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Y5 11 ApoA, Al ApoA5 ApoB100 X [a] ff) #5%
Ak, ATRE— DR AR RHERY, B 2 3 BRI i
iE LA P2 4 M D e 25 L L 28 B e A0 1L P
iAo, {H ApoAJE 1T 2N EPCs [l A, H
HI AN 2. ASCE 7RI ApoAXT EPCs L &
AR VE ], 4 EPCs 8 50 A 25 11 2501 S i
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1.1 ##y

MEYE BALB/c /MR (6~ 7 JE#E, K 15~19 g)
(PR 3R); v A CSTBL/6XSIL #
ApoA LR B K B A BRI /N B, AR AR
BALB/c /) B[R] (i 3048 K 2% B 2% Bt )s i ih A
ApoA It [N [ pSG-5 3 ik i kit 37 48 48 K 2%
Richard Lawn #3572 58 274442 55 A (fibronectin)
Dil-AcLDL. UEA-1 #1 BS -1 lJ 4 Sigma /A @;
Tl P CD133. CD34(Abcam A #l); Hrofg —
$T VEGFR-2 IlJ [ Cell Signaling /A &; MAb a-6 fll
MADb a-1-1 J#J H Diasorin A 7] ; Matrigel i H
B&D AT B R R G K AR s
UeiLy/ R VA IR (ORI Y/ R R IBS IR AR H 2o
1.2 A%
1.2.1  ApoA il #5 J /Iy BUIML I ApoA ¥k FE Wl 5 .
ApoA il % : 4 i N ApoA 4K c¢DNA J¥ 41 [f]
pSG-5 R ILHARFE Y COS-7 MM RIEATH; 75, W
EEFETRUL, ISR Z AT 4 B 4l ApoA H .
ZEAT 174 K- VA MEES A, 1/~ K-VH
1 AN B R 45 84 8 (protease-like domain), itk 5
PRAET 4°C . /NI ApoA MJEMIE: BT /Ml
¥J21°C~23C b, bR IARIR RS 10 F
W RUJEy ELISA Al /N UL ApoA WREE:
SLFE MAD a-6 FUAAE AT IRPUAE, BRI 0
R0 B0 5T MAD a-1-1 FiA 4 A g fA 12,
K% SPSS 13.0 fil CurveExpert 1.3 #4451t
1.2.2  /NECEBETETE EPCs 20 B 555 5E. /N RURRRE
MEFE, 75% L BER I 30 min J5, R ERAE A BN
BB R, 8 ml M199 8% 37 3L 78 40 vh vk B i
Ji, WCERPRUEI, 2RI AT 6 ml /) UMK L4l
3 B 15 ml 204, T 20°C « 1 800 r/min &5
0> 20 min; /NI (] 2SR RAAZ AN, B
B2 5 — 15 ml B0 N D-Hanks W06
1 100 r/min &0 8 min, F FiE, T|H 2K A
5 ml 5%JIA 2 L35 M199 8 J7 (& VEGF. FGF-2,

IGF-1)FHE &M, 1540 % 5 42 1x107/ml, 4
0.1% T 4 %l 3% £ 1 (fibronectin) i 7% 10 4% 11 55 772
B IE: 3 KRG, Frolhs 7% 2 di i il & 4
AT, RIFHHATA RS e, FFLL 0.2y 1. 5,
10 F1 15 mg/L ApoAKLHE LAREAT Nk s,

1.2.3 EPCs A K IIfe2 k. R ARG IR 10
i, 4%% PR 2, PBS Phik. B0, 5%F
M5 3 1 30 min,  BEOJ5E 70 AN 1% LIS Mk
[ A ] SR Y5 1K) CD133 (1 & 100). CD34 (1 : 100).
VEGFR-2(1 © 100)—$HT AT X HT 202, B %) 1]
YA —Hi, FHSEARR PBS /AE. 4C I F L
7, PBS VLGN 5% 1ML PBS Fikk 9%
FRic —P0 (1 0 100), ZEIEMH 30 min, 40
THACK M. CD133%/ VEGFR-2*, CDI133*/CD34 *
4 B fig [\ B A W1, 17 -dioctadecyl-3, 3, 37, 3'-
tetramethylindocarbocyanine A1t 1) £ BEAL A 2 5 i
K F1(Dil-AcLDL)Jf45 45 FITC b (30 S EHE % -1
(FITC- UEA-1) ll Jy EPC. H{ CDI133/VEGFR-2",
CDI133/CD34" 41 s 6 FLAR LW B v 35 9%, LW
PBS % #E ¥k J5 i 10 mg/L Dil-AcLDL, 37°C .
5% CO, Bi FEM W 4 h, JCTE PBS UL 3 K%,
4% %2 B8 W % [ 5€ 30 min, PBS EPEE, WA
FITC-UEA-1 80 mg/L, 37C . 5% CO, 1774 ik
JEIFE 1h, PO6EEE T WER41 AR Dil-AcLDL
K &4 UEA-1 Ifig

