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hBMP-7 &4 ) & 8 (8] 7¢ BT T 4 B X4 & A BMP-7 B9 =20

TA R R, BT, HE, TR, R AT LR E T W (400037 K , 55 = A2 B F 5 B I e i
PRAVBE, 272 i L)

[(WE] HMY MEABIEA KA M -7 (hBMP-7) H K& 1) B8 5 7850 T 240 i ( BM-MSCs ) A2 A % Bl i P 1
i (ischemia-reperfusion injury, IRL) '8 i Py IR FIAMNE BMP-7 ik iys2m, 85T Hx IRT B AR 1ERT . ik 45 Hfp
K FAREAECFE R 75 % IR ( T 4H) (B4l BM-MSCs B 2H ( 11 41) FFE R &M (1) BM-MSCs #Ati 2 (M4) (n =
15) .t hBMP-7 8 21 MR 5 01 Y fie BM-MSCs, 57 B IE IRT LAY 5 REAR 2 1 I 0K 52 )5 22 ' 3 Ik e e i i
B ) A {4 BM-MSCs , X R4 Rl 4k i A5 i AR 3R K . 3 AP ARG 3.7 .14 d RABENLELCE R ITEI S RRaH
LR KCR 0L, AS) 1 375 UL ( Crea) PR 3 (Urea) , AR & T REAH L ; [FIA B 20 21 3647 HE 4L 647 B /NE 39743, ELISA
H1 RT-PCR 34054600 BE hBMP-7 il BMP-7 (85 P BE Fl mRNA 253k, 855 B0 IRI /S 3.7.14 d, M 41 Crea Fil Urea
WAL T [ M DA (P <0.05) ; AL /NEBGTES T T AM I (P <0.05) ; IAAMENEE 3.7 .14 K hBMP-7 &
FH[(81.8£25.5).(107.8 £33.4) (49.6 £17.8) pg/mg] Al mRNA (0. 82 £0.12.,0.69 0. 13,0.42 +0. 10) [y F k-4 5
/b2 JE M4 3.7 .14 K BMP-7 mRNA(1.08 £0.33.1.36 £0.17 1. 64 +0.21) 1 BMP-7 & 14 (95.9 +21.3 .137.0 =
14.9.192. 1 +18.0) MR EH & T T HM I 4 (P<0.05), &5  hBMP-7 K& 1fi (1) BM-MSCs £ Hi BE BE #5747 S P
hBMP-7 7 1L P8 VAR A% B AP 6k, CREHE T PO IBUPE BMP-7 (335, R B B 405 , e ok B EAB 42, ol W A o e o
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hBMP-7-modified bone marrow mesenchymal stem cells attenuate kidney ischemia-

reperfusion injury in rabbits

Fang Zhenqiang, Liu Yongliang, Wang Xiangwei, Yi Shanhong, Jia Weisheng, Chen Wei, He Fan, Shen Chongxing,
Ye Gang (Center of Renal Diseases, Department of Urinary Surgery, Xinqiao Hospital, Third Military Medical University, Chongging,
400037, China)

[ Abstract | Objective  To determine the effect of transplantaiton of human bone morphogenetic protein-7
(BMP-7) expressed bone marrow mesenchymal stem cells (BM-MSCs) on the expression of endogenous and
exogenous hBMP-7 in the kidney after ischemia-reperfusion injury (IRI) , and evaluate the protective effects of
hBMP-7-expressed BM-MSCs transplantation. Methods A total of 45 rabbits were divided randomly into
three groups (n =15) : control group, BM-MSCs transplantation group and hBMP-7-expressed BM-MSCs trans-
plantation group. After the establishment of kidney IRI in the left kidney, the animals received an infusion via
renal artery of 1 ml normal saline, BM-MSCs or hBMP-7-expressed BM-MSCs (2 x 10"). Blood samples and
kidney was taken at the time points of 3, 7 and 14 d after the injury. Serum levels of creatinine and urea were
detected to evaluate renal function. The damage of renal tubules was evaluated by HE staining. The expression
of BMP-7 and hBMP-7 were detected with ELISA and RT-PCR methods. Results  Serum levels of creatinine
and urea were significantly lower in the group injected with hBMP-7-expressed BM-MSCs than in the other 2
groups (P <0.05), so did the damage in renal tubules at the 3 time points (P <0.05). The protein level of
hBMP-7 was 81.8 £25.5, 107. 8 +£33.4 and 49. 6 + 17. 8 pg/mg respectively in the group at the 3 time
points,, while that of mRNA was 0.82 0. 12, 0.69 £0. 13 and 0.42 +0. 10 respectively, both of them were
detected for 2 weeks. The protein level of BMP-7 in the group was 95.9 +£21.3,137.0 £14.9, and 192.1 +
18. 0 in the group and that of mRNA was 1.08 +0.33, 1.36 £0.17 and 1. 64 +0. 21 at the 3 time points, both
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of which were higher than those in the other group (P <0.05). Conclusion

