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1. LEA (lycoperisicon esculentum)-bead2] <H|

LEA lectina} tosyl-activated M450 dynabeads (Dynal, Oslo, Norway)E
THATN 7] Y FH oz 20 e LEA lectin (Img/ml in borate
solution, pH 9.5, Sigma, St. Louis, MO, USA)¥} 300 ple] Dynabeads (4 x
10° beads/ml)E  AlojA oA 36AIZF  FoF I AT
Hk-S-A] 7 T}, Magnetic particle concentrator (MPC-1, Dynal)S A}-83}¢]
beadS T}A] 3|53k $ 0.1% bovine serum albumin®] *3$tE 0.01 M
PBSZ 4°ColA Al W AHsdch o] B o= AL peade] HF

5= 4 x10° beads/ml ©] it}



2. g 2 WIAHE (choriocapilary endothelial cel)?] 5

% A7 o

7 5% penicillin/streptomycin &40l 303+ @7 Tk ZhahaH

(limbus)E webr dgdoez A% 5 wAd 2R g9 o

AlE forcepo® wWolMd AU olHA I A o

Fukt BLE-S 1% penicillin/streptomycino] 3H-f-%¥ Hank's balanced salt

(6]

solution (HBSS)o.= AF3 T  AmH

(2

Be  Agao

e ag S REGA FoAd AARGL £@, @A

ol wetete] 2 @RS wold AR A REQ

weboh A #-Bruch? %A

=

nRe et oAL 0.1%

ul

bovine serum albumino] 33%+¥ HBSS (HBSS-BSA)& 4o =2 3-43]
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ko] 37°C ol A

Me ¥ 05% trypsin £9o] Wo] 20587k H2]39lrh. HBSS-BSAR
F71= 3-43] A2 H 0.1% collagenase (Boehringer Mannheim GmbH

Germany), 0.15 mg/ml tosyl-lysin-chlor-methylketon (Sigma), 20 U/ml type2
deoxyribonuclease 1 (Simga) 7} ¥3t%¥ HBSSE Al-&
303 A2l H AEX Ffels dgrk o] FFAS ©hAl HBSS-
BSA® 3-43] AlHsIA=d, o HAA AE7L A2 TAHUA
g AHO ddME FRas A7 A aiaAe 3 F
AN A ALGs|A  wksl= o] FgA ol o|FHA AL
A E F-HFNS 70 um mesh filter (Falcon, Oxnard, CA, USA)oll 53} A] 7
offstar dolxl oA S st 300 ul EFOE
EHAZ1 o] 100 ul LEA-coated beadsE % 7}3}9ATh.  Beads-
AZFFANE TA] 4°ColA IAFEE FEHA S50 FHA
WA ZAL MCP-15 AREatel oAl Wl Al s oA A2
fibronectin-coated six-well plate (Falcon)ol] =32 3}o] vl &F&}2
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Hjj ol © 2 = hydrocortisone, bFGF, VEGF, IGF-1, hEGF, ascorbic acid,
fetal bovine serum, gentamicin, amphotericin®] 32 %% endothelium growth

medium (EGM-2MYV, Clonetics, San diego, CA, USA)S A}-8-3}31 T}

3. ugE #HE ZAEHA yIAHRxe 54 g2l
7} von Willebrand factorel]l gt WY QA (immunostaining)

2] coverslip2 fibronectin®. 2 wg] ¥ 3}e] £H]E 3 b5y
10° cellsiwell?] sw& Wt A JIANES =X
AE7E F83] AR AL A3 & 4% formaldehydeZ 40°Coll A]
1087 g )7 3 214kkE8-9 (phosphate buffered saline; PBS). 0. &
A "W AlF3FSIEE von Willebrand factor (VWF) polyclonal antibody
(Rabbit antibody, dilution 1:100, Sigma)S % 7}sto] 37°Coll A 1A%+
Zob WS AIZT) <claltekE=g N ow A H3E F secondary anti-rabbit

antibody conjugated with FITC (dilution 1:100, Cappel, Durham, NC,
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UsA) S  Yad  37°ColAd 30%3F WESAFTE g

