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[H#ZE] HE Wi ss N 2 40t ( endothelial progenitor cells, EPCs) 5 #2540l ( neuron stem cells, NSCs) 4%
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W% Brdu ric 1485 AR P 28T 20 I RBR 0~ W5 100288 2E S 0O AR A 28 T A B I A T O &R B
J5 A 8] 5 Brdu B ic B RHZE T4 IR NSCs + EPCs 4] ik 5 T NSCs 41 (P <0.05) ;NSCs + EPCs 20 74 I [] i ) i 723
WA T NSCs ZH (P <0. 05) 5 5 I 7] 45 NSCs + EPCs 28 IfiL 5 37 A= $ i B 8. 22 T EPCs 21 | fgf ifi, % I 26 Rl NSCs 20 (P <
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Endothelial progenitor cells combined implantation improves proliferation and

suppresses apoptosis of neural stem cells and angiogenesis of MCAQO/R rats

Fu Qizhi1 , Qi Zhiguo' , Zhu Xiaofeng2 , Xie Peng3 (' Department of Neurology, First Affiliated Hospital, *Neuroscience Center,
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China)

[Abstract ] Objective To investigate the effect of endothelial progenitor cells ( EPCs) which com-
plexed with neuron stem cells (NSCs) after transplanted into ischemia and reperfusion (1/R) rat model on the
proliferation and apoptosis of the NSCs and vasal construction. Methods Totally 150 SD adult male rats were
randomly and equally divided into 5 groups, sham-operation group, I/R group, I/R + NSCs group, I/R + EPCs
group, and I/R + NSCs + EPCs group. The rats were further divided into 5 subgroups according to the time
points of 3, 7, 14, 30 and 60 d after transplantation. 1/R rat model was established by reversiblyligating middle
cerebral artery occlusion. NSCs were derived from the hippocampus of SD rats born in 24 h and identified with
Nestin staining. EPCs were obtained from the artery blood of SD rats and verified with immunocytochemical
stainings of CD31, CD34 and KDR after culture. The complex of NSCs and EPCs was produced with aid of
laminin. Then the complex were transplanted into the ischemia penumbra of corresponding model rat brain. The
proliferation and apoptosis of NSCs, and the fomation of new vessels were observed through immunohistochemis-
try and double-labeled immunofluorescence staining. Results The proliferation of NSCs was increased, apopto-
sis cells were decreased and the new vessels were raised in the complex transplantation when compared with single
NSCs or EPCs transplantation groups. Conclusion The complex of NSCs and EPCs transplantation improves the
proliferation of NSCs, suppresses cell apoptosis and promotes the formation of new vessels.

[Key words ] neural stem cells; endothelial progenitor cells; ischemic and reperfusion
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28 T FIAH 22 T 40 Y (neural stem cells, NSCs) ) &
B 4R M R AT v 1 S MRRE S A SR T RS
{H NSCs #AH J5 BTG A 2 oo AR A H i 2 T
NSCs BSHAE I PR 19 R 1997 45, L% P31 4R
M1l ( endothelial progenitor cells, EPCs) 43 55 3% 37 1%
Iy, KRBT LARS ML EPCs nl UG F if 4 B . AP 5T
KI5 DK AE 5 GeAH & 1) B8 % A i A AE IEAE
3L AR AR, 2R A AR 28 P AR Y R AR A A AR R PR R
w0 A F AR R 2 AR BRI R . AR SE IR AT
S MLAE PR HEL 200 B R o 225 200 e b ) S e 22 () 85 o
PRI F-I 1 P A A A e I P8 3 R R sl a7
NLZAH 28~ 248 L %) 338 B N T 1 00 B s ot > g DX I 45
TR, R 3 B RS IA T BRI A 1 %55 3
SR