Not only can hBMP-7-expressed

BM-MSCs take exogenous hBMP-7 to IRI kidney, but also improve the expression of endogenous BMP-7,

thereby, attenuate the renal damage and promote the renal functional repair.
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B HFE GBI 11 FEEE V3 #2475 (ischemia-reperfusion injury,
IRT) 512 i 2P 5 Dl e e v 2 i R b UL % m) R,
WITHEIA PR, ST %R 30% ~50% ' . HIBELE
% H-7 (bone morphogenetic protein-7 , BMP-7 ) X} & i /&
B RIEE EEAERT, X ERE B R R A B g DL
' W B A AR L A A R EH . IRL G
JIE BMP-7 F 2R FRAR 7 0 ABIESE B 7E LA B
&k H % -7 ( human bone morphogenetic protein-7,
hBMP-7) & R4 11 B 1) 72 51 121 i ( BM-MSCss ) %
RS S 1L P 3 453 40 B O P R RN AR JR BMP-7 33K 1)
S, PRITHOOE IRT B R PR VR o

1 #REFE

1.1 #HH5A

Percoll I E 41 L 43 25 # ( Pharmacia 2\ &) ) , DMEM 1% 37 3
HUR A 137 ( Gibeo 23 7)), RNAout ( 4 B K ¥ 3k K 24 7] ) , PCR
2B1H)( LW T) ,BMP-7 ELISA it & ( R&D Systems /A 8]) o
1.2 7%
1.2.1 hBMP-7 i 2H 95 25 00 il 4% ZHOCHR [ 4]
hBMP-7 H 20 i 2 ( Ad-hBMP-7) , 2 HEK293 41 i 43.5% J5 , V&
Bl S PR Y HEK293 41, i & 22 YK 159 25 T B iR 31 ok
JE RSB ER, fEAEA5 F o
1.2.2 sEgshyy  HEERFIE = KE%45 1,6 ~8 JH#E, ik
i (1.5 £0.3) kg, B85 = 2 K 2EHF 5 g SE 46 3h 4 Hh 0 2
it
1.2.3 4 BM-MSCs [ HUR 43 B B 75 B o 2 7 G %
WESCHR[ S AT S BM-MSCs BOHRAL (385 4535, 40 MRS AT
24 h, B P3 {4 BT HY % BM-MSCs, #% MOI & 100 FAR$E 4>
AAF o0 590 1 8% 5% 0 AR B T Ad-hBMP-7 5 Ad-
EGFP By 5 dk S Rr 774 1 o
1.2.4 RGPS EN FEER R E Rardl SR
SCHRLS st Y, 45 H b R HBEHLE =R M 7k 3 A
(n=15), XA T ) 25 MmwE W52 kT T A
1 ml A3 45 7K ; %F B8 %% 3 Ad-EGFP %% Yt J5 BM-MSCs %% 4% 41
(A Z2BMmmE G2k FEEALERYAE L ml
BM-MSCs ¥ (£ 2 x 10" 4 jifl) ; Ad-hBMP-7 #; Yt J5 BM-MSCs
BHA(A) AT nREE T IkSFEEA AR ml
Ad-hBMP-7 %% 44 J5 1) BM-MSCs £ (292 x 10" 41jE) »
1.2.5 FpACRERKMFE: 3 WM TARE3.7.14 d R
FHRENLECFE R 7RIS Rk NS AR FE , BGH 4 15 21 2UhI 4

