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Effect of Probucol on Function of Diabetic Mice Adipose Tissue-derived Stem Cell
WANG Zhe', LIU Xiao-Yu*, ZHANG Dian-Bao®, and WANG Qiu-Shi'

(1. Department of Blood Transfusion, Affiliated Shengjing Hospital, China Medical University , Shenyang, Liaoning 110004, Chi-
na; 2. Depariment of Stem Cells and Reproductive Medicine , Key Laboratory of Cell Biology, Shenyang, Liaoning 110001, China)
[ KEY WORDS] Probucol; Adipose Tissue-derived Stem Cell;  Cell Proliferation; Cell Migration; Reactive Oxy-
gen Species

[ ABSTRACT ] Aim To explore the effect of probucol on function of diatetic mice adipose tissue-derived stem cells
(ADSC). Methods ADSC were isolated by mechanical separation and enzymatic digestion from nondiabetic and dia-
betic mice.  The expression profiles of CD34, CD45, CD90 and CD105 were examined by flow cytometry. The ADSC
were divided into 6 groups: control normal group, probucol normal group, control diabetic group, probucol diabetic group,
high glucose normal group and probucol high glucose normal group.  The proliferation and migration of ADSC was deter-
mined by WST-8 assay and transwell assay respectively. In addition, the mRNA and protein expression of vascular endo-
thelial growth factor (VEGF) , hepatocyte growth factor (HGF) , and insulin-like growth factor-1(IGF-1) were determined
by real-time PCR and ELISA analysis. The content of reactivated oxygen species (ROS) was also measured. Results
The morphological feature of ADSC displayed fibroblast-like phenotype.  The cells were positive for stem cells markers,
including CD90 and CD105, and negative for CD34 and CD45, as shown by flow cytometry.  Diabetic ADSC showed de-
creased proliferative potential and migration.  In addition, the mRNA expression of VEGF, HGF and IGF-1 in diabetetic
control group was obviously lower than that in nondiabetic control group.  The contents of VEGF, HGF and IGF-1 on AD-
SC -conditioned medium in diabetic control group was also obviously lower than that in nondiabetic control group.  Probu-
col promoted proliferation and migration of diabetic ADSC, and increase the mRNA expression of VEGF, HGF and IGF-1
in diabetetic ADSC.  In addition, Probucol could increase contents of VEGF, HGF and IGF-1 in ADSC -conditioned me-
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dium in diabetic mice.

function.

R 9 e 35095 ( diabetic foot ulcers, DFU) 7F
BRI R T B A B R 1A 259% , X[ E 2
£ 14% ~24% W N8 T 282 MR,
1BYT DFU — B R A 5B 27 AR B e,
I B0 1 A SO A0 M | SO ET 46 20 1, Y
B A Wik 48 i K afin /N A, T 1) S S5 40 i R 2 RE
P 223 DFU iDL G EERNRZ — . H
WAMAYT DFU IAE G ESCR A, BRI TS
FORTEAW & H 2 AT 50% 18 R BETR
i, AR ZE R T 40 M0 ( stem cells derived from adi-
pose tissue , ADSC) J&—Fi U5 T 5 7 41 4L [1) 78 ot
T2, SH RN RIS 1 © £ S8 ADSC Xf DFU
A S {2 BEVE D, ADSC — )y T3l i B i 4
B RN AR AE B AN T 5 5 — T T W 2
A K, A i 48 9 B2 A2 4 [ F- ( vascular endo-
thelial growth factor, VEGF) JH-4ififd 4= & K+ (hepa-
tocyte growth factor, HGF) 5 RAEA K KT 1 (in-
sulin-like growth factor-1, IGF-1) 55 & I8 5 A 11 & [l
M ThEES, R H R ADSC IR Bk 59 B
TARGFIROR (R — BB 5 TR TSR A SRR T AD-
SC WIfeifi 3 DFU B E A AR, Hrébi
A LA PR B8 A AR AR, 47 T LUK B
FACRIH TR FE B T MR Al . FEfR 2535 2 1 %
VE R —Fe A5, iy 3 A DR i 4 P B 40 i
YEFT BRI C R W s 58 1 25 . A WFSE
PRGN 3 B B TR IR /N B ADSC I R T S Ak ) 3
A AT T I 38 2k T 4 4 A AT AL AR ) M
Z AP AR R R, PR3 2 A 2 R PR I T/
B ADSC A= ¥~ D RERYE A, Sl R B v A AT
MEAEIRYT DFU J5 AT 40 0 0 2 RE $2 1137 Y
WA

