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Fig. 1. Domain structures of bovine and human Thrombospondin-1. Bovine TSP-1 has three CD36 binding sites, in constrast human TSP-1

has two CD36 binding sites in type I repeat domain.
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FHFAY JARJIAE & €2A = Thrombospondin-1
(©]8} TSP-1)= M|ZL7| AT MAZ A NZ-AEZ 7+ E=
AjzZ-714 7t A3 Aol Bofshm A|Zupchul it Alo| g
7kRloll FAlol ZHgsto] A|Z7|AFEo Ao RHY
< AN ol 2AE W= RN ujA| o] AP A o
WA 2 = integrins T}, integrin AT/ THERA Q] CD47, CD36,
proteoglycan 5°] UT}[11]. TSP-1> ttAl 7FA] TSP Ty
A FoA A AR DaE AR ARge] agtol A
HHE D AEBRFAES QAT EZN oo S A
T Sl EAEE AAANA A= grEFTH12,13].
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AFotAlaE, 9] Al7ob A Fol|A] EH|E|o] A &,
5, AEHFAY, TF I T2 o YIS
ZA3TH14-17]. TSP-19] F+229F thF3t 7|52 Fig. 19
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TSP-19] type I repeat®]] Z£23}+= CSVTCG o}r]i=At A
g 53] VICG o4t AEE A2 FHO| CD36 &
Aot AgH3ieh[19]. CD362 EARFo] 88 kDadl YFAut
o] A E Aokt Az ojdud RES 71 gle
o Y Eavat g toA] R = A0 AR A
oS P ZAEHY WA ZoA = HEET21-
24]. =3 scavenger receptor2 = Z831o] SH3IE U
+ AAA AtE LDL A& (OxLDL)°] AlZ =2 /¢
st o 2-E3trh[25-28]. 123 FHAshite] Wy E
foam cell®] /ol Hofsty AHEE A2E FAst= H
= 293 98-8 31t}h[29-31]. TSP-18] CSVTCG ©oFH| =
A o) ozt AT olAleh AEATS TSP-10]
CD36 Tzl Agtste] p59fyn, caspase-3 THif A Hafja
42, p38 MAPK 5o| A&z SAstgozn dojub=
Aoz dA QIth(32-34]. =0 Wk TSP-19] ofn|ie
A A 9L ZEba] AFE TSP-I type [ repeat®] A WA RE
ol TSR-19]4]= CSVTCG o}u| At AE 297} CSTSCG
AMEE Fol qlojA ABHFAHS dAIsHA Kote A=
B3 Qlom[19], 59 FS= CSATCG X882 +4
Hol Qlck Iy 29 A= AHFolU HE TEER Y
2] CSVTCG A go] ZgEo] Qo] g dAaxdE
uvebd 4= & Ao 2 AYZHETH(Table 1).
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X CSVTCG opu|4t AELS 7121 9)= TSR-2¢} TSR-
3 Atolo] AEHFA A &I M= Febs TSR-3 £
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Table 1. Sequences of Human, Bovine, and Mouse TSP-1

AMEE 225

Human (Homo sapiens)

1 mglawglgvl fimhvegtnr ipesggdnsyv fdifeltgaa rkgsgrrlvk gpdpsspafr
61 iedanlippv pddkfqdlvd avrtekgfll laslrqmkkt rgtllalerk dhsgqvfsvv

121 sngkagtldl sltvqgkqghv vsveeallat gqwksitlfv gqedraqlyid cekmenaeld

181 vpigsvftrd lasiarlria kggvndnfqg vignvrfvfg ttpedilrnk gessstsvll

241 tldnnvvngs spairtnyig hktkdlqaic giscdelssm vlelrglrti vttlqdsirk

301 vteenkelan elrrpplcyh ngvqyrnnee wtvdsctech cqnsvtickk vscpimpesn

361 atvpdgeccp rewpsdsadd gwspwsewts cstscgngiq qrgrscdsin nrcegssvqt

421 rtchigecdk rtkqdggwsh wspwsscsvt cgdgvitrir lenspspgmn gkpcegeare

481 tkackkdacp inggwgpwsp wdicsvtcgg gvgkrsrlen nptpqfggkd cvgdvtenqi

541 cnkqdcpidg clsnpcfagv ketsypdgsw kcgacppgys gngiqetdvd eckevpdact

601 nhngehrcen tdpgynclpe pprftgsqpf gqgvehatan kqvckprnpe tdgthdenkn

661 akcnylghys dpmyrceckp gyagngiicg edtdldgwpn enlvcvanat yhckkdnepn

721 lpnsgqgedyd kdgigdacdd dddndkipdd rdncpfhynp aqydydrddv gdrcdncpyn

781 hnpdqadtdn ngegdacaad idgdgilner dncqyvynvd qrdtdmdgvg dqedncpleh

841 npdqldsdsd rigdtcdnnq didedghqnn Idncpyvpna nqadhdkdgk gdacdhdddn

901 dgipddkdnc rlvpnpdgkd sdgdgrgdac kddfdhdsvp diddicpenv disetdfrrf

961 qgmipldpkgt sqndpnwvvr hqgkelvqtv ncdpglavgy defnavdfsg tffinterdd
1021 dyagfvfgyq sssrfyvvmw kqvtqsywdt nptraqgysg Isvkvvnstt gpgehlrnal
1081 whtgntpgqv rtlwhdprhi gwkdftayrw rlshrpktgf irvvmyegkk imadsgpiyd
1141 ktyaggrlgl fvfsqemvff sdlkyecrdp //