oAtk gMoz A3 F nonfading mounting medium (Vector,

rL

Burlingame, CA, USA) 2 IAAZ § JFdn|Fdo=z fasigint
1}, In vitro tube formation
24 well culture plateo] €S2 o] &3te] 4°C=E A {43
Matrigel (Becton Dickinson San Jose, CA, USA)9} A|Zujefd & 112
AoiA ZF welld 300-400 pl W53+ % culture plateE 37°CollA
307t Hytste] A AHE vbE vy, Wete A WA EE
7} 1.0 x 10° cellsiwell =9 FE7} HEE B35k 37°Col|A

WjFshE A ) Alzbic 9 gt dnl o waekg

4. v @get 2R M EY B saxatiling] &3

7 AE & A an
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96 well culture plate | fibronectine 1 pug/ml= E=3x35}QI . Webat
EAEE WAAELZE AlZaddozRy wojo] Ff4d e ol A
saxatilin?t g7 2023t wjeFete] A AT Saxatilin FE=
Zy7} 0, 125, 25, 50, 100, 200, 500 ug/ml7} H=& WIS FoA
Al Y59l T}, Fibronectin-coated 96-well plateo] W3 AZE 7} well &
50 x 10°% =X3FGITh 2A13F Feb 37°ColA wjge & F-AEA
R AMEes gFg&AoZ AT FEE AEE 4%
paraformaldehyde= 317 $ 2 0.2% crystal violet in 2% ethanol/water&
H7bet & 15%3F AAAATE 1587kl Mol Ey 5 crystal

violetS THFFE 3 AUl 1 ¥ 1% SDSE UM F

|

570 nmollA]  &F=(absorbance)E st FUlAd AEFE

Axkarglct. 2t A9 quadruplicate®™ 3FII A HS 3WA HE
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o,
4
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o
ﬁ

|ba9 .

U Al olF A=Az
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2152 8um-pore-polycarbonate filter insertS 7}%] = Boyden chamber

system (Transwell, Corning, Lowell, MA, USA)S- A}-83}31 T} InsertsE 5

ug/ml] fibronectin. 2 ZE AT AE F-2 Aol 7o

detut wEd UgAE Bl saxatiling 7t FEd

f

A7kakel 203k Wstel AAA St AAAL B WA LS

Transwell¢] A}t chamberol] A AR o] 9l wjoke

1=
&
i
X
(2]
o
X

10° cells/100plE E53 3 2A17FseF wiOFEal, L 3 lower

chamberoll = 20% 8-S #H7Ist wlgHS E58kT. 37°C ol A

12A)17F Fot AlEES wjokste] A chamberol 4] st chamber®

MEEo] olssles 3+ H 4% paraformaldehyde® H-ZE o] Q&=

AES nAQ8 T o)5dkA F3 A membrane 1ol EolE

AFEe Wiow Hudlyg Az 47389 membrane 2ol

A= AIEZES 02% crystal violet ©] X 3% 2% ethanol/water .=

Aag ¥ AEe] FE 9 AnAX 20002 ST 2



wetuk v " WA 2 fibronectin-coated 96 well platec] 1.0 x

10%cells/well®] %2 Z=¥3F 5 24417} EoF wjoksle] A L7} Z

s zgts s A T AdS s Saxatilin®]

TEE gste](0, 25 100, 500 pg/ml) H7be FH 36AI7Fe] At

el Zb welle] A3 =5 w3tk AlE 4= cell counting kit 8

-8; Dojindo, Kumamoto, Japan)< Al-&-3te] =743}t -85
(CCK-8; Dojindo, K J )& AF835te] S48tk CCK-82

o] 45 Al

R8s

PH
_IINA
oﬁ

T o] YE]= MTT assayol Ao} o] 2tolole A
U] dehydrogenase &S F7dst= Zoltl ZF wello] CCK-8A]<F

20 = #H7F3F 5 247F Eob =7} wjeksl I 450 nma}Aol A

511 5

O -

mim

SAste]l Aokl AESFE AR ARtEith
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HEd o 2= saxatiling H7bshr] Ao A2 ¢2 &30k

