rh [E 40 A 2% 54 Chinese Journal of Cell Biology 2019, 41(5): 902-910 DOI: 10.11844/¢jcb.2019.05.0013

AN 8] 78 B 2mEa AR £ SDF-10{8 3t HIBD K 5&

MR INEEIE B R SKIufs

e HGE ANE AR ARZ FEI KET
CHLPRBERIR IR LB LB MY 0, LB 905 (TR 17 S 5,
JUBR BRSO 36, LR A S KO K B £ A, K 400014)

HE % L E B AR 18 £ R F 48 Je(human umbilical cord mesenchymal stem
cells, hUC-MSCs) /% it & £ 4k o 44 f5i 471 1% (Hypoxic-ischemic brain damage, HIBD)AY £ 2 & 15
H 948 B BALH) . hUC-MSCs# 48, sf K R #AT4T 4 F UL, i& A HE(hematoxylin-eosin) 4
E LA I 4 4R R B2 B, Western blot# M hUC-MSCs5 £ %] 4~(oxygen glucose deprivation,
OGD)AP 2 T it o % L3 ik A . HIBDK K& 54840 F SDF-1a. CXCR4. PI3K/AKTAIA;
CCK-8M & F 4n g 78 M. 4R 27, hUC-MSCs# 4/ : HIBD K R 5 3] 210 ) e Ao il By 20
LR K&, i R Nestink A Al L # K R B AAVE T @27 &; 5 544 hSDF-1a.
SDF-la.. CXCR4. PI3K. AKTZp-AKT4. ik Eifl, hUC-MSCsH& ¥ OGDR 1% 4% 22 F 4m 3%
75 B hSDF-lasit, EFPI3KAp-AKT AL, %34 R4 -7, hUC-MSCs# 4 _LAHIBD X R4
I, 40 2 hSDF-1asy ik, EPISK/AKTI® 3, # 5 M R A2 T @it &4, LEHIBDK A5 3
7

XiiE  ANJBFTIR) 7R B A, SDF-1o; SRAABR M0, M2 T4, PBK/AKT(E S i8R

Endogenous SDF-1 from the hUC-MSCs Promotes Improvement of
Nerve Function in the HIBD Rats

Yang Ting, Gu Jialu, Zhou Xiaoqin, Gu Yan, He Mulan, Li Tingyu, Chen Jie*

(Children’s Research Center, Children’s Hospital of Chongqing Medical University,
Chongqing Key Laboratory of Child’s Nutrtion and Health, Ministry of Education Key Laboratory of Child Development and Disorders,
China International Science and Technology Cooperation Base of Child Development and Critical Disorders, Chongging 400014, China)

Abstract The paper mainly studies the role and mechanism of human umbilical cord mesenchymal stem
cells (hUC-MSCs) in promoting neurological repair of hypoxic-ischemic brain damage (HIBD). After transplan-
tation of hUC-MSCs, HIBD rats were observed for behavior, histopathological changes of hippocampus were
observed by hematoxylin-eosin staining, the supernatant in co-culture system of hUC-MSCs and oxygen glucose
deprivation (OGD) neural stem cells was detected by Western blot, the expression of SDF-1a, CXCR4 and PI3K/
AKT in hippocampus tissue of HIBD rats were detected, and the proliferation of stem cells was measured by CCK-
8. The results showed that after transplantation of hUC-MSCs, the learning and memory function and hippocampal
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pathological changes of HIBD rats were improved, the expression of Nestin in hippocampus and the number of re-

generated neural stem cells in dentate gyrus of hippocampus were increased, and the expressions of hSDF-1a, SDF-
la, CXCR4, PI3K, AKT and p-AKT in hippocampus were up-regulated. hUC-MSCs promote the proliferation and
secretion of hSDF-1 alpha in nerve stem cells injured by OGD, and up-regulate the expression of PI3K and p-AKT.