Bovine (Bos taurus)

1 mglawglgvl lllhacgsnr ipesggdnsv fdifeltgaa rkrsgrrlvk gpdpsspafr
61 iedanlippv pdkkfqdlvd avraekgfll laslrqmkkt rgtllaverk dhsgqvfsvi

121 sngkagtldl sltvqgkqghv vsveeallat gqwksitlfv gqedraqlyid cekmenaeld

181  vpigsiftrd lasiarlria kggvndnfqg vlgnvrfvfg ttpedilrnk gcssstsviv

241 tldnnvvngs spairtdyig hktkdlqaic giscdelssm vlelrglrti vttlqdsirk

301 vteenkelan elrrpplcyh ngvqyrtgde wtvdsctecr cqnsvtickk vscpimpesn

361 atvpdgeccp rcwpsdsadd gwspwsewts csvtcgngiq qrgrscdsln nrcegssvqt

421 rtchigecdk rftkqdggwsh wspwsscsvt cgdgvitrir lenspspgmn gkpcegkare

481 tkacqgkdscp inggwgpwsp wdicsvtegg gvgkrsrlen npkpqfggkd cvgdvtenqi

541 cnkqdcpidg clsnpcfagv qctsypdgsw kcgacppgys gdgveckdvd eckevpdact

601 nhngehrcen tdpgynclpc pprftgsqpf grgvehatan kqvckprnpe tdgthdenkn

661 akcnylghys dpmyrceckp gyagngiicg edtdldgwpn edllcvanat yherkdnepn

721 lpnsgqgedyd kdgigdacdd dddndkipdd rdncpfhynp aqydydrddv gdrcdncpyn

781 hnpdqadtdn ngegdacaad idgdsilner dncqyvynvd gkdtdmdgvg dqcdnepleh

841 npdqldsdsd rigdtcdnnq didedghqnn Idncpyvpna nqadhdkdgk gdacdhdddn

901 dgipddrdnc rlvpnpdgkd sdgdgrgdac kddfdqdkvp diddicpenv disetdfrrf

961 gmipldpkgt sqndpnwvvr hqgkelvqtv ncdpglavgy defnavdfsg tffinterdd
1021 dyagfvfgyq sssrfyvvmw kqvtqsywdt nptraqgysg Isvkvvnstt gpgehlrnal
1081 whtgntsgqv rtlwhdprhi gwkdftayrw hlshrpktgf irvvmyegkk imadsgpiyd
1141 ktyaggrlgl fvfsqemvff sdlkyecrds //

o dAEI} § £L Ao HAET glon] ol 9l
3t o}n]ix} o 46} oﬁok IIH—‘?—O]E}(Table 2)[19].

Mz o EE

=

4& 44 eixﬂg} & 3le Aee WHE wsts A
otk B3 obx 1 ABWYY AT T LA 9

] A s EA WY A E (0] HUVEC)E Jaffe®]

A o2 TSP-19] type [ HEEAE F&29] 7hsAdS A6 (36101 whet EEstAch Al &ajol AR BES 7]5A
k. 53] £9] TSR-1 WE == CSVTCG AEol &4  AAME T3 MEATAY Y€ Foka FEHSFwEY

S22 A9 TSR-1 (Table 2) HE|=7} AFEe] TSR-1 H&
P IR e NI S 2N FYsH

iizm{ﬁﬁ

R i !

F 12402 o]l o
& Agelsct WA BE W WERel olld &
o1& phosphate-buffered saline (DPBS, GibcoBRL) 2. Z A
32l 0.2% collagenase I (Sigma) 10 mLE A< 3 PBS



226 REY FHH

Table 1. Continued

House mouse (Mus musculus)

1 mellrglgvl filhmcgsnr ipesggdngyv fdifeligga rrgpgrrivk gqdlsspafr
61 ienanlipav pddkfqdlld avwadkgfif laslrqmkkt rgtllaverk dntgqifsvv

121 sngkagtldl slslpgkqqv vsveeallat gqwksitlfv qedraqlyid cdkmesaeld

181 vpigsiftrd lasvarlrva kgdvndnfqg vignvrfvfg ttpedilrnk gessstnvll

241 tldnnvvngs spairtnyig hktkdlqaic glscdelssm vlelkglrti vttlqdsirk

301 vteenrelvs elkrpplcth ngvqyknnee wtvdsctech cqnsvtickk vscpimpesn

361 atvpdgeccp rcwpsdsadd gwspwsewts csatcgngiq qrgrscdsln nrcegssvqt

421 rtchigecdk rftkqdggwsh wspwsscsvt cgdgvitrir lenspspgmn gkpcegeare

481 tkackkdacp inggwgpwsp wdicsvtcgg gvqrrsrlen nptpgfggkd cvgdvtengv

541 cnkqdcpidg clsnpcfaga ketsypdgsw kegacppgys gngiqckdvd eckevpdact

601 nhngehrckn tdpgynclpc pprftgsqpf grgvehaman kqvckprnpe tdgthdenkn

661 akcnylghys dpmyrceckp gyagngiicg edtdldgwpn enlvcvanat yhekkdnepn

721 lpnsgqgedyd kdgigdacdd dddndkipdd rdncpfhynp aqydydrddv gdrcdncpyn

781 hnpdqadtdk ngegdacavd idgdgilner dncqyvynvd qrdtdmdgvg dqcdnepleh

841 npdqldsdsd ligdtcdnnq didedghqnn ldncpyvpna nqadhdkdgk gdacdhdddn

901 dgipddrdnc rlvpnpdgkd sdgdgrgdac kddfdhdnvp diddicpenf disetdfrrf

961 gmipldpkgt sqndpnwvvr hqgkelvqtv ncdpglavgy defnavdfsg tffinterdd
1021 dyagfvfgyq sssrfyvvmw kqvtqsywdt nptraqgysg Isvkvvnstt gpgehlrnal
1081 whtgntpgqv rtlwhdprhi gwkdftayrw rlshrpktgy irvvmyegkk imadsgpiyd
1141 ktyaggrlgl fvfsqemvff sdmkyecrds //

*first type I repeat: 371-430, second type I repeat: 431-490, third type I repeat: 491-550.

