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Study on the Mechanism of ADSCs Combined with Exendin-4 in the

Treatment of Wound Healing in Diabetic Rats*
DUAN Peng, XU Jing, LIU Li, QU Hui, MA Li, DU Jun-kai*
(Department of Emergency, The First affiliated Hospital of Xi'an Jiaotong University, Xi'an, Shaanxi, 710061, China)
ABSTRACT Objective: To investigate the effect and possible mechanism of ADSCs combined with Exendin-4 in the treatment of
wound healing in diabetic rats. Methods: The diabetic SD rat model was established by feeding high-fat feed and intraperitoneal injection
of streptozotocin (STZ, 45 mg / kg). A skin punch biopsy with a diameter of 1 cm was used to make a wound on the back of the rat. 72
successfully modeled rats were randomly divided into diabetes group, ADSCs group, Exendin-4 group and ADSCs + Exendin-4 group,
18 rats in each group. 20 unmodeled rats served as a control group. One day after skin trauma, the drug was administered according to the
prescribed dosing regimen, once a day for 14 days. After treatment, the blood glucose, wound healing rate, microvessel density, wound
histology changes and protein expression of angiogenic factors (VEGF-A, VEGFR-2, PDGF-BB, PDGFR-B and HIF-1a) were detected.
In addition, HUVEC cells were divided into control group, high glucose group, ADSCs group, Exendin-4 group and ADSCs + Exendin-4
group, and the cells were treated accordingly. The effects of ADSCs and Exendin-4 on the proliferation, migration and angiogenesis of
HUVEC cultured in hypoxia and high glucose were examined. Results: There was no significant difference in blood glucose levels be-
tween ADSCs and/or Exendin-4 treatment group and diabetes group (P>0.05). Compared with the single treatment group, the wound
healing rate, microvessel density and protein expression levels of VEGF-A, VEGFR-2, PDGF-BB, PDGFR-B and HIF-1« in the ADSCs
+ Exendin-4 group were significantly increased (<0.05). Compared with HUVEC in the single treatment group, the proliferation, migra-
tion, and angiogenic capacity of HUVEC in the ADSCs + Exendin-4 group were significantly improved, and the expression level of an-
giogenic factors was significantly increased (P<0.05). Conclusion: Local application of ADSCs and Exendin-4 in the wound tissues of di-
abetic rats can obviously promote wound healing. ADSCs and Exendin-4 promote angiogenesis and wound healing by promoting the pro-
liferation and migration of endothelial cells and the secretion of angiogenic factors.
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R, TH 2% b AR B s A AR A 0T, O g (8
RACMEIG A S L RATE @A BXEY, BAR BRI C AT LT T
YA AR DR T R R A S RN PR 3k S A G T B P ARRAT)
SRAR 22 o WEPRIR IR0 DV AL G 2218 1Y S B R R 1M 457 A= e
PIREAIRS, ) BT T A e A O G A rh A% 240 1R T
HRIMME SR o HHGE , T4 A 2 B A A a\ Jm SRS AR AT LAfR i
B R4 0 B P9 B A AR A B R, A BRI R, IR T
AT A1) T 48 i ( Adipose derived stem cells, ADSCs) & H. 43
WA ELA R D ALE BOFE R SR, TR MT i B 5t HL 4t
FETERARFAR, IF R0 T4 AR VA 7 AN B4R AL 4 AT
0 AR .

Ji = 1 B 2 FE K -1 (Glucagon like peptide-1, GLP-1) &
TER 3N 43U L 4000 I B R A BRI 290
BEPRIFAEH] M, Exendin-4 J&—Fh2f 21 bt GLP-1 {1y GLP-1
ZARBBH, CH R TRYT 2 BRI, HAh , Exendin-4
M BA AT BT ARG R AT, Rt AR YT O 1 A
A B TR TER I . B2 TRTABETESE R AR HR T
ADSCs k4 Exendin-4 {77 5 IR K BB T AT &5 RO RCR S AL
il , BAETF A —Fh g B i AR PR B T A5 T

