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Inhibition of Neointima Formation and Migration of Vascular Smooth Muscle Cells by
Anti-vascular Endothelial Growth Factor Receptor-1 (Fit-1) Peptide in Diabetic Rats

Min Seop Jo, M.D.*, Ki Dong Yoo, M.D.**, Chan-Beom Park, M.D.*, Deog Gon Cho, M.D.*,
Kue Do Cho, M.D.*, Ung Jin, M.D.*, Kun Woong Moon, M.D.** Chul Min Kim, M.D.**,
Sun Hee Lee, M.D.*, Young Pil Wang, M.D.*

Background: Vascular endothelial growth factor (VEGF) plays an important role in angiogenesis, including
stimulating the proliferation and migration of vascular smooth muscle cells (VSMCs). it has been known that
diabetes is associated with accelerated cellular proliferation via VEGF, as compared to that under a normal glucose
concentration. We investigated the effects of selective blockade of a VEGF receptor by using anti-Flt-1 peptide on
the formation and hyperplasia of the neointima in balloon injured-carotid arteries of OLETF rats and also on the in
vitro VSMCs® migration under high glucose conditions. Material and Method: The balloon-injury method was
employed to induce neointima formation by VEGF. For 14 days beginning 2 days before the ballon injury, placebo
or vascular endothelial growth factor receptor-1 (VEGFR-1) specific peptide (anti-Fit-1 peptide), was injected at a
dose of 0.5 mg/kg daily into the OLETF rats. At 14 days after balloon injury, the neointimal proliferation and
vascular fuminal stenosis were measured, and cellular proliferation was assessed by counting the proliferative cell
nuclear antigen (PCNA) stained cells. To analyze the effect of VEGF and anti-Flt-1 peptide on the migration of
VSMCs under a high glucose condition, transwell assay with a matrige! filter was performed. And finally, to
determine the underlying mechanism of the effect of anti-Fit-1 peptide on the VEGF-induced VSMC migration in
vitro, the expression of matrix metalloproteinase (MMP) was observed by performing reverse transcription-polymerase
chain reaction (RT-PCR). Result: Both the neocintimal area and Iuminal stenosis associated with neointimal
proliferation were significantly decreased in the anti-Flt-1 peptide injected rats, (0.15=0.04 mm’ and 36.03+3.78%
compared to 0.24+0.03 mm? and 61.85+5.11%, respectively, in the placebo-injected rats (p<0.01, respectively).
The ratio of PCNA(+) cells to the entire neointimal cells was also significantly decreased from 52.82+4.20% to
38.11£6.89% by the injected anti-Fit-1 peptide (p<0.05). On the VSMC migration assay, anti-Fit-1 peptide
significantly reduced the VEGF-induced VMSC migration by about 40% (p<0.01). Consistent with the effect of
anti-Fit-1 peptide on VSMC migration, it also obviously attenuated the induction of the MMP-3 and MMP-9 mRNA
expressions via VEGF in the VSMCs. Conclusion: Anti-Flt-1 peptide inhibits the formation and hyperplasia of the
neointima in a balloon-injured carotid arery model of OLETF rats. Anti-Fli-1 peptide also inhibits the VSMCs’
migration and the expressions of MMP-3 and MMP-9 mRNA induced by VEGF under a high glucose condition.
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Therefore, these results suggest that specific blockade of VEGFR-1 by anti-Fit-1 peptide may have therapeutic
potential against the arterial stenosis of diabetes melliitus patients or that occurring under a high glucose condition.