Table 2. Comparison of TSR peptides of human and bovine TSP-1

Peptides from type I repeats of human TSP1 Peptides from type I repeats of bovine TSP1

TSR-1 -SEWTSCSTSCGNGIQQRGK- -SEWTSCSVTCGNGIQQRGK-
TSR-2 -SPWSSCSVTCGDGVITRIR- -SPWSSCSVTCGDGVITRIR-
TSR-3 -SPWDICSVTCGGGVQKRSK- -SPWDICSVTCGGGVQKRSK-
CD36 binding region -CSVTCG

7k @31 HlolAe| @7} 37°C water batholl A 30&3F A2
519 collagenase 19] & AHHg0] &2 YoJU=E 3l¥Th 1
T HES FEY WuAZ7 # oA =E g tF oA
PBSE o]-&sto] 22|d WA ZE 35atglet olnf S
YA ZE= M199 Bj%FY (GibcoBRL)S 20% heat-inacti-
vated FBS (Biowhittaker), 50 pg/mL ECGS (Biotechnology
Inc.), 2 mM L-Glutamine (GibcoBRL), 100 pg/mL heparin
(GibocoBRL), 1% antibiotic/antimycotic (GibcoBRL)< 3
7¥3to] WHE HUVEC j%F o] 5mL E0i3lE 50 mL con-
ical tubeol] 343t Al ¥l = PBSE ¢ RS 27}
2 AFsto] dolgls BHUuNZE 2% 343ttt 1
& AAE2]7] (Himac centrifuge CR5B2, Hitachi, Japan) S
o]4-3to] 1,000 rpmofl A 5EZF LA Hejste] AEZE A
AZ|13L F5HE AAT & HUVEC B S 42 AlZF

<o wjklo 2 vl d4 A wjstgth HUVEC
2 passage 2014 HA| Ao dE Huste Aol A
3kt A¥ Aloll= passage 4~72] HUVECS AM231%
o} £23 EiuAlZE AR (CK40, Olympus,
Japan)< &3] cobble stone FE|E &5} L, anti-human
Factor VIII §2234 (DAKO)E °|-83 HAFFEM S

Agstel BHRTAZ vpAS Serstsict

2. TSR-1 HlE|= gty

Abga} 4 TSP-19] type repeat % °F 71%5°] HEAA|
OFO TSR-19] YX HE=E-S 3HY5te] A-2313Th(Table
3). o] HEESZ TSR-1°] 33t F2 22 AR} 49
ofu] At MES Zz}F §HA45HE, CSVTCG AY FHE &

Gole wrEo] 100 mm culture dish (Nunc)®]] 1x10%/mL
AEUE 2 71 5% CO,7F §A%+= 37°C CO; incubator
(Optima Inc, Model 560, USA)ol|lA] ujeFslglct. tod &
A Ge Az AASL 2L BgFH R WA st

v o3k @Y TN E ] wijfle 2~3Yof 3 HA A

Aoz A5t Uz NElE 2= WA 4 a7t
7F & 47 CSVTCG otr) At A8 FHdste] 83
X oA EE Hmakgich BEEe] GAS The American
Peptide Company Inc. (USA)S &3l & Ao re-
verse phase HPLCZ AA| (97%)3}% 1L Mass spectrophoto-



Table 3. Peptides synthesized from TSR-1 of human and bovine
TSP-1

peptides from type 1 repeats peptides from type 1 repeats
of Human TSP1 of Bovine TSP1

(H) SEWTSCSTSCGNGIQQRGR (B) SEWTSCSVTCGNGIQQRGR
(control) CSVTCG

meter® =52 ZA3 & AFL519T)

3. In vivo Matrigel plug assay

AT PE =] ABHFA dAeHS Felsk] st
o In vivo Matrigel plug assay= A5 2] E5 1]3}22]0) A
A3t [37,38]. Matrigel (Becton Dickinson)< 50 ng/
mL2] recombinant bFGF (Sigma)2} 40 unit/mL<] heparin
& Alstel BEt & Agsn 2Ree U oy
A st gelo] A F=T SFPCH AHREE EE pipette
3} tipe WD BEs e AFLaHgT)

5~65 H C57BL/6] AAF (gtufo] 23 2, Korea)
£ 15Y ¢ T2 AFAK oF AFel AHEsE
ok BFE o2& v F B2 95z 500 ul/m}
2]9] Matrigel& HH3] FARIH oY FAPE ¢ Fo=
gelo] Aol oA S Folaiaik FAPIE WE Aol
BEHPY I mL FAP] (AR} 236 FAMbs & AR}

.

