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WME BH WEBERRIVE LR RAEELL D RN R T EBRZBREA 8 %8 [N°-(car-
boxymethyl) lysine albumin , CMLs ] %} fig % -F e it (adipose tissue-derived stem cells, ADSCs ) 1 4
R s 8 7 A AR R 6 % v A ST 4 i 4% (Danhong Injection,DH) #9345 A . Foik R A Bl R AA R T g
W 423 4 B 35 I~ A ADSCs , il b F BMATRATH & FAIL LA A 3345, 3t —F KA WST-1 3§ 53X
# & Transwell )& A X Annexin V-FITC/PI A T4l X 5] & A AA VEGF #9 ELISA X7 & 2 5| YL 2 xf i
21 BSA #1(60 pg/mL) .CML-BSA £1(60 pg/mL) .DH £1(100 wL/mL) B4/ 2548(60 pg/mL CML-BSA
100 pL/mL DH), 3 5 4A-FFgst ADSCs 374 it 4 B Ao b fb e Hom, SHa@ad ko e 8 37 4 52 36
ML F ADSCs g # sk A ZAF L #rm, R 5 BSA 410b%,CML-BSA 44t 2 % 47 4] ADSCs
Y Fe it #0088 A1, B B i ) VEGF 64 ik, 8%, 53 - fn 8 #7 £ 58 71 (P <0.05) ; 5 xF B 411k 1k 45,100 pl/
mL DH 4t 2 %2t ADSCs 3§ fn it #6948 71, 495 A =, 3§ An VEGF #9453, i & L B #7 A58 1 (P <
0.05) ;5 CML-BSA #}L3%, Bk 476 77 4148 B % 1% 4 CML-BSA %t ADSCs 3§ 7t fnit #4558 Jy 69 3R 1E A, L&
CML-BSA xf ADSCs 8 T #42it4F M, 3¢ An VEGF #5432 5 3 e B #7 £ 58 /1 (P <0.05) ., #5i& CMLs
#edrh) ADSCs #9385 o it #5486 /) AR LA =, bl L A7 £ 4 77, DH A% #& CMLs #9145 .
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Effect of Advanced Glycation End Products on the Function and Angiogenesis of Adipose Tissue-
Derived Stem Cells and the Protective Effect of Danhong Injection: an Experimental Study WU
Feng, HE Zhi-qging, JI Rui-zhen, WANG Xin, LIANG Chun, and WU Zong-gui Department of Cardi
ology, Changzheng Hospital, Second Military Medical University, Shanghai (200003), China
ABSTRACT Objective To investigate the effect of N°-(carboxymethyl) lysine albumin (CMLs), a
primary advanced glycation end products (AGEPs) isoform in diabetic body, on the function and angiogen-
esis of adipose tissue-derived stem cells (ADSCs) and the protective effect of Danhong Injection (DH).
Methods Human ADSCs were cultured and separated from human subcutaneous fatty tissue using enzy-
matic digestion and centrifugation. The morphology was observed using optical microscope and differentia-
tion capacities assessed. Cells were exposed to 5 different interventions respectively for 24 h, i.e., PBS, 60
pg/mL BSA, 60 pg/mL CML-BSA, 100 pL/mL DH, and 60 pg/mL CML-BSA +100 pL/mL DH. Their effect on
the proliferation, migration, apoptosis, and secretion were observed using WST-1 assay, Transwell assay,
Annexin V-FITC/PI flow meter test reagent kit, human VEGF reagent kit, ELISA reagent kit, respectively.
The effect on ADSCs angiogenesis was observed by in vitro angiogenesis test. Results Compared with the
BSA group, the capacities of proliferation and migration could be significantly inhibited by CML-BSA, the apop-
tosis promoted, the secretion of VEGF reduced, and the angiogenesis of ADSCs weakened (P <0.05). Com-
pared with the blank control group, 100 pL/mL DH could significantly promote the proliferation and migration
capacities of ADSCs, inhibit apoptosis of ADSCs, increase the secretion of VEGF, and improve the angiogene-
sis of ADSCs (P <0.05). Compared with the CML-BSA group, the inhibition of CML-BSA on the proliferation and
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migration capacities of ADSCs could be significantly reversed, the promotion of CML-BSA on the apoptosis of
ADSCs improved, the secretion of VEGF increased, and the angiogenesis of ADSCs elevated (P <0.05). Con-

clusion

CMLs could significantly inhibit the proliferation and migration capacities of ADSCs, promote their ap-

optosis, and inhibit their angiogeneses, which could be improved by DH.

