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Transplantation of MSC with Overexpressing Recombinant pAdGDNFGFP Improved Renal
Function of Nephrotoxic Serum Nephritis Rats

NA Ning', HUANG Zheng-yu'*, HONG Liang-qing', LI Min-ru*, MIAO Bin?, HUA Xue-feng'
(1.Department of Kidney Transplantation,2.Department of Liver Transplantation, The Third Affiliated Hospital ,Sun Yat-sen
University, Guangzhou 510630, China)

Abstract:  [Objective] The nephrotoxic serum nephritis animal model was constructed to investigate the therapy effect of glial
cell linederived neurotrophic factor (GDNF') overexpression of bone marrow mesenchymal stem cell and improving renal function to the
nephrotoxic serum nephritis (NSN), and the clinical efficacy was evaluated. ~ [Methods] MSC was transfected with adenovirus
expression vector containing GDNF, evaluate the transfection efficiency. Then MSC with overexpressing GDNF was injected to rats
through the left renal artery, pathological and biochemical changes were detected to see the improvement of renal function. MSC with
GDNF overexpression were located and counted in kidney tissue by fluorescence experiments to evaluate its efficacy. [Results] After
infusion, the MSC were located in the renal cortex, serum creatinine, uremic nitrogen and urinary protein of NSN rats infused
pAdGDNFGFP statistically decreased compared with control group, renal function was statistically ameliorated, P < 0.05 ; pathology
results showed that the GDNF overexpressing group had lower renal damage score than the control group, P < 0.05. [Conclusion]
GDNF well improved renal function and pathological changes in NSN rats, the protection of GDNF overexpressing mesenchymal stem
cells to NSN rat kidney provided a kind of new idea to for various diseases such as NSN.
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B 2 M IV R (nephrotoxic serum nephritis,
NSN) & — Bl f1 Bt B /s 3Kk 2 IS B (glomerular
basement membrane , GBM) iR A5 (19— Fh 4> 5 P
/TSI 177 N e 2= =3 S = 1 1) N R L R
GRS R W TR N R EUR B I RE R
A 1l 5 4 B HYRE S A e s T AR — 2 1Y
GEfRST R ABRCRAN IR, AR GE0 T 7 i R S ke
fli EPRZOB R B . BIFE s X AT GBM Hifk
A0 18 4 Vs B OAE R A8 e B AT LI 43
1) — SRR S 1 A A PR B A8 A A R i )
J 21 g (mesenchymal stem cells, MSC) f¥)Eafb it
ML AL N HEATZHZUE S 2 MSC X v
RESI T FMARSM ml% MSC JAYT NSN AUHIFSE 1 i
Jo 4 LR P 22 SR L (glial cell line-derived
neurotrophic factor, GDNF)J&— = LR SF A AP 28
BRI T Sh Y SIS B A Y GDNF REfEE A
2O AE KA, JT REERRUA N iz s p 4800150,
GDNFA] I TRYT Z R 2B 1 T A8 7, AN n
I, GDNF i 1] LA Sy ++ 40 it 38 5 731 F) — Fob
EARRAERS, FT I AW B et i i GDNF
ik MSC AT NSN KR, WS D) RE i 1
ARBE, I PP HI TR

1 #MHS5H*

1.1 235K

SD MEMER B 20 2, ik 8 ~ 10 i, A pi
(250 + 30) g; ¥ A PR F LR s oy, el R
S AL 5 S ¥ 45 & SPF (Specific Pathogen
Free) 2% 45 e, %k (0 9¢ 06 & 1R iR 5 801K
(pAdenovirus vector-green fluorescent protein, pAd-
GFP) 4 H Qbiogene 2~ 7,293 4Ll H Invitogen
AT, BEBAN H OBD AH], BRPTHNSHEEE PR
(anti-glyceraldehyde phosphate dehydrogenase, anti-
GAPDH) #14/i GDNF (anti-GDNF ) B 5 B 47 14 Iy 1
Abcam A F], 6,24 1 96 fLA4H 1 B 72 A A 5 [
Corning, DMEM  (Dulbecco’s modified Eagle’s
medium ) ) B 3¢ [ Gibeo, G4 11L.15 W B FE K
FHEEHE ) TRRABRAF
1.2 BEERTHEBRSEMER