Keywords

human umbilical cord mesenchymal stem cells (hUC-MSCs); SDF-1a; hypoxic-ischemic brain

damage (HIBD); neuron stem cells (NSCs); PI3K/AKT signaling pathway

55 18] 78 5141 B2 (human umbilical cord mes-
enchymal stem cells, h(UC-MSCs)#4 58 fi /7 BH & 5 T
iS5 2 2R IR ) T4, 415 FhUC-MSCs T #5182
ESEEE Vi DN )11 i TR 3 AR SR S = 1
T4t fd(bone marrow mesenchymal stem cells, BMSCs)
A B R 1) A6 APl hUC-MSCs H & % 1AS0X9.
Col TTA1™, FLAG 25 40 M 1y 44 A0 T 0 B 20 R 1, 75
FEREEZEEA, FhUC-MSCsTE # £ &
4t Jda ) RGN 18 2 07 T BAT Fo A 4n AN ]
Ul 1 L3405, hUC-MSCs H & 7] LA 4y i K & 1 4
BRI AR 552 Mg, Haith
TS AT i ik b3 PR -1~ 1 23 AT, AT B 2 ) O 4%
B2 AE ) AR SR o 25 s G e 4% . B
IR IG5 IR T P S8 AR 4 () 4R 0,
AT AT WA B 7T R B, hUC-MSCs ] 3 it 43 it
TL-8, {1 3 A= R s 4 e 0 A4 A 433 43 (hy poxic-isch-
emicbrain damage, HIBD) K i ¥ 5 [X 1L & A i, 3F
M i3k Fe 2 21 d iZ ThRe R i 100, 5 g 40 i A AF
[A-¥--1(stromal cell-derived factor-1, SDF-1), &/&
R FHRETHEER R —, BRARGEIMT BN
YER AL, 36 BABUE T ek v e i 8 AL e S5 E H,
FAN B AR ME B IEE. SDF-1a/g H EE
7, CXCR4 2 i ¥ W, ["ISDF-14% 7 ¥4 % #&. SDF-
1oFfICXCRAKS F 45 & I fE 401 . i 1B AT PR
B E R R EEZEER. AR,
hUC-MSCsH] i i 43 WASDF-1a%% K ¥ 2 5 1fiL 4 A1
JB2 J5T 4 T A i, AR 2 A9 1 i 453 45 30 4 T 1) g A2
S0 HIEid PI3K/p-AK Tl B (e 3t 14 4h 155 77 11 wif
LERARLE RGN, A SLESIE FHHIBD A K R 3
IR RS, 75 B ifihUC-MSCsF 1 ¥ 77 HIBD [ 25 5 5t
fih b, 33— PR SDF-1 HE &2 2 1 m] BEALH] o

1 MRI5RE
1.1 SCIEEN4 K 4R AR
SD A BRI SE T 5 B BE R} R 22 S0 s ot (&

F&AIE: SCXK(J1)2012-0001), 1al5% T-SPF sh 137 )55,
FE I SIS B i . S0 BT A N (] 7
J 40 M SR R T DR T 4E B, IRTF R B A B 2
14 YF ] (approval number: 024/2013), hUC-MSCs/?]
B 7% R A7 1 25 Fe b vk LR # E, hUC-MSCs i 41 g
A RMMPUEM RSO S ™, fF &
BRam BIE T Ph S HERE AR AED . AR K R &+
AR, BCE H AR TR DL AET AR R R S 4 21
1.2 EZEK5

T4 58 415 753 HDMEM/F12(1:1)(Gibeo, USA)
TN10%AE 2 I35 i f1(Gibeo, USA), i F 1% XL 75
%5 75 3 (Gibeo, USA). 14 14 ¥ K F Triple(Gibeo, USA); 4
JfL 375 R K F Bt D-Hanksy;, 2 fi 32 R 2 T 1290 AR
(Cosmo, USA)FI125 o4l g 13 77 Jffi(Corning, USA); 4 Jid
B0 % 15 mLE 0 8 (BD, USA); $t ACD34.CD44.
CD29.CD45HICD10547T f4%(eBioscience, USA); & $it A
NSEdt#(abeam, USA); 24T FITCZZ . —47i(Bioss, China);
J& [K %4 4 #i(Beyotime, China); ffl 1 7% Yt %% ¥ JHoechst
33258(Beyotime, Chinay; Ji 1575 5 35 77 ik Al IR 5 5 5%
FrIEF A 22 75 5 55 77 3 (HyClone, USA); K /KAl
(Sigma, USA).
1.3 HIBDZIHEAIE 7 hUC-MSCsfll i} = #518