1 AR5 07

1.1 #t#

Dulbecco Bt B Eagle 5 3% 3 (DMEM) iy H 2 [#] Gibco 2%
) ;MesenPRO RSTM 155530 A 56 [F Invitrogen 2\ ) ; b ifi il
e BRI B R R AR SRR R R A IR A ] SR AR
(STZ)#1 Exendin-4 5 A 3% [# Sigma-Aldrich 2\ &) ; 73 AKS -
¢£1.(HE )l Masson — 4,3 {35 £ [ 3¢ [ Sigma-Aldrich /v
H];CD31 45 N B A K R F -A(VEGF-A) | Ifil & P 2 A= K
FAZ ik -2 (VEGFR-2) FITC Aric i Ll 240 s —hi i [ 55 =
Santa Cruz 23wl ; il /MR AE K A5 -BB(PDGF-BB) | il /M
WA RN T2 44 -B(PDGFR-B) (k415 A -1a(HIF-1a ) FlI
GAPDH $i {414 A % E Abcam 2 7] ; TRIzol 3£ 4 [ 3¢ [E In-
vitrogen /A 7] ; M-MLV Reverse Transcriptase 257 &5 W H 3 1%
Z M AL RO E Y AR A Bl ; SYBR-Green PCR 71| & 11
2 [ Applied Biosystems 2\ ] ; RIPA 2z npif 4 A b st Pl AR
YR A R B ECL b2 & 6K I R 42 A 25 [ Pierce
Biotechnology /Al ; BCA & [ ¢ B I a2 57 & \MTT % 1
H LG 3E A RAEYHARA R F ;DMSO W H 3 [ Sigma 2
) ; Matrigel %t )57 Jik W B 32 ] BD Biosciences 2\ i ; Transwell
F 4 A 3% Corning /3 7.
12 A&
12.1 @AasEs  ABr#IKN B4R (HUVEC) I A 3¢
ATCC, ff HUVEC #i7E#N 1 10%]i7 4 1L # i) DMEM 1%
FRILPIEFE BT AR 37°C A 5% CO,, M ZE[E Invitrogen 2y

FIWSE A NS IR £ 68 T4l (ADSCs ), -7 MesenPRO RSTM
R gR , Bk 37°CHI 5% COy,

122 SEI&EY 100 X 180~200 g fi¥ i1 Sprague Dawley
(SD) KB HH 6 2228 K4 IR 23R sl iy s i vp oty [SYXK ()
2018-001 2 HE, KR EURFRTE 25°C 55%AHXHIT I 1Y) S50 25 71
BEN 4 T 7K TR

123 BERBEBEST  BEYLEIR 20 H I RUWE X IR (CK
A1), bR UE RN R . oAy 80 N R deia, FH i ik
(RPREE 0.2% JIHEEE 1% & 5% JHHE 10% EFH 10%FH
FRAfErDEL 68.8% MR . KERMEFE | A-H 5, X aAa K R i
TG 0.1 mol/L AP R ER 25wl [pH=4.5] Fi BEA IR T/ R
(STZ,45 mg/kg), Xif HEL R R SR RLAY 0.1 mol/L #7451
LB TS T KT, R KUK ERBE AL IR , i
Z/b 2 ¥k >16.7 mmol/L i 2 B # A g 2h 3, 20 H X B 2H K B
AR R, 80 JUBEIRp AL R R dtf 3 Hatrs, 5 H
R, B 72 N,

124 BRRBIMGHERMEIRSA 20 IXF AR RN 72
H g K Bl T 4 T 10% K4 B 300 mg/kg X K Rk
17 REE , 006 J PR X B RT3 . (AR 1 em (9 52
JoRF TFL TG 25 7E K BT o i) 42 F VIR — 4 R B bk ol =
FHIZ I O 1 A B T o o 72 A R RRURE ML A3 S bl PR 41
(Diagll ) \ADSCs 24 (ADs 41 ) .Exendin-4 2 (Ex-4 41 ) Al
ADSCs+Exendin-4 2 ( ADs+Ex-4 21 ), 52 18 1,

1.2.5 4254038 KRGS 1 K, X IR 2 Fml FRyps 20 K B
5 1 RN LB R ST 100 L @Rk 2% bk /K (PBS)., ADSCs 21
B RS 5% 10° ADSCs( % F 100 wL PBS ), Exendin-4 4 J
T4 100 WL Exendin-4 (100 nM ), ADSCs+Exendin-4 £H j7
FHESF 100 wL % 5% 105 ADSCs (7T 50 wL PBS) #0150 pL
Exendin-4(200nM),, BERZAZ 1 IR, 4 14 K, 255 Y Ra4L,
LA e o R kB fa (AR ARN L sRA% 1 A, H
TGO O A S R . (fTH Image J A HAAIRIAN A3,

