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Temporal and spatial distributions of stromal cell-derived factor—1a(SDF-1a) in spinal cord tissue af-
ter spinal cord injury in rat/YAO Liwei, FENG Shiqing, KONG Xiaohong, et al/Chinese Journal of
Spine and Spinal Cord, 2013, 23(9): 842-848

[Abstract] Objectives: To observe and investigate the temporal and spatial distributions of stromal cell-de-
rived factor—lae (SDF-1a) in spinal cord after spinal cord injury(SCI) in Wistar rat. Methods: Adult female
Wistar rats(n=90) were randomly divided into three groups: normal group(n=10), sham group(simple vertebra
excision, n=10) and injured group(n=70). Based on the duration after spinal cord injury, the injured group
was divided as 1d, 2d, 3d, 4d, 7d, 14d, 28d. According to the improved Impactor model II, the T10 SCI
model was introduced by 10g weight bar falling from 2.5cm height. With the perfusion of paraformaldehyde,
2c¢m spinal tissue(including T10) was taken. The cross sections of 2mm and 7mm adjacent to the injury site
were used. Immunohistochemical and hematoxylin—eosin staining were used to detect morphology of spinal
cord and the temporal and spatial distributions of SDF-la in spinal cord in each group. Results: In normal
and sham group, the structure of spinal cord was integrated. In injuried group, the neurons in the gray matter
decreased and the fiber in the white matter was in disorder. In normal and sham group, little SDF-la was
well-distributed in the spinal cord. After the spinal cord injury in rat, quantity of SDF-la obviously in-

creased. The site 2mm adjacent(proximal) to the injury showed greater responses than the area of 7mm away
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(distal), with the gray matter containing more SDF-la positive nerve cells than the white matter.

SDF-1a

positive nerve cells in the gray matter increased at 1d after injury and reached a peak at 2d after injury,

then decreased gradually. At 7d, the proximal region still had more SDF-la positive nerve cells than normal

group, but distal region returned to normal level.

There was no obvious difference between sham group and

injured group at 14d and 28d after injury. Conclusions: SDF-1la is widely expressed in the spinal cord and

presented temporal and spatial distributions following spinal cord injury in rat.

[Key words] Spinal cord injury; Stromal cell-derived factor—1a; Temporal and spatial distributions; Rat

[Author’s address] Department of Orthopedics, General Hospital, Affiliated to the Tianjin Medical University,

Tianjin, 300052, China

KR MATA R T 1o (stromal cell-derived
factor—1a,SDF-1a) X FR#a b I+ CXCL12, £ 4%
A B R IO A0 L v R IR AR R AR AL U )Tz R
KR FOEE S 2 B SDF -1 BE 5 i I B i 5 411
il R £ 410 0 4 FH T 1 R 3 2 2B BT A 1
T 240 0 0 5 R el 2 T AR S, AR R R
B SDF —1o 5 [H sl L 32 (R e R (e fb B+ 32
&/CXCR4 .CXCR7)EAE R B am 78, X T4 1
153 (SCI) J& i KB, 5 P9 78 53 SDF—1a 1T 2 i 5 i
A B 5 FER AT W, SDF-1o XA HE 21 211
KB BE BEREXEZ, HAT, X HFHER0E
SDF-1a MR 28 3 A e s M o e, A5 B 7
WEE K FUE BRI 11 )5 SDF—1o #3K (1 I 25 43 A5
R, e FARE N ST SDF-1a 18 52 i i
193 ) F AR ) ) B SE Al

1 #RE5HE
L1 SCRshi Ras bt

WP Wistar K BRI T S 0T 5% BT 8 4
DAL, BT RIS, Impactor model 11 7
i, e B HE Je 00 & ,S-ABC Sl
PR G (R A ) TRE S A, bt KR
SDF-la £ e P IAR (IR L fE A4 TR A H)
8
1.2 sh¥ o4l KA Al i g

10 J& % Wistar MEVE R BL 90 H, K 230+
20g, KA BCIEH 4 (n=10) B F AR (n=10)F
Wi (n=70), IEWHARTFR BFRYAT
Ll R A AR, A0 B B AL TR 6% K &
R S BRI (0.33ml/100g) T 8 AL A B 4 /%, U
T8~T11 AT PN TR WK, 40 5 i B RN L AT, 4%
2 K Impactor model 11 7%, %88 T10 A #E 17
Bt, # 10g KL HEY M 2.5em = 3 BT oz B
HHE, WIESCIAR, RGEKEENEHES T