(Korean J Thorac Cardiovasc Surg 2007;40:264-272)
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s  AlAFel Af(vascular endothelial growth factor,
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A &% o 284G ¥ el Zofsla 5ume] AH

% ¥ vleld 4 o ZHR A 7 A histomor-
phometric study)2} mied 2213334 7 AH(Immunohistochemical
study)& Al$slict

3) =X YEfErE A AHHistomorphometric study)

735" -8 Hematoxylin-Eosin 4 3 1004 &+
) Alofol|A tAE7lulelE #Fedslal AxioVision LE
v4.1 (Carl Zeiss Vision Gmbh, Germany)S A}-£3lo] Al
w3l kel AA, & WeEZe] ol Rt wWHdlA W
el mHe WA Awstel WAe Feln Fus s
o 7, & slekeiZol ol FE WAl ko] o2
©AAe WA B WAe T el W3 4Ee
(- e 27 ) < 1000 2. A4} ) eh . 1)

4) MAx A58 A M(Immunohistochemical stain)

AZS) 24 Hreb) skl TG 2H AN
b3 AA 3 ¢lAkelaeAlod 4= (Phosphate-buffered saline,

PB)Z. APeha 24 e WAA HARELE A7 et
7] $lstol ALolA 3% Aol 1587 WA At

olo] PBSEZ AlF % njEolA qY-3hx A A
#3lo] Rodent Block (UltraVision Mouse Tissue Detection
System, LAB VISION, Fremont)©. 2 4l-20|4] 6057} vl
A7 & PBSE AlFstgich Ax&HE proliferative cell

Fig. 1. Cross-sectional view of the carotid artery. A=Adventitia;
M=Media; N=Neointima; L=Lumen; E=External elastic lamina; I=
internal elastic lamina. The area of the media represents the area
surrounded by E minus the area surrounded by I, and the area of
the neointima represents the area surrounded by | minus the area
of the lumen. Luminal stenosis represents the ratio of the
neointima area to the area surrounded by |.

nuclear antigen (NeoMarkers, Fremont, MS)& A 2o} 4 Ht
SA AT, Al F o]x}gA|(UliraVision Mouse Tissue De-
tection System, LAB VISION, Fremont)o}] #F-2-Aj7) 3 t}A
PBSE A3l & streptavidin peroxidase (Ultra Vision Mouse
Tissue Detection System, LAB VISION, Fremont)® biotin -
avidin Zo|Ag-E F5817] Hslo] Aol HRSA At
108 & PBSE AAsla DAB (3,3 -Diaminobenzidine tetra-
hydrochloride, Zymed Cap-Plus Detection Kit, San Francisco)
2 AHelsted YA FHTFE AET oS Mayer’s
Hematoxylin DHZ°§ AL 3 & €7l A & canada balsam
oz BRI ¥ Beialudes passich 008 Aok
N ul whspell A AE 2 SHsho] HA AL ol o)
sho] FAubES Hol AE Fof v&g Tk

5) EBBHIME 1Y L 0S5 (Cell migration
assay)

249 & Fojo] Hels B
AEFE 10% FBS (Gibco BRL, Life Technologies)7} 3}
5 DMEM (Dulbeco’s minium essential media, Gibco BRL
12320 low glucose, Life Technologies)ol] H-F3}of, 5% CO;
7} FFE = 37°C wjekr]oll A 3U7 ek F AE] uiA]
£ 238k 2 & 25 mmol/Le] glucoseE H7Hak wiA
oflA] wHeksle] AEolEsZg Al AL cH19).
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Table 1. Sequences of primers

Primer sequence Product size

Flt-1
Sense  5'-AAACCTCACAGCCACTCTCATCGT-3
Antisense 5~ TGACCACACAGGACAGTTTCAGGT3* 1 P
Flk-1
Sense  5-GCTTGCCTTATGATGCCAGCAAGT-3’
Antisense 5-GGGCCAAGCCAAAGTCACAGATTT3® 00 P
MMP-2
Sense  5-TGTTTACCATGGGTGGCAATGCTG-3’
Antisense 5"-TGTTTGCAGATCTCCGGAGTGACA3 00 P
MMP-3
Sense  5-ATGTCCTCGTGGTACCCACCAAAT-3’
Antisense 5-GACAGCATCCACCTTTGTGCCAATS 0 %P
MMP-9
Sense  5-TTCTCGAATCACGGAGGAAGCCAA-3’
Antisense 5-ATTTCCAGATACGTTCCCGGCTGA S 220 P
GAPDH
Sense  5-ACCACAGTCCATGCCATCAC-3’