O A E 8, BTN 100 U AFR
Pkt , 7853151 J5 Hanks WIR 215, LA E 40 i 43
WL B R BERY L) = 102 KA B BE LR 12 i A

ficoll Y I b (% 1.077), KF- B0 HL 20 “C &4
T 500 xg B 0> 25 ~ 30 min, MG FECH ) BAAZ
20 il (mononuclear , MNC) FH Ji 4= IfiL 7 (fetal bovine
serum, PBS) WL 2 ~ 3 )G, @& E B IR mT
B, MMEGEFE] 106 ~ 107/mL 5 B AT AR
I, 4% 5 x 10%/mL W EEHERN T 50 mL 35S H (1x
10em? 553290, A 5 mL DMEM ¢4 15 5
W, TERFDECH 5% CO, i1 37 CHAF Tk
Big%,3 d Je il 2L RAR N BE AL, LIS RS 3 ~ 4 d
RO 1R, 10 ~ 12 d 403k 90% il 5 I AZ AL
IR,

1.3 EHRRSRIERN pAd-GDNF-GFP
B EEE R4

1.3.1 Moma#ikey B @t i Emg R
HhJE I RNA FF#E1 7054 5%, 48 A GDNF mRNA
(NM_001190468) & 115|444 H I i s i AE
PR B, BIr e T i WA RS 149050 R 57 -AGA
TCTATGCAGTCTTTGCCTA-3" #15’-CGGAGGTTT
AAACTAGA TACA-3’, FFFEPIM 43 5] A Bgl 11
F1 Pme 1 W/ EEUIAL AL, 4738 Fr BL 706 bp, 514 H
InvitrogenA 7l & ., ¥ 41494 °C 4 min, 94 C
30 5,56 °C 45 5,72 °C 2 min, 30 MEH G 72 CHE
i1 10 min, 10 g/L ZUHE 4 56 I H Uk 45 7 IF [l H
B9 R BL, ¥ GDNF &K 2R 4 il 5 )2 i (polymerase
chain reaction, PCR) ;J=¥)i# % T pMDT k4K I 4%
Ak TOP10 JE3Z AR A0 TR, W8 1 B S5 30 7 126 326 11 € BH
PESTRERE B, AR TR, XRS5, 40l % 25
¥ Jii Ki pAd -GFP 1 GDNF F BE #E 17 Bgl 11 Fl
Pme 1 3G, 1 %3 A5 Wi BE B L Uk (BT [l iy
AR R H B9 HE R 16 CiE it i B 5 L 4%
FEYIEAL TOP10 2 25408, A5 5% LB 1
FEHAT MR A TR , Pkt SR S e | 1 VAT 2o 1R Fh 4 T
W UG Y S T i % T AR B a4
pAd-GDNF-GFP,, 41 o i 12 15 T 70 i vk e
HEK293A Zi iy, 3f: FH TCID50 (tissue cell infectious
dosage 50, TCID50) 2 I 7 T 41 RS 22T B2

1.3.2  Jom B AR F MSC @ fe. L6 5r
4, H pAd~GDNF-GFP 4 Jfiki fl pAd-GFP (A~
2 GDNF) [R5 % MSC 40, B 3 ARA K IE %
Y MSC 5 x 10* 4>, 43515 0.25,2.5.5.12.5 .25 J&
YL 520 ((multiplicity of infection , MOT) [ B R AE
8 wg/mL HYEEER i (Polybrene ) 244 F , 30 °C 2 500
v/min (r = 13.5 cm) EOAEH 2 ~ 4 h J5, FiiEl 12
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Lt , 4FLE 10%1 FBS i DMEM 1 mL, 7F
37 CHY —FH ARG FRA R LG R . 12 h J5
W, WIEHR 2 ~3d i 1 IRIFME SO F IR
W S I V= T W I S
1.4 SSHHEMESRERNNE