U/d, F52 BE 195 I 2 Uk/d 28 I e HE DR B S T REMR A2
1.3 HUbF A

4 KB B F SCLJE 1.2.3.4.7.14,
28d HUpF, IEH 4RI TR 4L AE 1 A S A 2 R
Mo BREEKBUG , H 4% 22 5 B S E T 11 R, B
T10 5 0 2em BYFFBELH S, A7 S A0 0 | VR % T 157
M H TEREELY) A RN 10pum, BUE & 454
0 Sk 0 2mm  7mm AR M 2mm  7mm 28U A,
T £ B R 20 5K, HF 5 5K P A 4T HE 05
15 AT R fb Y,
1.3.1 HE 3+ §) R iiss, FATRNE 2 Bk
Y2 1min, [ KK P 3min, 75 ARG 12 Smin,
oK w3k 3min; $hR £ B4k 30s, [ R KIRZ i
10min, FHELIR 0 3min; PR S B 78 40 £
BT WEH BEIE L5 AR A
1.3.2 LU g E U R A, Mk
1R 6 22 whog B S BT N 3% H,0, £ B 1K
TN 5% 1E 5 L1 2 107 P W5 3 i —$T (SDF-1a
PUAR 1:100 5 B ) S0, 4°CoKAH it 82 ; e | LU
PBS M PE ¥ 3minx3 K, N 50l AP Ebricil
i 1gG,37°CHFE 15min; % S0ul S-ABC,
37°CHEE 15min; 0 S0l B AL & 1 DAB ¥ i
5 TN IR AR R AW 5 K3 W Ab 38 v M i
R, R Image—pro plus 6.0 #1775 414k K]
B AT A3 THECRE 5K D) R BH A 4 A 45 i (OBt B
T AP LS R0 i — SR B M, B
B S B A B4 o
1.4 Suile#ab 3

N SPSS 18.0 4k #HECHE , e AT £k LA
PIEC AR UE 22 (xs ) o, R 7 253 BT i ¢ K 55
PEATHLIA] F 3, P<0.05 WA G it2EE L,

2 #R
2.1 HE Z:tagiR



844 op R A 2% R 2013 458 23 558 O W] Chinese Journal of Spine and Spinal Cord ,2013,Vol.23,No.9

IEHAMERFRABE RS ERE, KR
RS RIS ER, AP e s (F
la) AU ALI03 5 1d B 5 88 DT (9 4 28 o 4L
ST 2N S Vil T i D RS 2 SE iR g
(1 1b) ;2d B ] DL S4B A i 22 50 40 i 3
Z AW RE B (K 1c);3d B K 5HE TR
P AT AR KL 5 7d B 5 P9 ASL D A ) el 2 4 i
125 09 ZEALAA B, A7 25 TDJE B (B 1d) 5 14d B R
N P R A AR A S T T AR L
28d FE Y B B R 545 451
2.2 AR

TE T 5 B 4 20 5T A 5T BT 0 A 2D
i SDF-1a FHYEANIE (& 2a.2b) #1405 41 45 B[]
SR JORI A R R SDF -1 (0 36 3k 48 3 4 W] g 4%
o, B ST Hb o 3 (B 2¢~2e ), FE R
R B R A B R L2 B0 Y SDF -1 BHE 40 i, 4
BERT AL PR A M B B 2 Fia M (K
2), FEBG H L AL LT A SDF-1a BH 1 41
Ji A% T A 7E B 40 0 PO R R R A 19 SDF-1ac
BH P 440 3k DL 26 1 TR 3~6, 7R BE 0 0 3l
Uit 2mm Ak (%) SDF—1ou BH M 40 i 2 3 b B 468 495 op
> Tmm A0 BT IEIN B 0 I N Tmm Skl
5 R B4 BE P 240 e G A S 2 S 48003 3 4 2mm
Sk A e AN SDF - 1o FHEEZNIARY 2, A LS
S dE 5t SDF—Too FHA: 20 Jt DA Sk 0] i 0 1] 4638 4%
U A A R

[1D)