1.2.4 EPCs BAH R wf /N, DR E 2
PRI, 4 LA Bk Casitg RN B B ke o i, 3 5
Badhik 3oy 3Cfa, T 45 L2k a0 v BY W 11 20 ik
KL SCUATE N BRI i AR AR, — R 5 A4
(8 H/ 4R F KRS 3x10° 1EH Bl B8 K Y EPCs.
BT 40 ML 2 mg/L 4 7K EF CM-Dil 37°C #x
i 5min, ¥K¥ 15 min, PBS YLk 2 n EET
M199 Brg2 2k, il P e 3+ 7. 14 REUVMR
JHERZIL, D P W 4 o U1 S5 K% =6 40 of A 3 A= 4 O
/NEUAEZERT 30 min, 50 mg BS lectin-1(bandeiraca
simplicifolia lectin - 1)L PJIF S brac i I 41 23 1L 55
B /N BT i S A Sl g R R LA 23T
AHIFIRIIS o) OBCEE, JEAT 00 1A 2 50 i

1.2.5  Fhbft. TR, AMOLE LT EE B R (1
MBS 25 E%E, £02. 1. 5,
10 A1 15 mg/L ApoA 4 24 h, 10 mg/L Dil-AcLDL
37°C W H EPCs 4 h, PBS 3 VXL A I 140 L,
DAPI (4, 6-diamino- phenylindole, DAPI) 4:4%, %%
R PRI A M. 1x10° 4~ ApoA AbFHE(H)
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EPCs(%J 1.5 ml), VEA Transwell [-%, 2.6 ml 553%
WM Transwell [ F %, [F) IR %00 N R BE 6 15
2. 5. 50 wg/L VEGF, 37CH#HE 4h, W L%, &
R R BRI M AR, 95% LI &
10 min, FARZEYAS 5 min, FEVLER S DHLET B
MBI EOT 2 BB N, BCerE. A
9% EPCs 2 ApoA4b# J5 Xt SDF-1 {141k g

2. 5. 50 pg/L SDF-1 il A\ Transwell I % @474
b, KA R

1.2.6 ApoAX| EPCs 7E Matrigel [z I Bl ML 5 8 71 4%
15534t Matrigel £ 4°C 24 h fi##%, 100 pl/ fLIIA
24 fLHR, 37C 40 min 2EBRIG, FFFLINAL 2x
10* Dil-AcLDL Frid [ 1IE % EPCs, F A FIRA A
WL ApoA, FREERTHE 3~7 K, MAEFELiH%E
NIRRT 4 £, WAEE FRENLER 5 A
LoV~ S

1.2.7 Western blot 1 RT-PCR 73 #7. /NRTFA 7
R BRIt B R T A R T JHE Jo WL A gk AT
VEGF 43 #1, W4E EPCs LLiEAT PGSL-1 fil CXCR4
Iy, AN A K SRS A it SDS-PAGE
SYER A B, odkE - PUEENEE 30,
ROVER, B ZPUWE 1h, WHREREER.
S MR M. RT-PCR: HEEUZ14UE RNA
HHAT B, 514 GAPDH forward, 5' CCATGG-

(b) Dil-AcLDL

AGAAGGCTGGGG 3’, reverse, 5’ CAAAGTTGTC-
ATGGATGACC 3’; E-selectin forward, 5’ GCTGT -
CCAGTGTGAAGCCTTATC 3’, reverse, 5" GCAA-
TGAGGATGTCAGGA 3’; P-selectin forward, 5’ G-
CTTCAGGACAATGGACAGC 3’, reverse, 5’ CTT-
TCTTAGCAGAGCCAGGAGTG 3'.