ZESCHR [ 10-117, LA 2 0 X AR A5 U
JNER TR KRR, B0 AR E S GBM TR, A
% 10 mg/mL; B 1 mL GBM 5% 158 4 oAk
FFAL, THE = R AR FES, B2 81Kk,
10 W, TR G — RS E 10 d B i, #OKE
S AR BT 4 Bamz b, DA 1 mL(7 1 mg) IE# 18 1eG
&R CAERZL, TREMEEES,8d 5
DL iR g K B GBM LI i 4% 4R i i 10 mL/kg
25 R BRI S, A R U R MR L R
(NSN)AHY |
1.5 pAd-GDNF-GFP % 1) MSC % NSN
PN

BAEMEME SD KRR, BT i (250 + 30) g, ARAY
FEE L) 5 #E4T MSC fii a7 2, LR gL
pAd-GDNF-GFP H 21 Jit ki 1) MSC 7 37 CHY 4
IR SR ARG 7%, WA T AN VR R A 7E
1x10° >/mL 35 332 H I A8 5 I 7621 /Nl T
22 NSN KRB shBkiTE MSC, 5256500 3 41,58 1
20 8 H Hi7¥ pAd—GDNF-GFP i 2H i ki % 44 (W
B GDNF i3 #3k) iy MSC; 48 2 4 6 H #vE ik
et pAd-GFP b6 Yy (R GDNF)MSC; 26
3416 W (UE LR R,
1.6 HiiFigyr/E MSC 28 E NI E L & EHRA
fREEF B IhEE L Ie

IR S 5 BOR B IEZH 4 5 e
VKRV WSS GFP SR8 5 ER IR A 7 FH M 41 i
T RIBIROR BB L8R A |, VA 2 , A
Y] F HE Ye o W BAR L3 I e MSC [H1 4
NSN K FRATJE A [ B[R]y, B3 B 24 h KRR
i, P 13 AILIEF (serum creatinine, Cr) | JR 2 A
(blood urea nitrogen, BUN) F1#& H /R %5, 37T 5L
BFYERRR ;. HH S H sh A4k 2 BT I 2 bR H A
JoT R RN AR
1.7 SitsHin

STUG KPR R I « AnE 22 KN, IR
ANOVA J7 25438 F ¢ K 3% B 17530, LA P

<0.05 WESAGIFE X,
2 & X

2.1 BRERTHEESBEEFRE

JRAREEFE 3 d JE BB B A T ] WAl b
R AR K BRI B S R RERIE A
— AT AT WA T ~ 10 d S AR VR
AWy FIHE RS 2, AESREZEK
WL Z MY , LIREHE L3R5, MSC AN
(D% S 3yes w 2 ST (T8 R 3 o (TR 28 SN A N D N 4
TE R 3, £54 MSC Y40 B 28R F
22 BRREHENHEMEENE

FJ () pAd—=GDNF-GFP 21 ot i £k M Ak 5
25 HAk pAd-GFP % 4 AR (human embryonic
kidney , HEK ) 293 A Zfi}ffd, /£ HEK293A 4 Jfd £ 2h¢
FEAE AR A B L R BE . B YL SS 36 ~ 48 h, TEDO
R T OULEE . 293 AR AR FRAR AR, 2o
T REIRAS W] LA B 2 B9, 5~ 7 d Jm, AT
Z2 B 4,2 1 2 1 o i S G T L 40 T O i ) Wk
B, 10 ~ 14 d 224,90% L) L 4455 4k (5 eIt
EEVRARK UL TR A O A ) B
WCH A0 AL, -80 °C./37 CZ ) i B Rl 3 Uk, Bl
WO 3 . pAd=GDNF-GFP } pAd-GFP £ 2 IR AE
293 4PN 43 WOBCR R A L3 Ok 4
alifl | A sonm (BN 5 7K 0 28 5 10 B . EE 4 pAd-
GDNF-GFP i 4 2.5 x 10° VP/mL; pAd-GFP X}
HEBRI BT L 1.2 x 10" VP/mL,
23 HE 4 pAd-GDNF-GFP BRfRm S & sE
MSC 4R A

