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Migration of enhanced green fluorescent protein labeled bone marrow

after transplantation into rat cerebral infarct
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[ABSTRACT] AIM: To investigate the role of SDF — 1o in migrating of bone marrow stromal cells to the injured
areas. METHODS: Ischemic brain lesion model was created in rats by permanent middle cerebral artery occlusion
(MCAO). 48 SD rats were divided randomly into 2 groups. Group 1: phosphate buffered saline (PBS 1 mL) for control
(n=25); Group 2: BMSCs (2 x10°) were injected iniravenously at 24 h after MCAO (n =24). After propagated in BM-
SCs, Ad5/F35 GFP (green fluorescent protein) was infected to BMSCs. The expression of SDF — 1o (stromal cell — de-
rived factor — la) mRNA in the penrumbral tissue was assayed by real — time quantitative PCR. The expression of CXCR4
on MSCs was detected by flow cytometry. Confocal microscopy was used to detect the GFP — labeled MSCs migration.
RESULTS : Ad5/F35 GFP signals was observed in almost infected BMSCs. The expressions of SDF — 1a mRNA in the
thalamus and hippocampus of the ischemic brains were peaked at 3rd day after stroke, followed by a decrease at 14th day
post —ischemia. The expression of SDF — 1a mRNA in the cortex of the ischemic brains was peaked at 7th day post —ische-
mia, still at high level at 14th day post — ischemia. The median percentage of surface CXCR4 expression in BMSCs was
14% . GFP labeled BMSCs were detected in the origination of the middle cerebral artery (olfactory area) at 6 h, after 3
days in the prenumbra tissue such as thalamus, and in the cortex more labeled cells were found after 14 d post — ischemia.
CONCLUSION: BMSCs can pass through the blood brain barrier of ischemic rats. Its mechanism might be associated with
the expression of SDF — 1« in the ischemic brain.

[KEY WORDS] Bone marrow stromal cells; Stromal cell — derived factor —1a:; CXC chemokine receptor 4 ; Brain

ischemia

[¥#=EHHE] 2008 -03 -31 [1&E H#8] 2008 - 10 - 08
*[BEWBEIERX BAMNZESFTHTE (No. 30271327); )" R A A TR E KR FE BT H (No. 2003A3020106; No.
2004A30201002) ; #3111 KA L0 P & By B (No. KF200721)
ATEIRAEFE Tel :020 —87331621 ;E — mail : dengyub@ mail. sysu. edu. en



-+ 520 -

BBE 8] 7t /5 T 28 g ( bone marrow — derived stro-
mal cells, BMSCs) 6 bt H & T4 fg BA R AR B R |
RO ISR R A RS, REARTHE
R T A" A4 B ST R W) BMSCs A 45 45
REBH B SHBAR BN, BaE
TIE{EHE BMSCs ERE R e X BAR A M TR R
AR, XREA M 2K EXERK? B
B X 2655 F Xt BMSCs iE#5 B = BAR P 7E B 1
MOMBHB T E. SBEFRERARGERETF
( stromal cell — derived factor —1a, SDF -1 )/ CXC
#AL AT 34K 4 (CXC chemokine receptor 4) [KH7H
R ——X N Z B A E R R ER, LHEE
MR AR R T, EXNTEMERGEHGE
B HAEHE T SDF - 1o B2 W5 BMSCs YL
R, ENSMERA M B IRIE, AP W
Ji 5k 1L 5 B 4L 4R o 204 SDF - 1o B3R5 5 BM-
SCs R K &, 1T SDF —1a 25 BMSCs 11821
BAEPER,

# #® W F &

1 ##

L1 A sm R SD XE, #E(BmES
W R2ELE S Y.L ) .3 A, RE 200 - 220¢, 7%
E% . FHEPL4> 2 4 fi 6k i BMSCs 3697 44 ( BMSCs
41, 2 x 10° cells/L PBS) , &k il PBS X A8 44 ( PBS
41,1 mL), B4H&25 H,