KEYWORDS Danhong Injection; adipose tissue-derived stem cells; advanced glycation end prod-

ucts; angiogenesis

AR BEE T AU TS AR A, LT 20 R A
by 32y A B B A T B X ——" R T Tk I A R A
(therapeutic angiogenesis)” & Bk IR IR TT
WO, w2 . g7 T 40 M (adipose-derived
stem cells, ADSCs) , H THEUAHHE B4 5 s HE
JREGEFICF A R ey 7 1 A8 A A A, O
PR i B B SR AT Flh PR T390, SR, ke a4
P 22 PEARE R e U 1 IO S5 15 PR , ML A4
“ =T SECT AR SIS SR R, R e I R
JPA JCHENUA R T B iAEE T, v] S S0
H Ak 2 7= ¥ (advanced glycation end products,
AGEs) A4 2 , 5 | i E AN RN 48 B, 2 B
T MIELAS) BB 5 3245 N K RSN AE 1Y) T 200 o X
DAVAEE A735 2 B Al BE A T
BRI G, RIS 45 R BRI AL ——FF4L
5 VR R S A e AL 5 i 5% T A LS S8 e 8 S
XV AR © ), A S B o (A ST 1 ADSCs , WL¢
WAL 321 AGEs WERI——N° $2 F L 22 R
&4 A I E & A [N° - (carboxymethyl) Lysine-
human serum albumin,CML-BSA | %} ADSCs Jjfg
A B B2 S PHA 18 ( Danhong Injec-
tion, DH) MERAPVET, it — DAk B 25 1 5 T2
JHRIRE AR A1 1A Sk 10 P 3 1AL A 1 Ak AP R i AR
FHEEHEHT B ARH o

MR %

125 PRSI, 10 mL/Z, i K il
2545 PR R LS - [E 254k 220026866 .

2 A% DMEM/F12 K553 3 [E HyClone A
) e 50 B 4 i (fetal calf serum, FBS) 2 H
GIBCO 2~ H] ™33 — % T 24 -1 — B LB IE RS (3-
isobutyl-1-methylxanthine , IBMX, #2555 #i#% : 7018
-100 mg) JES =R (185 5H#%:91077C-1 g) M1 ZE
KA (525 5 A% : D4902 - 25 mg) JTGF-B( 525 541
% :SRP3170 -5 pg) B — HIMBERR 84 (185 5 HL%
P7032 -10 g) .B - BARRHIIRIMLER (575 5 ALK : A4403
-100 mg) ¥y T 3% [E Sigma 4\ 7 ; CML-BSA 14 T

2 Cell Biolabs /A#] .

3 XA CO, dffisEFR46 L EFEE R FHL
/AH) (Thermo Fisher Scientific) , %! 5 HERACELL
150i ; 41X : 5 [E BD /3w, %15 FACSCaliber ;
fitih % : 26 BioTek /A ], %5 ELx800NB ; 3 I fil
5. HAX OLYMPUS A H], % IX71-A12FL/PH,