520 bp

Antisense 5’-TCCACCACCCTGTTGCTGTA-3’

A Ee] o]F5#2 pore size7} 8 #m¢l polycarbonate mem-
brane?] 24-well®] Transwell plate (Corning Inc., Corning,
NY)E o] &3} transwell assay® 24 320,211, 5x 10*7)
o] wiek®l AL EE matrigelo| coating®l filter 3¢
ZHo|| Bl $1Z2oll= VEGF (50 ng/mL)Z ©HE ¥
© &-Flt-1 Fefo] =3 pgmbel g Wit wfokslelct. 16
A7k Zoll filterE F-2slA] Joak AEE AA 2, Sobet
A EE 2% paraformaldehyde SN0 & 74 I hemato-
xylin go§o & ofslo] Fetelu] g stoll A 200v] &2
Aigich BRFBIAEY olF FEL oz A4H
sZUe) Ackold BEH AL 53 AFeho] VEGEE A

A g wleb AE7) ol e Aol ol o4l

BlEE L’rE}hﬁU}-
6) Reverse transcription-polymerase chain reaction

(RT-PCR)
obFEl AL ThetAl b2 ¥ felA ik &
BAYTALE 2702 3}, YRR Eo] VEGE

O =
(50 ng/mL)E M7}l 7L} VEGFS) 87 8--Fie-l slefo] =
(B pgmh)E Hrlsto] Ao Agsldet. Z7he] Al Eofl
A] TrizolA]2k(Invitrogen, Carlsbad, CA)& A-£3lo] & RNA
= Balslgdul. E2ldk RNAo) 200 unit®] reverse trans-

Anti-Flt-1 Peptideol] &3+ Alufubed A o]

Table 2. Histomorphometric and immunohistochemical study indices
14 days after balloon injury

—anti-Flt-1 +anti-Flt-1
peptide peptide P
(n=5) n=5)

Neointimal Area (mm®)  0.24+0.03 0.15£0.04 <001
Lumen Area (mm’) 0.15+0.05 026+0.04 <0.05
Media Area (mm’) 0.18£0.03 0.17+0.02 NS
Area Stenosis (%) 61.85+511 36.03+3.78 <0.01
PCNA(+) Cell (%) 52.82+420 38.11£6.89 <005

Values are mean-+SD. Both the neointimal area and luminal
stenosis associated with neointimal proliferation were significantly
decreased by treatment of anti-Flt-1 peptide. The media area is
not statistically significant. The percentage of PCNA(+) cells in
the anti-Flt-1 treated group was significantly smaller in number.

criptase®} 500 ng®| random hexamerE %3 50 mM Tris-
HCI (pH 8.3), 75 mM KCl, 3 mM MgCI2, 10 mM dithio-
threitol, 28] 3 1 mM dNTPsE =33t t}& 42°Col|A] 14
7k EQF WS Al A cDNAE AI8E ¥ 70°CollA] 1583k 2
%—*]ﬁ w5 FAIAIF

2.2 3,412 cDNAd]| 50 mM KCl, 10
mM Tris-HCI (pH 8.3), 1.5 mM MgCl2, 0.2 mM dNTPs, 2.5
units®] Taq DNA polymerase, 2|3 0.25 xM2} Z+ primer
(Table 1)& Z3tslo] DNA thermal cycler (Gene Amp9700,
Applied Biosystems, Foster City, CA)ollA] 94°CollA] 587+
M4 B 04°Col| A 302, 55°CollA] 30%, 72°Cell A 3027
253] whEslo] WS- A}F)aL, 72°CollA] 1087 dzkle-
£ AlgWelgi) vhgo] Byt ZFEAEL ethidium-bromide
7} 335 1.5% agarose gelollA] A7 %S Atk