2 AE AEE Y
MR Axols, AEFTA FAAPEe AUt saxatiling]
cytotoxicityol] 2|3t &Y 7HsAS wiA|sH] $lske] te FUHA
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(1) Trypan blue dye exclusion test

sl weet ZAdd WaAl2E wjdaels dojwl
o Aol A saxatilin®] s%=5 Eesto(0, 12.5, 25, 50, 100, 200,
500 pg/ml) H7Fsk H 1A 5<QF 37°Coll A vl F3FSit). 0.4% trypan
blue solution®. 2 AXE 103 G 7 igFEAo=

AHHAT AAHA ge Ao}
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(2) CCK-8& °| 8% AZ AEE £Y

ol 2}

=

St 2 A F 3 Y3 M EE fibronectin-coated 96 well plate©l] 1.0 x

10%cells/well®] &%= gk = 24A7F ZoF wjokate] AEA} B

o 1o

Z]

L

&3ttt Saxatilin®]

ol]

=

o}
=1

5 @ga AAAEH 2

rra

ﬂl

FAZF 250 g W€l A& 47 Brown Norway (BN) rat

Al

(SLC, Hamamatsu, Shizuoka, Japan)< =4S

7]

2] 7] “ARVO statements for the use of animals in ophthalmic

and vision research" #A& 7]Fo F=aA AldSIT. BN rats
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ketamine hydrochloride (AEFet =, 34y, Har)el  xylazine

hydrochloride (H¥ &, Hlold Zglol, &1)E 111 EF3e] 1

mikgs +SFASR w2 1% tropicamide (L FFEZY,

do) A whS 7= 150 mwel 38 532 nm, =% 50 ms, =7] 50 pum

(PASCAL; OptiMedica, Santa Clara, CA, USA)= TF=21t}. Rat fundus

lens (Ocular Instrument Inc, Bellevue, WA, USA)E A}-8-3}$1 T} Bruch®}o]

WAl o 2 el 31 #lo] A 231X central bubble formation ¥+ A&
wEste] YA o ® Bruch st 2lsgith

6. Saxatilin® A U FY

Z 30789l BN ratE A o= yFo]  saxatilling
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[e)

A W s %E7F 100 upg/ml, 500 pg/mle] HEE &

off

ul

AAbelel (2 3ug/i0ul, 15ug/10ul)  TAFSF ™ (adult rate]  H Lt
T84 &2 56 ul), x|+ Balanced Salt Solution (Alcon,
Tokyo, Japan) 10 ulE FAMsEIH Al el FAME wi+=

FEdvAE  SteA  FEIAEA

>
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ol
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D)

ST oFE 92 Hamilton syringe (Hamilton, Bonaduz, Switzerland)oll

w
w
X
)
D)

jur}
=
g
o
re,
.

ste] Abg-stglTh

dolx FgiE 25 Fo 307kE] 609 EFol sk
FAMAG ARG =S Adste] Al B4 FFrE

AEE gRlsl3lth. 10% fluorescein sodium (Flurescite; Alcon, Tokyo,
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Tokyo, Japan).

Canon,
=

(CF-60UVi:
21 & 735 (signal  intensity)

stetnt

)

[¢]

o

=
imageJ software (National institute of Health; Bethesda, MD,

23

(1536 x 1024 pixel) ol A

=

=
[e]
OLE

3%
A

O

Japan) 0.5 mlE =
3

pixel ol A <]
JESLERE

5714
12 #]

st
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sl
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o

30v2] 60

°
T

bl o

<]

¢} Davidson's Solutionol] 244] 7}

10% neutral buffered formalinoll =7 X34
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2=0
=1 =

upebs gk
S A2 F  Hematoxylin-Eosin(H-E)