1 #REFE

1.1 SR oH

AN SD KRR 150 H, S5 sh W e 56 P4 5 — 2l AE
24 h Py SD KB 60 HFnHEYE SD KB 20 H (T NSCs, EPCs
JEAR ML B 5% ) BUAEMEE SD K BREE 3%, LA L sh ¥ 8 (BRI
BER2ESLR sh Yy 3t 7 A BRI bn e ) | Ja # 15
250 ~350 g, BEALA AT AR AL B B B s 2 T a0
MuFe i 4 (NSCs 4) 1l J5 1% P9 5z 45 41 B #% 48 41 ( EPCs
2H ) Rt P 2 T A0 A o A P R AE 40 B A 2 ( NSCs + EPCs
1), A5 SXURBERA 5 N [R]85 4R 3.7 .14.30.,60 d 5 4~
WA, BAEEE 6 H,
1.2 25 3 B XA

M-199 #5375 4 W L £4F 4 % B2 8 1 (FN) | VEGF
bFGF fadi K Bl CD31 B BEHTiR S b K Bl CD34 7 i
& SRR KDR TR SEDT (90 i b g ik
F g 4R DAB 5 & (LL L [ 2 Sigma 24 H]) 5 5-1R 5
AR (BrdU) /N BT S 28 1 (Nestin) B o BETIA 3R B2 2B K
HF (EGF) bt Kl VEGF # 5 iR /N BT K B caspase
IgG /NRPT AR Brdu IgG By BEHLAR i/ B O 4 100 &
(WA A TRATRD; JZHEEA (LN) (W [ £ E In-
vitrogen /A ] ) ; DMEM/F12 - #33% 372 2 (1) B 25 [E Gibico BRL
yH]) SABC-CY3 5 65 \B27 (W H 3¢ [E Boster 4] ) o
1.3 XKRAMEFminwizirr bz

TETCBE &5, BUTAE 24 h P9 SD KR S 40, By i )5
RAEWTT,200 B 415 R 385, 2520 5 min, 7 L3, INASE
e 2 41 $7 5% ( DMEM/F12,2% B27,20 pg/L, EGF)
1 ml, FHWRAS AR WA T AN M T, TR B 40 2% o 5 x 10°/1L,
JA 25 em B5FRNHH, BOATE & 58 R R, 76 37 °C AR Bl
HH 0.05 ) CO, & MEE BRI 7 o, B0 2 R 1 K,7 d J5
AR AL 3 VR # o R RE 4181k 1 Nestin e (0 56 5 ff
24
1.4 EPCs 8949 5 & 355 Al ®

S Wang %7 J7 4 Ui SD K RS ki 10 ~ 15 ml, %

T 400 r/min #.0> 30 min, W H S 2 2 A AR ANILZ , 2R 5
PBS 36, 4T R E T, K S A LA (1 ~3) x 10°
HIBERE R TH A FN 9 SRES 35 ML, A 32T, ik
A 37 C,5%CO, , ¥ fE 100% AR50, B 4 R 1 K X
REFRRYEE 47,10 14 KB40, A B 2 W, 81K 20 min,
A 2F LT T AR Wt P R 5 S PR B IR 30 min, 3510 A BRHTA
CD31 .CD34 K% A KDR BT IA(1:50) ,37 CHFE 2 h,
THINAEYFERRIC = HT,37 CHEF 20 min, Jik i BHAR B b7 10 5% Al
U9 R TVEW, DAB e, # A5 EBimg,

1.5 EPCs #= NSCs #4548 8 Ay i

B0 EPCs 2.5 o/ L JERTH AL 20 min, FR550K 4T 20
Aif, LA 3 x 107/L 18 B B M AE 5 300, 12 b W RE J5 0
EPCs B350, W A — 2 MM A 7 (2 EA) FEf 2
1.25 g/L JRAEIE A 20 min J5IRFTCEALNAE Y NSCs( Lk Brdu 45
i), H N 6 x10°/L, il A NSCs 5E4 15 M, HiFe3 ~6 h, %4
55T MFE NSCs S22 MRE J5 W H 55 J5 U, T LA — 34 J2 40 g A
W, PRI L L T R 55 BE 9 EPCs, il A i 28 41 i 52 4 45 35
o 70 ml BEFRMAT BRI AR AIAE 4 ml, LR 5% 12 ~ 24 h, BT
TNREE IR S R EPCs W BE I R 15 Ak 5 A4 I8 A5 hy A6 151
RS o FAN AT ] K 40 M MO BE AR e, 3 7 W FT A
1 ~34~ EPCs 55 5 ~ 18 /> NSCs A A Zen94n i A1, i 150 H 20
57 R 1 31, B YT T 5000 [ 400 B 75 0 5k i, B9 ) 4 e
AR SER A SR . SRIG e 0 ik i T 55 5
1.6 K& P 3 ke dn/ B 2 2 AL A 6 4] &