L2 3514kt 54 R SDF - 1o £ cDNA 7
%1 .CXCR4 38 cDNA FE%#1 B - actin 28 ¢DNA 5
5,46 M54, SDF - 1o 3|4 A:5 — GCTCTGCAT-
CAGTGACGGTA - 3’; B| 4 B: 5’ — TAATTTCGGGT-
CAATGCACA - 3’, B - actin 5| 4 A:5 - TGTCAC-
CAACTGGGACGATA - 3’; 8| 4 B: 5’ - GGGGTGTT-
GAAGGTCT - 3°, CXCR4 2| # A;5 - TGTCAC-
CAACTGGGACGATA - 3’; 8| 4 B: 5’ - GGGGTGTT-
GAAGGICT -3, 3 X{5|¥¥ i L mEAEYHEARE
FRAEIB o

1.3 2 2#A  SH PCR A &M TF Toyobo;
Ad5/F35 GFP B F A ICIE A FR/A A, DMEM/F12
BEFEMTF Gibeo - BRL, #6H B ECH 4 C R
¥4k BG4 175 W T LA 2% Kibbutz beit haemek , 43235
-20 C ff£4F, CDI11b,CD29.CD343,CD45 BAHily
TF BD; $i, GFP Hi4&lg T MBI Fermentas; §i; CXCR4
BURE F RS LA TR\ A St FITC Bt
#F Chemicon,

2 FiEk

2.1 wpe3ds  ARSCIGARYE 4 MO RE I Rt 0 B

gtk MSCs, H1#Z SD K (60 -80g) , iRH AL3E,
TCHE &4 T BOS UM BB, e B B v BB B4 B,
Fi& 10% Fs 4 1L 7% i) DMEM/F12 3555 9 F L3 %
£ 37 C MR E 5% CO, KBRS, HERIT
LR, FAffEESE 4 Zo RHATELE, 6hE
SEH, BURSMEFRE PS5 -6 Ul BMSCs A K &
80% -90%Ft&iG, BT 2% 0,.93% N, f1 5% CO,
kS & 48h 3 B BMSCs &, F& 10% 4
MEH) DMEM/F12 3 55 ¥ il £ B s B 84k (AdS/
F35) #53 iy 33 B4 62,55 )62 H (enhance green flu-
orescent protein, EGFP) ¥ Ju¥k , IR YL B Hh 100, %
LRI i MSCs JRIEFRUR, PBS 3% 2 i, INARE 41
MAEFEDER 6 b, MEENAEFK,24 0 5
B B0 BINEE T WA GFP KA BN
2.2 HHBBEH KRLWKE,MEMNEETFR
&L AR A MR ER U 0, B R A, B —
R BB SR LA B 5 B L2 TRT i UL I BR, 2R B8
AMRBE S KR EWN S, BRES KK T ERE
TSR} o & T L i 1 i s =
Bk Z5E /RS, HF 3R S 3 ik A B e — 4 32 B
FEshik. ZESP Sk S5k 3 kAN s ik TR 5
-0 2B ED HEIHLH. ETEKFE A O, B
BrmirE TN K EABE, BAKE R 17 -
20 mm( BB K43 AL THE ) , OB BE ) B B 45
1k, FAREEEILKRBAER,
2.3 4ARE RNA $9RIR £ 474 % cDNA w4
3 AIREDLA B4 2 B b BRI AL SE 5 H, 37 B BRU
SHE 3B H ik I 5 RN BE IR, S 3K, 2 MR RNA
REGEHE A F 31T, BUE RNA 2w, inFEHLE|
Y1 pL,70 CKRBAEM S min, BIKBHRAE, B
s x ZwWE 4 L, 10 mmol/L =B MR i E % H
(dNTPs)2 wL,M - MLV 538 1 uL, F42 CR
B 1 h,70 CLIER N, BIKBHEA,
2.4 % k%% RT-PCR #¥£i§ RT-PCR H
FEFEF=H 5 wL, 31 ANTP Z 200 wmol/L, #:3%5% PCR
BEHAEERER LR DR, &k 8 10 M
B, S5 10 565 LR, 5 B B A AR 1
BT RAL. RESA HIEIREREX &, #1178
I LA B4 5 [ — AR A X & B - actin FATHE
BREFELEXT B W], B : ratio = (F£4< 1 7 SDF -1 #HX¢
/M4 1 H B - actin fX& )/ (H4<2 ¥ SDF -1 #H
MR/FEA 2 ot B —actin fHXE) . EiE RT - PCR Bt
8 uL cDNA FT PCR 373, ¥ SR R4 95 C,
2 min 5, BRGERZEM, RGY Y 32 183, BAMER
3595 C 1 min,56 C 1 min,72 C 2 min, A 1.2%



