pWPT-GFP 43 5|5 f13% f ki pCMV-8.91
pCMW-VSV-G 43 HEK293T Zififl, %YL)5 48 h
WCHBUR 7 L3 . EHL 5~8 TOIRAS KL 50%~70%FH)
A B9 MSCs,PBS ¥ y56 J5 A ] 48 4 049 95 25 W A1
polybrene(8 wg/ml),4 h JE#MINGF 2 2H 73,24 h
P, 72 h JF B @D CE A (gree fluorescent
protein, GFP)ZXE I, 45 MSCs" MSCs* 2y,
1.2.3 iy sk

F RESCER [ 10189 74, U MSCs*™™ J2 MSCs®™
Y HIVEANIRIC R, PBS ¥k 3 1K, PA-20°CTRA A H
FEE[E % 10 min, PBS ¥ 3 YK, 7% 0.5%Triton X-100 £
5% 137G A #E H (bovine serum albumin, BSA) f¥)
PBS ZE R 4] 30 min, F-LAHT ATPTB H4A (1:50 i
BOACHF B 1%, 784306, Il Rhodamine isothio-
cyanate (ZL{2)FRiC BT B 1gG (1:100 Fik) , Eili
YEH 1 h, 8004, DAIE B 76O 8 53445 (E600 Epi,
H 7S Nicon 28 F) ) gL %45
1.2.4 Real-time PCR

TRIzol & HEHL MSCs MSCs* ™ MSCs" & HepG2
YA Y S RNA, 30 5% SR A5 45 Fl A i cDNA SCPE
ATP7B L3751 %) .5 -GACCTTCTCTGTGCTGAT-3" |
TSI .5 -GTCTGTCATAGCGTCACT-3' ,GAPDH
F 519 .5 -CCATGTTCGTCATGGGTGTGAACCA--
3. FiE51% .5 -GCCAGTAGAGGCAGGGATGA-
TGTTC-3' . Real-time PCR i/ il SYBR® Premix Ex
Taq™( H 4% TaKaRa 22 7] ) {77 & , 7€ ABI PRISM®
7300 RIS G AT, )WVAKZR :SYBR® Premix Ex
Taq™(2x) 10 wl, B4k 2 wl, b F#ES1414% 0.5 wl,
KEZEK T wlo OBEAT 95 CHUAEE 5 min,95°C
5Pk 30 s, 60°CIE K 30 s,72°C 30 s, fEH 40 1%,
1.2.5 Western blot

JH RIPA 240, $2HUSE 1, BCA e &
Has, MAEA FFEZMBE 100°CE 5~10 min,
6%SDS-PAGE HLIK /B M, R ILENE 5%
BSA ZFIREA 1 h, —Pi 4°CHFF IR, TBS-T K
EEVE 3 K, K 10 min, il HRP ARiC 0 90 = g
A 1 h, TBS-T E¥E5 ECL WA,
1.2.6  MZ MSCs™® MSCs®™ 5 MSCs A K w4,

BUss 5~8 fLIRA R 47 B9 MSCs \MSCs'™™ Fl
MSCs*" 4 fitd , 7E 4 AE K B2 70%~80% /il &1t LA
1 x 10* N/FLEERN T 24 FLAR, J5 9750 1~8 REERE
BHEAL 3 AR LT, 2l At A th 4k
1.2.7 SRB ikAaim) 4R &P iX 3
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YEH] 3R MSCs MSCs™™ MSCs® Kz % %5 2E K
1] HepG2 IFEAIMILA 1 x 10° D/FLEBEHERI T 96
UM 55 2 K AR S 80%~90% , T 7 A [l vk Ji
CuCl, B K L MSCs 357 HE , XREZHAT AN CuCl,, 55
LU CuCly, WREE53J2& 0.05.0.25.0.50,0.75,
1.00 mmol/L, REFPLMMEE R E R 4 M2 fL, 72 h
JEFEEFREE, LA 10% =8 ZFRF 2 ,4°C
FCE 40 min, KHZBEK PSS IMAREEES FHH B
Y 100 wl/AfL, FIRYE 15 min, 1%BGH kS,
LA 150 wl 10 mmol/L JEZE M Tris B, BiEbR
ACE 540 nm AW OGREEH . ANMEA 773 LLSC SR 20
W' R L o %o R WO BE (L 43R 0
1.3 “%itFs%

K SPSS18.0 Geit- A4 T84 73 A, A 4k
PELAIEL + ArifERZE (X = 9) TR, AL IRIR T 2245
Mrb AT s, 3L LSD-r AR IR AS ) Ak B £H 8] 1) %
PEIATPIR LS, P<0.05 W EFHASTFE L,
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2.1 KA MSCs 3Ry %T
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Figure 1 The morphology of MSCs culture at passage 6 (x100)
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Figure 2 Fluorescence-activated cell sorting analysis of rat MSCs

2.2 KR MSCs 124 R fIE KK

FEESAT ATPTB JHkr Ko BR 25 1 Jok J , 30
YL 203T, A% Er e L0l . Wi B JE e MSCs,
IEFEDEOE WA T MR AR (B 3), ke
MSCs*" MSCs®™ J&5, 2o ATPTB %=
ik, g5 R MSCs' ™ FHER KT 95% ,MSCs*™ T
TIEIOG(E 4)

2.3 ATP7B K HA & A 4]

4541 MSCs 245 20 1%, &3 R HLEHUE A
RNA £l ATP7B Kik1E ML, 45 R W78 MSCs J
MSCs®™ ZHIA AR 1) ATP7B 223k , MSCs\™ 4 fitd
ATP7B Kkt i 42 55 (B 5A 5B), H MSCs"™ 44
JASFIRTE] ATP7B ik AR To B & 25 5 (KI5C) .
24 MSCs £ KW

R B (K 6), 120 BE5E Jext
MSCs H4FE TG A2, £ FRAiff s 1~2 KT
PRIA, 5 3~6 RAEFREAERI 5 7 RIg#EAF
=p:

2.5 MSCs *#u4R At

SRB 32 A I 4% Fofr 40 B A AS ) 40 85 1Mk B R Y
AAERETT (B 7)), B X B AR A7 30 100% , i 25
THE/NT 0.25 mmol/L I, £ Fh 4 i A= 17 T
b 255 5 R B TR BE T, MSCs\ ™8 4l g A A7 2%
12 TREL(80 £ 16)% ], AL F A AEAER B E T
W 5 A TR BE A3 1.00 mmol/L, 5 MSCs™ {34
B A AERAN  FR AR RARARL (5 = 4)%].
A RE], EFEIE ATPTB 1Y MSCs™™ BE4 %00
U EEME
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Figure 3 Production of lentivirus and the detection of infection efficiency
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Figure 4 Immunofluorescence of MSCs stained with ATP7B-specific antibody (x100)
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Figure 6 Growth curve of MSCs
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Figure 5 The expression of ATP7B in each cell line Figure 7 Viability of MSCs is improved after ATP7B transduction