12,6 MEEKFHNE Q0GR 14 K, NSAKREZRK
PALMIAFEAS , % FH58 2E OneTouch Ultra [0 43 H {300 & 1M
IKFS

127 GIEARENE  QI0EH 14 K, AFEKEIFBY IR
TEANHIZHE, LT B, — 553 2 AE 10% P PR /R
ARG ol b, A A HRIE 4 wm Y) RO — B R A
BRI -80°C kA REF . Y1 i FIJRAKS - 41 (HE ) Hil Masson
=g, YRR R IR B, A — R P (100%-95%
-80%-70%) HUKG, AZEMKTUEY, REHIRARK - §ra
(HE)# Masson =iy fa, T CD31 GEdifbija, ¥
YR 59t CD31 5 £ FiEHiiA (1:1000) 7 4C N I H «
PeE KRS FITC ARic I Ehi R e =i FEE 1h,
DAB e )5 IR ARZE G Ye . W) F 764 DA AR 5
EOYLE R, ARk D) R BEEL 5 AN YL @R ZLAILET , T4
T CD31 Aric im0 H o



DREYESSHE  biomed.cnjournals.com Progress in Modern Biomedicine Vol20 NO.20 OCT.2020

- 3809 -

1.2.8 RT-PCR 547 i f] TRIzol i3] I\ @i 21 415k HUVEC
H14388 5L RNA, {fi ff M-MLV Reverse Transcriptase i, 7 &0
4 RNA 4 55 % ¢cDNA, i f§ SYBR-Green PCR it %] & 1F
ABI 7500 S5 6E B PCR {XGHEAT PCR, BEIHFHI(F 1), 4
S F KK i 2+ > @ B, GAPDH P& 4LH

=1 5%F51

Table 1 Primer sequence

Primer Primer sequence
F:5-TCAGTTGGCTTCCTTTCTGTGT-3'
VEGF-A
R:5-ATGTAAGAGGAGAGTGCCCC-3'
F:5'-GGAGAGTCCACGCCAATCAAT-3'
VEGFR-2
R:5-GGTTGCTGCTCTACTTATCATGGA-3'
F:5-GGCATAAGTAAGGTGCAATCAG-3'
PDGF-BB
R:5-TTCACACTGGAGGGCTAATT-3'
F:5-GGCATGTCACATGTAAGAAG-3'
PDGFR-3
R:5-TTCACACCAATCTAGATTGGT-3'
F:5-AGTCAAGAAGGAGACCAACC-3'
HIF-1a
R:5'-GTACTTCCGATCCCTACATG-3'
F:5'-CTCTCGCTAGAGGCAGGCCA-3'
GAPDH

R:5-AACTTTGTCAGCTACACGGT-3'

129 EAKRMESH KOl 4 sk HUVEC #£ RIPA ZZnp
W, {8 BCA 3R e B AL, ) SDS-PAGE Hi ik
SEEAR, PSR EIRRA g RER L. KK VEGF-A
(1:1000) . VEGFR-2(1:2000 ) ,PDGF-BB (1:2000 ) ,PDGFR- (1:
3000) .HIF-1a(1:1000) il GAPDH(1:2000) —377E 4°C I & it
Wo ZJ5, Kl HRP FRichy e 37C FI¥E Lh, A
ECL fb22 SRl R G T B3 .