AR A7 HE Je 545 IR 2 Je 251 1 Jy i, 2 18 Pal-
ler FRIEIEAT B /INE TG TE S35 20 B 2 KR i, BAFER 328 4G ) ot
15 ILIEF ( Crea) FIPRE (Urea) , LB T D REIE 00 ; B 4 B 44
Hil#5 1% H 53K, 225 UL B 5 ok A ELISA ¥& 0 2 15 41 41
hBMP-7 1 BMP-7 ¥ i . 42 IUE 2141 RNA, >R A RT-PCR 544
il hBMP-7 Fil BMP-7 mRNA &35, PCR 5|9 g A= T A& k.
hBMP-7(164 bp) , Fii#5 4 5'-GCTACGCCGCCTACTACTGTGA-
3, F WS|4 5'-GAGGACGGAGATGGCATTGAG-3" ,94 °C TiAs It
2 min,98 CAHE 10 5,55 “CiH 4 30 s,68 °CHEH 60 s, L BIEIF
30 ¥k ,68 °C 3Ef# 10 min; BMP-7 (373 bp), i8] 4 5'-GC-
CTACTACTGCGAGGGAGA-3', Fiii 5| ¥ 5'-CCACAGCGAGAA-
CGGGAT-3",94 C Wi AS 4 2 min, 98 °C AR 10 s, 58 CiH k
30 s, 68 CHEAH 60 s, 2 BFIEFF 32 1,68 CHEAH 10 min, i)
Gel-pro Analyzer 4.5 BEJRE =T, LI 1S 19 55 5 M DNA
B SR g S RIat 53 P 2 18 GAPDH F Bt ()2 ¥
FABAE AR R 3 B 2 g B il
1.3 it F o4

K FH SPSS 13.0 Geit i, B UL x £ s Ko, ZAH A
B LR FHEL R 207 25, W AT L3 SNK ik (454 5 22
Fri) 2% Dunnett’ s C i (454 22 RFF0) o

2 HR

2.1 BhaeesmlE

G B IVE TRT S5, o35 JOUAT AR 2839 00 S Tk 1 4 dok o 75
W E A 3 RNUEF i , 2 5 WK S et . T | T 2B LIS A R 2%
AR TR E T S N T T 4L, 78 W00 0% 45 i a) e,
WU AUR R INET [ 4, ZR B 5 i2=E L (P<0.05), T4
JULTT A0 B 25 F6) T 25 R 38 7 4% IF 1] 5 249 W) A 7 10 41 (P <
0.05), W#1,

*1 FBAXRERESMFNEFFREGNER (v 25)
JUUBF( wmol/L) PRZZ (mmol/L)
RPN TR ERUPS W3R BTR EUPS

2151

I20 326.6+20.0 320.4+14.9 278.6+16.9 22.6+2.6  18.6+1.3  17.4%1.0
M4 297.9+18.68 275.5+16.62 224.1+19.22 19.2+1.52  16.3x1.42  13.9+1.62
41 230.0+24.68b 194.6£18.53b 123.3+27.83b 14.6+1.63b 11.5+1.9ab  9.0+1.8ab

a:P<0.05,5 [ Z0rt4;b.P<0.05,5 [l 4arkdx

2.2 KL HE &AL THARFRE

53 K HE Yeta ] Fobss F s 1 441 4inr U/
IR 8 9 R 43 Bt 7, I DA 1 W /NG b B A i o B AR
FER R A I BK B ERBE, B (D S5 JRp 0 7K b B 5 1 40 e 12 3T
(L TA) 5 T2 B IR 22 el AR AL, 2285085 /N Tl R 2 o v i
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A:T#4;B. T4;C. M«
E1 3ABHEHANXFTTARENE (HE)

FEVRAR B /INE L B 20 B A Uk AR AR PR A 2S i AR PR SR = A M
FREEWRER A 1 RSN TS /NG R A0 B i 45
I i i BLRBE AR LA 28 (T8 1B) 5 THZH ] U W 4 28 o A s 9
ke, 18 UL /NS TR 5 B8V RS A8, B /NS I R 4 e o Rk R
TR, LUBURAR A PE AN 25 A M 32 (T8 1C) 53 2B /INBkAR A
Yk, DB ANER AT UL RE TR M5, Bl B[R] A SE K, 45
2 1 B T 2 2 A B A O ()R P TIT A 4% B [ A
INETEEEF TAM T A, 2R AFIFE L (P<0.05); 11
HABRSEE NEETMR T T A, ZREHRITFE (P <
0.05)(%2),