R
1=

BN

BRageh A&H9 7%

st 7 (Olympus BX50; Olympus Corporation, Tokyo, Japan)o .=

image analysis program (Uthscsa Image tool for windows, version

7z &
L;g—T

9. TAH £4
Saxatilin®] 2] w* 2} t)Z+"2}e] H] &= Sigmastat for windows 3.1

Z 23S o]83}19] independence sample t-test= 415} 31 2.1 | trypan
blue dye exclusion test Z¥}i= Fisher’s exact test= 213} Th p <

bt ot

ol

A58 BAACE vgE Aow 49

0.05¢!
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o
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Z1% 1. Morphology of lectin-selected choriocapillary endothelial cells
(CECs). (A) CECs collected using LEA-coated Dynabeads after 5 days
culture. Aggregates of beads are indicated by arrows (X100). (B) The CECs in
second passage shows few attached Dynabeads (X40). The CECs in third
passage demonstrate a typical cobblestone appearance. (C: X100, D: X40)

2. WjFE AgY EAZHE YIAZY &
TREE WY RAEW uyAEES Zestel dAf

etk A = AGEAE, t 2] Al| 3 (macrophage),



127}

_—

o)
e
Mo

)

}37 (retinal pigment epithelium) 52 t}

ol ek

At A A

hya
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i FE WA

2ol

2 sh=

‘W &

z9

¥ A

= 7 doh

ol

von Willebrand factorel] tf 3+

7

)

Matrigel ]l

iI=E
=

W] A

2B).
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Z1% 2. Characterization of CEC. (A) LEA-selected CECs show strong
reactivity for von Willebrand factor using an immunofluorescent microscopy.

(B) Phase contrast photomicrograph of cultured CECs 5 hours after seeding
onto Matrigel show typical capillary-like tubes.

3. AX B3 A8

Saxatiline] Tt mARE VAL FHS s

A%

il
N

7 FrHlE dolr okl Saxatilin FXEol W gshe] wEghut

2AEH WA EZ} fibronectine] ZEH A X n|kdo] Fhy=

Aol AAFATHZH 3). Saxatiling FH7leA Fe dixTo

ANEZFE 10002 BoJstds ), 7 +

©
Y
r
&
i
uh)
uh)
(o]
(o]
(o]
(e}
I+

3.78, 78.40 + 3.63, 67.72 * 3.76, 57.95 * 3.72, 45.00+4.77, 17.68+2.14
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1% 3. The photograph of endothelial cell adhesion in various concentrations

of saxatilin. Saxatilin blocked adhesion of the choriocapillary endothelium to
fibronectin-coated plates in a dose-dependent manner. Saxatilin
concentrations were 0 (A, positive control), 12.5 (B), 25 (C), 50 (D), 100 (E),
200 (F), 500 (G) ug/ml, respectively. (H) No cell was seeded for negative
control.
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717 4. Inhibition of endothelial cell adhesion by saxatilin. The error bar

indicates standard error of the mean (SEM). *, p<0.05 compared with the
control group not treated with saxatilin.

4. AE o]F A=z

Akt 2" I A7) Transwell membranes: 5 2}5} <
ol st A& saxatilino] A= AEE 7 R SAHUTH
Saxatilin 5%kl Hl#gte] o]&d WHIAMES F7F it AS

golsteh2d  5). Saxatiling FH7FEHA RS Y AEFE
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7} 70.29 + 3.94, 49.93 +
3.41, 4550 + 3.54, 10.07 + 1.57, 3.143 + 0.54, 257 + 0363t} &=

oA dzET EAdew o7 Aol AT (1 6)

Z1¥ 5. The photograph of endothelial cell migration in various
concentrations of saxatilin. Saxatilin blocked migration of the choriocapillary

endothelium across the transwell membrane in a dose-dependent manner.
Saxatilin concentrations were 0 (A, positive control), 12.5(B), 25(C), 50(D),
100(E), 200(F), 500(G) wg/ml, respectively. (H) No cell was seeded for
negative control.
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717 6. Inhibition of endothelial cell migration by saxatilin. The error bar
indicates SEM. *p<0.05 compared with the group not treated with saxatilin.
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1% 7. Cell proliferation assays were conducted after treatment of CECs
with 0, 25, 100, 500 ug/ml saxatilin using a commercially available Cell
Viability and Cytotoxicity Assay Kit (Cell Counting Kit 8, CCK-8, Dojindo,
Kumamoto, Japan). The error bar indicates SEM. * p<0.05 compared to
control.
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3t 1. The effect of saxatilin on cell viablility. CECs were treated with or
without saxatilin for 60 min and cell viability was examined by trypan blue
dye exclustion test.