1.2.10 HUVEC S AR B R Bh&E 3 % HUVEC 4iisrh
X HRZH (CKC 2H ) . i M40 (HG #H ) L ADSCs #H (ADsC #H ) \Ex-
endin4 2§ (Ex-4C 21 ) 7#1 ADSCs+Exendin-4 ¢ ( ADsC+Ex-4C
). MIRAAESA 5.5 mM AR DMEM i
M ZH 35 FE & A 25 mM 4450 Y = B DMEM R 35 ii4h,
ADSCs 1 Zifi A ADSC Z& 552 (CM) s 32 (Ff ADSC &
ik DMEM R4 24 h €145 ADSC-CM), Exendin-4 ZH 4}l fft
FA& 4 10 nM Exendin-4 (1) DMEM 3% , ADSCs+Exendin-4 2
AL A4 10 nM Exendin-4 ) ADSC-CM }53%. SRE¥440
HITE 5% CO,.94% N, Fll 1% O, KIS 51T 1535 48 h,
1.2.11 MTT{ZE ¥ HUVEC ##3) 96 fLA+, A PBS Ut
VG AEMAE SR 10 L MTT #3(0.5 mg/mL) iy 55 72 K h
T 37CHER 4 hoSR5 A DMSO(150 L) - E 15 min LIV
R H A, FBEARE 570 nm ARG

1212 NSRRI K 200 pL Matrigel 3557 i 7R fin 5] 24
FLAR 172 37°CH 5% CO, 250 FIE GRS . HEIEEI{L 30 min
J& ¥ 50 WL HUVEC B I7 W (4% 10YmL) R in gl &AL, I
AR R AN E | mL, FARFES A S T F 37C 5%
CO,.94% N, 1 1% O, 75 . fii FHJE B TS100 {515 il i e W 5%

/NERIEIR 1# 7 Image-Pro Plus 5.0 #4530 H7 10 4> BEHLALET
A INEREE
1.2.13 Transwell FME  {#i/] 6 fL Transwell 2% (fL12
8 wm )T AU TS S5 . HIBRAR 1 BB i HUVEC, JfH HE
TRAETCIMLIEEEFRAE T . Tk % 1x 10YmL 4RI E F2,
IHHAETEHIMAEH 10% FBS (G F74E . TEBE &M T
H 2405 4 EEHZ RIS E 15min, SRFE45A S 10min,
TE TS100 6088 T -5 .
1.3 Gt

A B R ] SPSS22.0 kAT 43T, RN A R 3
AP SR T B+ AR 22 o (SRR 2R Ty 22 A X Bl ik
F14007 SRS ] Tukey Ka g0 ifF AT /5 2 4R, P<0.05 R

SHEAGIFE X,

2 R

2.1 ADSCs Bt & Exendin-4 3$#EFR & K B M 45 A9 8 M
BEIR I 2R B UK T S 2 15 T X6 I ZH (P<0.001) , AD-

SCs #H .Exendin-4 #H fil ADSCs+Exendin-4 ZH J< F M B 7K S AH

BRI R R 70 B 2 (P>0.05) . LA 1,

* * * -
Dia ADs Ex-4  ADs+Ex-4

5 F
0 J
CK
B | SAKXREMEKF

Fig.1 Blood glucose levels of rats in each group

30

Blood glucose (mmol/L)

Note: Compared with the control group, *P<0.05.

2.2 ADSCs Bt# Exendin-4 3HHERH A RS T A B M0

B A 3 d i), A KR AT A I B EE R (P>0.
05), TER A0 7 d A 14 d i, S4B ALA EL, ADSCs 41 |
Exendin-4 4 1 ADSCs+Exendin-4 217 Bl B i@ &% B2 7
25 (P<0.05), It4h, ADSCs+Exendin-4 20 oA Hi AL & 2 5
EE T MBI T (P<0.05), W 2.

TIAKE - P41 (HE) Yo (a2 51 o, S k405 14 d B, X FR
KRN ETE A TELS  BREE T 5, MR M L1 2% 5 b
FRIGA R BRANE AR TE 2B E e R MR | B R B 4%
b, LT 4E 40 i /b ; ADSCs 4 Exendin-4 # f ADSCs+Ex-
endin-4 41 1 T R PR RE FEAR TG, BB TIER A
ADSCs+Exendin-4 £ i 23U R efd. ILE 3,

Masson = {a e a2t B g R BB 05 14 d B, X REZH R R
Bl 2, B O IR, IIFHE ST . MR PRI 2R LA
T4kt I RHESI A% . ADSCs 41 .Exendin-4 51 AD-
SCs+Exendin-4 20 K B B 4k YL B 1 2 THE RS 2. DLIET 3.
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Ex-4 ADs+Ex-4