BRI T ARG, 4 5% H Longa 251 2kt v gl vy Jey kb 1k
Jo e PR E SRR . ORGSR IS MRS , A & T 4y
FRUEIREE B L IR, BB T A o A o i A0 62 P 4 S %
RN G o BT SRR , 20058 2 kU0 11, B &£ ORAE Ho A i
,

1.7 EPCs NSCs & 3:A4%5 40 8 Sk 6 #5 40

TERERLHI 5 6 h 5, S AFE G 3R 9 NSCs \(EPCs LR &
AR it T 0 R R 28 v R, AT M B R R Ol 2 x 10"/L,
EPCs 41 \NSCs 20 il NSCs + EPCs 204> R4 3 Fl 40 i B34 10
wlo FESLAARGE MU, S fdom e S 28 A T RAE , B A BE 1 0.5
pl/min, ZE B L OB i 2 5 7 X (RTINS 0.5 mm, SR 48 A7 55
JF3.5 mm) PR, FEIEEE 5.0 min J5 2484 A 41 IR
FEE 10 min 522184k %

1.8 A9 2 T 2m fe 3 58 Fo 8 = 69 A2

Breu 41 G 28 41 ARG < 1R B E 0 20K, folc i 1%
B MA/NEBUREL Brdu —$i (1: 100)4 C i %, PBS #hik; 4=
PFE AL EB/IN TG 25 CHFH , PBS Wik, DAB fib {5, 52 ¢,
55N % Brdu BH: 40 S5,

G PEDE N U Y (o, - A WY -, #6845 AK, il Brdu
(1:100) Hifk 5 Caspase-3 (1:200) YL AP0k, 4 Cibik, Lh &
0. 1% Triton X-100 1) PBS w#k 3 ¥k, A CY3 Fl FITC f =t
(CY3 #5ic Brdu, FITC #5ic Caspase-3) ,37 CH#H 45 min, 0.05
mol R ZE pPIRCH B [, 98 WA T 41 B S4B i
B, WIBE LR (% 400) N, ZE GO0 B BT REALIE L 5 A
N BTG B 41 A 4 3488
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JATZ 3 = NSCs X PH M 2 ) 41 e/ Brdu BH A 2 6 41 i x
100%

1.9 # 4 o egtm

G R Ak 2 R TR 2B I A« AR T i AR AR A ) & i
B, —%$0(1: 100) Rabbit Anti- VEGF , [a] i i £ 28 wp g 1% 8 —
Pi/E R BAPEST I8 DAB =R B0, BB,

A LA ARG U < 16 2B P B A R R T A LA P R A
6B P b A € R RO, A Ao A A P R A K PR B A
SR B L 1A DAY R 200 M6 A g 0 A AT, B 0 S 1 AR A
M2 AN ok A2 4 21 2153 T, B R — A AR i, H o
SEMAE R — AN A, A BIM-2000 1 14840 BT & 55, 4
ABF ) o5 6 SRV A, FEARAT A T 36 dpft i X L A 1 4 4
JEE IR X, AR5 7E 200 AT R, RSk U A i B 5 A il
B B Y XA T A I TR, SRR D S KR AR I Y
Bk, BV A= I B 2 T SR ESE M
1.10 %t 5447

K FH SPSS 10,0 B BEATHE T Ab B, 508G DL & + s Hom, 41
] LA T 7 22000 K g Ko

2 #XR

2.1 EPCs NSCs e 2B+ 8 G- HEt T AT LB T 4R
WL NSCs JEACAYBS 5 7E 12 h P2 NSC #l B RE R =&
AR 4 d B EVRT IR AN AR, fh L AR L E A B R AR K R R
BRE AN M ZE AR, A 22 B8 R X A M Bk 37 M , Rl e g, (HER A
S WAL e . AL RIB T L ETE R, e S 4
Nestin Fo8 7 4G , FEME AN MU Bk S 40 A, 3 66 0 2 0 40 R o
B AR Y R BUNRAERE SR, 3 ~4 d AT LA T IR
B RE AN EE I, AN R R IE ;7 ~ 10 d 2440 i ]
HRMAIZEREHES , B55755 4.7 .10 REF EPCs CD31,CD34
KDR Gz e fb g A S P, 10 ~ 14 d 4R S g v e i