AP FdELY SAAYEE, WEHE Aoz
2ot FEL (COH(P))°1V‘1 = Matrigel°]l bFGF
9} heparing ¥ 4o FAIALL S/ E (Con(N))

he

Matrigelo] PBSYE 4o F=ASHGITE 12|31 HE = A
2 Bovine?t Human® TSR-1 A¥XE 3} CSVTCG
xetel WIS PBSO] SI4j5t0] ALgaiAen 22 10uM
T} 40 uM B2 Fojsle] H|wst¢ Al (B-10, B-40, H-10,
H-40) Z+ +9 6~7u}8)7} H =& 3} Matrigel£ Z/\]-
T 7 B AT oHIZE ok ¥ B2 s
HAYT FEstF=d o] digital camera (Coolpix 990,
Nikon, Japan)2 AFS ZojA FAS Hlwstal X2 AE
stol 298mE Akt

M rlo
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4. lmage analysis

In vivo Matrigel assayol| A oJ&] 7}#] HE|=of o3
A AA| WAL image analysisE 53l H| 3R Akhrat
59 W 38 Wkl AASHRITE Matrigel plug®] &
BIYAEE v|wsly] Ydl digital camera® #H& ZF 9
FEAAES iIMT (VT) Image Analysis program (iMT
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Technology, Korea)= ]85} optical densityS S350
t}. Optical density:= EHo] gel Yo EZ3tE o] Q= 3|
2249 M4AE vlag AoRA PANZEY 4
229 gg 7202 AR 20T T8 oL B
I FEHAE At FA AFstAaL, of A Hlas)
o Wel=50] NBVIA o] H=E Besc

5.512=2H =4
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Matrigeloll &35 ] sra=2d e dH 4 &
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ool vigste] NPVHY RS BYHoZ FAY 4
g

%10 B 2 Bandyopadhyay 52| W [39]9]] w2} Drabkin’s
kit (Sigma)E AH-8-sko] BFstlct. Matrigelol] ZFHe|of
e FRIEY FE SAT T vusgt =S
EAsl7] fJsto] AF Y R wstzA oA A& Matri-

gel& HAF A F7F 4 & homogenizer2 45 &
0.9% NaCl& 500 pL d7}stgch & &3 Matrigel 20
pLof| Drabkin’s reagentE 2 mLA F7}slal thA] £316)o]
158 59 ¥F-gA17l ©F2 spectrophotometer (Uvikon 860,
Kontron, Switzerland)& ©|-83}4] 545 nm 3494 O.D.

2 2700 2N FE AT 2 T
=2

6. Matrigel2| Z==IStx| oS!

o

Matrigel plugell =% A3 H/Tt 9] 22 7ke] T4,
2831 gel Woll FAE B2 Aste] HE=of 9aff Al
Aol JAE = S vttt gojW Matrigel->
PBSol| A|&ste] RBCE A|AEH & 4% paraformaldehyde
2 8% Fot 2Asklth 24o] £ Matrigel2 S E2+=
Eo 3~4A)7F A= A5t Automatic Tissue Processor
(Histokinette-2000, Reichert-Jung, Hong Kong)E ©]8-3}¢]
70, 80, 90,95, 100% LF-& AZ=2 Aot GAl7|aL
xyleneZ Ag]sto] Fslstglon oty g Zujgt & 5
um FAZ AL A|Z51o] 3-aminopropyl triethoxysilane
(APES, Sigma)Z coatingdt S2]&gto]=o] RRA|ZTH
Matrigel ZZ4H &dto|E+= H & E 98 &3l HAH
ol A2 E FI5l% 1 RCAI120 (Biotinylated Ricinus
Communis Agglutomom I, Vector) 2.2 A§F] o] dyyjy]
Al FHo] EolFo g EATt= lecting FAsto] E
BAS BESHE E3F 22)9] F2E o AAs] BEst
1 @39 J4E v|wdlr] ¥8ke] Masson’s Trichrome &
s Agstlet. 423 A=A e @ AYst

o Matrigel WollA AEFE 235l e vt
2508] &m]7 (YS 100, Nikon, Japan) Alokol|l A 1028 <
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o v WEe Aol HEAE WLelich
E3E Masson’s Trichrom G 3 232 &u|7 (BX51,

gstHA ZF ottt A2 A7) 23 A JRE Al
2, 393 AL A0 EAsts @8E0°] Matri-
geloAl 2H|E= 250 d3 f=H1 FE=S] 9
3 oAlE= FEe BwEst AolE Felsiler CCD
camera (DP50, Olympus)2} Viewfinder lite version 1.0 pro-
gram (Pixera Co.)& ©]&35to 4= A3ttt

7. Chorioallantoic membrane (CAM) assay

HEES50] CAM assayol A= AEHFAY AAadE 2
ol=x] S| 3to] CAM assayS A5ttt Agt
HE AT EMEE)S 37°C,90%9 §%7t A4 2=t
7] (Jeio Tech. Korea)oll @il vjFsIHA 3Y & FAP|Z 2
mL A= YRS A AL windowS THE Th2 parafilm
o 2 AB8s5te] 5771 EE2EEE 3¢ th Thermanox filter
£ 9T A712 AE F clean bench® AL EASH
o] gHstglon. o] B thermanox filter] bFGF (50
ng/filter)2} FEJ=E 20 uLA AZ3t & clean benchof 4]
AZAA AT WindowE A|ZRE 3 24 ©f kst
of gHEuto] A7l AL ERIgt & FRFAHE TEs] &
0]3}F o] thermanox filterS £ 29 T FAFAL 1)
w3k A= Con(P)= bFGF (50 nglegg)< 20 uL
coatingdtg 1L, SAHZET Con(N)L vehicle® BHEH
5 20 pL AYst3ith HWEE A2+t bFGFE HEE
(10 uM/ege) S Esto] coatingsl F312H, B2t H HE
E3 9 CSVTCGEL 2 UirolA Adseitt 29 39
parafilm< A|73FL 1 mL FAP]Z intralipose (54ZXHE
CAM ot F7rol| Yt YA A u|7 (Leica, Heidelberg,
German)°|A] CCD cameras ©]-&35}o] v|wEA3}¢ct 4
o= 7t #EE TS 10708 w5t AEsta,
AA Q1 A5 vl wshiet

SN
fu.