SZ 06 3k 427 R SPRZK [H] & {d HESD K R, K
4 fiRicei® i THIBDAL AL . HIBDE B E5K, 4
AR K BB HL 2> APBSH (n=35)AThUC-MSCs# 18
H(n=40). KRR R I 8, 78 W0 5744 2 A7
FR51F, W OOIRER B FFT00 B Jok, 2 5 i (X1, dhEf Ak
FroA: BTXE1.1~1.2 mm, 7620055 7F1.3 mm, 3EEFE
J$%3.5~4.0 mm, fEVES 3 HhUC-MSCs4H il &)
5 uL(5x10°4H i), yE 53 EE 1 ul/min, B [A]5 min,
WVE 558 B 4F2 min. PBSZH 4 15 puLid 3 K i
PBS. HEANE R S 4 S0 KRR IR, £ H I8
YR PRI 28 5 5 El BE BR OB SR SRR SR . AN MR A S 28
K EATMorris/K I £ S48 FObject-in-placef FH R
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1.4 HIBDXRANZHLA N R & HH X EHRIRIEK
S
HIBDA A B 41 Jf F% h s 1 K 1 T [ o fig 4.

SURATHEY 0, i 20 20K % U Fr 7 F Nestinfl1 Brdu
BEAT BURR, 43 501 W i 28 2709 P 5 25 R0 2 1K B
ODGX M4 T 4. Western bloths il i & 41 24
HSDF-la. CXCR4. Nestin. PI3K/AKT(E 5 i #%
KRR IR KT AR
1.5 #HETHpaY EER

HUH A2 1R I SDIK BRIk 4L 27, G B T35 Filve
(¥)D-Hanksii [ 2525, BB s 5 - r miE
YL, BRI T ZUBTRE, B I e 2 T O
Erh, MERRYHET S, HIKFH200H . 400 H SR IR
VEANMLEA WIS T JEH 2. 0EH, 1000 pimin<S minfZ
iLa, 3¢ 3, D-Hanks 5 26208, B 2500y #oRE 4k
Y, 6FLAR1x10°4N/4L, 4~5 mLES 7R FE/FL, S FE T
AR, UK BT, FINSCsHE TR 3L 271578 . AN s
FEE T 5% COy 21% O, 37 °CHEAHIETE, 2K
e -
1.6 NSCsEBERIFMA R T ELIESR

oz A RERIF 51 (OGDYRAHIBDAR 7], Tran-
swell/3 25 /N % Fl FhUC-MSCs.  hSDF-1+ Al 4 50GD
A PINSCs 7 B35 9% . ARSI N3 AT 42
KEP3 hUC-MSCs, PA1.5x 107124 LB Transwell I % 20
3L BEP3 hUC-MSCs, LA1.5x10°Fd 24 A Transwell |- %5,
Jf I AhSDF-1 Antibody(2.4 pg/mL, 37%/24 h). 1E5% CO,-
21% Oy 37 °CEFFRFE /> 1459724 ho ELISAKIN =21
R FIEHhSDE-1040 A5 i, CCK-8IAF G IOGDIR
PR 2241 4 5 5 10, Wester blothSIIPBK/AK TS
SISO O RIAAKT R
1.7 FHFSH

K H GraphPad Prism 5.0 FFiE4T Geit 0¥, 2
SHRE A ) 22 7 SR F BRI 25 5 22 90 i, AERE AR TR) B AR
KA, P<0.0SHZEREAGITFE L. KEE
SERGHE N 2 IR E AT I 4 R