1.28 Gt ot Bl DL B bR = (v = 5)&
7R, SPSSI13.0 #AFGEvh oy M, MR E LB ¢ K
5, AL ANOVA, P<0.05 4 ZERHA R
E i

2 & R

2.1 ApoA #i{5 EPCs FhMIF0iT 75 6¢

A 20 W H 2 585 5 A 1 4 5 R v ) 2 R B
AL AN, BBl T A 4 R % B R R R
5~7 KJa, nI WA EPREETE, A 40 M SO IR AR
K, 2~3 JHJG, M 5 R RS R R
(K 1a). Dyfes %0 HAE & Dil-AcLDL 45 &
FITC UEA-1([4 1b). i&H 4 Wk Dil-AcLDL Jf 45 &
FITC UEA-1 140 M 28 3 U4 B AR AT I, - [ I 0k
CDI133"/VEGFR-2" F1 CD133"/CD34" (/)41 s 7>
WA 73.43% . 72.12% (K 1c), ZFR 40 AL BRI K
EPCs.

© [F1][A]CD133-VEGFR-2.LMD: PMT2 Log/PMT3 Log
3
1057 B2 7343%
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Fig. 1 Phenotypic and functional characterization of mouse marrow-derived EPCs

(a) Cellular morphologies after induced culture for 5, 7 and 14 days(400x). (b) Fluorescent micrographs of EPCs uptake of Dil-AcLDL(red) and binding

of UEA-I (green) showed orange, nucleus were dyed with DAPI (blue) (200 x ). (c) Phenotypic characterization showed the number of CD133"/

VEGFR-2" and CD133"/ CD34" EPCs was 73.43% and 72.12%, respectively.
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R AT A& EPCs HE R SR T2
IR, P- EPEE MG ARG -1(PGSL-1), —FhfE
RGN EPCs % I 2252 40 L8 N B2 1K) P/E I #F 5%
(P/E selectin)(ICHE,  DARTATHIE/E EPCs 47 4IAN S,
N WE ST ApoAX] EPCs & B (1 52w, FRATT i 4%
ApoA(E 2a)3FLL 0.2, 1. 5. 10 Al 15 mg/L WK 4b
H EPCs, XM RT-PCR J7 iE KIS ifi 2 25 A S
P/E selectin 1A, 45 R W7R, ApoAXtE 24 h ),
EPCs i bt fig 7 2 M B AHEDR IS : A 10 mg/L
ApoA, T NF S ApoAKE R F ApoAsK- T
(K 2b), P40 0 28D, FEARARIR (0.2 mg/L
ApoA), SX[HAIFALL, FHH K> (94.246.9)%,
BN 15 mg/L ApoA, EPCs JLF 584 T (n=3,
P<0.01)(Kl 2¢). AAMNIR S50 S T AL 3
(n=3, P<0.01)(* 1)(K 2d, e). RT-PCR &4 &
N, HIEWEE AL, P/E-selectin £ St

I ZHZR A % RIE T Ri(n = 3, P<0.05)(Kl 2f, ), 1fil
PGSL-1 7t ApoAXL i ¥] EPCs _|=4 Western blot £
MFIE N (=3, P<0.05)K 5a,c).

Table 1 The results of EPCs migration in transwell

system at a concentration of 10 mg/L. ApoA

n=3
Groups The number of migrated cells
(Cells/field)

Control 25+3

Normal mice EPCs + PBS 25+ 3
Wild-type mice EPCs 24+ 3

Tg mice EPCs 25+2
Normal mice EPCs + ApoA 4+1
Wild-type mice EPCs + ApoA S5+1
Tg mice EPCs + ApoA 4+1

(@ (b) (d)
ku 1200} 30.0F
-~ B ST M < 250
220 2 S S
- 116 = 80.0F = & 20.0
i G g 600t g 8150
= a =
I\?DS:FPATGE = 400¢ % 55 10.0
on-Tg Tg g 2001
[ N 50
E——p-Acin & OO
Western blot 6 7 8 9 10 L0021 51015 20021 51015
Age/weeks = 3 plApor)/(mg-L) 5 5 p(ApoA)/(mg-L)
O R E—— @] _—
&  EPCs+ApoA 5 EPCs+ApoA
© ® ©®© 50}
g a5t EE—Selectin
EE = 200}
222 £Z
2 15} =P—Selectin Z2 150}
§38 10} £S
0 i .
I 2 3 4 5 6 7 Control Ischemic ==