8. Proliferation assay

HUVEC A3ZE 96 well plate (Nunc)©f] 5X 10° 7] /well®
do] B]7] 3 29% FBS7F ZFHE EBM (endothelial cell
basal medium) N O 2 W5}t vjofrdto 2 a4 =4}
starvation A Bk T AZEAS S5 948 20 ng/
mL bFGF7F 27HE weFelo 2 mAjste] AEZA o
AFe ANtk HUVEC AlE9] 24 A a7E vl
317] 9sked 7+ HEl= (B, H, CSVTCG):= 0.5, 5, 50, 500,
4 5000 nM FE=Z A5t om 72417k vjeke & 7t

Z} Phenazine methosulfate (PMS, Sigma)2} Cell Titer 96
(MTS. Promega)7} Z3Hel phenol-red7} E0JUA] 22 Hl
FHO 2 WAFIL 4A17F FF 37°C CO, 7)ol A F7}
v oFsl et wAEE-g-o] LRt HE=E microplate reader
(Titertek Multiskan Plus MKII, Labsystems, Finland)& o]
&3t 492 nm 3HFo|A O.D. g2 SAste] izt 1|
w3k

9. Migration assay

HUVEC AJZ7} bFGFe] &J3] o] F3t= & TSR-1 3
E|l=Eo] JA5t=A] LolH7] $J3te] 8 um pore size 2
transwell insert (Nunc)E ©|-8-3}9] migration assayS Al
P35}t Polycarbonate filter®] membrane ©}E]&-S 1%
gelatin® 2 coatingdt & HUVEC A|Z5 1x 10°7H/well &
chamber®] $]Zof dof 37°C, CO» incubatoro] A 1.5~24]
b A= FAAZG O 5 F2E N ZE PBSE W Al
2t % 2% FBS7} Z3=o] Q= M199 vigFH (EBM) %
El=53) o7 YolF=aL, chamber®] oFf) Fi2ofl= 10 ng/
mL bFGFE Y1 4A17F © 89F3}o] chemotaxisol] &%t
AZolEE AT

HjFol B Foll= AlZ7F F2kE o] A" $1% chamber
QHEg WO Aol ol AE} ot A Y= 3
¥} 7 ¥ membranes chamber?} £2]A|7]3 phenol red
7} E0IQA] &2 M199 Hi¥FH 500 uLS 23 Phenazine
methosulfate (PMS, Sigma)@} Cell Titer 96 (MTS, Promega)
<& E3HEE HES 20 ul/100 L F= 2 F7HE & 37°C Hj
F7114 4AZE wfeFsto] WANE-S-S =% ThE micro-
plate readerE ©]83}] 492 nmojA O.D. & 244 &4
sk3ich

jZ 2 upper chamberd] 2% FBS7} £91%+& M199
mediag ¥ o531 lower chambero]+= bFGFE 10 ng/mL
do] ook a8|1 AATE2 ZF HE =SS 2, 10, 100
9 200 nM¥ FE=HZ upper chambero]] F7}2 go] 9
Z4 bFGFe] &Jsfl A&7} o]Fst= Aol Z He|=o 9
3 AAE=E a9t A2 33] vhE AAJste] BH3S
ol Hlwst=Tl bEGF] &J3) ©]Fd +2E 100% ©I
B3 AR 7hFsta ZF HEEHY OD. Bt gk 5t
o =<3 vjwstich

10. In vitro angiogenesis assay

Matrigel & 4°Co] Mstol o] Jehz SA|5HaA 4
well dish (Nunc)®] Z+ welld 300 ¥ Yol & 37°C
incubatorol|A] 305 A= ZFHTE 22 Matrigelo]] HUVEC



H]E—E— 1% 10°7}/well 20} 37°C incubatoro| 4] B]oFa}% ).
30& 3 HUVEC A|XZ7} Matrigel EHof| I5F H2LE Ao
El=¥ B, H, CSVTCG HEIEE 2+ 1, 10 = 100 uM
FEE Astal 2447 S sty Y A=E
H| W3} Tt 24A17F 3ol &= NIH image analysis program-=
o]&3to] FAHE tubed| ZAolE ZAsto] FAg EEH
A5 ko] ZF TSR-1 WEJ 2o oJaf o] JA= =

