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migration of adipose-derived stem cells to promote muscle

repair in diabetic ischemic lower limbs

HUANG Donglin', LIANG Zhijie’, ZHU Dandan’, JIANG Hongmian’, NING Yan®, LI Hongmian’

(1. Department of Gland Surgery, Nanning Maternal and Child Health Hospital, Nanning 530028, China; 2. Department
of Wound Repair 3. Department of Pathology, the Fifth Affiliated Hospital of Guangxi Medical University, Nanning 530022,
China; 4. Department of Plastic Surgery, Liuzhou Workers' Hospital, Liuzhou, Guangxi 545005, China; 5. Laboratory Center, the

People's Hospital of Guangxi Zhuang Autonomous Region, Nanning 530021, China)

Abstract

Background and Aims: Stromal cell-derived factor-1a (SDF-1a) is a chemotactic factor that directs
cell migration. Studies have shown that mesenchymal stem cells (MSCs) can migrate along the SDF-1
gradient to the site of tissue injury and participate in tissue repair. However, there is currently a lack of in
vivo studies on the tissue repair of diabetic ischemic lower limbs using SDF-1a-induced adipose-derived
stem cells (ASCs). Therefore, this study was conducted to investigate the effect of SDF-la on the
migration of rat adipose-derived stem cells (rASCs) to the muscle tissue of diabetic ischemic rat lower
limbs and its impact on tissue repair.

Methods: The rASCs were isolated and cultured from the adipose tissue of SD rats. Cell morphology
was observed, and the differentiation capacity towards adipocytes, chondrocytes, and neurons was
evaluated. Then, the rASCs were transfected and labeled with green fluorescent protein (GFP) using
adenovirus. Diabetes was induced in rats using the streptozotocin (STZ) method, and the right femoral
artery of the rats was ligated to induce lower limb ischemia. The rats were randomly divided into two
groups and injected with rASCs via the tail vein. The SDF-1a protein was injected into the midsection of
the affected limb muscle in one group (SDF-1a+rASCs group), while the other group was injected with
an equal amount of phosphate-buffered saline (rASCs group). Blood flow measurements of the rat lower
limbs were conducted at weeks 1 and 2 after treatment, and the ischemic limb-to-contralateral limb blood
flow ratio was calculated and compared. At week 4, the rats were euthanized, and muscle tissue from the
ischemic region was subjected to HE staining to observe the arrangement of muscle tissue in different
treatment groups. Immunofluorescent staining using factor VIII (FVIII) as a marker for microvessels was
performed to observe the distribution of FVIII and GFP in the tissues under a fluorescence microscope.
Results: The cultured cells exhibited spindle or multiangular growth and had the ability to differentiate
into adipocytes, chondrocytes, and neurons, confirming their identity as rASCs. The blood flow
measurements of the diabetic ischemic rat lower limbs showed that the ischemic limb-to-contralateral
limb blood flow ratio was significantly higher in the SDF-1a+rASCs group than in the rASCs group at
week 1 (0.33+£0.03 vs. 0.26+0.02, P=0.016), and this difference further increased at week 2 (0.60+0.02
vs. 0.47+0.01, P=0.050). HE staining revealed a more orderly arrangement of muscle tissue in the SDF-
la +rASCs group at week 4. Immunofluorescent staining showed that the number of rASCs in the
skeletal muscle tissue of the SDF-1a+rASCs group was significantly higher than that in the rASCs
group at week 4 (P<0.05), and overlapping red fluorescence (FVIII) and green fluorescence (rASCs)
were observed.

Conclusion: Increasing the concentration of SDF-1a at the site of ischemia can effectively increase the

number of rASCs migrating to the affected area, resulting in optimized blood flow perfusion and
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significant improvement in muscle tissue repair. In addition, the differentiation of rASCs into endothelial

cells may be one of the key mechanisms.
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T 15% K& E . BERREh 22 h W (phosphate
buffer saline, PBS) . J§4-1{&E (fetal bovine serum,
FBS) (HyClone 24 ], & ); 4T (4 T4
WITRARAR, TE); IR Bk EFE.
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0.5 mL (1x10°4>), T 7E SDF-1a+rASCs ifi J7 41 1)
B BB AL LA AL 2R T 5 0.2 mL SDF-1a 5 1
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BHUAIR + pRUEZ (v +s) Fon, 4E R
ST REAR (G, P<0.05 K2R G E X
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FH R i A e o T D Y R 0 B A T R A A
(E1C) o MM iS4k . 5535 14 d 517 MAP2
oD G g, AT UL RER 3 40 X 2 MAP2 FH P
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El1 rASCsIEFEETE  A: FCHFEMrASCsIER; B: WHBA T ML rASCs ITHZL O YLt C. AR E BTy

rASCs FY AR IEYL (s D WUAIETE 0L rASCs ) MAP2 J (1
Figure 1 Culture and identification of rASCs A: Morphology of primary cultured rASCs; B: Oil red O staining of rASCs after

adipogenic induction differentiation; C: Toluidine blue staining of rASCs after chondrogenic induction differentiation;

D: MAP2 staining of rASCs after neurogenic induction differentiation

2 Adv-GFP 55 (MOI=200) Bi#rASCs (x100) A-B: §%4t48h; C-D: ¥472h
Figure 2 Infection of rASCs with Adv-GFP adenovirus (MOI=200) (x100) A-B: Transfection for 48 h; C-D: Transfection for
72 h
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2.3 DLEAD X RAZZIH) T B ML il 45 3R
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Figure 3
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24 RRNLBURER

R R OCE R B R, TEIRIT A 4 J8
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Time after treatment

B3 ATEEL 2ANSAXRTRLEER (1. sSRmTE, 2: EMNTE)

Blood flow in the lower limbs of rats from each group at weeks 1 and 2 post-treatment (1: ischemic limb, 2:

3.33+0.58), ZRASGI¥E L (P=0.046) . A}
W AT EE B Ay Sk A 98O (rASCs) 5 21598
(W) &ZAES, $#2RH 5 rASCs 0kl T i
BT (K4).