4 ADSCs /i K .  FRIFEREY
FFEBOHTEE 53 B3 1) £t R BUAE R A T BE 7 221, 38 5y
WKL KN, BT 0. 25 % BEEFFN 0.1 % 1 R 5
ity ¥ 11 LU BC R A TH AL, 37 COKIB IR E
4 h, 1% 10 % FBS ) DMEM/F12 537 3L H 241 il
UUUE, A BC B4 1) 21 40 i 24/ W, ) 10 min,
2000 r/min .0 5 min, il PBS ¥ % 2 &,
800 r/minEj.L» 5 min, 3 FiE. M A &% 10%
FBS i) DMEM/F12 #% 37 3 8 B 40 i i e , k&) Jg it
T T80, #% 1 x 10%/em® 4%k 40 g T/ L v,
37 C CO, JiMfiks =4 ¥ H 6 h,PBS Pk LA EE
Y, FNAZ 4 10 % FBS #1110 ng/mL B-FGF iy
DMEM/F12 35570E  dh8idlige . 2 ~3 K, i r st
i, A 32 5 80 % fl A )5, FH 0. 25 % Jif i
AL ALY SR AR Z 25 3, T4
5. ADSCs BUE L% 52 R A 0.5 umollL i 5
#.0.2 pmol/L HiZEKFAFI 540 pmol/L IBMX A5
SHAETE RIS ML O i (4 2 h, (315 BB AL
SR A AR 05 R Ak S e R 0.05 wmol/L
B — BEIRHTIRIMAR 0. 1 wmol/L HiZEKHFAFT 10 wmol/
L B - WAL H MBS R, A Ra =Ry
2 h, 318 BB ULER R A A O 5 LA o A
£ 2R JH0.31 pmollL i % .0.1 umol/L #i %K
FAFI10 ng/mL TGF-B B4k B 755 77 58, F 7K 3 i
Yot 2 h, (5B B R A B D

5 szEr4H BUES 5 /8 ADSCs, i 0.25% Ji
ARl 22 6 fLAR, K5 9% 2 % A 80 % , K 3 I &
o 4l DMEM/F12 3555364555 24 h, fff ADSCs ]
Ak, 43R PR 4 . BSA 41 .CML-BSA 41 .DH 417
WATRIT AL, 3 5 41, 43 0 A %5 # DMEM/F12 15557
% 60 pg/mL BSA .60 pg/mL CML-BSA 100 pL/mL
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DH L4 % 60 wg/mL CML-BSA /1100 pL/mL DH T
24 h,

6 FuilEAR ok

6.1 ADSCs HFHAE KI5 WST-1 9P
ADSCs 4lifiaf4sEaE 1. B 6 fL ' ADSCs , #ic/
fL.2 000 M4 100 mL Br3=564H T 96 LA 1, A4 43
HIMAZR T, 24 h J5, ELINA10 ub WST-1
VWL, TE 37 °C 5% CO, MIFIREE &/ TUREEFE 2 h,
196 FLIRE THER F3E30 1 min, LLIFMESIRRIAR
FEBFFRY 28R 450 nm VERRHINE K , #4603 nm 1
RSP, AT R R E . B 450 ~ 603 nm K
OD fH, e UMIERE . AHERRI G800 ,96 FLARE 71
30 FLInAEHEER KIS, AR5 R AL,

6.2 ADSCs i fe il ff A Transwell
/NE VA ADSCs [iERERE 1. ¥ ¥ 445 1) ADSCs
FH 0. 25% JEREE AL, & 10% I 7% 9 DMEM/F12 55
FREERE , HURAMEER . T 24 LA Tran-
swell i) -5 (fL#2 8 wm) , H1E EE A 100 pL
1 x10° LAY 40 i 2, F = il A 600 pL % 20%
FBS i) DMEM/F12 K373k . 7£ 37 °C,5% CO, 1Al
R T RS2 E 24 h, B Transwell /N2,
AR EO AR, 4 % 2 R H [ Z 10 min,
0.25 %454yt 3 min, FEHLITEL 6 4l
Y A g, RO (E 0 5%, 41 5 IRE L.

6.3 ADSCs W=t HTHiEH) ADSCs
HMFAS S EDTA BB AR , 1 = Ot T TR T 1)
NGyt ikt G f PR . ICHE =77 4N, 2 000 r/min
205 min, FEEEFRAEL. HY PBS YRR (2 000
r/min, O] 5 min JedE4ii) . 1200 pL 1 xBind-
ing Buffer B 7740, W E KZM1 x10°/mL H 100 pL
AR T 5 mL R CE H, A 5 pLl Annexin V-
FITC,/Ri%IRA1G T 2 ~8 CHROLEM FIFE 15 min,
A0 uL Pl EREIRAIT 2 ~8 CHROLAM FIFE
5 min FERA AN, 5520, WA RE T
SrFIERE. MAER 5 K,

6.4 ADSCs 4r#h VEGF RE /7 R JH A
VEGF 1) ELISA 7| & #5ill ADSCs 43 VEGF [ .
e AR 2R A% 5 B3 100 wb, 2l A
FARE 1 96 FLARFLH,37 CHEE 90 min, PBS ¥ki%k
3 WU A LLE 24 H 36 B 14 AR 4 Z bRic bt A VEGF
PR TAEW 100 pL, 37 CHFH 60 min, PRI PBS
THUES Y. HFLINA 90 pL TMB (40,37 ClEti
H 20 ~25 min, & & B 58 W 7 B A 100 pl
TMB 113, A . FER IR R JE30 min Py, il

PR £E 450 nm K 1,603 nm S 2
AT OD fHIH4E VEGF WREE, Ific k.