PAE vl 2ASHE

11. Flow cytometry

27 oAlEmE Y] Al ZujgFH Aol HUVEC AIZE 1%
10°7H/well 931 3135 AIZE 227 5 B WE=E
£ 50 nMZ} 100 nM=Z Z+Z A 2]sto] 48A]7F & Vybrant
Apoptosis Assay Kit2] YO-PRO 12} propidium iodide (PI)
(Molecular Probes)S o] 158 vjjoF3t & PBSZE A W
AM|Z3IaL 0.05% trypsin-EDTAE *]2] 3} 7\‘“:-5—‘ 3]st
At} 1% PFAE E3}Hsl= PBSo| @&l & FACS Cal-
iber (Becton Dickinson, USA)| A £A135}th FACsan©]
Al HoJE AL £597E (UR), S HHE(UL), &
o & (LR) 12]aL FHZol & (LD 22 iro] &4
3F¥. 21 URS YO-PRO 13} propidium iodide (PI)7} FA]
of ME= 7] GA Y NEAFE N2V =5 S,
LRO 9= 27|7E F719 AlZZAPge] Mg &< Al
7t ‘%EP‘/}EE SHQiTh 12]al UL A9+ Azl 9
A F2 AlEZAS FA 4= SIS LLAA = A=A
2oL AoRQl= B EE S45H5T Wbk URT LR

H 31 F]

Bxsls AEE AEANEQ AR st RAsigr
12, E7124

B AFojA HUVEC H|ZE o] &3t N EF4], A Zo|F,
MEZAFE 9 CAM assayollA] 92 Ho]E&= student -test
o g B4 B4E AAsth 18a ARy /=
4 A A AT EA4S 3l Matrigel Y| s ZI=
goll oFof tot &= X student r-test= Z} A
At 7+ 2polE FAAst] &lstylen, pgtel 0.05
bEARoR oat Ao 2 Beit

2
1. TSR-1 #E|=2] In vivo Matrigel assay

493 TSR WEI=E-S Matrigeld] £Fste] A7) =
Bofl W} AL 79 T ARFLL DR A

TSP-1 type | repeat HE|=2| AHAM AXEE 229

23} 2 482 A7 gel Hells Belo] Solglo] BuA

o] fEE A & 5 Udleh FHHRZA Con(P)e] A
NBHGHo| SEEo] gelo] FHO T 7HE 2 G W,
SHYEZ Con(N)E gel ol Bxrol YH=IA) kot B

o] EoIUA &t Matrigelx 5ol TstFASHA gel
ZHo) 9l AR A (connective tissue)T} 2 (skeletal
mUSCIG)"ﬂ Q= YN Z#at ol thE NEZELX A=

=t} 22y HEEES A Ao A=
gel "Hi FEFYe] o|FX|A] ghot gel> SR
Con(N)} H|&:3t M7= wal IStk T12fut gel SR
L B o] AL wol 27 aAPO] &= Matrigel
o F+H xFowHE & < FEEHSCY gel Y2
o] &gt 5024 %s}‘ﬁ '% & 4= Uk E3ZE 10
uMe] B HE|EE AEgt AdTolA B/3AE A7 F
gk ¥ 40 pM e B HEE A= %7t w20 = B
sl @EPAgo] JAEA G BES B ¢ Qo] sk

o B EH=E Eab ek o

o?.L'

r.l

Ello

Matrigel & =
9 ‘-ﬂ”ﬁéﬂ,dlili 1 éx,gel W Eus 38 55 F
3 AAETRE o PHoz AT iMT Image
analysis program© 2 Matrigel®] S#HA
2 FE FGoto] AZE vlws] B FAdEE Con
(P2 79 1.05£0.2199] 0.D.ZS Ve, do] &
EEA] L SAYRT Con(N)Q] AL 0.50£0.029 (p<
0.05)% & 2ol UEpilch E3F TSR-1 FYE| = Fojto
A= B HEIEE 10 uM/uHe] T3t Fo| A= 0.69£0.168
(p<0.05)2 Fgdzol vlg] FAHCE {3 A&
T2 2o} 40 uMolAE 09240289 (p<0.HE EA A
ol 940l oFstAl Vrebth Alge] TSR-1 HE S (H)9
72 10 uMO A= 0.70£0.119 (p<0.01)9} 40 pMol| A=
0.73£0.256 (p<0.05)2 AEHAFA A aHE B {9
4 A AEHREE dAIst: A 2oy B HEl=Y
HlajA s A a7} oFst AL & S AT

Matrigel 2] Masson’s Trichrome G 3t & HE
TF7F Eoldle @S AFsiilth ol B Soldle
ko] L YR T Con(P): 16.10+5.2570218] 13,

B HE| =2 10 pMQl 78 2.45+2.2637H (p<0.05)°| AL
40 pM2 9.06+2.067H (p<0.HZE FZ=7} W& 10 uM Fo
oA ;O AL AL 2o UeEth H WE S
T2 10 uMOlIA] 3.3£2.077] (p<0.05), 40 uMOJ A = 3,82+
1.907] (p<0.05)7} &A= o] Matrigel ol FAE 9]
M5 vlas) 2 B HEEE 40 uM| == A2|gH
A5 A9t RE HE=FoA diziol vls]
gol A JAEH] UEFS & 5 UUTH(Fig. 2B).
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Con(P) Con(N) B10 H40
Peptides
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Fig. 2. In vivo Matrigel plug assay and microvessel images of Matrigel. A. Matrigel plugs (n=6 per group) were implanted into mice and
were investigated after 7 days. Positive control (a, g) mice were injected with Matrigel mixed with bFGF (5 ng/mL) which induced angio-
genesis in contrast negative control mice plugs (b, h) didn’t induce angiogenesis. B and H peptides inhibited bFGF-induced angiogenesis in
Matrigels (c, d, e, f). a: Positive control, b: Negative control, ¢, i: 10 uM B peptide, d: 40 uM B peptide, e, j: 10 uM H peptide, f: 40 uM H
peptide. B. Matrigel sections were stained with Masson’s Trichome, and then mean numbers of vessels were counted in 10 fields (ROI) at
250 X magnification. * p<0.05 (vs. positive control)

x5 A

2. In vivo MatrigelQ| Z=

Matrigel& AJF|Fsto] FAste] BUFHE F=8 9
B FE =9 H HE =S 27 10 pMZ Hejstn gz

BH PYY2ZY A PR vzt BuYgol 7
23| 27} B WEI=9h H WEI=8 A2 Matrigel 1

o 44ARE I F=% FUISHA] g3 3R
7b B AyEzte gel Hlof] Eolo] Holx] ¢ro} Aol
WE7HA JAREHA FEHAE Eote FdS S99 &
AT

