Hp E AT A 2E )22 243 Chinese Journal of Cell Biology 2012, 34(10): 976-982

http://www.cjcb.org

CCRSE R 5% 43 HHEIR 2 T 21 bt
HE M IT AR

WoOE O MiEt KT R b

R ApERa

(L B 25 K 2%, Ki% 116600)

WE B HIREATZ T 492(bone marrow-derived neural stem cells, BM-NSCs) 2L g X £ %7 4=
ML A A GG AP B e Bhe, TR TS A6 S MM E A AR SR G AR, 28T
H R @ Z AE F AR, BALE 6 P AR T4 6918 B AR, T K AE. AT RME T AL
AT WCCRIAR, F-45 #£BM-NSCs, Al £z KA mIe s ik, AN ek A Boyden ) E 0 it

F A T I RSN R, T CCRS & R A3 BM-NSCs3% 74, b5 iE #4448 H %4,

LEREH, CCRS %

R A FE R FIEZBM-NSCs#) 42168 71, T R &om L B &R B3 Fe - tb b A 2 70 5 A 2 IR 4a iR 69 fe
71, VLB AN B TR F a0 R G54 215 S AE R, JHebthig K 2453k 3rfe, B2 3iR

KH2iA

28 T 4H il (neural stem cells, NSCs) A& — 28 H
A TR R 2 R oA RE R 4 R, Rk h pR
22 U PR IR s e, B B & 4124, A
Z Ml RGBS 5 W0 YERE G IT Aok T A
R H H A7 H TR AL FINSCs 3 2R YT IR G 5k
PRSI LR, B R . B8R, IR 1)
NSCsTGvZ: [l G s Hi e S A A AT ) J, PR T
I RAE BT AT Pk Hr, SR 2207 (8, K
U E RS HAe i RO BT 1 B B ph
40 A E RS .

B 7] 78 5T 40 e H A B K B 5 S g Ak R
I3, TE— 45 T nl o040k #8140 w2, LM
Ky, A HAEABUR N BT BE. AR5 kT 3k
3, oS R i, PR H sz 2T ER . AT
O BEE B ) i 1 ) 78 1 40 i s th 5 3 R 7
AR 40 i, FFUE S fiJRNSCs(bone marrow-
derived NSCs, BM-NSCs)-5 ixiyiNSCs H. A5 AH [F] ) 354
WA S EAEZ RE ), AN LR H 5 S v
Jibi 5 & 4% (experimental autoimmune encephalomyeli-
tis, EAE))) W55 L fixi P i m 7= A A (R 52 7 40
AR5 Sz W AR S {H i T BM-NSCs 3R T ik = 4
IR 13244, ANBE L TRl 28 R 48 SORE BB A IR a1k
DAL 7= A A R e B, DRI S ) e A
HRA I 1 At 7520~30 dAfE 3 1A 5 AR 5

BB LT A AL T 2 ARCCRS; B30 ik T

VAN G623 I T S/ NG

T 3 i BM-NSCs 11 #% B 7 LI 9876 97 34
R, A5kt 7 AT 32 AR CCRS FURL, Jf45 4t
BM-NSCs, & 4MJF 57 T CCRS & % i X BM-NSCsi
W A5 IT R RE D) R, L fE kA S 4 i
A5G HERIVE T g — PR 1 BEAC D 7~ 40 A 48 41k 5256 4K
i o

1 HR5ZE
1.1 #

LL1 2% C57BL/6/)N BRI T RIE B BER 2 52
KWty Si)-G A IE S SCXK(1L)2008-0002.
1.1.2 &) DMEM/F 1255 753 F1B27 4
GibcoZs /) 77 i 2% % 2 K X -F-(epidermal growth fac-
tor, EGF). 'k Jle £ 4 41 Jfa 22 4 [K] -~ (basic fibroblast
growth factor, bFGF) J ¥4 1k, [A] -1~ Ay Peptide /A ] 7= il
TN 40 B 79 126 4 (QuadroMACS™ Separator). 7 4]
g 25 B ik 71 #5(Lineage Cell Depletion Kit)FlH1CD117
TERFR L PLAA[CD117(c-kit) Microbeads] 4y Miltenyi Bio-
tec)™ iy S5-It 480 R W I 4% 1 (5-bromouracil deoxyri-