7) BAHAEN
E A B AL SAS system (Ver. 8.02)& A83lgl o, 7+ 4
ke FF+TFARE Ve, F 7 79 Al
A

Wilcoxon rank-sum test, A] i~ 7Fe] Blii= ANOVA
2 B ¥ Sheffe’s testZ AFFATIH oM, p<
L Lo3L Ao g ATk
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oA A Alete] 2

0.24+0.03 mm'y o1} 3
Flt-1 ®]elo] =2 Hlg FHE= 0.15+0.04 mm 2 9] 3}A]
2ok 0w (p<0.01, Table 2, Fig. 2) A=t F Aol W&
749 & AT 61.85+-5.11%0)|4 d-Fli-1 2]l 2}

o] 36.03+378%% oA ¥
Table 2, Fig. 2).

gto] A AHLTHp<00L,

2) HAZXZEISISH M (Immunohistochemical stain)

Aeteld Z4ekn 9k ALE S48 fsk)
A3t AlEe] oA W= = proliferating cell nuclear
antigen (PCNA) chid o] ubs-g wiofz=glsl oy o
2 Whela, WA AE ol theto] PONA(HY AL E
MEgE FAQn A5 4 F oudad Ao
PCNA(+) A|FE= 52.82+420%% 21}, 3-Fli-1 #elo] =
£ A2g F 9 PCNA(+) AIZE 38.111689%F F2(p<

Fig. 2. Cross sectional view of ca-
rotid arteries of OLETF rats. After 14
days of balloon-injury in the absence
(A) or presence (B) of anti-Fit-1 pep-
tide, cross-sectional view of carotid
arteries was examined by hematoxylin-
eosin staining as described in Ma-
terials and Methods. While the for-
mation and hyperplasia of neointima
was remarkably observed in balloon-
injured carotid artery (A), thickness
of the neointima was significantly
reduced in the presence of ant-Fit-1
peptide (B). N=Neointima; M=Media;
A=Adventitia (> 100).

Fig. 3. Injured-carotid arteries were
analyzed by immunohistochemistry
as described in Materials and Meth-
ods. Black arrow indicates PCNA
(+) cells (x400).

0.05, Table 2, Fig. 3)s}7] At} =, &-Fir-1 slefo] = A
S AEA £300 S8 AR BA FAE BEATY
L. ok Z= 0]
2 = AR
3 ERBETHES 0I5
AW £l A% Az YAz vl W -

Flt-1 slelo]=9] AAazte] 71AE EAslr] 9slo] &
BHYT AL o]Eol et 3--Fit-1 Felo| =9 g3&
HAsch AEW 4 24 Z7lsls VEGFL ¥

FHIZA LY o] FE EAE AL olv] el wl
[4,5], o]l W&k &-Flt-1 selo]| =9 &7} transwell assay
2 AlgPete] dolrgir. offd Al E A g HH
H3 T AE o] AEE 12 3¢ ), VEGFE A7}
g FollAE 258£0.38F A|EQ o]Fo] Frlsiglon,
VEGF$} &H-Flt-1 slefo] =& 7 H713k FollAde 4l
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Fig. 4. Relative migration of vascular smooth muscle cells (VSMCs).
Migration of VSMCs cultured under high glucose condition was
estimated by franswell assay as described in Materials and Meth-
ods. VSMC migration was induced by VEGF (50 ng/ml) treatment
and anti-Flt-1 peptide significantly attenuated the VEGF-induced
VSMC migration {(p < 0.01). Values are mean+ SD. VEGF=Vascular
endothelial growth factor.

Fit-1 Flk-1

Fig. 5. PCR amplification of VEGF receptors of cultured vascular
smooth muscle cells (VSMCs) of the rat under high glucose
condition. RT-PCR with total RNA purified from cultured VSMCs
and specific primers against Flt-1 and Flk-1 was performed as
described in Materials and Methods. The PCR products in agarose
gel were visualized by ethidium bromide staining. VEGF=Vascular
endothelial growth factor.