6.5 ADSCs &AM FrAfe ikl >R AR
S 4 B A2 38 77 £ (In vitro Angiogenesis Assay
Kit) &l ADSCs A& 4b i % ¥ 24 68 71, ¥ ECMa-
trix TM ¥ A% B 2% v ( Diluent Buffer) & F 0 °C
VK, B 100 wl 1% )5 10 x Diluent Buffer fill A
900 pL ECMatrixTM ¥ 5 1 mL EP &, 754 C
ZRF IR AT #5765 B ECMatrix TM TR, I A ik
% ECMatrix BERCEER , %51l 50 wL FifEdrn) EC-
MatrixTM T /E#& + 96 fLtk 1,37 CHEHE1 h, fii
matrix HIREEE . B 250 ADSCs , I HiE
IR EE, Dl 1 x10* 400, % ADSCs &k
BT 45 459 ECMatrixTM g ., BT 37 C &
5% CO, M4HMI:EF=A e & , WLEE 21 il AR TE 11
o HAWEH 16 h )5 AT I IR T, 062 WA
A A, BEDLE G A5 5 T ( x200)6 SR, T
B 4% 4 X 5 %k (capillary tube branch points) .

7 Siitekdrik KA SPSS 18.0 it ik
35307 B LA X £s R, 4L FL AR B & 22
43HTe P <0.05 NEFAGI L,

& R

1 ADSCs Hifr LU E4 R (18 1.2) ADSCs
TEREIRES 3 KAl WSS FEA K (B 1A) 55 8 Kl
AR RRIP AR, AR (K 1B) o MR %
V55, L O e o] UL 40 it o & A Rt g i (181
2A) A T RIERIE  IELLR Y O T WA N & A
LS RZE T (2B ) s O T 875 e, Bl 2T
et ] AN A K i R 2T 4E (18 2C) o

VE:A Jy ADSCs A (5 TS AN SR A ) 5
By ADSCs S#HEA: K (5 I R KRB A 4 )
1 ADSCs FUH5E3RE 3.8 KIEAFS  ( x200)

2 154l ADSCs 58 it % A 1- & VEGF 43 il
R (1) 5 BSA 414 ,CML-BSA 4Rt R
Z4 % ADSCs ¥4 5 i # 1 53 W VEGF, 42 i H
T, 2R A% E L (P <0.05), S5XHE4 AL,
DH 4 fiE . Z ¢k ADSCs (K858 TR 153 VEGF,
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P, 2R BA S L (P <0.05) ;55 CML-
BSA 4l tb 4%, Bk & iR 7 4l 6k B 3% 2% CML-BSA X
ADSCs 1458 1T F143- W VEGF f4 3 il 4 F , 3 5 e
XTI E R, 22 R BA S L(P <0.05) .

#=1 £4 ADSCs 5 7F% JHT- K VEGF

TUTNREHE (X xs)

3 " 5 % TR 43l VEGF
E (OD ff) (cells) (%) (0D ff)
KR 6 0.333:0.02 26.9:1.5 6.86:0.94 82.59 £16.03
BSA 6 0.350£0.03 29.5:4.5 6.45+0.99 88.22£22.88
CMLBSA 6  0.177+0.01% 15.7+3.0° 17.48+1.83°  60.91£12.46>
DH 6  0.406+0.03" 36.5+2.6" 3.49:1.44* 148.93+24.95*
BAIY 6 0.252£0.03% 24.5:3.3% 0.11:1.374  89.35:0.364