Wi Fis H 39: 2012-04-24 $%52 F I 2012-05-30

KR EL 2 I 4 (No.81173580) 1L T* 45 11 4R Bl 2% 2 4 (No.
2011-02144) Rk BH T R HRE L 35 % 4 (No. F11-264-1-42) % B 35 H

I IHAEH . Tel: 0411-87586009, E-mail: jingxianyang@yahoo.com



] LA CCRSHE AL G 1 BV 28 T-40 2247 A S 977

boside, BrdU). i F R (RA)FI iy M b 2278 9% A1
(brain-derived neurotrophic factor, BDNF) 4 Sigma =
i /D B PiNestin, BrdU. B-tubulin, GalC. GFAP
P4k Boyden/)h % K Diff-Quik staining kit i BD = i;
Cy3 K Cy5-bric T & 5 5P 9 5% ' — 1k Jackson
ImmunoResearch Lab ;= };; Trizol. Lipofectamine™
2000, [R&IMEN PIEEBamH 1. Hind IIIFIT4 DNAE: %
ity Ay Invitrogen)™ ;1% % 5% % 75 3 /A pCDH-CM V-
MCS-EF1-copGFP(Catalog No.CD511B-1, SBI) 4 SBI
NI

1.2 7%

12.1 BBRAVE T i (BM-NSCs)#g 4 K. 5
5% M4~6 5 CSTBL/6 /) il 1 - Hh 2
Ay B A B, A AS I 3 HROE 7 VEC A v 4 4y
1 1% (QuadroMACS™ Separator) 1 £ 71| 41 it 2= b i
77| fx (Lineage Cell Depletion Kit) & HTCD117%34 Bk b5
it PLAA[CD117(c-kit) Microbeads] i i Hi [R] 78 it T
41l ffi[lineage—/CD117(c-kit)+], LL1.0x10%/mL%% & &
F44720 ng/mL bFGF. 20 ng/mL EGFF12% B27/{]
DMEM/F1291 35 7%, BERE3 R — IR 3~5/ Ja 7%
FIC AR T4 3Kk, B 40 Mk, AUBRTE 2> B0k
AN AR TR, S3~5ARA I T RU T S8, B
55 SHCBM-NSCs Bk A AT HLUK FAN 1 I, LABt ) Bl Nes-
tinfUAAREAT S e 40 Ak 2 Gt 3B 5O WA A
HUE SN

122 #3CCR5#2GFP3: £ ik fi 4. 4% F:BM-NSCs
B CCRS AL 6y 46 M) (1)} HCCR5FIGFPHL % 5
JEURL: NCSTBL/6/)N Bl Ji 15 6 40 Jf v 4 HUSARNA
DLILRNA K 5k, HIRT-PCRYEY™ B4 CCRSHE A J By
(1R # GenBank " 4} 1 1) /s ElCCR5S mRNAJF 41| #¢ i
ek s 4, B 14: 5-CTG GCC ATC TCT GAC
CTG TTT TTC CTC C-3', 5 |#): 5-CAG CCC TGT
GCC TCT TCT TCT CAT TTC-3", JF-7E M5 23 591 5 | A
BamH THIHind TIRE VIR 10); 739 = W) 2R 2 n]
WOim, v ApMDI18-TH AR, 1 4 4k K 1 #T B J8%
A, PRI Ampr i % (1) BH M 5w B, & T LB
R kiR iR 16 h, $EIUTTRE, H PR EIE A DG
BamH 1. Hind 111/ 1), PCRY% % 52 I 5 41 5t bi(fy
% KpT-CCRY), I F7; fH4 pT-CCRSERL By
gy (0,7 6 i 1 (GFP) i BT 1) S e i 75 2 /4 pCDH-
CMV-MCS-EF1-copGFPH1, #4) @ CCR5-GFP1L & 1A
Ak, HIBamH 1. Hind II[F 43 5 XU pT-CCRS

U EE A, RIS E BED R BoRnaiiA i By, HIT4
DNAJE B2l 1% £z, $EHOTORL, B D) % e b 55 41 ikr
(fir % AL.v.-CCRS5, }: £ IECCR5-GFP) , i 52CCRS
LD R BB i AN g DR AR (L.v.-GFP, H
ILGFP)™ME % B, (2)CCRSHE A # Y*BM-NSCs J¢
CCRSZKIAHIATI: FHLipofectamine 200041344 & 1)
L.v.-CCR5-GFP# Y293 A2 40 i, %f B 41 4 GLL.v.-
GFP., 35293 T4, 24 h5 96 B T g4
YA IR (9O . A ER T2 hiy EiR293 T4
MR TR BRI EE), B0 IR G A BE
B s R4 s 88 E3s 4 4L 5 54CBM-NSCs; #6443 d
Jii FH G 8 4l Ak 24 4G I CCRS EBM-NSCs HH 1 42
155 TR A 2 5 B R BM-NSCs 73 B 40 i, PBSTE
3%, 43 B A anti-nestinfllanti-CCR5$H144, 4 °Cit &
20 min 5 FH U0 SR M CCRS Y 2 IA BT