7 o]F A&7} 1.77£0.31% VEGFI H7hat 2} §-9)
B o) Fo] FH4lrhp <001, Fig. 4). &, g-Fli-1 J“ﬂ
o] =7} VEGFel| 93t A3 AFe] o]% XL %

RS

Bekn 9e% o 4 9k

4) Reverse transcription-polymerase chain reaction (RT-
PCR)0f| &|& VEGF &2 WS XA}

2 A B Hag A 2ol 4] W E] = VEGE
ol tht F&A FFE Yoty $lste] VEGFR-13%
VEGFR-2¢]] th&t RT-PCR-E A #lskglcl. Fig. 50| 4] & <=
5ol Fle-1> w3 9 o} Flk-1-2 Wl 2] okghet.
wehAl, 919 Ay Al vebd ¢-Fli-1 flefo] =
H37} VEGFR-1of] gk Solgh bk ub-3oll o3k A&

L8

z
>
%0

ZBIN Q)

Anti-Flt-1 Peptideo]] ]38t A& A o] o A

MMP-9

Control VEGF

VEGF +
Anti-Fit-1 peptide

Fig. 6. PCR amplification of MMP-2, MMP-3 and MMP-9 from
cultured VSMCs of the rat under high glucose condition. VSMCs
were seeded in 6-well culture plates and treated with VEGF (50
ng/ml) in the absence or presence of anti-Fit-1 peptide (3 zg/ml).
After 16 hours, total RNA was purified and RT-PCR against
MMP-2, -3 and -9 was performed as described in Materials and
Methods. The PCR products in agarose gel were stained with
ethidium bromide. The expression of MMP-3 and MMP-9 was
enhanced by VEGF treatment. Anti-FIt-1 peptide significantly attenu-
ated the increase of expression of MMP-3 and MMP-9 by VEGF.
VSMCs=Vascular smooth muscle cells; VEGF=Vascular endothelial
growth factor.

A2 wkg 9ol

VEGFol| &j3t dasgshta|F9] o]o tigh &-Fit-1
sefol =] A G 7|1H& dobir] 9] VEGF
of el Tkl AoE ¢exl MMPE] Hie W&
RT-PCRE &4 s}3]c}.

z8} shAA wjoksl YT ET A Eo| VEGFE
H7tsl & uff MMP-33F MMP-99] HH&lo] =LA Z7hsl3d
31, VEGFS} &-Flt-1 sefo] =& 3b7 Rolgl A Fo| =
VEGF ©h5 X e|gt AlE X} MMP3, 99] WHdlo] o A= %)
th(Fig. 6). u}e}4] &-Fli-1 3Jefo] S VEGFo)| ©J3F MMP-3
2 99 Wt FIHE 7H4AIA VEGF| ¢t P
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< 9v|¥eH23]. VEGFE H35HA & F7HA17) 3, 22t
BAlsl BT SRAAAE Aol WHALE B
Ashsa, AFLZALY S4% o] EL Fuviol &
Be] AAE AT,

VEGF= =4l VEGF-A, VEGF-B, VEGF-C, VEGE-D,
VEGF-E, Placenta growth factor (PIGF) £ 67} & E&=
th. o] 59 o}o]i¥(isoform)E 47t EA# el VEGFR
o] A3%}sl=d], VEGFRZ = VEGFR-1, VEGFR-2, VEGFR-
3, Neuropilin-1, Neuropilin-2, Heparan sulfate proteoglycan
ol ArH24,25].

o]F % VEGFR-1 (Fms-like tyrosine kinase, Flt-1)3}
VEGFR-2 (Fetal liver kinase, Fik-1)7} F2282 3=
Fc1e SR AE ool QARVTAL, BT, 2
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VEGFR-1¢)] o3l =dEE ¥Al= VEGFS PIGF/}
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