TR BER kA, LR ER 3 Ko
2.5 AXmEAUEN CXCR4 89 k%R BE4ZE
% 6 fURY BMSCs, FH R TH Ak /5 il B B4 B B, F
PBS ¥t 2 ¥k, Bt 1 x10° 40 hn Aedi KB CXCR4 i
R, FIE T, E LM% F 30 min, PBS ¥k 1 3K, My s
IgG 1 FITC, [F]#£5# 6% 5 30 min, PBS YEE 5040
1% ZR B EEE G, B4 M4 (Epics Alira)
K, A Expo32Analysis AT 4R
2.6 sEat EARRBGNET7 d,KAEES
AL f5 5 BP B K B R A (BERT X +
0.2 mm) ,RAKGHT A MLESLT . KPR E
15 min J5,PBS %3, B 10% BSA EE F &4
30 min/5 , Hi/NEPT GFP(1:400) 3 F 30 min, £F
findi /N, FITC - conjugated IgG, 6% E 30 min, 5
JEEBEBCIERERGIT IR,
3 GitEgE

KA SPSS 11.0 344347, $iE DAL + #nie
Z(x £5) Fn , RAFTZ AT TR =LA,

& xR

1 BMSCs RS

HARMAL T8 R BR,BMSCs 3¢ R B 1%
RIFERB Y — 40, F=E S CD29 FHH:, T
CD45.CD11b.CD34 KA M, B & B H4EE T BT
KIGRAEERRRERK, EELZERFREE
MY % 2R, B, BMSCs 1 DL i 40 M B4
RERSE R PR AETSEE. F AdS/F35
RRERY 6 h 5, JIRERE AT, M i flfs , 7R
RIMEEFR 24 h 5, SEFEFRNARARSLEL
HEER, WA 1,

Figl MSCs ( passage 5) were incubated with an adenovirus
vector that expresses EGFP ( Ad5/F35eGFP) under
CMV promoter for 6 h. The multiplicity of infection
(MOI) was 100 (green, x200).

E1 BEEiEY GFP BN ELIHaTRTHNR
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2 REELE

Ad5/F35 R Yess 4/ BMSCs 6 h J5 4118
BEZAY, MASE2IEFWIES 24 h 5, 75K
eI B BT W, T LR R R, Ak
B RS0, 5 I & B 4B L2 87%
(P<0.05,n=5),
3 TEMMMKALR SDF -1 53

KItE & RT - PCR e & 3L, ZE ik 1f. 1d J&
HRIMAM¥E S SDF - 1 (&8 B & B —E 4+
HREHRKE L, BEF 14d A 88K T RE(P <0.05,
n=>5), LI 2A, ik i U % i SDF -1 2 W &1
ki 1d J5 FFIE S8 A, B2 14d KRB &S HE
(P<0.05,n=5), & 2B,
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The percentage of SDF-1/B-actin  The percentage of SDF-1/B-actin

SDF — 1la mRNA levels in the ischemic hemisphere of
MCAO rats were quantified using real time quantitative
PCR after transplantation 1, 3, 7 and 14 d. A: in hip-

pocampus; B: in cortex. % 5. n=5. * P <0. 05 us con-

Fig 2

trol group(0).
%It E B PCR % 43 #7 5 f I 35 5 F0 B2 & 43 b
SDF -1«

4 BMSCs | CXCR4 fRIEE

BMSCs f¥) CXCR4 2 {4 fy 32 35 43 B 76 mRNA #1
FEH KA RT - PCR R 4 BB 43 #7. RT -
PCR 7% IF % 3% 7 ) BMSCs 2 i CXCR4 %5 1R
55, BRE AT 555 BMSCs RIS B A 2 57
KIZ&MF T CXCR4 Wy FA B B350 ; BRI 56 5
kRl CXCR4 FHA:ZIHIRY Hfil, T4 R R,
%5 f{ BMSCs | CXCR4 £ EEH 7.13% +
1.67% (n=5,P <0.05), LA 3,