R2 HFAFEAREBRENEBRHITED (3 £5)

215 E RPN ENIPN 14 K
141 3.8+0.4 3.410.5 2.6£0.5
41 3.4 +0.5° 2.8 +0.5% 1.6+0.48
JII e 2.8 £0.42 1.6 £0.52 0.8 +0. 5%

a:P<0.05,5 [ 4004%;b:P<0.05,5 I[ 2B1b4k

2.3 B484% hBMP-7 &k & mRNA Rx fo ik g 4%

T 0102 2H 28 Hp S 46 1) hBMP-7 mRNA FlE H 1Y &
ik, M4 5T RT-PCR #2452 hBMP-7 mRNA [k (& 2) .
37,14 K454 0.82 +£0.12.0.69 +0. 13.,0.42 +0. 10;
ELISA 35 Kl ] hBMP-7 & H Y £ 35: 26 3.7.14 X451 K
(81.8+25.5) (107.8 +33.4) . (49.6 £17.8) pg/mg, T LIFH
H hBMP-7 mRNA & 6 A5 2 19 25 A8 b — B0, 7855 3 R
BUIR B AKF e BI2E 7 K AREFF IR R T I, BI4E 14
KA BEAI E] hBMP-7 mRNA FIH (1) ik

M 1 2 3 4

1500 bp—
1 000 bp—|

500 bp—|
300 bp—]

100 bp—
M:DNA A7l 5% 1402 ~4. % M4
2 RT-PCR &% 7 X hBMP-7 mRNA Fi5i&
2.4 'B4122 BMP-7 mRNA £ ik f= BMP-7 % &
BMP-7 mRNA Fl & [ 76 St il 75 #E 3 5 B B IRAK (P <
0.05) , kB IE K, FFan gete T . Horp 41 BMP-7 mRNA
TE Bk e i PR T SR B 3 R R AIRR B dne /N, 5 At 2 L e 22

«<—GAPDH(301 bp)
<— hBMP-7(164 bp)

BEGI L (P<0.05); T 411 14 BMP-7 & H 522
SRGH4EL(P>0.05), F5 7 K, M4 BMP-7 mRNA Al
EANFRXYWESET IAMIA(P<0.05), 514 X,3 4
BMP-7 mRNA FIE MRk T &, p M4 s, s T
A, TAFEENE, 2ZRAEFIFE (P <0.05), /R IRl £
SECEE BMP-7 mRNA 8 ARG, FHE B E 2 AN R 72
FEHEE ,BMP-7 mRNA FlI#E (A RFRS BN TS . WK 3,
#3.4.

2000 bp—

1000 bp—
750 bp—
500 bp—
<—BMP-7(373 bp)
250 bp— <« GAPDH (301 bp)

M:DNA Ar/f31.2: 14833 4:1148;5.6: 114
3 RT-PCR #&|5 7 X BMP-7 mRNA gy &K%

%3 HAFRFERE BMP-7 mRNA 5k (x +5)

205 Hi3 K ETES 9514 K
14 0.42 +0.05 0.51 +0. 14 0.51 +0.11
I 0.55 +0.09 0.79 +0. 182 0.91+0.19
111 1.08 +0.332 1.36 £0.172 1.64 £0.212

a:P<0.05,5 [ 03t3;b.P<0.05,5 [ itz

%4 ELISA NG ARRRESHL BMP-7 ERIRE (py/mg, x+s)