2 HER
2.1 hUC-MSCs##E @ #tHIBD X % )12 12 1h
gEftE

Morris7K 2K B f M HIBD K B 1) 52 > 1042 T e,
K IhUC-MSCs#% i 2 J A #% 1 2 K R (PBSZH){E
EIRFAFE G Mt $R30F & B FH 0 2R B A [A]

VLg% 7% 5 (F AR 1B), &R IHIBDA: 47 A T
Y1 A% R VA SR K BRI S8 B R 7). Bl 1
SRRBIE IR 2~5K), PR BRIR BT & B it
[5) $51 32 ¥ 9 /D, (HhUC-MSCsZH it FH i 7] &5 2% 46 T
PBSAH(K1C). ZB6R =% A1 #R 2R 5L 4 1, hUC-MSCs
oM 2K B 5 0 7 & BT AE X3 I8 R % %2 TPBS
HEID). 54k, P4 K B Object-in-placel] i 5
WEEHT 7R, & IhUC-MSCs# H 41 % 37 554 1 4%
Ehe TR TPBS4L.
2.2 BDELHELRE

hUC-MSCs# 1 )5 (1) 5 20 2005 BEU) WL 4%,
Al LA HE S B s, AR . AZE . ST
LD T PBSHLK B B 2 2R 40 M k41 3R 6L, &5
FAANTE . SHMOBT AR . BRAS, 20 PRAZ ] 46 2 2 R A
Z (K2).
2.3 hUC-MSCs##&FHIBDA ;8 S DGX HIENH

NestinZ [ 38 /KF i 3% 5 T PBSZ(K3A), =
b 43 BT 9 2L TR) 22 S L G it 24 L(P<0.000 1,
3B). NestinflIBrdut 17 X5, F07% ¢ ' M %2 7 A2 1Y
T4, % BhUC-MSCsH% 48 20 I DGIX 4=
2 T4 i 2 2% %2 TPBSAL(KI3CHI K3D), =1k
T LA A gi 5% 2 7(P=0.022 9, KEI3E).
2.4 hUC-MSCs# & XHIBD X iR ;& S SDF-10/
CXCR4. PI3K/AKTHIENN

SDF-1a7] 5 H 2 ACXCRA%} R 454, 12 iEp
LA I, FATE Je kil 4K BRI 4 2
hSDF-1a43 # /K F, K IhUC-MSCs# #t 41hSDF-1a
43 WK T I i TPBSAL(E4A), #E— Pk ilhuC-
MSCs4 (1) ¥ & 21 21 F SDF-10. X CXCR4 % [ K &
KT H A PBSHA . 2 T =i (4B AT El4D) . 4 1 B
hUC-MSCsF% 15 /2 2 #ih £ 15 4= (1) T GEAE F ML, 38
TR I XA PIBK/AKTAH A5 5 8 B8 347 7 Ac il &
WhUC-MSCs4 #f 5 4 2 PI3K . AKT &P-AKTH
[ FRIE K145 PBS 4 2 3 Tt v (KI4E~[E14H) .
2.5 hUC-MSCs5O0GD#i{A#H4T2Hpasy BEHtiEA

fERUC-MSCs 5 OGD#i 17 #ft 4 + 41 Jfi(NSCs)
o B LR FEBL A b R I 5hUC-MSCs 4y & L Kr 7%
Ji, 5 7% b "PhSDF-1ak /& & 2% = T OGDZ (A
5A), NSCsH¥ 5 g /1 78 #:OGD4 & 3% 1 35(&K5B),
PI3K. p-AKTH [ FKIAKFHpE 2 L if(ESDF
SE)e 24N NhSDF-10f7i A AN AT BH & 1 L K% 7%
& Z FThUC-MSCs K i [JhSDF-1a43 ¥ 7K (KI5 A),
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(A)

Path length (m)

©

Escape latency (s)

A: H1HF R T & B2 K, PBSA(n=15), hUC-MSCs4l(n=19); B: 51 H T 1T ¥4k 7 & §mf 8], PBSZL(n=15), hUC-MSCs
H(n=19); C: F2~5H F AT WALV 4 K 17], PBS#A.(n=15), hUC-MSCs#.(n=19); D: 56 H 7 # 1 & 7k, PBS4L(n=15), hUC-