D

CD31.CD34 J% KDR $3ik7E 95% V) |-, WAMEs T nl WA 4
AR AL, NSCs # EPCs £ 53 SOHH BRI, - 3 44 358
ARG G AL 8 ~ 15 4>, Hrh EPCs -39 2.8 4>, fuEdt
A WLAT (5 EPCs A g4 (0, NSCs, SAH TR G (&1 1) o

Bl s M aihe T4 m &k R AR R BE
SE6® (RRBMB x200)

2.2 NSCs ¥ 78R

T AR e i %k FRZH AN EPCs 2H 4% BsF 18] s 5K U Brdu FAPE
YL ; NSCs 21 NSCs + EPCs 21 3.7 d Brdu BHP:40H £ 2 rh
FEET T ERA ;14 d Brdu BHMEANIEEUR 2 , U A, 3035 R
LA 530,60 d BRI ZE MR I B R, 4000 5 8 B 40 28U 45
$E G5 45 BT ) 250 Brdu BH M 20 2 % NSCs + EPCs 418 i & T
NSCs 41(P<0.05) (F 1. 2),

%1 NSCs AFn NSCs + EPCs A48 j5 A B B 18] s # 2 T 4 A Y
WAL (AA,n=6, xxs)

2157 3d 7d 14 d 30d 60 d
NSCs 41 20.96 +3.58 28.74 +3.25 39.28 +5.52 22.65 +3.78 10.25 +2.63
NSCs +

b a a a b
EPCs 41 38.64 +4.33745.38 £4.97%58.32 £6.0430.56 +5.42%19.35 +1.68

a: P<0.05, b: P<0.01,15 NSCs 281b3z

E ¢ F

A B.C:% %)% NSCs #1314 30 d;D .E F: % %] % NSCs + EPCs 41 3 .14 30 d
B2 NSCs {70 NSCs + EPCs ZH7 N iR [l 3 B5 7 A [5 Bt 18] = 40 42 T 4 B G 38 1% (SABC x200)
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2.3 NSCs ATk

Brdu FH 4 40 fitg g 4% 52 2% (2,94 ), Caspase-3 FH 4 41 i Jig ot
BAMYN, M 2 505 T 52 20 (0 S B A i 2 i 1Y
NSCs JHT-RUBAPEAN A o B T A 2145 s 18] 50 A U BE 1 400 Bt 5 i
IfL 45 %T JE 2 AT EPCs 2H 45 B[] 55 AT IL 3% 2 1) Caspase-3 HLpRFH
P 2 L, B B ) 22K 5 24 40 i ik 20 5 NSCs ZH il NSCs + EPCs 40
TE 3d WA L X A 5 2 PR R4, T TR e i . R RS
[A] A 9E K P T3 R, B NSCs + EPCs 40 7 4 I 8] f i 08 1
I BALT NSCs 41(P<0.05) (£2 K 3),

%2 NSCs 470 NSCs + EPCs A% 48 J5 7[5 it i8] &5 NSCs By

BRI (%,n=6,xx5)
215 3d 7d 14 d 30d 60 d

NSCs 41 37.56£2.65 28.69+1.87 18.81+1.64 10.63+1.6 2.03+0.88
NSCs + EPCs 41 26.64 +3.242 21.35+2.218 9.23 +1.04b 95.22 +1.04a 0.56 +0.022

a: P<0.05, b: P<0.01,15 NSCs £1ék
2.4 HAEhEHEMNLER
AT A2 A A% I o] i IG5 A L4 T B s EPCs 2 iR g Xof 1R
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AFARFR7 .14 d;B G e xb 217 14 d;C H:EPCs 217 14 d;D 1:NSCs 21714 d;E J:NSCs + EPCs 1.7 14 d
E4 e A LR S AR NG EE TR [ 8 B A R