1 #RFTTE

1.1 EE#HE

% k= W % ( STZ , % [E Sigma A &), i ##3X
Fe(MNZZRERBAERTELR), EFHE
FRG(LERFEHLARANF), B4 L3 (Gibeo
NE), K ARIE By B CD34 .CD45 .CD90 .CD105 4t
K (Biolegend /A 7| ), # & ¥ 1 — A BB K L &
(Sigma A8 ), A4 HEFEEE (Roche A7), H
HE 4 % % (Amresco 0458 /2 &) , DMEM ¥ % 7 | &

Conclusion Our data indicate that diabetes alters ADSC intrinsic properties and impairs their

Probucol can protect diabetic ADSC function of proliferation and migration, as well as releasing growth factors.

B HEE (Gibco 7] ), WST 4 it & K 4 M & 7| &
(EAMKASHBECAETFRA), &K HFHMK
# & (R&D A F),

1.2 SEIEZh#

BOUAF/NER,SPF Z, A& R E 20 £2 g,
HPEERAFEZR Y PR, LR BE
MEmESE, KK, W AKXTHEAEFZ oY
FRIF M E R A FITEF,

1.3 #ERFE/ANERAEE

BHRTAE A 12 h , — KM ST IR E T &
150 mg/kg, 3 K J& B A it R o 0] 2= AE it A% ( FBG )
A, ¥ FBG = 11. 1 mmol/L /N B AE 4 8 &
HA,

1.4 INBLADSC HEBE5%TE

THAUHTREEEHALAE T TLF,
PBS 7t 3 KB, N2 R PRIREEZ A 1,37C
AL 60 min, 2 1k AL 5 T 40 e 0 b 3t IR, 1500 v/
min %8 5 min Y& 48 M E DA 2 x 10° AN/L B R
BEMTREEMT,E T 37°C .5%CO0, thiffrnig &5
FAPFER,CH P, RIFBAMIEEFL,1~2 X
AEHE 1K, BT ESBEXHRTY, Fam
3k 80% ~90% B , 4% 1:3 th A& R4 H P1, B
%3 RaM, B E T, B S x 100 AN/ AL A
F96 FLH, FFLm N 10 wL CCK-8 ¥ 3,37 °C, 1
FBE RO K A 5%CO, BAEEBEETE2h B, A
B B 4,9 A AL T 450 nm 3K T A R L AE
RIGEMME 1.2.3.4.5.6.7 K6 — B 61 A8 R 4>
M, RERXEELF mpERE &, BHKL
FRiE BN 4% CD34 .CD45 .CD90 .CD105 F /&, ¥ 47 7 &
21 JL AR
1.5 XW4HA

i v B 3 2 E B L J5 24 h By ADSC 4
H6 4,45 k. DIE % ADSC 4 41 ;I % ADSC
+ L B E N, QN KR ADSC xt B 4, @8 K R
ADSC + ¥ % i % 41; ® E % ADSC + & 4 (30
mmol/L) 41 ;@ E% ADSC + H 4 + L F A H 4, o
I 41 4 50 wmol/LI1 By I B A & th 3k B E
FADSC, M BUARFEF A G LETAEL FRE D
BU7E 24 h 836 h B [6] XA 4 40 AT AR
1.6 EIERE S (WST %)

SR BT 2 h 1 & 4 2 L AL n N CKK-8
WA 20 WL, 395 45 K BF DUBE AR SUAR I BK B ( Ay,
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1.7 FEBEENEN