1.2.3 CCR5# B 4 Z 2 BM-NSCs3¥ 74 5 1L 48 7
#49 % o6y A ) (1)BM-NSCs 4 g Jy £l #4 5
95 dJi5 (1) CCR5-BM-NSCsHl %} 8 24 GFP-BM-
NSCs7) 5] LA1.0x10%/mL %5 J& 332 #f T 5 DMEM/F 12,
bFGF. EGFFIB27(196FL 1Rk , 5 K%3 dffe il — Kk
25,9, 13, 16 dity, 73 A HH B LA Z T 40 i 2K,
WCFT o0 B A PR o, T ot BR B v BohE FL 40 i %,
THE Y £, il A K ih gk, A 2027l
JI® PR P ABM-NSCs LA 1.0x107/mL[f) % BE 4R T
R B ERL R I ABrdU (29K 5 410 umol/L),
K57%48 hjg HIBrdU g HiAk ge o, i &40 A BrdU 4
JOHC o 4 B S O A 2P (2) BM-NSCs b
JIATI: K IR P A BM-NSCsH41 g LA 1.0x10°/mL
(R 2% B 2D T 574 15 pg/mL RAFI20 pg/mL BDNF
(IDMEM/F12H0 5 5 534k, W18 5, 0% 40 fudb
Sy U5z S Ak 40 i P B-tubulin(#1 48 C) . GalC(2b
SEE AN L) GFAPCE T it it 41 i) S Nestin( A 43
HENSCs) 554 7 11 2 1 R IR,

124 %5 s m RANE IR IFIBM-NSCs
FH4% 1) % 58 F I [ 52 15 min, PBSYER27K, 110.03%
Triton X-100i%4k,30 min, 5%ILiE B 11 hj, 435000
A /N B BiNestin, CCR5. BrdU. B-tubulin, GalC,
GFAPZ:—j1, 4 °Cid 7%, PBSYLE2 VK5 F 40 Bl I
AN () 90, %31 h, PBSYETR2VK, 155 1%0 DAPIY)
BRI G S e, SO B PSRBT
1.2.5 BM-NSCs#) #2 1k M 5 B Tk FL U I s
Boyden/|N% 73l b R PSS, KL 455 dIFJCCRS-



978

LI

BM-NSCs4i Jis 2 100 uL(5 1.0x10°41 i) i A\ L=,
B AR B FA L I FRANTES(0~0.5 pug/mL)f 5%
FEHE600 uLAN AR5, 37 °C. 5% COMFH S he 4L
YA B R AL, AL BRI . TR A S
L R TR A K e, PR 25 58 22 B S - 2 1f oA 7 ot
(140 L, Diff-Quik §ta, S T o410 A [ RLEY
(1) 2 At Ji 2, P 3 (e

126 %itsam T A B0 DL 34 H b v 22
(X£s)% 7~, HISPSS 10.0%% 14 347 43 #, 20 1) Lk 5%
HStudent’s k5 4, P<0.053% 7~ 2= R A G b 272 = X,
P<0.01R7R 7 R EM G5

2 #R
2.1 NEBM-NSCsHIE R 54 E

JAT /IS B i TR 78 0T 40 i A Ak 2 bFGE A
EGF33~58Ja, TE 2 SR /INASSE (1 #2141 il
BR(BFERZ15720~200/NNSCs), B 41 o % H A iy 184
%2, I B BRI T R IE Bk (B 1A) . HUH 4 i
B, AUBRERET 2 508 S g i, 40857, 1B R
5ARBM-NSCsBk K 43 i1 540 Ffd, 5% 40 B fb 2% e
0 R RIS KO I & T A e AR A
Nestin(£¢ (%), 1iF B 4 K 73 fENSCs.
2.2 CCR57EBM-NSCsH 3k B 6

B R 43 dJi5 [BM-NSCs, FH % 7% 40 4k %

(A) Neurosphere (B) Nestin

e Nt

Yol

R, g5 R oR, B T CCRS-GFPIL 3R ik 2 4
[1JCCR5-BM-NSCsH1 4% 4t T i AR (7 GFP) (1) %) i)
21 GFP-BM-NSCs#fs . % £ IAGFP(4¢ t1), 1t B Py 41
A e 46 4 00 75 JTUORE A KR Y fHCCRS(ZL ) LA
CCR5-BM-NSCsH it # 3R 1A, 1 7 % it 4l GFP-BM-
NSCsH1 JLT- A K IE(K2A); it =X 4h i Ak I &5 2
i 7R, #ECCRS5-BM-NSCs#] H, Nestin’/CCR5" 41 Jif
B 1R82.5%, TAEXT 4L KA 7.1%(K€12B), i 1]
CCRS5-BM-NSCsHE £ X CCRS,
2.3 CCRSEFE A NMMBM-NSCsHIIEE 5 &
kgeh