Day 1 (B) Day 1
a
Y 80 - ay
209
; |
— > 60
154 L
& l
I3
= 404
n )
10 %
M
54 204
0 T 0 T
PBS hUC-MSCs PBS hUC-MSCs
(D) Day 6
60 Day 2-5 3n .
€  PBS (n=8) |
¢ hUC-MSCs (7=9)
404 'g 24
o
.8
172}
3
0-1 —
201 1
0 T T T T 0 T
D2 D3 D4 D5 PBS hUC-MSCs
E Object in place (Day 3
(E) j place (Day 3) PBS (a=8)
4- o hUC-MSCs (n=9)

Discriminational ratio
(3]
h

1 I
0 T
PBS hUC-MSCs

MSCs#(n=19); D: £53 H % A [ 3 E W47 B 2%, PBSZ(n=8), hUC-MSCs#(n=9). **P<0.01,

A: the path length of the first day to find the visualization platform, PBS group (n=15), hUC-MSCs group (n=19); B: the time to find
the visualization platform on the first day, PBS group (n=15), hUC-MSCs group (n=19); C: the time to find the non-visualization plat-
form on the 2nd to 5th day, PBS group (n=15), hUC-MSCs group (#=19); D: the number of times to cross the platform on the 6th day,
PBS group (n=15), hUC-MSCs group (n=19); D: the ratio of new things to cross the 3rd day. PBS group (n=8) and hUC-MSCs group

(n=9). **P<0.01.

E1 hUC-MSCs#1EEHIBDARMEZITHEITEMN
Fig.1 Neurobehavioral evaluation of HBD rats after hUC-MSCs transplantation
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Fig.2 Histopathological changes of hippocampus in experimental rats in PBS group and hUC-MSCs group by HE staining
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15+ *
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5 r
=}
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E
=
= 104
3
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=
2
a I
£ 54
8
Z
0 T
PBS hUC-MSCs

A. B: Nestint 1815 KA (n=6); C~E: DGIX FiAE #HZ T4 5= Bk (n=6). *P<0.05, ***P<0.001.
A,B: changes of Nestin protein expression level (n=6); C-E: changes in the number of regenerated neural stem cells in DG region (n=6).*P<0.05,
***P<0.001.