—CK —Dia ADs Ex-4 —ADs+Ex-4
120

100

Rate of healing (%)
2

‘ 0d 3d 7d 14d
B2 AR HAEERL
Fig.2 Wound healing in rats

ADs+Ex-4

Masson

. ,.l:u'!"?. L
B 3 XREEmARKHARIE
Fig.3 Hematoxylin-eosin (HE) and Masson trichrome staining (100% )

2.3 ADSCs Bt& Exendin-4 3HERF A BROIEMMEZENEN  f54H4H 1L, ADSCs 2 Exendin-4 ZH 1 ADSCs+Exendin-4 ZH K
Wik CD31 S by kAR ic BB B #5451 % BUASHRUL % 3 T 5 (P<0.05) ; ADSCs+Exendin-4 2 A LAY
N, BRI 14 d B, S PR AE R BRGSO 28 B fe i . SRR IS T ADSCs 2H il Exendin-4 ZH(P<0.05). UL 4.

Ex-4

ADs+Ex-4

Microvascular density
[=2]
(=]

b
<
I d
| I
Dia

ADs Ex-4  ADs+Ex-4

CK
4 KROIEALM CD31 AL HRE(100% )

Fig.4 CD31 immunohistochemical staining of rat wound tissues (100 x )

Note: When comparing between groups, different letters indicate P<0.05, the same letter indicates P>0.05.
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2.4 ADSCs Bt& Exendin-4 X#EFR & A BRI H ML £ 5 B FHI
A1

FERRIG 14 d i, 5500 BRZEAR LG AR PR 28 K BB i 2H 21
o 9 148 4 i Bl 7 VEGF-A \VEGFR-2 . PDGF-BB PDGFR-B

1 HIF-1 25 H 3k /K35 8 FEAR(P<0.05) . S PRI AL

12

CK Dia ADs Ex-4 ADs+Ex-4
1
VEGF-A  amp = "= == o
VEGFR-2 @l . s ——

PDGF-BB | D = 0 = o=

PDGFR-} D e - . o

HIF-lu s s—— e ———

mRNA relative expression of VEGF-A
o
Y

GAPDH | GEED NS GED o= =

CK Dia

mRNA relative expression of PDGF-BB
mRNA relative expression of PDGFR-f

CK Dia ADs

Ex-4  ADs+Ex-4 CK Dia

ADs Ex-4  ADs+Ex-4 CK Dia ADs

ADs Ex-4  ADs+Ex-4 CK Dia ADs

¥, ADSCs #H .Exendin-4 #H Il ADSCs+Exendin-4 2H K KL A4 I
B R T kK- B2 T (P<0.05) . ADSCs+Exendin-4
1 14 148 A R -3 3K 7K -85 T ADSCs 2H il Exendin-4 £
(P<0.05), LK 5,

o
mRNA relative expression of VEGFR-2

Ex-4  ADs+Ex-4

08

0.6

04

02

mRNA relative expression of HIF-1a

0

Ex-4  ADs+Ex-4

5 KEREImALRF VEGF-A,VEGFR-2 PDGF-BB,PDGFR-B #1 HIF-1a B B RiA
Fig.5 Protein expression of VEGF-A, VEGFR-2, PDGF-BB, PDGFR- and HIF-1q in rat wound tissue

Note: When comparing between groups, different letters indicate P<0.05, the same letter indicates P>0.05.

2.5 ADSCs Bt#& Exendin-4 3f HUVEC fyitgs .
3 3: b

e A 14 d i, S RRAUAT EL , s HUVEC 40 TG
I3 GERAVINE A G I BIFEIR(P<0.05) . S EBEdlAH L, AD-
SCs #f .Exendin-4 2 il ADSCs+Exendin-4 20 {40t 1 T8
HUNE A S RE 3 8.3 T (P<0.05) . ADSCs+Exendin-4 £H f)
PIANMLTE ) . TERSA/INE A JRE ) 835 = T ADSCs 2l Ex-
endin-4 4 (P<0.05)., WL 6.5 7 FiE 8,