25 pL A% Z A% (50 mmol/L ) 3 35 il
m N B 8 Boyden Chamber By T % | % F JE i fn 4
/NEW EZ 42 x10* A~ ADSC # 50 wL 3 5
RAENEE , FUHFK R BANERE PSR 24 by
BERErTN RSB EE,H 4% 5 R AEE T
JEHE, Giemsa %6 KA ik, FEHEA, MALE
B3INBHENET (x400) it T #1204
ik 8
1.8 ELISA fUIE

kA ELISA Ml 2 & A 9% S 24 h 5,354 L
FRPEAGE, PAE BRI SEATRE,
B AR DU € 450 nm A& B BOE AR BB AR VE i S 4 A
HEHEPMEE,
1.9 SEEZEE PCR #&il

%% 24 h 50k B A 44 B AT PCR A,
VEGF ki 51 #1 ¥ % 5°- GCCAGACAGGGTTGC-
CATAC-3', T i 5l 4 J¥ % % 5'-GGAGTGGGATG-
GATGATGTCAG-3', HGF L i 5| 4 ¥ 7] 5'- AA-
CAGGGGCTTTACGTTCACT-3', T 5l 4 ¥ 5] % 5’
CGTCCCTTTATAGCTGCCTCC-3', IGF-1 ki 3| 4
JF % 5'-CACATCATGTCGTCTTCACACC-3', T i
Bl 4 F % H 5'- GGAAGCAACACTCATCCACAATG-
3, W% ® GAPDH &y _EiF 5 4 % 5'- AATGGATTT-
GGACGCATTGGT-3", T i 5| 4 & 7| Jy 5'- TTTG-
CACTGGTACGTGTTGAT-3', i L ig#Esn £ 4 T A
BRANE AR, HHE E RNA, 4% B Trizol &K 7 & % ¥
B 1E; R % Tk cDNA, #% K 7 A B4 10 wL i#
HF K £,37°C15 min, 85C 5 s; LB K L & &
PCR, 4% P& % 7] ¢ W1 B2 %] 20 wL PCR K MR %, KM
S K FUE M 95%C 30 5,95°C 30 s,61C 34 s, 3t
2 ANMEF, CeEk T B B -k 2k e BHE

1. ADSC 9B EFUREK i
1 ADSC K iihik

Figure 1. Isolation, culture and growth curves of ADSC

ZRWERE, 5F X[ 11T HAAC, XA A
HEBFITHEEL2 0,
110 ZHARiE S 4 A A E

o £ & 4 28 . 9F # & T 300 pL Bindding Buffer
., N 10 pl — S BB K & (2HDCF-DA ) & 4
BA, ERBELHEIT KB 30 min, 7 & 20 40 SU
RO, B b 40 M W 7E P A (reactive oxygen
species, ROS) By & & ,
L1l S®iHFESHh

FrAELRBEEHELI AU L, KEAr s X
7, A SPSS 17.0 #AFFAT 4L IR 77 2 A, 41 1]
MOH T LB SNK AT, P <0.05 £ 78 4 it &
B,

2 % R

2.1 INRAERRIRE M E ST

BRI RIZH /NEL FBG M 19. 27 +2. 04 mmol/
L, B SR %t FEZH /Nl FBG 4 7. 84 3. 10 mmol/
L, MEZERBASITFE X (P<0.01 ), #E/R G
W,
2.2 ADSC IEFHLSELE

JRAREE FR AT ADSC R RIE 330 ,8 h 5
BTN IT LR NG BE 4 ~ 5 TG BE J5 40 i 5 2 4R T
M % 7 ~8 KT, ADSC B 7] ik 80% ~90% il
FRE(E) . EGgA KR 3 ~ 4 KAPAT
e 1 1R, EE5 30, S —, B 1C WE
3 UM ADSC At 2k, 5 3 A ADSC A=t 2k
B S, AR EnBRAERB(1 ~2 X)), %4k
ARG ~5 R) AR FEH(6~8 X),

23 A AR A M S5, R 43 Al i 2R 1k CD90
1 CD105, AFEik CD45 Fl CD34(®2)

- £3R

5 6 7 8 9

1 2 3 4
=23 [ES)