WL BRI S

SMEEREBOIE 1d B KT H SDF-1a FH
PEAH M H FF LR3I, I ) 44N Ty TR 1
AL AN L 55 2d IR B A SDF -1 B
20 6 ) AR B A Bt SR 2 3R B e s K
- A ) R SR SR AR R A IR R R B
YL I 3G 2 A KRR W i, B0 )5 3d
fF, SDF-1oc &35 fit 1 16 B 5 B BH 1 448 e 1 44
5 2d B IEH 24k, Bit5 /5 4d 1) ,SDF-1a FH
P A0 2k 2R A, ELAT SR 2 4 A A TR 45240
S0 it (2mm) A5 75 478 g (7mm ) #B H E & 2H AR T
AR (P<0.05) M fiJa 7d i, SDF-1a 3k 2 1
YD A5 I (2mm) HOE B 4 AR TR 2H K
-1 (P<0.05) , {H 38 ¥ (7mm) B SDF 1o BH P %%
i 228 ] B 0E 4R T AR 4K (P>0.05) . it
i J5 14d F128d B SDF-1a 2631k 5 5 1F # 2 Al
BT AR K TG 2422 57 (P>0.05) .

3 itig

SDF-1a J& CXC #fb P+ Z i th i jli it 2
— TEBRET A S m Rk 2R 2
J& ,SDF -1 75 2 1 B o 4 i | #oh 22 Je 4 i 2 %%
U2 0 240 L s A TR 4 M B 4 L | W 4 L A% R
T2 26 IR00 SDF—1 o 38 223 18 5 45 Ffr 20 A 1] 53 477 35
7 3 B AN 2 il 28 ) 2B K S BRI 49 S B R 1Y 48
5o R EEUESE R AR N T A SDF-1ac AT L) fiE
HEFBE 00 AR FIAE L AR X T BE AR S

(19

1 IEH LA 414000 J O[] e 1) A5 BB 2 20 HE e (54528 (x40) a iE

Hoes, AWM SI A b SO B0E 1d, 58 A A
FL, AECRE D ¢ BUOTLIR AT 2, I I e AR I ARG O i e A R
5 d MOTABIE 7d, G OSSR I

Figure 1 The results of hematoxylin—eosin staining of spinal cord tissue in
normal and injured groups(2mm rostral to the injury site) ( x40) a indicated

normal group, structure was integrated and cells were well distributed b indi-

@ cated 1d after injury, the number of cells decreased and the white matter was
in disorder ¢ indicated 2d after injury, volume of cell increased and had accumulation trend to central canal of stilling

d indicated 7d after injury, the white matter was loosening and the formation of cavity
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Figure 2 Comparison between sham group and injured group in SDF-la positive cells a, b In the sham group, the
number of SDF —la positive cells represented in the white and gray matter( x100) ¢, d Indicated the white matter and
gray matter in 3 days post— injured group ( x100) e concluded a—d. Obviously, either the gray matter or the white
matter, the number of SDF —la positive cells increased significantly after injury(P<0.05) f Indicated 3 days after injury,

and central canal and cormu anterius medullae spinalis presented many SDF —la positive cells( x40)
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Table 1 The distribution of SDF-1la positive cells in different parts of spinal cord in three groups
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Figure 3 The distribution of stromal cell-derived factor-la in normal group. little SDF-la was well distribution a
(Cephalic)and d(Caudal) indicated 7mm distal to the lesion(T10); b(Cephalic) and ¢(Caudal) indicated 2mm proximal to
the lesion Figure 4 The distribution of stromal cell-derived factor—-la in 1d after injury. The areal density of SDF-la
positive cells increased much more in b and ¢ than a and d. There was accumulative trend of SDF-la positive cells. a
(Cephalic) and d(Caudal) indicated 7mm distal to the lesion(T10); b(Cephalic) and ¢(Caudal) indicated 2mm proximal to
the lesion Figure 5 The distribution of stromal cell-derived factor-la in 2d after injury. The cell was swollen and the
volume of cell was much larger than that in 1d after injury. a(Cephalic) and d(Caudal) indicated 7mm distal to the le-
sion(T10); b(Cephalic) and ¢(Caudal)indicated 2mm proximal to the lesion
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Figure 6 The distribution of stromal cell-derived factor—1a in 7d after injury. the
number of SDF-1a positive cells decreased gradually. a(Cephalic) and d(Caudal)
indicated 7mm distal to the lesion(T10); b(Cephalic) and ¢ (Caudal) indicated 2mm