e 3 d 5, 2 80%IM)T 41 A T WLE LR (0 0¢
JEER 1IN, AT IR R LR (658 ; AN [ Rge 2
A0 (multiplicity of infection, MOT) JIif Ji 7% B 4 MSC
J&, A DLEE LR B MOT 4 AN sE n, 1E 12.5
MOT B 7 JL 2003 Jo e 5 Mg 2 S e MSC. 5 #4715
fRHE 37, Western blot SZ53IE 32 GDNF K fa e &
ik, RGeS AR IR UL GDNF ik (&
D)
24 BEMNFEERREGE

SD KRS GBM BLifii /g 2 d BPH BLE A
PREEA WU BE T, 56 4 Rk, 1 G 2R
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Fig.1 Appearance of GDNF-GFP in MSC cells

A';Successful transduction of the GDNF —-GFP vector into MSC
cells confirmed by fluorescenece microscopy. a were MSC cells without
treatment, b were MSC cells transducted with viral vector—GFP , ¢ were
MSC cells transducted with the viral vector—GDNF -GFP. (Bars = 25
pm.) B: Western blot analysis was used to investigate the transduction
in different group with the anti —GDNF antibody,the GAPDH as

compared control. a—c group were same to A.

2 KEREAL MSC & GDNF i % ik MSC HIILE i
Fig.2 The localization of MSC and GDNF over-
expressing MSC in renal tissue of NSN rats

A : Localization of MSC delivered at the subcapsule of the kidney,
3 day after inoculation. a were rats that had NTN and received medium
(a) ,MSC-GFP (b) or MSC-GDNF-GFP (c¢) into the left renal artery
on day 3 after disease induction. B; The number of the MSC with GFP
or GDNF —GFP viral vectors in injury renal tissue at different time

courses. A was GDNF-GFP vector, A was GFP vector.
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Fig.3 The effects of GDNF over—expressing MSC on NSN rats.
A The pathology of rat renal tissues in each group (HE staining). a: Renal tissue of normal rats injected with saline; b: rats induced NSN
model; c¢; NSN rats with MSC; d: NSN rats with GDNF over—expressing MSC. B: The levels of creatinine clearance(a), proteinuria(b), BUN(c)

and Cr(d) in serum. Each column represents the mean of acquired data (£ SD), Significant differences compared to medium, 1)P < 0.01 compared to

MSC-GFP,2)P < 0.05,3)P < 0.01.
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FRZ >, NSN KU IEZ 40 HE 4L (0 2 8
B/INEIRBE Bk, R A543 , 5 P A iR v 45
55 RRZH W] R AN ] S s AU i )

2.5 MSC #iEREEXR S A LR F AT E

T I 9 b BT AR P UL Y 5 A GFP B
BEEARI MSC | IZ AETE T B A8 3B, H R i e
pAd-GDNF-GFP fi 56 4H 43 (056 Y b Al b A 4
M pAd—-GFP H 4% (A5G LR TR (K 2A) . i
— 23 35 0 B Ak 0,756 ' 1Y) 5 JEE X X6 MSC 4 i st
TIE, 255 18R B A2 H pAd-GDNF-GFP %% 44
ZH MSC 1 41 it %5 B 1 23R 4 ol B i B 8 & 1
pAd-GFP 41 ,P < 0.05, X 74> X $E/R GDNF
(4 33 32 36 BE B AIE HE MSC % 3 25 1 %% ' 48 K B
B A A B A7 B e [ 4k
2.6 GDNF i#3&i%x MSC X NSN X iR 'S thgE #n
TRIEHIR