Matrigel plug 5 um F7A2 st} HE-E vH50] Mas-
son’s Trichrom staing 3}o] 40082 H2sHA FAU =
o Con (P)9] %% Matrigel A7} @Ho 2 A XA
Ao g HF2 Mg Hiet ol AT LA E gel
Woll @2 mAEd 9 & o] W on SAAd=E
o Con (N)Z gel ol o] FAEA ghol Uzt

29 7|23t Matrigel B5S
gy HEEES et ZojAe= B HEES I0uME F
oJgt Matrigelo A= gel Holl o] FAHEUN oY EH9
N7t AA BEEo] AR H o= AA|E FE Holar 9l
2tk H HE =19 7%= 10 uMT 40 uMS A 2|5 ¢
o] gel Woll A== F= Hol A aznyt o 9
E=Eo] Bl oFgt As & 4 AU oY gel 2AS
&R FFEH, Matrigeld AT Abolo]] E-2 ASA|
EZE5S TEY 5 AUl o3t AFAIZES IAHRT
oMe AREHY A o @ol BEESIC A A4
Z7AE gel Wof 0521\1] 9]' o] 2z 24
= ZA YR 2o g & 4 AUtk Matrigel plug
oA AlEHFFY ‘ITE‘_‘ Matrlgel Well J&=o] S0l
connective septags $ALZ Z 50| IEE] Matri-
gel Yol E¥to] F44 ‘IH~ Ag2A7)5 S "t 344
€ A2 ¢ 3 E@nE 24s S HPEE: g

a2 RSk Qi 1

ol
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Fig. 3. CAM assay by TSR-1 peptides. Microvessels were induced in positive control (A) by 50 ng bFGF coating. In constrast group B
showed strong inhibitory effect on CAM assay. C and D groups showed weak inhibitory effects on CAM assay ( X 16). A: positive control, B:
10 uM B peptide, C: 10 uM H peptide, D: 10 uM CSVTCG peptide. —; Thermanox filter area, %; angiogenesis inhibition area, arrows (1);

angiogenic vessels.

42 oAskgo B Helso] vls) BRPYY g
FORRrS S1% 4+ S19IEk(Fig 2g~).

N

3. CAM assay

In vivo Matrigel assayS 53l WE|=Q] TP A=
7} #E 10 uM] F=ofl4 493 H FE| =9} B HE =
18]3 CSVTCG HEEE Thermanox filtero]] A &|s}o]
bFGF (50 nglegg)Jdll G-=¥ Al@@FAo] H2E TSR-1
He o oJaf A=A CAM assayS £8f 2elstgich
ol FAYZTnm=10)2 73S bFGFe 2J3] Thermanox
filter AA o] ABHFAHol FEFe BaS Ed 5= U
Sy HHE= (n=10)¢} CSVTCG HEI= (=102 FL+=
P Aol st JAEUL B HE = (n=10)+= CAM
assay°ll A& bFGFl| o3l =¥ g o] 2A A
o] AETo] IAER = AL AT = AU (Fig.
3).

4. MZSA Axl=at

In vivo Matrigel assay2} CAM assayE E3f TSR-1 H ¥
ZE50] bFGFY|| 93 =% AEAFHE A5t AS

lstgenz AFHFAY AA7I1AE Flsl] st
2% FBS¢} 10 ng/mL bFGF7} 38 EBM HloFao] ujok
%9l HUVEC A9 Z} HE]=E (B, H, CSVTCG HEE)
S 0.5nM~500nM9] =2 ¥R HEstar 7247k
Zo] MTS/PMS assay HH2 2 0.DgHS &43to] Al25
Alo] AA L =A] HlwstGich A A 247 & 2T
9] HUVEC AlZ& ANZ47F 718kl B HE=E A
23t HUVEC N Zo AL 2~4%, H BE|E 9} CSVTCG
=9 L 1~2%7F A== b 24 AR 79430]
ik weka] TSR-1 HE|== HUVEC Al 29| 5218 o
AlsHA] Eote AS & 4 U (Fig. 4).