proximal to the lesion

(6

SDF-1a B 23 53 A1 Ko A8 Ak i A WA
3.1 HEEPIIE SDF-1o 223K (B ] 43 A

A B 57 38 2ok W58 B 4015 JE AN [R) B JE] R
SDF—1o FHVEZN M IR K-, I 5 0 B2 17
L R A —Fh R E L] T ,SDF-1a 7E 1E
A E AR RO 1 3k s R RS,
SDF-1a MR AKT 2RI I, HHEviZ )5, R
IS ML AR TG X 3K — SR AL L O PR Sy, 5 1
K ,SDF-la BTz ik, IFAS 2 Jm PR AE 401 495 )5
FEL, TR TE A B O &ﬁ%ﬁ ﬁ%Fm,
SDF-1a 3B K-35 5] — X 5 A5 R4
il 48h 451473 JH] [l B O e %wﬁiLﬂWﬁw
Wy R REA O L B A 0 B TR 5 4 i T
LR TS 3% DR SR A1 1 32 400 1 il 248 &2 R P2
K238 1 SDF-1Lo AT LASE A 7 4 3 384 2L TE
JoT 240 B A 8 A= T R A R REVE I . BT ATE 2k
T HE 5 1Y 48h J5 R 2L Ja FREH N T 5 SDF-1a
fd AR5 105 J5 T 19 SDF—1ow i J38 4 43 76 5 185 19 7K F
A RE 2 BER 1 RIR YT I — AT T R

TEG 5 14~28d,SDF-1a B9 £ 35K 5 1E
WM, RARX S SDF-1a 7E#0i )5 4 J& Xt
2 20 AT A PR AP R AR AT 502 HJE I Y SDF-
Lo 55 11 52 T Jc I3 240 i 1) 348 2 BT T i ) Jg o e
IR 2 BEL A il 2 A i B PR 0 T DL S
P 2 P 25 T SDF—Low 4475470 751 A 410 1) w374 Bk
XAPAE AT RE R G RIA T 19 0 — AR . TRk
HREI S, 40005 JR 5 0 R B Bl ™ R JR

I35 F5E AR R B, A A0 R T 0 R, b B
IR i Z 55 A R AL T — A ™ E
AR SR RS 41 5@ o 3 5 4 4 SR SDF-
Lo F9 2 305 0 f T 8 s 226 0 T JGE I 40, fof i 5 A
F—Fp AR 35 0 IR BT P S R E T S T
VIFES 35 SDF—1a JF 4R I His 5 2 1) 5 N9 1 S
T VR BE ) SDF-1ow AR 3 5 /)48 &2 i ph 25 4
JL ) P AR A R T — Y
3.2 BEER R SDF-1a 3K 1023 18] 53 Aii

Buai i 5 SDF-1o #k 52 B H I 2 10 25 [
SRR, B RER ) R BUR R SDF-1a /K- T
o P 2 DR 3R AL T M o A o R 20 2 S I 4 M )
P BRI R, SDF-1a 1 2 35 5 I 45 45
YA S, 545 rh e kb LT JE SDF=1ac BH 4 40 it
M2eik, FEIHI 0l SDF-Tor FHA4: 20 i 11 3¢
IRIKOF B s B T O AR, B —A
r i) R 9 i A A Sk MR R A Lk T X AR
O3, X AT A5 SDF— 1o 11432 7K 41 i 1 45
Pt R O IR A AR s AL, T A A
Jr A0 B 5 S R AL B R Y {HX 7 2 H BDA
IRERRIE— 2 R SDF-1a 1Y 263K Bl
TR AR R g TR R A ol B X
A RE SR R Ry R 0T O ) b AR AR A B A 2
SR 5473 J51 L 649 SDF—Toe FHE 40 JH i) 453 453 w0 X
ML A itk — 2 BT

Mz, BEERE SDF-1a 197635 5 B H A
B S 3 AR L, AR R AT Sy SR



848 A A 4 R 2013 AR5 23 B85 91 Chinese Journal of Spine and Spinal Cord ,2013,Vol.23,No.9

SDF-1a feAE iy s 18] 7 11 19 Fi o g , e SDF-1a diac development but normal hematopoiesis in mice deficient

Xd‘j:) ’fj]ﬁ' E’Jﬂki'ﬁzﬁﬁ in the second CXCL12/SDF-1 receptor, CXCR7[J]. Proc Natl
Acad Sci U S A, 2007, 104(37): 14759-1464.