25 E RPN TR #5114 K
14 77.3 8.6 90.4 +15.3 103.2 £14.9
4 95.5+12.1 111.6 £14.8 128.0 +16.3%
T 2H 95.9 £21.3 137.0 14,92 192.1 +18. 0%

a:P<0.05,%5 [ 2034;b:P<0.05, 5 [T a3t 4k

BMP-7 J& TGF-B # i — B, EEAFAE T
VB LRSSl 45 S BMP-T K52
PRRFEAERT - o BMP-7 Z (RS AE 3 AR R 7
TR AT A AR TR R T 40 M A9 A R oA 0
PERATS, IR 0 A0 AR S . BMP-T X
KH RAEEEERAER, AR S BB IR
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PRI, T AR B IE H A= BRI RE LA K B g B
A A A 45 5 T AR A B Y Tanaka 451
WF9E 7 B NE IRT RS K B BMP-7 A4 263k 15 00, & BBk
IMJ5 6 ~16 h B AF BMP-7 mRNA F£ikk /b, 4 BMP-7
FEVEACPRIS | B R D e S b, HE I BMP-7 FEAIK AT
e 57 IR ) &k B2, i N FH AR M 4 BMP-7
J& , vRAN T BMP-7 B9fIRERIL AR T B IEThRERYIK A .

BATTFERE 5T v A B Gk i PR ( T 41) J5 BMP-7
mRNA FIH [ 61K 34 W b AR, it 25 BeF (1) S < 17 22 12
WRAZ, SGICHR 1T ] #ei — 3. ZEAT i sE g v, FRATT 45
4 BMP-7 7251k IRT rh ()36 97 VR B i, R i
B FAMNEYE BMP-7 SR P L FE IR YT, K
RE A D e 1L P 3 46345 1 Y O, (LA LA ) 1) S PR
P O PG YRR A s @3k R e ik 1 1 A TG 508
i, BT = B e SRR S R IR T RE S AR R
FH 5 e J5 IR B i 2 AR AS B BAT RIVE R R 2
AR A R DR Y R T MG 0 B B B B, T RE &5
FEL R S IO RIS [RIRE B f A B e 2

H A, b X BM-MSCs F: 1y i — 2518, FH
BM-MSCs 1 2 A4 20 I #8545 A [7] 19 36 97 38 DR i 47 4%
FRBIR ITRYT ORI SE B FRS o 8T B 0E IRT B4R P
LR IR YT B R BRI, FRATTAE A S 88 v % B R
Y MRS AR 5 FE IR T AR SE A ) Tk, L BM-MSCs 4y
FAHMEME BMP-7 JEPRAY T 47X IRL G 97 1955, IF
5 BM-MSCs & 8 1K A 36 97 47 L. 45 R R
hBMP-7 5 [ &4 i) BM-MSCs 485 ( I 41) , 4 RT-
PCR 1 ELISA 4510 25 fiE hBMP-7 mRNA F1EE H 1Y
ik, B & T HARBY T4 . Ui BM-MSCs 1E R 284
Y nT LAHE S hBMP-7 JE PR aiE A 45473 B I 2% 35, AT
PEE AR B NE ) &89 hBMP-7 & &, X 7] i 5 BM-MSCs
RE LS 130107 B A A 1) 4R o5 A O, DR T B R 7 & 4%
hBMP-7 X451 473 B E A a7 VR | b S 7 1A o At 5 7
FIRFTRE A RIVE R, BA X000 B e R T B A a)
P, 1 H hBMP-7 3[R & 4 () BM-MSCs %48 )i 2F 3
K hBMP-7 mRNA F17E& [ BV ik 24 = 7K 3, I 4 357 5
BT KRG IF IR G2 T R, 255 14 KA Be A 2]
hBMP-7 mRNA FI& 1 19 23k, i AR H IR 22 1 =
hBMP-7 SEPH &4 BM-MSCs e 7E AR NASE MR R ik
H A FE I, iRt ) 22 /0 2 8 A S H 12 i B
IRT R IE R, R 25 AR B A3 PR 1) & ks
EHLFE IR IR S8 4T TRT B 3106 97 75 5 ; [) s )
FHRRIR R AL A 20 1 32 3L DA 4L 59 e B mT DL RE 6 i
TR 53R 38 BMP-7 XE ISR B A R, 3
AT DA £ S BN B A2 ) TT BEE o

FESC I TR AT & B, hBMP-7 35 & i 1) BM-
MSCs BAH G , AMUAESE &1 B IE )Ry FB M FEAE hBMP-7 1y
i[RI I BE 4 5 B )R 58 Y R M BMP-T 1) & i,