TE: S50 AL, " P <0.05; 5 BSA 4l H %, %P <0.05; 5
CML-BSA # 4, 4P <0.05

3 %4l ADSCs RN Bl fE T Hd (3£ 2,
K3) SxfMEL s, DH G4 ADSCs (RSN L
BEMBE T, ZR AASIT¥E X (P<0.05);5
BSA 4%, CML-BSA & #[#k ADSCs A4k i %
WA Re ), R BA G IEE L (P <0.05) ;55 CML-
BSA 41 tb4s B ARy T 4l T iRe B & i%s CML-BSA

{E:A Jy ADSCs BUlE /M LA (AL O Jetn, i 3k B i B e s AL Y IE RS ) 5B 2 AD-

: 4
« & rozu B

X} ADSCs RSN L B A= I BE 1 M HIVE R, 22 5+ B
HEi#E X (P <0.05),

R2 454 ADSCs RAMILAE AR (xs)

2151 n LA 43 ST (HP)
oI 6 15.67 +3.39
BSA 6 17.83+1.83
CML-BSA 6 6.67 +1.86°
DH 6 27.00+3.16 "
AT 6 18.17 +2.324

e S XA B, P <0.05; 5 BSA 4l #,%P <0.05; %
CML-BSA 4i1t#:,4P <0.05

it

1989 4EWilH ¥ Donnelly LE 217 ) A I8 1 41
Loy B — R B A 22 3505316 0 RE Y 1) 5T 40 il ——
ADSCs , HHA K IE) 1z UM fa] {5 A1 H A 1% f g2 i
PEEEA S B T 20 B AR DS 98 2P M 1) =il . 3 I
W98, ADSCs el 71k N Bz 41 i ( endothelial
cells, ECs) s P B #H 41 ffd ( endothelial progenitor
cells, EPCs) "', HLAER¢ I VEGF A1 E K 8 T
(hepatocyte growth factor, HGF) . &1k i J5i 5k

SCs JRH MMUSAE (WERLLY A, #i % I8 B0 B Y RAL A F5 k57 ) s C S ADSCs UK H
Sr SR (B2 e €0, B Sk BT 02 B e A € e D 7 48 )

2 ADSCs 5 fbiE S % &

( x200)

3 %4 ADSCs IRAMIIMAE H AR L ( X200, 6 L)
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X+¥-1(chemokine stromal cell-derived factor-1,
SDF-1) 2548 HF L5 B AL A AR 711 1% gl it
$&7n ADSCs n @A o iadr P 4S8 A A1~ 20 I i)
SRR B, AN S B0 ] ADSCs AF b+ T2 ffadi A
vE— 8% ADSCs I3 #H 4 1 fE

AGEs ZHLIA K HIAL T b r e b, B R B
BB OB JEAETE AR R L A M B i &2
G . AGEs Y1 B LIRS RGBT N IE
A H T m b (H RS U5 LA S0 RN S
B, BN Ry e it A 40 7 , 2 0 PR MR 2 R b1
SRR E . Lu YQ & AGE-BSA T Al
755 T 40 e ( bone marrow mesenchymal stem
cells,BMMSCs ) , 45 1 .7k AGEs fE ¥ . 2 1) il
BMMSCs {1345 , 4% fin L 200 Jf 7K S 1 48046 R 384, 1 3R
AN EREE, Li H %' 158 AGEs *f EPCs fiE
S0, UE S AGEs fit ik EPCs AYUH T, 51 5 HLZh B Fn
RS TIRE , TR AN S A A 1 77 A, 38
PR EFHIKF-. DL o5, AGEs R85
TG 5E TR TR S WA Tl B, B 2 I H R
HLEMEE WMER . AR TS eSS, AGEs
REfL I T p38 A1 ERK12 Jil M| EPCs ThAE™, [l
AT o 22 28 I Y00 1) 2R B MAP S ( mito-
gen-activated protein kinase,MAPK ) il NF-kB i
SN A RO . KIEAIFSEIESE, CML S IR
Wbl IA i & 2 FAE & iR 1Y — Ff AGEs
RO B S s B, CML 4 By 11 2K 1 fig
AR 1 A R 15005 2 A S KRR B AL A4 6 10 5 4 i s
B3], L RBAE AL 2 A Bz 40 it 4 306 L4 4 e 6 FfF 3 -
1 (vascular cell adhesion molecule-1, VCAM-1)
BEINAAE S BE R 200 o W PR B N B IR A
B BB LR, KM X R 2 £ b T
AGEs 5|2 EPCs IRERIZTL, (HJ2 EPCs J& T
RAE TN, 7E MR | I8 RE TG 2 i A8 A R ZH 2 rh B
PR, HHBh DL 1784, 70 32 45000 1Y I SR A0S
RRALARFAR , B AE TG A R IR L7818 52 A LA
1M ALK 2T EPCs TEB A PR 116 A R H