&2
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Fig 3

CXCR4 expression on the BMSCs. A:RT - PCR expression of CXCR4 mRNA in the normal (N) and hypoxia (H) cultured —
MSCs. The product for the B — actin housekeeping gene is shown as an internal control for mRNA. B:surface expression of CX-
CR4 on BMSCs detected by flow cytometry. Histograms represent surface expression of CXCR4 on passage 5 of BMSCs. The
red line of the histogram indicates cells stained with antichemokine receptor antibodies, the black line indicates staining with
the isotype control. The numbers represent the percentage of cells positive for a given chemokine receptor, where the threshold

line for positive cells was based on maximum staining by a matching isotype with irrelevant specificity, used in the same con-

centration as the antichemokine receptor antibody.

B3 RT-PCR(A)FRNXARM(B)RUEHETHETHERE CXCRY ByRIE

5 A BMSCs FEsR M H95 7

W 1 d/EERKRERKBE A/
F35GFP " BMSCs, Fi#0E3 L R U O B R
S POLE) BMSCs 38 32 45 £ B LA 57 7 ke o At o
BB (B 4) . 7EBE 6h MWERRFEIL
EBRREA KK BRI 4E (IREK) , B2 &
W 7255 3 d E R R GBI AR 5
AR IS AL s 7E 14 d B AL B 4% 257

SREHE BRI, ERS GBS ERFL. T
HBRNTWE LB GFP " BMSCs R A ZEGR I ) 3K,
FEXT BRI P A BEME R R 5, SR+ O
R JLFA BB Bl s 05, 90t £ R 7L 6k
MR X, iR EE 4 JrR , R X 7 iR 2
B X, B XSRS I 0 X, BB R IER R
RBAHR

. C
.

Fig4 Panels show migration of GFP* BMSCs in the ischemic cerebral at different time points following MCAO ( magnification, x

100). A: At 6 h after transplantation, majority of GFP* cells confined to olfactory area; B: At 3 d after transplantation, abun-
dant GFP* BMSCs are detected in the penumbral area, which mainly includes thalamus and hippocampus; G: GFP* BMSCs

extend across the motor cortex at 14 d after transplantation.
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HRERIFE R T4 (BMSCs) B—KFET B
PR 16 5 P9 B9 I 3 ot T 40 B, B 4 & 7 )
HAGMIEERE, E—ERG T W BRERIRES
B2 T 40 i, JF o 6 4 A 2 4 i 0 e 4 o 5
',

RATHTEABI ST K BER S E 77 B9 BMSCs FEEAH A
PRI E BMSCs #RRE/T I Z R & E R HF, %
W K 4 K A F (vascular endotheliar growth factor,
VEGF) iR {4 2 & 75 AT (brain derived neurotro-
phic factor, BDNF ) . #£:4: K A+ (nerve growth fac-
tor, NGF) 4§, 3X $L31 28 5 37 R %o 153 43 9 1o 22 40 e
BEREERHEEN. RIE K BMSCs REW Gk
MR T AR IR 2 T 40 M3 4 , BETE
ISR AIRER e R RE R R B 2T 6E,
TS IR 23 2 B AT Bk ), HA B oE %
RIRE B S RITBIE AR AT,

FJE 4 R F (strome — derived factor — 1, SDF —
1) 2 CXC Kk EH , RE AME—BE 53 f& CXCR4
SAIFRE I ERMRABILE T, SDF -1/CXCR4
B RAERE REWR G RS H T A MES
TTEEWEZN TR, B A aEK a8
TR MU EMIE & RF T, EPRHE R
GREMEBAEEPEXENIEM, SDF - la
FEHPRHE RENFEIT, B I B R4 AN
FR SR A LA B I A b B B S 4 T B RS R
W) CXCR4 i RTEMRE T 4K " CXCR4”
#A AT LLERRE SDF -1 ¥k AR , X BB 3 5 IR
PERY CXCR4 ™ 41 fi ik REKF SN IR 19 B BEOR I8 19 40 e
AR ol i T AR