9. Opatz J, Kury P, Schiwy N, et al. SDF-1 stimulates neurite

% s

4 SEXM growth on inhibitory CNS myelin[J]. Mol Cell Neurosci, 2009,
1. Tashiro K, Tada H, Heilker R, et al. Signal sequence trap: a 40(2): 293-300.

cloning strategy for secreted proteins and type I membrane 10. Jaerve A, Bosse F, Muller HW. SDF-1/CXCLI2: its role in

proteins[J]. Science, 1993, 261(5121): 600-603. spinal cord injury[J]. Int J Biochem Cell Biol, 2012, 44(3):
2. Sun X, Cheng G, Hao M, et al. CXCLI12/CXCR4/CXCR7 452-456.

chemokine axis and cancer progression [J]. Cancer Metastasis 11, BRIUIE, BROS W, ko] B, AR A B 86 52 4 HE RS T S B

Rev, 2010, 29(4): 709-722. W 20 0 25 43 15 J FLAS T, 28 R 802 4 . 2006,
3. Opatz J, Kury P, Schiwy N, et al. SDF-1 stimulates neurite (1): 103-107.

growth on inhibitory CNS myelin[J]. Mol Cell Neurosci, 2009, 12. Graumann U, Ritz MF, Rivero BG, et al. CD133 expressing

40(2): 293-300. pericytes and relationship to SDF-1 and CXCR4 in spinal
4. Kyriakou C, Rabin N, Pizzey A, et al. Factors that influence cord injury[J]. Curr Neurovase Res, 2010, 7(2): 144-154.

short —term  homing  of human  bone  marrow —derived 13. Karimi—Abdolrezaee S, Billakanti R. Reactive astrogliosis af-

mesenchymal stem cells in a xenogeneic animal model [J]. ter spinal cord injury-beneficial and detrimental effects [J].

Haematologica, 2008, 93(10) 1457—1465 MUI Neurobiol, 2012 46(2) 251—264

5. Gillette JM, Larochelle A, Dunbar CE, et al. Intercellular 14, F@, mitpe, W, 2 S BUE BB S AR [ 0 A R
transfer to signalling endosomes regulates an ex vivo bone T ] 5 T 40 M 0 06 AL A SR [). o TE  R B
marrow Hl(‘]’le[J] Nat CE‘H BlOl, 2009, 11(3) 303—31 1 2010 20(1 1) 918—925

6. Hayakawa J. Migita M, Ueda T, et al. Dexiran sulfate and 15. Knerlich-Lukoschus F.Juraschek M, Blomer U, et al. Force—

stromal cell derived factor—1 promote CXCR4 expression and dependent development of neuropathic central pain and

improve bone marrow homing efficiency of infused hematopoi-

etic stem cells[J]. J Nihon Med Sch, 2009, 76(4): 198-208.

time—related CCL2/CCR2 expression after graded spinal cord
contusion injuries of the rat[J]. J Neurotrauma, 2008, 25(5):

7. Balabanian K, Lagane B, Infantino S, et al. The chemokine 427-448.
SDF —1/CXCL12 binds to and signals through the orphan (IR A7 :2012-12-20 AR WRAE [ F 151.2013-06-21)
receptor RDCI in T lymphocytes[J]. J Biol Chem, 2005, 280 (EXHTF # MIRFAH)

(42): 35760-35766.
8. Sierro F, Biben C, Martinez—Munoz L, et al. Disrupted car-

(A3 BIRE)

3 3
-

mn@i@ﬁmﬁﬁ%ﬂﬁ%%ﬁ
BB |- 105 B 4 12 B AR B A AR 3 2 ) BE

i e 0 e ﬁ?lEﬁ?AﬂﬂAA#ﬁ%ﬂl% 2~ LHEERFLAFTHS
AMAFETE I, LETEKRFEFRM GRS ERETARMPG 2013 LiEHe ##ﬁbﬂ@] Rt B R
RBEFHSEHARARD LG /\EI‘"“’M' | A A SN A e W R R FH R T BE KT 2013 510 A 18~
19 B £ E#EARA4T,

ARERILBEER T FREARFRER, BEABEIANBERHARGZRATE, S HE
NP AAES A LR, RN £8 BMRXAE B A, r?%li‘u]\%fr/mi)i:. R RN YR SOl = R
HEARHEE RN HAZSNFGREF AR EARTERT L ASFRATRABRRESHT
I £%5 104,

AU AR, EMF 800 /A, REE—ZH, TR AR, BAFX, LiET®HAE = 197
5 LiEmAER B4, M4 .200025, B A AT HE, BiE . (021)64370045-666083, 4 A . (021)
54660217, E—mail:shrjspine@163.com,