(=)

E-Selectin P-Selectin

Fig. 2 ApoA attenuated EPCs adhesion and migration abilities

(a) Western blot and SDS-polyacrylamide gel electrophoresis of purified ApoA in 3.75% gels. (b) The serum ApoA concentration of transgenic mice

was approximately 10 mg/L detected by ELISA, which was comparable to the median level in humans. o—o: Tg mice;A—A : Non-Tg mice. (c, d)

ApoA attenuated EPCs adhesion and migration abilities in a dose dependent manner(n = 3, *P < 0.01). (e) Migration ability of EPCs treated with

10 mg/L ApoA was attenuated severely, but had no significant difference while these groups without ApoA treatment compared with control group(n=3,
*P < 0.01). 7: Control; 2: Normal mice EPCs + PBS; 3: Wild-type mice EPCs; 4: Tg mice EPCs; 5: Normal mice EPCs + ApoA; 6: Wild-type mice
EPCs + ApoA; 7: Tg mice EPCs + ApoA. (f) The mRNA expression of P/E-selectin in the endothelium of ischemic tissues by RT-PCR analysis.

(g) Quantitative analysis showed the expression of P/E-selectin in the endothelium of ischemic tissues increased compared with healthy hindlimb tissues

(n =3, *P<0.05). [J: Control; M : Ischemic. The data are expressed as x + s.
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2.2 ApoA {5 EPCs 5N MM B2 B FNY & &8

7£ Matrigel & I, EPCs RER & Hu JE fl I 5 s
FE4iR), (HZ ApoA MbFL5, LA I FF 45 AL 4™ B
IR, AR5, EPCs 7E Matrigel i L1557, [A
N 024 1. 5. 10 F1 15 mg/L ApoA, £k 7 K
Rk, AEIRFEN 10 mg/L ApoA I, TEH i EPCs 4.
By 4= Y FL EPCs 2H S 55 I8 B EPCs 41 IM 45 s i &5
FIREIR (92.1+3.8)%, 15 mg/LI, L5 bk &5 44
SR —2ei )y (18] 3a), (H5XTIRATAHLEL, axeed]
AN ApoA [RIGFE I, JLA ) TG 2 (K 3b).
XEELESLE, T ApoA 54, EPCs % B
TR JIBRA, ARSI A s 1 45 46 TE 1l ik ) 52 21
Wi, HAWIGTUESZ, EPCs A& 5 bl 4 20 45
Pttt A, A REAEEE B 2L M 7 B, O T4
ApoA X} EPCs I8 KA MBERH, RATH 731
PREF CM-Dil bric IE% Bl EPCs, LA 3 x 10° (100 wl)

(a) Control

PRI if ) EPCs g kvt &2 UM, /N RUALEE Y
S 40 B (ECs)id i o0 9 5 BS lectin-1 bric 1) 5 4%
f, 1 CM-Dil A3 f) EPCs S240 (0. TiE a5
3. 7. 14 RAGENEEUE L, vKEY) v, 986
W FUEE. iR EoR, B e AT
EPCs 5246, 1% ApoA & A i EPCs JH S %= 1
Fh(n=8, P<0.05)(FK 2)(Kl 4a,b). [FIFE, EA
M55 A0 D (=8, P < 0.05)(F 2)(K 4c, d).
AW FURE, G 4123t VEGF KA 8, 1
VEGF 1§, SDF-1 l|& EPCs 4 2 f#atb . A 7 ik
— U 9T EPCs HEL FIHLH], 181k Western blot F;
ATRI, /N R il TR 7 2R 5 A8 D 31 B 2 1
VEGF 4%, 1M 1E 50 /N R . VEGF 4cafr JE
W55 (m=3, P<0.05)(/ 5a, b). N VEGF 7| &,
EPCs IEBub M I, 5 52 W92 I A A R (=8,
P<0.05)(d 5¢). ] ApoA 4bFHK) EPCs |- CXCR4