AFRAE mRNA JKF BRI T 5k i i 25 248 7 94
SDF -1a,320¢ €8 PCR 45582041, SDF - 1o ZEH45
AR —E RN = 2574, BMSCs 14 % 553
SDF - 1o ZEffR 3R 45 1 -3 d J5 EP kT g, T f2 f
53 UBE) SDF — 1o ZEHI5 14 d BARIE, X —4RE
SeRM T BMSCs BN XELHZE KR THI
2 HURWIER T # Sk AE 9 BMSCs BBAZ HE Bk 41
L1533 SDF - 1o, Hill %" 58 1o 4 e 40 AL AN SR A ¢
R B KB, SDF — 1o ZE BT KBS X k00 B
¥, B FERHA SDF - 1o 920 WA7E SR ILE
14 d AR IEHIELEE 30 d, BMAIE Z BB
BMSCs H 4375 78 Gk M43 495 2 BR AW , 78 %3 00 2 3R JLF
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BAERR, X5APRHELR— B, AR5
—#43 B RT - PCR 13 X 40 Ml {X 7 mRNA F17%§
HKF4347 T BMSCs Z1H CXCR4 H3&iB , 4R AR
IE# 3SR BMSCs ik —E KT CXCR4, 753
Bl— % RBE , B0 Gk |4 3% SR8 BMSCs R 1H
CXCR4 ik &, BERBLTFRE Y L HEG
BEOREM AR TR S — €2/ CXCR4, H7E 411
B CXCR4 {3 #1814 90% LA b, M THEEI) 40 e 72
Z P —E R HT CXCR4 A LA BT ARSE
TEAIERTE , I it fn e 4 & SDF - 1 YRE 45
BRI B shEE . 25 AL A EOL LR AR
B A S /R GFP 5% Yt 9 BMSCs 7 i ik i, K
B IR A , ik 5340 X i 7 8 3 AL S5 1 A9 2
S, e I 18] B R 40 A 78 5 I J P9 B9 R ] £ 41
AL, H R B AE sk 2 RS+ , X WIESE T BMSCs
HEEOREMA BN X FERER, b0 X
st T AR AR 2R RAE S
BMSCs FOA7H , T 6k ML 2 B 7 7T BB 1A SF 4R 4L T BM-
SCs FETE IR 5, ChoPP BF5E /N FN HARAR 2 B
i O BRI 5L T RAT 89 & 3R, BMSCs BB AT
o407 W 0L B 9 40 A AR ik Il RS XL, E A
AR 4218 B BMSCs B3X R 45 “ B % 19 43
FHLE, Ji KT BMSCs AT T & H 4
g 3% BB 2 YE R 33 8 ' SDF - 1o fl CXCR4 Firig
HIPERT . R BUAE AU 5 %5 f9 BMSCs 8BS & [ XE 7%
ZHMHGNETHEE, A THEEERNBE RS
SDF - 1o 380, FAR/GHIEE 1 AR 2 A, SDF - 1a
FI5 1 BMSCs % 280 X W E 1T, &A%
R IR, BMSCs 3X b B 25 43 A5 B9 4o 1tk -5 e 1 s 4H 41 43
Wi SDF — 1o BB 25 9 S AR — B, IEF T LU R
BMSCs 7E G L P9 B9 3E R BR4R , 9 BMSCs 1857 i
i 1M 4 A A S A B R B DL B ST 4R 4L T T
H LB E3E

Stz T AR t, R A BMSCs #7884
BT, WREERE, TRIET B, TR R,
TR RR I, B8 28 2 1M figi 57 B 3 ) K R 5 I
HARE, HTIERT ZNH, KBEHE R, A0f
4955 SDF - 1/CXCR4 2 5 17 BMSCs |q {548
AT FE 0 0 LI B, X 8IS R N A & K 5
BMSCs J&yF Mtk BR R T W B,
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