S5XTHRAAA L, k4] HUVEC 40 R %) VEGF-A \VEG-
FR-2 .PDGF-BB .PDGFR-B #ll HIF-1o & 14 3% ik 7K - 3 B A%
(P<0.05), 5 & B 41 #H Lk ,ADSCs 4 .Exendin-4 41 F1 AD-
SCs+Exendin-4 41 HUVEC 4 Jfd i) i 48 A= il P 2 18 7K 44
2 F45 (P<0.05) . ADSCs+Exendin-4 41 [ 1145 4= % A F 357K
Y- EE T ADSCs 41 H1 Exendin-4 £ (P<0.05), WK 9,

3 PWig
ADSCs & —F) 7z I F AR E =G OB E T4,
ADSCs fRZ5 5 434 P 52 4L, DT B i A RE 45 AR 1, ol
ADSCs Huph i3 5ok -5 H AR A9 40 Ml A B ol LA 3B B
PRZEBRAFHIRY O™, Exendin-4 fZ—F 2 EGLP-1 )
GLP-1 Z &35, T Exendin-4 23155 P 57 40 H 14 58 I 42
HE 45 A JRAE AU, 31 . Exendin-4 ] s 11 J5 fi% Gl 1 PEBR A5 R0,
F—IFST R, M ST Exendin-4 WA MU IE B B
Fe et D fn e, FEARMSEH &K 3L, ADSCs il Exendin-4 Bl
IR AR HE T MR K BB E S, JF H ADSCs B G

TR M &

Exendin-4 3357 IR B fE .

12 |
e
l -
06
04
02 r
0

CKC ADsC Ex-4C  ADsC+Ex-4C
B 6 HUVEC HytE3S A% 71
Fig.6 Relative cell viability of HUVEC

Relative cell viability
=3
@w

Note: When comparing between groups, different letters indicate P<0.05,

the same letter indicates P>0.05.

ARV, W R0 1 A5 G2 12 E SR R R G i
BRo M A BT L I PN B ANV LA A, Ik o g
TR (255 ST AN /NS SR BT R ZE ) o ARSI AR T
ADSCs #1 Exendin-4 FUAlyA 7 B I -Gr 1697 XA PR s R BRI 4
BN, BIFFE 22 B JS 3R itE 1] ADSCs 1 Exendin-4 504 bR om
KB MR KT o FABAF ST 2 & 1, Exendin-4 ELAT 3 U 1) 1
AP, G340  ABIFGE A  FANIAR SN S 56 ¥ 2 B, Exendin-4 1
ADSC ¥ ik 1Bl O M I A A . X Segh W], ADSCs Fil
Exendin-4 473 1 81 G-7E AN E FH SR MUBKOP 512 /Y, 12
ADSCs #1 Exendin-4 3 35 {2 F 1f 4845 B i 582 &4 T 1R i1
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MRS R . T30 YA , 4 B 4R AT ADSCs 435535 T 5 P K 40 A 1

MLAE A A B A B R AR N B AT A SR G TR, T ADSCs B2 PR X 1 1 B A AT AR R 94 FH B,
BAIE ARG . ABIE5E ik, ADSCs il Exendin-4 fUHR S AHFIESE R ot — PRS0 e ADSCs (9 5Ll | I 457 H Ex-
AT R oK AR BE 4R R HUVEC (3458 | BB AIIAE A BE  endin-4 mIE— D4R mifi S AR RE )

ADsC+Ex-4C

Relative tubule length

18 f
16
14
12 d
08
06
04 |
02
0

CKC ADsC Ex-4C  ADsC+Ex-4C
€] 7 HUVEC B’\J/J\%ﬁ,ﬁ!zﬁm( 200% )
Fig.7 Tubule forming ability of HUVEC (200% )

Note: When comparing between groups, different letters indicate P<0.05, the same letter indicates P>0.05.

CKC HG ADsC Ex-4C ADsC+Ex-4C
v W Io- oo ° e r T
"’Y ‘ ?‘k ‘ - - u>° °°£'( b.r"d.. '."w %0& ’0 .0‘
p“ - o R :.'.“ .9 Q’I’°oof’€“£~>‘°g"" 2
‘ ) WSO S EGE : < ‘3‘.“ /N0 Sy O .oo‘ o -,
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& '. W © o ° NNe. ~- Jof\.‘ Ao w : S &0 2 ’f{%"
00,
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Fig.8 Migration capability of HUVEC (400% )
Note: When comparing between groups, different letters indicate P<0.05, the same letter indicates P>0.05.
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