5 mg/L

Mean tubule
length(mm/cm?)
o)
S

= =

0 k k%
0
1 2 3 4 5 6 7

Fig. 3 ApoA impaired tubule-like formation dose-dependently
(a) The tubule-like formation micrographs of EPCs on matrigel gels cultured with 0, 0.2, 1, 5, 10, 15 mg/L ApoA for 7 days(200x). (b) Quantitative

analysis showed tubule-like formation was impaired (92.1+3.8)% treated with 10 mg/L ApoA and almost completely abolished at the concentration of

15 mg/L in normal mice EPCs, wild-type mice EPCs and Tg mice EPCs groups(n=3, *P < 0.01), the data are expressed as x + s. /: Control; 2: Normal
mice EPCs + PBS; 3: Wild-type mice EPCs; 4: Tg mice EPCs; 5: Normal mice EPCs + ApoA; 6: Wild-type mice EPCs + ApoA; 7: Tg mice EPCs +

ApoA.
Table 2 The number of homing EPCs(cellssfmm?and capillary density(cells/mm?) in each group
after EPCs transplantation 3, 7 and 14 days n=8
Day 3 Day 7 Day 14
Groups The number of ) ) The number of ) ) The number of ) )
. Capillary density . Capillary density . Capillary density
homing EPCs homing EPCs homing EPCs

Control 0 92+ 13 0 108 + 22 0 109 + 24
Normal mice+PBS 0 95 £ 16 0 103 + 15 0 108 + 20
Normal mice+EPCs 118 +9 226 + 21 163 + 11 285 + 26 131 £ 10 342 + 19
Wild-type mice+EPCs 121 £ 10 219 + 20 159 + 11 298 + 31 130 £ 10 344 + 24
Tg mice+EPCs 42 +6 142 + 28 56+ 6 156 + 29 51«5 178 + 28
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Fig. 4 Apo(a) impaired EPCs homing and vasculogenesis abilities
(a) Micrographs of Dil-labeled EPCs(red) homing to ischemic perivascular area of normal mice and transgenic mice, host vascular ECs labeled by BS
lectin-1(green), nucleus were dyed with DAPI (blue) (200x). (b) Quantitative analysis showed that number of homing EPCs was significantly less in
transgenic mice group after EPCs transplantation 3, 7, and 14 days. (c) Capillary density in EPCs injected- normal mice and EPCs injected-Tg mice
ischemia tissues, BS lectin-1-labeled capillaries appeared in green(200x). (d) A decreased number of capillary density in transgenic mice (n=8,*P < 0.05
versus normal control mice, *P < 0.05 versus EPCs-injected normal mice and EPCs-injected wild-type mice). The data are expressed as x + s. [1: Control;

[: Normal mice + PBS; B : Normal mice + EPCs; [El: Wild-type mice + EPCs; Il : Tg mice + EPCs.

@ ® ool © go0l
VEGF & . k2
r—— | I £ ool
Control Ischemic S 60F % 200
%s S 400}
I C X CR4 %‘é 40t g . FEOLIL L
I PGSL-1 S5 S 200t TH |18 | |3
i | el
-AClin . %
EPCs Apo(a)-EPCs 0 50
Control  Ischemic H(VEGF)/(pg*L")
@ (e)
140} 100.0}
& 120 =)
x g 80.0f i
235 100} <
£3 sl T 600}
%o £
sv 60T 5 400}
D =3
2% 40 * * _gn * * * [
= 20} 200HTB |18 || B
20 g /4 /! /4 #
Al
0 oL 1l7A |17l
PGSL-1  CXCR4 0 2 s 50

p(SDF-1)/(pg*L")
Fig. 5 The detection of relative molecules’ expression in EPCs
(a) The detected results of VEGF, PGSL-1 and CXCR4 by Western blot. (b) VEGF protein had a higher expression in ischemic tissues compared with
non-ischemic control limbs of the same mouse (n=3, *P < 0.05). (c) Chemotactic effect of VEGF on EPCs migration showed dose dependence(n=8,*P <
0.05). O: Control; O : EPCs+PBS; @ : EPCs+0.2 mg/L ApoA; B: EPCs + 15 mg/L ApoA. (d) PGSL-1 and CXCR4 had a lower expression in ApoA-
treated EPCs(n=3,*P < 0.05). (] : EPCs; Wl : ApoA-EPCs. (¢) ApoA- treated EPCs still exhibited a chemotactic effect on SDF-1, but the number was
limited(n=8,*P < 0.05). The data are expressed as x + s. [1: Control; [ : EPCs+PBS; 7 : EPCs+0.2 mg/L ApoA; M : EPCs + 15 mg/L ApoA.
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KL FK (=3, P<0.05)(K 5d), {HA5%} SDF-1 f5
—Eattt, AT BEEA R n=8, P<0.05)
(& Se).