A RJEAREEFE S KAY ADSC ( x100) ,B K 80% ~90% B4R 25 ADSC ( x100) ,C K55 3
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B 2. ADSC KI%7E
Figure 2. Identification of ADSC

2.3 LT HmEIVERME /IR ADSC HEIEK M

5IEH ADSC X B4 e, B PR ADSC 4141
JH K R R T W SR AG 3 2 A 5 5 24 h FI36 h 3
REFEUERE PRI ADSC 35 (P <0.05) , HIEH AD-
SC XF BRZHAH b, IEH ADSC =4 % HE 25 41 it 184 5 fiE
TIPS REAG 5 B M %1755 24 h F136 h HRE(L I &
WEEFE T ADSC 3958 (P <0.05;% 1) .

x 1. LT HEXHERK /R ADSC H5E K &0 (OD &)
(x+s,n=06)
Table 1. The effect of probucal on proliferation of ADSC in

each group(x £s,n=6)

| 12 h 24 h 36 h

TEH ADSC X FR4H 0.25+0.02 0.40+0.07 0.45 +0.09

E% ADSC +

A 0.27 £0.03 0.40 +0.02 0.47 +0.05
DRI ADSC X HRZH 0.23 £0.04 0.320.06* 0.34 +0.06"
BN ADSC + ab ab
W9 ] 0.26+0.06 0.36 +0.05%" 0.39 +0.04

EH ADSC + Eitiige
TEH ADSC + = +
2N

0.24£0.02 0.30 £0.05* 0.33 £0.04°

0.25+0.05 0.36 +0.03° 0.44 £0.07°¢

a§ P<0.05,51F% ADSC X AL #; b R P <0.05, 585G
ADSC XFHRL L ;¢ A P <0.05, 51E % ADSC + EibE4] Hb#

2.4 EFmEXERRKNR ADSC TR HIF T

HIE# ADSC X M4 Hd, B IR 41 ADSC T
FEH A, 2 1 %155 24 h F136 h RfEdEHE R
/N ADSC i %, HIEH ADSC X BRAHAH HE , I
H ADSC + = i 41240 Mo iE # Be ) B B AIG; 50
ADSC + i BEAARLE 35 2 A1 % 55 24 h F136 h
AEfEE B 35 T ADSC 1T/ (P <0.05; 81 3) .
2.5 EFHEIMERK/NR ADSC 47k VEGF,
HGF 1 IGF-1 EE&EM M

HIE# ADSC %F HE4H Hh g, B IR ADSC X ]

CD34 FITC-A CD45 FITC-A

ZH ADSC £ 15 35 h VEGF \HGF F1 IGF-1 &
THPEEMI(P<0.05) , %21 %% S 24 h GEW
WG ADSC 4 F 35 52 VEGF  HGF #1 IGF-1
EHTE(P<0.05), HIEH ADSC X BE41H L,
IEH ADSC + = B 41 4% 14 B5 #2 Wi b VEGF  HGF Al
IGF-1 FHH & R IER(P <0.05) , H 2 i %%
24 h GEBH WG i ADSC 435 97 W VEGF \HGF
MIIGF-1 A E (P <0.05;3%2)

1.51 3 IE#ADSCxTBR4E
w o E¥ADSC+ET #£4A
o = FERBADSCT B4
< 1.0 R FADSCHE B A
8 22 [ ADSC+ B A
) N SYIEFADSC+E -+ B %A
Fos
®
H
0.0- AR

3. ETMEINMERF/NR ADSC EBHZM (x 5,0 =
6) a’h P<0.05,51E% ADSC XfIR4LELE ;b S P <0.05, 54
PRI ADSC Xt HRAL L E ;¢ i P <0.05, 51E% ADSC + =gl tess,
Figure 3. The effect of Probucol’ on migration of ADSC in

each group (x £s,n=6)

*®2. EFHEXERFK/NR ADSC 4 # VEGF,HGF
IGF-1 EA&EMRM (v £5,n=6)