No. of living No. of dead

Saxatilin (ug/ml) Living cell/Total cell
cell cell
0 921 58 0.941
125 917 57 0.941
25 903 51 0.947
50 953 70 0.932
100 942 74 0.927
200 927 78 0.922
500 916 79 0.921
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1% 8. Cell viability assays were conducted after treatment of CECs with 0,

12.5, 25, 50, 100, 200, 500 pg/ml saxatilin using CCK-8 (Dojindo). The error
bar indicates SEM.

7. Saxatilin®] A@H #AHFL APER FF F& A&

27 %o AT FAAEREIEANA FHTFE AR
) Z=toll A4 1.06 £ 0.08, saxatilin 3 ug *| =4 0.74 £ 0.02, 15 ug

A mToA 068 + 0012 XFZTolA EAZROR guigA ¥
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1% 9. Fundus photograph and fluorescein angiogram of the retinal lesions
of Saxatilin-injected groups and control group 14 days after laser-induced
CNV in BN rats. (A,B) control group, (C,D) saxatilin 3 ug-injected group,
(E,F) saxatilin 15 ug-injected group. Signal intensities were presented from 0
(darkest) to 1 (brightest) for each pixel of the image using an arbitrary unit. As
a reference, the brightness within nonphotocoagulated capillary area was
defined as 0, and that at the major branch of the retinal vein as 1. Dose-
dependent decrease in CNV size and fluorescein leakage of saxatilin-treated
groups compared with control group.

1.2+

1.0+
0.8+
0.64

FAG score

0.4+
0.2+

0.0 T 1 T
Control 3ug 15ug

Saxatilin

717 10. Effect of saxatilin on CNV fluorescein leakage 14 days after laser-
induced CNV in rat retina. The average fluorescein intensity score of the eyes
injected with BSS only, saxatilin 3 pug, 15 pg were 1.06 + 0.08, 0.74 + 0.02
and 0.68 + 0.01, respectively. The error bar indicate SEM. * p<0.05 compared
to control.
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b 2. Effect of saxatilin on CNV fluorescein leakage 14 days after laser-

induced CNV in rat retina. Values are means + SEM. * p<0.05 compared to
control.

Saxatilin Control(BSS) 3 ug 15 ug

FAG score 1.06 +0.08 0.74 £ 0.02* 0.68 + 0.01*

8. Saxatilin®] HWHHANPER B A& (FHTFEH £7)

A2k (multilayered  fusiform  proliferative  membrane)©]

HEE o A5 xR E #AFHJACL
Al Y Aol T = ) Ewol A 82.85 + 1.29 um, saxatilin 3 ug

X Zaro| Al 58.18 £1.56 um, 15 pg A =aolA 46.02 + 247 um=

3

b

oA FAA SR YA GFITHH 11, 12, 3 3, p < 0.05).

7 Fold HelAE A e AU =4z
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Z1% 11. Effect of saxatilin on CNV thickness 14 days after laser-induced
CNV in BN rats. Light micrographs of Hematoxylin and Eosin stained

sections of the CNV lesions in BSS-treated rat (A), saxatilin 3 pg-treated rat
(B), saxatilin 15 ug-treated rat (C) 14 days after laser photocoagulations.
Thickness of CNV (arrowheads) was decreased in saxatilin-injected rats.
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1% 12. Effect of saxatilin on CNV thickness 14 days after laser-induced
CNV in BN rats. The average CNV thickness of the eyes treated with BSS
only, saxatilin 3 pg, 15 ug were 82.85 + 1.29, 58.18 + 1.55 and 46.02 + 2.47,
respectively. The error bar indicates SEM. * p<0.05 compared to control.

3t 3. Effect of saxatilin on CNV thickness 14 days after laser-induced CNV
in BN rats. Values are means £ SEM. * p<0.05 compared to control.