3 it it

A I R A A R T S, R A A
(angiogenesis): 5112 H1 4128 BEAF L4 R SE 10 1k
S A R A ML 58 L 3 AE T O PRI Y. )
—Fh &I & A (vasculogenesis): S T IR JZ SR IE
] A BZ #H 41 Jid (endothelial progenitor cells, EPCs)&,
IS BRAA AR AL AT A SR AR, TR IO AT K
LB PR At DA S i A TR B A LA I, 8 T b L
Ji s IK L P R AH A0 B B I A R AR A ) S B 52 40
M. AWIIFUESE, JHER) EPCs A dk—25 7001
TV R8T A I8 Jis e, S ¥R ApoA %) EPCs Ifil
RAREW, FATR IR /N WA g EPCs TG
oy 7% CM-Dil brid 24000, & RFHIKTH 2
AR N BRI B A ApoA JER/IN R
/N BRUMLAE Y B2 4 LA BS lectin-1 fric B4R (. BF5T
K, RLEAHIGH EPCs A/ BUR B KA 3 R
Je AN R B SR, 5 A S PBS Xt
MRALLLEL, VESY EPCs 3 38 /) Bl S B 2R R /) il i
1t 20 23 U5 L %) EPCs $iE Mz 6 40 1 4 450 189 o
%, HH ApoA /N Bl ifit 20 20 18 2 I B 1
EPCs % if 7 6 40 ifi 8 % 15 2 25 ek /b 4t )
ApoA 15 {Ji EPCs 1) JH 56 Jy M A it 4 e A= ks>
IR ANFT & EPCs AL 2 MR EERDE,
RIE 2 7x, EPCs KIAFHMT 70 5 P/E- MeFE 58 A Ml Ak
P- % £ 2 85 (1 1 (P-selectin glycoprotein ligand-1,
PGSL-1), FATAESEI A AHL, S 21 200 i W
S Sv =Y G O vk £ = L SR vk 5 |
PGSL-1 Al CXCR4 {E ApoA AbFE[K) EPCs b ik B4
k. SE£5GH, ApoA AbHE[] EPCs 7 Transwell iZ#%
RGP ITRERE S WA R, XL, ARG
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Abstract Improvement of blood flow and promotion of neovascularization are important therapeutic measures
for ischemic peripheral vascular diseases. Since apolipoproteinA (ApoA) is a glycoprotein with repetitive kringle
domains exhibiting 75% to 98% structural homology with plasminogen(Plg), ApoA may also have a negative effect
on endothelial progenitor cell (EPC)-induced vasculogenesis through Plg-like inhibitory effects on EPC
proliferation, adhesion, migration and vasculogenesis. To evaluate the effect of ApoA on EPCs-induced
vasculogenesis. ApoA was stably expressed and prepared from COS-7 cell line which were transfected with the
expression plasmids pSG-5 encoding human ApoA cDNA, then purified by immunoaffinity chromatography;
EPCs were isolated from the bone marrow of ApoA transgenic mice, wild-type litter mates and normal mice.
These cells were cultured without or with ApoA before transplantation. Hindlimb ischemia models were surgically
induced in mice, which then received an intravenously injection of 3 x10° EPCs. At 3, 7 and 14 days post EPC
transplantation, the adhesion, migration abilities and capillary density in calf muscles were assessed. Results
indicate that ApoA significantly reduced the adhesion and migration abilities of EPCs. Furthermore, the tubule-like
formation of EPCs on Matrigel gels was damaged. In vivo experiments showed the number of EPCs home to
ischemic peripheral vascular, and the number of capillary vessels decreased significantly in ApoA transgenic mice.
This study demonstrated that ApoA could attenuate the adhesion, migration, and homing abilities of EPCs and

could impair the vasculogenesis ability of EPCs.
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