JE R Y5 dJ5 T 4 22 1 CCR5-BM-NSCs. - X%}
I 2H GFP-BM-NSCsFl of % JE [K] [)Mock-BM-NSCs
A A £, S5 AR = A ) R e
DT 7 7(P>0.05, EI3A); FREBrdU ARG 77 5L
bR A AN B, 25 S nT L = 21 40 e Brd U4 il v
Oy FIRTE W bk 2 5(P>0.05, K3B). LL b g 1A,
CCRS5HEDEI: Y % BM-NSCs [ B4 514 8 ) IG5

R CCRS 5 K38 X6 BM-NSCs /3 4k fig )k
S, A FOR = AA Be R T oA SR s 2
o 9 5 FH G 0% A0 Ak 25 R I, 25 R BoR, =
Z41BM-NSCs #4344} B-tubulin #1 £8 76, GalC'7b> 58
BT . GFAP AL T2 IR 54l g, /D38 73 5 445 T
Nestin R 7MEIRA(EI4A); & =g R, =41

DAPI Merge

A: JEAUBM-NSCsER, HBCE /N BB 7850 T4 75 3 5974 S IR TE A, A7 =50 pm; B: Sole iR AL A%, H5ABM-NSCsER(_HE) & 141
JECTHE), BAHL/ B NestinfUABEA T fu e ge i, 581 WARBEASI; 25 (A Nestin', ¥ 5: DAPT 4N i%; #5 )X LHE)=25 pm, 5 X(CFHE=15 pm.

A: primary neurosphere derived from bone marrow mesenchymal stem cells of adult mice, scale bar=50 um; B: identification of BM-NSCs by immu-

nocytochemistry staining, neurospheres(upper row) and single NSCs(lower row) at 5" passage were positive for nestin(green). Nuclei were stained with

DAPI(blue). Scale bar=25 pm(upper), and 15 um(lower).

El BHERHETHEEBM-NSC)RIE RS EE
Fig.1 Generation and characterization of BM-NSCs
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A: immunocytochemistry staining, green: GFP"; Red: CCR5"; Blue: DAPI' nuclei; Scale bar=10 pm; B: percentages of Nestin/CCR5" cells were ana-

lyzed by flow cytometry. One representative experiment of three in A and B are shown.
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Fig.2 Identification of CCRS expression in CCR5-transduced BM-NSCs
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A: growth curve(n=7); B: in vitro BrdU labeling. Green: GFP'; Red: BrdU"; Blue: DAPI" nuclei; Scale bar=25 pm; C: BrdU incorporation was quanti-

fied as the percentage of BrdU-positive cells to DAPI-labelled nuclei(n=5).
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Fig.3 Assay for self-renewal capacity of CCR5-transduced BM-NSCs
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IB(ELE); W DAPE 8 A% b R=25 wm; B: g 50 % 41 A 11 20

A: CCR5-BM-NSCs differentiated into neurons(f-tubulin®), oligodendrocytes(GalC"), astrocytes(GFAP") or remained undifferentiated NSCs(Nestin®)
as verified by immunostaining. Red: neural cell markers; Blue: DAPI. Scale bar=25 pm; B: percentages of NSCs differentiated into these neural cells.

El4 CCRSERFEFBM-NSCs5 1L 48 71 A9
Fig.4 Assay for differentiation of CCR5-BM-NSCs
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A: chemotaxis assay of CCR5-BM-NSCs in vitro. Solid arrow: cells(blue); Dash-line arrow: holes in membrane. Scale bar=50 um; B: quantitative analy-
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Fig.5 Chemotaxis assay for CCR5-transduced BM-NSCs
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Effects of CCR5 Gene Transfection on Biological Behavior of Bone Marrow
Derived Neural Stem Cells

Hu Yu, Hao Haiguang, Zhang Xiaodan, Zhao Dan, Sun Dong, Yang Jingxian*
(College of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China)

Abstract Bone marrow-derived neural stem cells (BM-NSCs) possess the self-renewal and neural dif-
ferentiation potential, which can be used to repair a variety of nervous system degeneration and traumatic diseases.
However, the rate of BM-NSCs migrate to the inflammatory sites was relatively slow and correlated with a moder-
ately slow and limited clinical benefit. Lack of, or low expressing of particular chemokine receptors on NSCs could
be an important factor underlying the slow migration of NSCs. To enhance the therapeutic effect of BM-NSCs, we
constructed chemokine receptor CCRS gene and transduced it into BM-NSCs, then assessed their capacity of pro-
liferation, differentiation and migration with immunocytochemistry staining, flow cytometry and chemotaxis assay.
It showed that overexpression of CCR5 enhanced chemotactic capacity of BM-NSCs significantly without affecting
their ability of self-renew and differentiate into neurons and glial cells, indicating that gene-modified cells can not
only maintain their potential of cell replacement and neural repair, but also possess rapid and mass migration to the
lesion site, significantly enhance therapeutic efficacy.

Key words bone marrow-derived neural stem cells(BM-NSCs); chemokine receptor CCRS; proliferation;

differentiate; migration
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