LT G 4 R A . OAMEE hBMP-7 £ 18405 B 1
FIRAENS VS5 B IE A IRPE BMP-7 f93R35; QFh K
£ hBMP-7 BEfie SR i -8 T 5 17 Jm 1 IR A AB 52, i
P05 , AT 1422 5588 5 JEE A DL BMP-7 930K

&2, hBMP-7 JE R i Y BM-MSCs #5411 RE fE 15
Al AN hBMP-7 7 ik 1 -8 450 0 5 Ay e ik, X
RE P oy ol PR TR 3003 T P DR BMP-T i 3R 0K,
T B R A AR P D A 403, AR i W AR A, 2k
2 B MEZRE , b B Mk ol . P8 3 45 0 B AR IR T T
2 HRARAE FILE] 1 o5 i — 225

Sk

[1] Huber J] M, Tagwerker A, Heininger D, et al. The proteasome inhibi-
tor bortezomib aggravates renal ischemia-reperfusion injury[ J]. Am J
Physiol Renal Physiol, 2009, 297(2) : F451 - F460.

[2] Li T, Surendran K, Zawaideh M A, et al. Bone morphogenetic protein
7 : a novel treatment for chronic renal and bone disease[ J]. Curt Opin
Nephrol Hypertens, 2004, 13(4) . 417 —422.

[3] Tanaka M, Endo S, Okuda T, et al. Expression of BMP-7 and USAG-1
(a BMP antagonist) in kidney development and injury[ J]. Kidney
Int, 2008, 73(2): 181 —191.

(4] Jrgtod, mH49, BREH—3, 4. A BMP-7 B[R 840 S g Ui e 5
B[] H S REERAAA, 2008, 30(2) 153 - 156.

[S] Jrgtod, M9, XkSE, . S B HCE B 251240 A AR X v Bk
LFFE VA O B I A S A 5 e T A T Re s (U] R EE R
RKF2E4E, 2009, 34(9) : 1166 —1170.

(6] 29k, fTMEde, B3, . HRAR 18a i LA p33 Mk iy
JUESSH i FEE B O SRR [T 48 = ZE B R4 4, 2008, 30
(22): 2078 -2081.

[7] Scherner O, Meurer S K, Tihaa L, et al. Endoglin differentially modu-
lates antagonistic transforming growth factor-betal and BMP-7 signaling
[J]. J Biol Chem, 2007, 282(19) : 13934 —13943.

[8] Kirkbride K C, Townsend T A, Bruinsma M W, et al. Bone morpho-
genetic proteins signal through the transforming growth factor-beta type
IT receptor[ J]. J Biol Chem, 2008, 283(12) ; 7628 —7637.

[9] Carev D, Saraga M, Saraga-Babic M. Involvement of FGF and BMP
family proteins and VEGF in early human kidney development[ ] ].
Histol Histopathol, 2008, 23(7) ; 853 - 862.

[10] Feitoza C Q, Goncalves G M, Semedo P, et al. Inhibition of COX 1

and 2 prior to renal ischemia/reperfusion injury decreases the develop-
ment of fibrosis[ J]. Mol Med, 2008, 14(11/12) ; 724 -730.

[11] X%, SOnif, Z=ecfe, 45, BMP-7 il TGF-B1 7E K [l B it IfiL 14
TEERIGE MR KAR S TE [T ], BB Bi %4, 2008,
29(5): 56 -59.

[12] Lee R J, Springer M L, Blanco-Bose W E, et al. VEGF gene deliver-
y to myocardium; deleterious effects of unregulated expression|[J].
Circulation, 2000, 102(8) : 898 —901.

[13] Sellke F W. Gene therapy in cardiac surgery: is there a role? [ J]. J
Thorac Cardiovase Surg, 2003, 125(5) : 994 —997.

[14] Kinoshita K, limuro Y, Otogawa K, et al. Adenovirus-mediated ex-
pression of BMP-7 suppresses the development of liver fibrosis in rats
[J]. Gut, 2007, 56(5): 706 —714.

(Ur#5:2011-01-30;1&[5] :2011-03-25)

(¥ K %)