8 = P=0.046
=
g
(3
175}
< 44
B
g
E
=) 25
z
0 T T
rASCs SDF-1a+rASCs

B4 BFEF4ANZTEXRTREROARARRELALE (KBWHX: GFP-rASCs, LA &K FVIIRIZHIME X KHE

Bf1; x100)

Figure 4 Immunofluorescent staining of ischemic tissue in the lower limbs of rats from each group at week 4 post-treatment
(green fluorescence: GFP-labeled rASCs, red fluorescence: endothelial cells marked by FVIII; x100)

25 HELBLR

HE Z5 R IR, 697 )5 55 4 J8 i {0 % UL
gHEMBEmEZ M, KA —, g0l T L
YA, HEIER R, BB/ S5
A, rASCs AR BUB B SIFEW B 4%, &
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Fegc 2 @M RIE RS (E5)

http://www.zpwz.net



884 HE L

532 4

fi

20 pan 20fm &

SDF-1a+rASCs

'\ 20pm

B5 ATRFEIAANSEAXRERERNMHEREBRS (x100)

Figure 5 Morphology of skeletal muscle in the affected limbs of rats from each group at week 4 post-treatment as revealed by

HE staining (x100)
3 i #

T 200 M 30T Ak A A 2AE B2 R ) AT 5 B
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P MSCs, i THREESE, 78, BE. K
SyEeE, H5 AT 40 e, A S BRI il
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N5 o ASHF 5 38 2 X K BRI D 41 8L AT A
PEEL . RE AR ARAS AH N A0 B, T % SR 0 A O S 2
K®BRERZ ML, BGalamis . B . i
P15 o0 a5 B B2 7R W] 2 1) 434k s RR 1D 4 A
BCE AN, M gniE, i RS K EN S
4 A 0 R PR T B TR A rASCs .

T 55 B0 & B0 MSCs 32 28 2 4o 0 i A= K A
FTHEEMCRAES 5SA2EE Ed, B
TH 9T B B K 5405 58 A7 0 20 B R T R L
By P MR o AR BT W Dk T 0405 TR A 4R
FE A MSCs 1] LR GIE 40 A 22 o7 T 40 8 X8k, (HAEIR
I7BE DRI T RS I AR A A I R SE B, BT X 2R
A RA T Z 3 IR AE , S B0k i X 85
FlA K, BEAEBHM MSCs FEZ M 2 WRENH, &
1T B 2o 0 A A 3G T BB R v . AR
TR ES M, kBT E R, "
LK 4 A 20 B P A 5 R A R 4, [ B R R A D
HuMEEIRT . A, AHEPER, MSCsi#
ok W K SRR A s B TR A, AR
£ 0.3% () 240 Mufe e 28 M & A8 E, Hdf
22 R I BE A B ) A HERS i rf MSCs Y B 25
BN B, LA ZH U8R E R 20 Mg e A B B A
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HC T 4 DU MSCs 1] DLl 2o 4 P 3F B8 B 2k H 4l
U RE A A A O T Kk i T N R AH 4 A BT 4
MR YT B RS A BT 5T, U Maeda 252065 BMSCs #
ik A i 2 K RS B B R, & B X B AL A L
O B ZH koM JE B A 2N hoM N R KT
(vascular endothelial growth factor, VEGF) VeSS
KK TR, B AN A R B W, Bk
S T 2 S T AR A5 W 0% . Long A BAPHE 5 R
VK T S P R AR A LR Y R R i R B, AT 3 M
Jei K I A B Gk i, 26 9l 3 MK & AT Gk 50% LA b, 5
X4 (283+78) %Ak, ERAZRIFTFE X
(P<0.001) o 33 156 W] -1 400 B 35 A B AH 240 i 3 o 7 ik
i R BB A 28 O ) 3 Rt B 405 B A7 I VR T R
Bl 220, A58 8 GFP A5 id 1Y rASCs 4 2 i
Jok i 55 #% 4 2 DLEAD KRB R R Py, 4 J8] J5 X gk
It A8 AL PR 2 0 AT i 8 2 ' R I &5 R U A i
IR Ji AL P 20 0 v AT DLW € B 4 65 96 Ol 1Y 40 A
[ REIIESE T GFP FRiC f9 rASCs 25 2 #5 ik v 9 )5 e 4
I 9 A A% B3k o0 A T 22 A 8Lk o Nagata 5527 (1)
938 3K ASCs 28 2§ bk 1 A O U BE /N BB 78 v |
6 JH Ji 1 0 WL 2H 2 4 i 8 ' G 8 45 R 7k ASCs 2
285 0 LA R I A PN R AR, R R T AZ 46
DAL FEBE, ANROTIRER I B s, &k
IR 7 AR R ML) 32 B T T 40 i A Aol
IS P9 Rz 200 6L A5 A A i, AR fofE 5 A T Al A
fRHEZ AL B E . AT h kI T A 55 4%
ot (vASCs) 50 MAT N B2 40 M 19 21 (6 98 6
BT ES, FFEBLE T rASCs 264K N 1T L4k N
1058 P R 40 M 2 508 A0 A A i, NI & AR aE
I LB S R I
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FEFAMEYE ASCs S B B RN ETE £ WA H
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SDF-1 4 fafb R & o F sk = . Horb,
R J2 — 2 BB 8 02 {0l b 48 if 17) R o 7 1) % B0 1Y
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