(SABC x100)

ZH FIINSCs 2H 3 d FFER A B A= A AR 1, e ie 414k DAB &4 )5,
S A A A A Pl B2 S L B AR AR A S A AL Y R 4
YL 200 LB S A, LA R -, S B R A R HES) AT 1 S
SEEE BRI BRI i, 7 d M4 AR s 1,
14 d 3575104,30 d A4 MmeE ,60 d Jo#id: i ; NSCs +
EPCs 21 3 d MAEHT AR, 7 dikmig, 14 d migdest 30 d )
AR A A, 60 d BT UL/ VR AR IS, HLAS AT IR & NSCs +
EPCs 2 IfiL 45387 A= £t 1A 8 22 F EPCs 4 i 1f X3 BB 211 1 NSCs
H(P<0.05)(£3.K4),

*3 BABERARRESHELEHBLLLE (A, n=6,xxs)
215 3d 74d 14 d 30 d 60 d
BFALL 0 0 0 0 0
B4l 4.35+1.34 12.04£2.54 17.68+3.21 2.15+0.62  1.04£0.26
NSCs 41 3.87 £0.95 13.06 £2.65 18.81 +2.05 2.05+1.02 1.12+0.38
EPCs 2 5.23+1.30 18.56+1.67 22.68+3.55 3.65+0.95 2.33+1.08

NSCs +EPCs 4] 9.65+1.770 21.47 +3.272 28.34+3.292 5.63+1.17> 2.67+1.18b

a: P<0.05, b: P<0.01,X5 NSCs 281b4g
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P25 T 44 R P R A R I I A 0 R T T Y
YEFE 28 WA, {EURE A i I DX 1) e 28 20 B 40 & AR 4K
3T bax P E BB TR RS T, HL A
SR A 28T A A A S I B DX, PR T A BN B
FEE 1 22 PR 53 DA R 3 (o 448 L 2 % A 0 A JE R 240 i
[ U5 T TR BT 5 | & T AHOCIE PR Rk . X ffipfi 28
T 24 A AP i A 1% 1 FH 52 1 B ) g 32
%, Asahara 25 RSN E L 43 B EPCs, 1]
SR G PN K AR B PR I 240 B, B A SRR T
WIIREM S5 25 J5 1 % T2 %545 . Rehman 451
W5E & B EPCs BEME 43 W6 2 b 240 i DR -, i 5 149 B2
2 £ NS R v DT G R R A B O b
T4 Ho b BRG] DL 43 s — 26 m] 75 P 41 i
5, Un i 5 F A K H T (insulin-like gowth factor 1,
IGF-1) \HAM T2 | /AT A= A= K B etk A
KPR L 40 i v e s R 745 . EPCs [t Hiy
A A L 53 D ) — B PR - G B B A AR T
A8 P B 2B DR S R A a2 A 2 1 200 P 3 e 410 o HC
JAT S SRR R A b 2R 40 AN T, LR
P28 T2 LA PR AP R D FL R T I RS ph 2 2
K F 0 EFR I VER , fE b 2T 40 i3 5, Jf-
UL P ER B e S SR T RN AR S 4
SR, 7RG EPCs 2R % 85 LRI NSCs B 516
AR BRI e S, A 28 T 20 B G A P i 22 1
YRS ARG 2 H M 12020, X 5 EPCs 155 43 W Rl
5 R F0E B L [R) AL R 28 T A I AR A I TOR SR A
Ko A TFE AN N B2 ALZ0 B fnbRe 3 P ssfe afn DX i 457
EEM LA 208 TR AN N B2 T A R Y A
FEAcAE o ARSERG W R TR SARTEAE | A 5 ik i
S DX AT A B B AR 28 T A0 0 A, LI T A B
b LAl 2 T A RS AR A