Table 2. The effect of probucal on content of VEGF, HGF
and IGF-1 of ADSC in each group(x +s,n=6)

g A VEGF-A (ug/L) HGF(pg/L) IGF-1 (ug/L)
TE# ADSC X Hd4H 9.39+0.11  3.88+0.19 12.45 +1.09
1EH ADSC +

.01 +1. 3.92 +0. .37 +2.
W 9.01+1.14 92 £0.28 12.37 +2.12
BEIRIR ADSC XFIEZ  5.32+0.86°  2.33 £0.79* 5.34 £0.59*
BEIRI%E ADSC + ab ab ab
A5 4 7.33 £0.45® 3,09 +0.53* 6.89 +0.93
IEH ADSC + il 4.96 £0.19°  2.14 £0.23* 5.21 £0.44*

H ADSC + =i

IE FRBE Y 1020 3.2720.35° 7.88%1.01°

WA

a’N P<0.05, 5IE% ADSC X B4 L4, b oy P <0. 05, 58 R G
ADSC XFELH HL# ;¢ A P <0.05, 51E% ADSC + R4 bas
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2.6 LT MEXHERMK/NER ADSC VEGF HGF #n
IGF-1 mRNA Rz 50

5IEH ADSC XfHE4H L4, M PR 9% ADSC X ]
44 VEGF .HGF F IGF-1mRNA 23k /K V- B & R A%
(P <0.05) , 3% 4 % FUAb B3 24 h GEW AR HEAE IR
% ADSC VEGF ., HGF #1 IGF-ImRNA % ik (P <
0.05) ; 51E% ADSC X HEALAH L, 1E# ADSC + /&
B2 ADSC VEGF HGF #1 IGF-1mRNA 235 7K - B
HWREK(P <0.05) ; 51EH ADSC + b4 L, 35
B A% 24 h U B INE R S FR T ADSC
VEGF .HGF F1 IGF-1 mRNA ik (P <0.05;84) .

. 1.5 CE ¥ ADSCHT R4
] COEHADSC+EEHE4
K EREERFADSCY B4
oo | W R FEADSCHY B 2 4
= 1.0 ab  C emr#ADSC A
+<e E EEHADSC+EME+E FHEA
Z<
G 0.5
ER
L —
2 ool =
> 24 h 36 h
” 15 = E%ADSCHHA
3 = E¥ADSC+EB %A
R = MRFADSCHHA
=< I 1 O c - HERBADSC+E T %A
ma EEH¥ADSC+EHE4E
<Z( % IEHADSC+m i+ B4
éw
24 h 36 h
1.5- = ERADSC HRA
) = E¥ADSC+EB 724
i &= MR FADSCII R4
=10 mm HERFADSC+E B %A
mzl E#¥ADSC+RE 1A
< E IEHADSC+m i+ B 24
Z <
oc
£ 2\20.5
‘Tv
G 00

B4, ETHEITHERF R ADSC H VEGF, HGF 0
IGF-1mRNA RIZHIF00 (n =6) aky P <0.05, 5IEH AD-
SC XA Lbds; b oA P <0.05, 505K ADSC X IR b4 ;¢ P <
0.05,51E% ADSC + BB L

Figure 4. The effect of probucal on level of VEGF, HGF
and IGF-1 in ADSC of each group by real-time PCR(n =6)

2.7 EFHEXNHERME /R ADSC ROS EEM
=21

ROS & Al ) 45 3 7R, 5 1E % ADSC X &
ZH A, BEPR R ADSC X} R4 ROS & 5 BH B Th s (P
<0.05) , 3% B 1 % Wk B 24 h F136 h W] B FEAK
BERIE/NEL ADSC ROS Fri, S51EH ADSC X i 4l

A, IEH ADSC + =840 ADSC ROS 5 i I &k 1%
Jn(P <0.05), 5% ADSC + & BEZH AR L, 3% %5 1 %
53 24 h GEW I H0 = R S T (9 1E % ADSC ROS
SR (P<0.05;K5),