ADSCs FZA; ALK SN, HHA 3 N
R 2 TV L2 S5 100 200 e ) S R, R LA R A R
MAEERGE R R E A, T, R 2w Hit
HFE &€ 1) % T 41 M (vascular stem cells,
VSCs) . EPCs fEILE 215 , N Hf3h 01, I 55 2 16
YL R AEAEZAE L, SR 1 ADSCs i T 1ML 7 E i R
JOTEHER, AT IO 7 1 N5 /N ORI SE 2 D) B R B A
PERRG AR, HA o AT | S A R I T

AWRE. AGEs =4 I, B & 4R T I A5 A1 A g s 41
21,31 5 ADSCs HAT H A i f i 0 B . A IFFR R B,
BERIEHIIAZ A 3.7 ~10 nmol/MI CML-BSA , T &
FritiE] g 43 CML-BSA 944k 67 819 Da, b
FRIGHLIA 294G 25 ~60 wg/mLi% BSA 1 N iz
PORWPEALBI o Wi SIS BT, &R
60 pg/mL CML-BSA £ T 1M, R & H X ADSCs
TIRE S M, AR 5256 45 5 .78 CML-BSA fE % 41
ADSCs (3458 T fl 43 VEGF i IhRE, f o H 04
T, AL M AR R T RE

DH J& i Ak i ARER A 43, thFH S ML 46
PR ROR T 4. NP2 RIA & F , FH Sk
IR E 20, LLACRFE PR A Rl 25 . WO 25 AR A A A
B BRARTIRAGIE . IR 25 B 5 B, DH HA ol
THAEES | Z @R PUBE F OR3P AL A8 N B AR K
e Sk FERE A A AR T, )iz T 4% S i M 95 g
G722 Lay IS 252 FE/NEL SVR N Bz 4 it 2
WESZPF2 A LU B8 VEGF #1 VEGF-R2 7K FAR
A A K AL . Hu CH 2524 75 R B LA S R 7
LI T ST 4R VEGF (193535, B 38Rk 2Pk 0
JUUREBE S 10058 A R FH o 2046 R XU A 4 44 4 )
TR, fEARAGRE A2, eE bR, 0 P2 B
AT I3 28 HOR LRI A AL, S A% 5 B3 I A 2 v
AN EERREALEOE A S, Ji DB
2250 LT AR P RIS LT B 8 (0 2 AL 76 EC 2
# (EAhy926) Hfiff5 &3, Hal il VEGF 7KF-,
T R B A T I B AN AR A7 o TRSC50 R FRAIG
(50 pL/mL DH) .#1 (100 pL/mL DH) . (200 pL/
mL DH) =452, 43 X ADSCs 34 51 ) RE 1) 5%
Wi, e 2400 7 K FH FP 77 B (100 pl/mL DH) #E47 40 g
NRESLE . feJa LR 45 0 Won, DH fE8ek 3% CML-
BSA X} ADSCs 45 . i F8 F1 431 Ty fieg i) 40 il 16 FH
Wik H AL ADSCs T HI/E A, #F—4 k3% CML-
BSA XoJ i 8 AE i A A F

Ph 45550 ,60 wg/mL CML-BSA figfg i 24
il ADSCs (13458 GE# , (et HIR 12, F% Ik ADSCs 43
W VEGF , 2l ADSCs IfiL 4 H4 ., Hod LI
it ADSCs JT-/EH &~ .3 . 100 pL/mL DH fg
Wil CML-BSA Xt ADSCs 347 iR 143 VEGF 3
RERIIIHRIVER , k% ADSCs BT, Sk M 45 Bk
DH A A B T 05 174 MRS AFIA T M PR s e a7
R ITRTT AR, A2 FE RS HE A AR PN 41 M B4 47 TG R B
ARG 3 55 41 bV E I 8 AU ERTIE R R 4
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