78 A PN 28 A 23 1ok A ) A PR A 7 R 4
PRGSO AE B 2R 3k 4 PR - 3 AR A A 1 A
2F 4k 4 g 4 K [ F ( basic fibroblast growthfactor,
bFGF) | IL48 N J A K L IGF-1 Ak A K+ Q
S5 N R A 2 R RTAVE ] T 2 e A 225 34
RN S AEAEE 9 74 bEGE (IGF-1 1l 8 N B AR KA
IR R A K PR R DR A2 K PR T (brain-de-
rived neurotrophicf -actor, BDNF) , 7E Ifil & # A= vh 7= A
) A 28 DR 0T A 28 240 L DR 4 T A [T, ol 21 2
Ji 3 WA B3 R = G BDNF e J5 I P A 4 R R gl 22 1A
T AT DR A A B, A S S R
EPCs | JZ30% 8 VR 28 T4 Mu 52 G R 78 A Sl i > 1

A7 LA A 14 B T R T A4 EPCs BB A XLkt
Y AL AT A R 22 e BAT BRI A

EPCs | JZ Ml 8 F A Rh 22 4 i 52 5 AR R A i
BRI A IS, EPCs K H LBV 73 WA B4 DR 5 T 2 R 357
Az IS A, R ESF e 2 1A A% A M A Ao 21 200 i g 4
B HAE R L ik 22 T A A A AE R B T — Ay
SB R AP A LEAFIREE, () I A 22 20 i 20 s Y TR e
JiE T LS AR AR o TR AR A R i A AL A AR A
PLES SR, R AU 2 s BB AR, (et
MR AER R E A, DT I8 1) 22 DI BE A4 i PR JEE ) B
2

S E 3k

[1] Taupin P. Stroke-induced neurogenesis: physiopathology and mecha-
nisms[ J |. Curr Neurovasc Res, 2006, 3(1): 67 -72.

[2] Toda H, Takahashi J, Iwakami N, et al. Grafting neural stem cells im-
proved the impaired spatial recognition in ischemic rats[ J]. Neurosci
Lett, 2001, 316(1): 9 -12.

[3] EN:, SLAL, BRI, 55 BANE LA A ARSI 48 5
FAAE[T]. hEEARIB MR, 2007, 3(18) : 237 -239.

[4] Longa E Z, Weinstein P R, Carilson S, et al. Reversible middle cere-
bral artery occlusion without craniectomy in rats[ J]. Stroke, 1989, 20
(1):84-91.

[5] Asahara T, Masuda H, et al. Bone marrow qrigin of endothelial pro-
genitor cells responsible for postnatal vasculogenesis in physiological
and pathological neovascularization[ J]. Circ Res, 1999, 85 221 -
228.

[6] Rehman J, Li J, Orschell C M, et al. Peripheral blood “endothelial pro-
genitor cells” are derived from monocyte/ macrophages and secrete angio-
genic growth factors| J]. Circulation, 2003, 107(8) ; 1164 —1169.

[7] Kucknoor A S, Mundodi V, Alderete J F. The proteins secreted by
Trichomonas vaginalis and vaginal epithelial cell response to secreted
and episomally expressed AP65[J]. Cell Microbiol, 2007, 9(11):
2586 -2597.

[8] Ayuso S A, Moliterno J A, Kratovac S, et al. Activated EGFR signa-
ling increases proliferation, survival, and migration and blocks neuro-
nal differentiation in post-natal neural stem cells[ J]. J Neurooncol,
2009, 95(24) : 2417 -2422.

[9] Zhou X M, Yuan H P, Wu D L, et al. Study of brain-derived neurotro-
phic factor gene transgenic neural stem cells in the rat retina[ J]. Chin
Med J (Engl), 2009, 122(14) . 1642 - 1649.

[10] Zhan M, Zhao H, Han Z C. Signalling mechanisms of anoikis[ J].

Histol Histopathol , 2004, 19(3) : 973 —983.

[11] Niles L P, Armstrong K J, Rincon-Castro L. M, et al. Neural stem
cells express melatonin receptors and neurotrophic factors: colocaliza-
tion of the MT1 receptor with neuronal and glial markers[ J]. BMC
Neurosci, 2004, 5(1) ; 41.

[12] EHWE, BRI, 227, % Mg g0 R R0 R RUE SR 05 15 i
PRI il 2258 3R R T 5 A KO DG HR 1 43 BE R 3R 3k 1 2
WALJ]. R A SRR, 2005, 19(6) : 416 -419.

(%5 :2009-09-26 ; f&[E] :2009-10-20 )

(¥ K 4)