3001 a a EHADSCHIEA

. o ESADSC+E B A
e 7 e ERHFADSCTRA
w200 R AFADSCHE B H £ 4
e a B E % ADSC+E HEA
1}5{% ACEIE % ADSC+ B+ B4
By 100
ER

- 04 AR

24 h 36 h

B 5. LZfmEITHERF/INR ADSC ROS S EHIRM(n =6)
afy P<0.05, 51E% ADSC X MALILE; b A P <0.05, SHIKE
ADSC X FRZH A ;¢ P <0.05, 5IE% ADSC + mfldi i,
Figure 5. The effect of probucal on level of ROS in ADSCs
of each group(n=6)

3 3 g

ADSC VER—RhaiA MSC %, i T H G/ a5,
KISz, o fAs G G S A E AT O R
BRI IERIIATT 1A RERAAR DY ARSI R
UG I, A R A 22 TN BE 43 B 35 3% ADSC, X H:
HEWEFR A TR AR I S5 R R B ADSC 5 B eSS
HABLHZ AR MSC EA FHLLIRAE, ADSC =ik
CD90 1 CD105 , AN3ik CD34 Fll CD45,

DFU S48 b /™ 548 Pk I A E | ™ T 5% o) 28 4%
B A6 i, RS R ADSC JRIT I IS5 S T
TRAF IR, (R — BB B 58 TR 475 4% & 81l T ADSC
TRE 5 5 BOWE R R R A R R,
i PR 136 D) 75 B R 380 — T 05 32 oA el 8 A PR v R A
T ADSC IhfE.

WA HVE N —FPU AR, HA WInE Sra
b Pioe WEE N AT RE . 52 A6 5 iR R PR
AEHATRE 5B B MR A K, P MhHES
14 RN L&A BT A e, B R 9 5%
e AT A BB R AT DAt A PR R
AR DR , $s AT LKA T e
ADSC Pifi, R T it — A UF 523 B A % 7E AR 3o R
S ADSC Zhfgr i A S0 v T AR 2 A
AT, R 2 S B PR RE #6497 ADSC 11
AEWEEREE | T2 2 X PR /N B ADSC 344 5 il
EREHE I BA R ER.

ADSC XHaIE & v /E AL —J7 T 3 5
RYHETE IEAS B Ak, Dy — 7 HGE i A A W E 57
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AR BFFTAESE R R /N B ) A 5 40
IS5 W I RS2 4, TE 250 6 T WE PRI B2 Ik 9%
IBIFTE e B0 22 i AE K PR 3O J2 B8 T RE s
it 2 Bkt A @A A E BRI VEGF HGF
FIGF-1 ZRN EZ WA K W T, A58 K B, ADSC
BE/r W KRB VEGF HGF F1 IGF-1, 1 iX $6 5 T-7¢
BIviteE i AR R B AR R EE AR AR
ELE RSB R 5405 ADSC J3r I fig, &5 R 5
SCHRARIE —20, FATE L X B A WAL S AD-
SC VEGF .HGF Il IGF-1 & 1l mRNA Zik A |
G5 I X A 7 he el PR e /N BRL 3 W VEGF
HGF 1 IGF-1 (Y Z6E, HILHERT, 35 %0 15 2% X T b
PRI R E TR ADSC 918 D RE nT fE HL A TR 41 £
PYEM . B R T AW b I 2R 6 S8 Ak L 3 48 b
(ARSI, BT LAFRATT 5 AN BB 58 42 4k Wit 27 25 25 X}
[ 7051 440 A A 90 2 ) R 1) R Wt T B 4Rk
YER, BARPLEIA A Tk — 250 5%
ARIFFWIAUE S RIERE B4 47; ADSC ZFhA:
YrEE i, PR B B A 2 e 08 A R0 B IR
ADSC Tifig, mUbHEWTIG K LN ADSC A8 JR 9
FEE YN RS R AN 3 RIIR 7 B, 5 2 A % S T AR ]
REXT ADSC iRt AR R EH . IR A
¢ i MUHEXT ADSC T RE -5 176 14 1 5% i S35 20 A 2%
PERIBLE], Al R 38 2 b F B A7) o 3 A
AR HE AR 1 R0 W 55 1 T80 V6 R 2 v T 4t i
BAAIRYT DFU BT R0 U8 ek
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