R BRAE AR R NSN K Bl i MSC, B /NEk (1)
TR FERE IR, METE GDNF 1 363k 1 40 g 52 56
H X —FEH BARE A, B/ NEIRSE R ik
AH R, ARE A R i v D, T 2 2 AN 25 4
WAL UF, X UL GDNF BESS A HE1 40 B 16) 1) B
HAR 5k (E 3A)

[l A AL AR AR T4 4R, 5 GFP-MSC 41
AT, B vE GDNF it 335 MSC 5256 4 07 Bk B 5 W&
PRI B B R AR , - AE B S FRAIG IS Cr . BUN
AKOF, BE LRI bR 23 220048 geitF B (P <
0.05) , T 55 77 3L 0 % BTN B e T3k, (P <
0.05) . ZIHHIE GDNF i &3k 1 MSC REASHH B i
3 NSN KR AY'EDhie (& 3B),

3 9 #

23 ARSI 5 FRATTIE S T 0 5 1 [
T T 40 7 4 pAd—GDNF-GFP Jif 95 25 8 40 Ji
J& B E NSN KR, AT B 5 ol 35 5 1) e RN 5 I 2
AUGHL X AP E B4 GDNF 3o 26 3K (115 i 1]
JoT T4 A (MSC) % FEPE L B R B H G
JPUME . ARBTJEH MSC & — S 1 [a) 45 Fh 2 21 41
M LB 2120 BRI A2 A2 | I v A A A 3
LT RE B AN A, X — VR REFE SRR IS L T, e
RN IR SE | HH BENE TN IT Ak A 4
41, MSC FXFHAIF e RS % 7, A
TEAEAS BRI AL A5 0 F MSC B9 22 B0 1Y T4

LA MR 7 ARG IR %2 T B0 i o i S
TEAMF 5T R AT B F 2] MSC H A XHE E L
FMEE DR, Feul XA 5 B Dk 2 HAT
B E U Se) SRTING IR BRI GDNF 454 8 i
[i1) J3T T 4 L6745 Tl B 58 08 JCAHOCHGE

TEA S G  GDNF 2 321k MSC % NSN K
B , 30 S 441 gl T ek T R BV DR, B S Y
REEAS T S WLEF AR R 2K, olss TR
SR, LU A AT T IR, T B 458
X —J7 IR E T A KK GDNF [ GFP-MSC
X HRAAE R AT S0, 25 SRR ISR Y 73
2T GDNF i ot Rk, ZMEA5I25E L,
GDNF f3G 7R 2 i &2 Wiy . 7R IR b ZF
PR A T Y kS A AR GDNF R HE 1) 2
—FALUERRAZRNEN, EReiE Ty T4k
(R T Ao Ak, Xl U A B VR A RIS
TP R LU B Re o — R I A K A
TR T, a0 g i A i oA i B R -8
AL KA (transforming growth factor, TGF-()
A 781 i) GDNF W] 553 26 K F HAT |32 i A A
YEF-21) MSC 4 iR 18 & A K45 & Lk 20 il
T 5248, BT L GDNF % MSC 41 itg 14 #a 1k 1t 2
AEEE L, (HREFhaE m PE A L H A T
BT

I A L ok 5k B 4 S RE 8 4 3 U MSC —
R, SEIER [RARYT , JCRER B IR YT ik — 1
HRRME ) AR LR EA —E MR (HRAE
% K THiTE H 40 GDNF 1 ik 1Y MSC fig o3 &
BEPEIMLTE B R B B DhREX — & B, X RB iR
7 B AR TR SR L R MSCIRIT A
Gk, Fanand By kR 2B Y S Ak FBH 1 i 4y
b, ¥ — AR, AU AR S T IR A
5%,
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