Saxatilin Control(BSS) 3 ug 15 ug

CNV thickness(um) 82.85+1.29 58.18 £1.56* 46.02 £ 2.47*
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1% 13. Effect of saxatilin on normal retinal morphology 14 days after laser-
photocoagulation. There is no noticeable change in retinal morphology,
thickness and cell morphology. (A) BSS-treated rat, (B) saxatilin 3 u.g-treated
rat, (C) saxatilin 15 pg-treated rat
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ABSTRACT

Inhibitory effect of saxatilin on cultured porcine choriocapillary

endothelium and rat choroidal neovascularization

Jonghyun Lee

Department of Medicine

The Graduate School, Yonsei university

(Directed by Professor Sung Chul Lee)

Age related macular degeneration is the leading cause of blindness in
patients over the age of 65 years, with the neovascular (exudative) form
accounting for more than 80% of the cases with severe visual loss. Choroidal
neovascularization (CNV) is a result of pathologic angiogenesis, which is
partially mediated by the alteration of integrin expressions. Integrins are
transmembrane receptors that stabilize the cell attachment to the extracellular
matrix and regulate cell survival and proliferation. Integrin avp3 is selectively
expressed in the CNV. Disintegrins are a family of cystein-rich, low molecular

weight proteins that are found in various snake venoms.
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Saxatilin, isolated and characterized from the venom of a Korean
snake, Gloydius saxatilis, is a single-chain polypeptide composed of 73 amino
acids, including 12 cysteins, as well as the tripeptide sequence Arg-Gly-Asp, a
proposed recognition site of integrins. Like other integrins, saxatilin strongly
inhibits human platelet aggregation, bFGF-induced proliferation of HUVEC,
and vitronectin-induced migration of smooth muscle cells. It also regulates
platelet activation associated with HUVEC migration and invasion,
suppresses TNF-a-induced ovarian cancer cell proliferation and invasion, and
inhibits angiogenesis and tumor progression.

The aim of this study was to investigate the suppressive effect of
saxatilin on adhesion, migration, and proliferation of choriocapillary
endothelium, which plays a critical role in CNV, and to evaluate inhibitory
effect on experimental choroidal neovascularization in rats.

Primary porcine choriocapillary endothelial cells (CECs) were
obtained from fresh porcine eyes. CECs were isolated using
superparamagnetic beads (Dynabeads) coated with the endothelial cell-
specific lectin Lycoperisicon esculentum, which selectively binds to fucose

residues on the endothelial cell surface. Isolated cells were confirmed to be
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endothelium by its cobblestone morphology, over 99% immunoreactivity to
von Willebrand factor and tube formation. Saxatilin inhibited the adhesion of
CECs to fibronectin-coated plates and the migration through fibronectin-
coated transwell membrane in a dose-dependent manner. Also, it completely
suppressed the proliferation of CECs in 100 ug/ml concentration. Through
trypan blue dye exclusion test and CCK-8, it showed no effect on cell viability
at the concentration up to 500 ug/ml.

CNV were induced by laser photocoagulation (532 nm wavelength,
150 mW, 60 pm, 50 ms) in both eyes of 30 adult Brown Norway rats,
followed by intraviteal administration of single dose of saxatilin of 0 ug
(n=10), 3 ug (n=10), or 15 ug (n=10). On fluorescein angiogram 14 days after
CNV induction, there was a dose-dependent decrease in fluorescein leakage
of saxatilin-treated groups compared with control group (1.06 + 0.08 vs. 0.74
+ 0.02, vs. 0.68 £ 0.01; p<0.05). Histologically, the thickness of the CNV
lesions was significantly (p<0.05) reduced in eyes that received saxatilin
(82.85 + 1.29 vs. 58.18+1.55 vs. 46.02+2.47 um). There was no noticeable
change in retinal morphology, thickness and cell morphology.

In conclusion, saxatilin effectively inhibited adhesion, migration and

72



proliferation of porcine CECs, and suppressed CNV progression in rat model
of laser induced CNV, suggesting that this disintegrin may be beneficial agent

in the prevention and treatment of CNV.

Key words: choroidal neovascularization, choriocapillary endothelium,

disintegrin, saxatilin

73