El3 hUC-MSCs##EEHIBD A8 S DGX Nestin® H A FRIAKFENL ., METHEEFEER
Fig.3 Changes of nestin expression and regeneration of neural stem cells in DG region of hippocampus of
HBD rats after hUC-MSCs transplantation
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& 0.4 4 2 051
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Z 021 ~
&
0 T 0 T
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A: hSDF-1a3 7K V484K (n=6); B~D: SDF-1a.}, CXCR4A%E A 235 7K A8 1k (n=6); E~H: PI3KAKT M p-AKT#E A 357K A8k (n=6). *P<0.05, **P<0.01,
A: changes of secretion level of hNSDF-1a (n=6); B-D: expression level of SDF-1a and CXCR4 (n=6); E-H: expression level of PI3K, AKT and p-AKT (n=6). *P<0.05,
**P<0.01.
[E4 hUC-MSCs##E/FHIBD AR ESSDF-1a. CXCR4, PI3K., AKT. p-AKTZFHEAKFEL
Fig.4 Levels of SDF-1a, CXCR4, PI3K, AKT, p-AKT protein expressions in the rates hippocampus
injured by HIBD after hUC-MSCs transplantation
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[E5 hUC-MSCs%r 3155 SDF-1a. CXCR4, PI3K. AKT. p-AKTZFRIAKFIE
Fig.5 Levels of SDF-1a, CXCR4, PI3K, AKT, p-AKT protein expressions in the hippocampus neurons injured by OGD
following seperated coculture with MSCs
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—, HATU A B IR G T H it . 43 10%~60%
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HIBDE LA VR 24 R GG BUIE, ™ B 5200 AR V5 i
B, 8 FBEFF TR 1 UTE B S T AR, [R]85
- 2] Hfg (mesenchymal stem cells, MSCs)# 18 ¥ J7 1 4=
KEHIBDS AW AL 2 — o Bk 2 13 )5k
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S ALIZAE 1. A ThUC-MSCsEBMSCs A%
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L, AW 5T B S K FMorris7K 3£ B FlObject-in-place
DA AR BRAT SN e T 8 1 L. 7EMorris7K
B E IR T & IhUC-MSCsH 48 40 5 4% °F & Pt A it
i) B 2 % T PBSH, 2 4R R MR 31 & IR EE
% FPBSH, #//hUC-MSCs#% 8 7] L #EHIBD A
B2 ) 2% 2] Id 12 B8 T B 2 . 7EObject-in-placel]
R, hUC-MSCsF& AE 21 FH SR 4R 22 38 S4B ] 55
PBSZH 11, #2 /xhUC-MSCs#% 1 7] {£ #HIBD KX f,
PR A A BN EE ST AR, AT T
(FJHE B {0 45 B 5 JRhUC-MSCs# 18 J& i3 T 41 23 4
PRI K R L 4 % s Y1 LA PBSZH B B 2, 5
Chen55!MH B 7T 45 R — 2, $#2£7~RhUC-MSCs# 18 7]
JRFHIBD K R S 2H 2R 0E. TS, WA O
DI REAT A5 Aar I Ko s BE ) v 25 B3 R BHhUC-MSCs
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FEAR AT X 3958 o0 A B S A 39 B s, TR Ak R IR
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1o/CXCRAHHTE 1 28 1 41 o 38 5 o v] g 2 A 1 3E4E
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Ve B EEAEH .. hUC-MSCsie —Ff B B3k

WA HE RN 2 1) 73 A0 T R 1T 40 B, AN AR PN i X R
P B —ERMERAER, W7 R, MSCsTEA N
() o A RIS, WO oA e I AN e R & B
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5507 WA A R T AR A SR A BE, AT 2 i 52 45
HAMBEE, KPR AR A & 514
BEREAEYFE L WS R RS X AT
YA 34 £ LA K SDF-1a/CXCR4. PI3K/AKTI@E % [
Boid, HEMIhUC-MSCsH A8 AT 8 55 453473 A 358, Itk
— PG NIR PRI R B ZAEH .

N T i — 5 B HihUC-MSCs%) hSDF-1afFf
HIBDH# & 45497 1 A WL, AT TR A A1 S AR
T AR K SR T 2 2 42 40 P A T SRR U
f5i((oxygen glucose deprivation, OGD), #& I, 7 {4
B BRI FR B, I 5hUC-MSCs &N T SDF-1H144 )
hUC-MSCs73 47 73 B H 15 7%, ELISA K& CCK-8/1
I 25 B3R 7RhUC-MSCs 7 %3 18 73 WhSDF-1adft
HEOGDH: 177 NS Cs 14 4 11 A % P-4 /E FH . Bakondi
SEPOE L I, CD133F i HH 48 i K U5 I SDF-1af2
BRI T #0210 A0 A7 S . FRATT AU,
hUC-MSCs A i@ it 73 #WhSDF-1 a4 iFOGD17 f/7NSCs
FFPI3K/p-AKT{E 5 il 4. A W 7t & M, PI3K/AKT
T % T S AT AR HENS CsZ5 4 1 A 20, BRI, 32
7RhUC-MSCs P Y5 EhSDF- 1o 1] it 2 38 i ¥ 3E PI3K/
p-AKT{E 58 B 2 OGDH 7 NS CsHY B .

25 LTIk, hUC-MSCs# 48 T _E I HIBD A R ifg
L 41 ZihSDF-1073 W 7K ¥, 75 5 P9 514 4 4 41 g
R, MEEHIBD K B 22 1012 Th RE, HoHLH AT AE &
18 13 SDF-10/CXCRAME 5 i 42, WOEPI3BK/AKTIH B
HEARME S5 WIS, &/ /R TS i —2
IR AL
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