5. MZ0|S x|zt

Transwell insertE ©]8-3}+ migration assayl| 4+ HUVEC
M7} 10 ng/mL2] bFGFY 23] tanswell insert®] of=fj&
chamberZ o 2 0|58 uj Z} Y EZ0f 9J3f o]Fo] JA|

2] 24T Ad A3 HUVEC A2 o] 52 B ¥
=5 AE$t 3% bFGFe] €3t HUVEC®] A|xEolgo]
SAHLE FoTHA JA| (p<0.05)E W, CSVTCG H
E|=9t H HE =& A2js&E wj= HUVEC A29] o]F0]
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Fig. 4. Proliferation assay of HUVEC by TSR-1 peptides. HUVECs
were cultured in 20 ng/mL bFGF supplemented EBM media with or
without various concentrations of TSR-1 peptides for 72h. HUVECs

proliferation were analyzed by MTS/PMS assay. B and H peptides
showed weak inhibitory effects but didn’t statistically significant.

oFstA AA=o] FAZR Fo8e AT 5= flSith(Fig.
5). 4AIZE F<tel Ol%ﬁj AﬂiT ZALs| HH CSVTCG
HE|=9] L= 100 nMOf| A= 55%2 A|E2] o]Fo] A
E= B (p<0.05), H HE == HAHQ] F=/LolA o
Azt EA Yehal skof w2 HE e o3t EolF
¢l Alzzols JA AT = YA g Ao E SRlEh
8R4 B HEE9 AL 2nM~100 nM2] =390 A
T10~71%2 HAAH o2 A|azolgo] AA|=F ot (p<0.05)
200 nM OlA= AMlEZolFo] AAER] = S Bt
gHH, CSVTCG HEE H HEE= FAZH] Fo42
Ao} bEGFe] 23t MZol5& 10~20% WY ol A]
ARt A¥F= EArh

6.

g

2 Arzat

In vitro Matrigel assayoll/] HUVECZ A 10A]7F 52t
N7} BAA networkE F/Jdte] thekFst branchE W
cord formation stageS 2185t 1 F 6~8A|Zk T Hj

3} HUVEC©| Matrigel Yol A] reorganized= ™ U

Zt= tubeE WEA Hrh ol dixFoA = BAAE

2Ok tube networks FASH] HEZ E HLof

B HE =0 9J3f tube FAJo] AAE=A] Blwstr] ¢

01-01 tube formation assayS AA|SIT o|d] B HEI=E

HUVEC A|2¢} 3t 217} Z{2Jstal 1847t S0 zts}od

B g 2o A= tube FAJ0] BAHCE JPE o B

HEEE 5% (100 pM)A 3 HUVECO| A= tube 34

o] o] FX|A] ¢l tube Ato]Q] FZFo] txTtol HIS

o]H 2, tube formation®l] 2Fo{SHA] FEa}a vk ®Ql
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—
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Fig. 5. Migration assay by TSR-1 peptides. TSR-1 peptides were
treated to HUVEC medium in the upper chamber. Ten ng/mL
basic FGF induced HUVEC migrations was inhibited by B, H and
CSVTCG peptides after 4 h of incubation. B peptides inhibited
migration of HUVEC significantly. * p<0.05 (vs. bFGF induced
migration)

£ AmSo] wol WHEYT. E3 thx2ol Hl8) twbed)
mgro] YSHA ehota Folxl Tol Bekh(Fig. 6B). ol
TSR-1 eI =] o8] BRG] AAEYSS e
Aeltt,

7. NEZEAE RES0t

TSR-1 HE| =0 94ﬂ FHFA JABITE TSR-1 HE| =
o] MZAPE EP% o E21A] &1517] $J5te] HUVEC A%
o] Z+ HEIEE 50 nM ATk A optos1s assay kitE ©|
&5} “H%k%?l NEZE IMF & FACScano 2 A=Fst
9tk A% 23 B P =9 H W= 9 CSVTCG HEIE
£ 77} 50 uM A 2|$F HUVEC A|ZojjA NZAFES Yet
W AZ7F gzl Hla] S7hskch dxtAe ¢
SATT S5kl Hol= A9 §ol 9.03%1H Hlsh
B HEEF oA 1942%% 3L, Hi-S] A|ZofAl= 20.58%,
CSVTCGTY AZoAE 18.95%S Uehfo] ztzt iz
ool v|3)) A ZAPHO] FTbE o Al FF7e HEE 7t
AZAPEa = & 2fo|7} §llth (Fig. 6C).

o F

TSP-12 BAgFo] A3 o3 74| 7154 Be=S
A e BFuadzA o F57o) AZA EujEof
[15], AIZ9] F4], o), £2 9 AZAME 5 AFBFAO
3 9AE 474 2Eshe Aow gA Atk £ T
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Fig. 6. A, B. Tube formation assay by TSR-1 peptides. HUVEC cells showed tube formation in in vitro Matrigel assay after 18 hr. In con-
trast, B peptide (100 uM) group showed thin cell cords and interrupted capillary network in Matrigel. C. Apoptosis assay results by TSR-1
peptides. subpopulations of HUVEC (UR and LR) were increased in B, H, and CSVTCG peptides (50 nM) incorporation. UR and LR area

indicate apoptotic cells.

gt T YA TSP-12 ZPEAAZIH AdHgy 2
UA| 22 7ol Qixil%Eb_ H I EITH40.41].
TSP-1914 7]5& Yetl= oA 714 29 & 78 4l
P At S F9l= TSR #92 &3] F ¥4
(TSR-2)2} Al A (TSR-3) -l CSVTCG ofn|ieil AL
o] xgte]o] 9lo] AU TAME EH| CD36 T dof A%
shH WoA| 29 o]Fo] A= AbEo] dojidth(24]. A
2 TSP-19] 7% TSR-19&= CSVTCG7} oFYet CSTSCG
A go] §lojA CD363} ¥Hg-3HA] ¢Fe B & CD36S &3
AEHFY AAZEL YA ¢ 2o 2 I5e 43
A QAATH19]. 2F A7 o] FEQ] TSP-19] ofn|iil A
g8 AL B 49] TSP-1& AFe] TSP-13} §-AFSH of
0 =AF EE 7L 1ot TSR-19] CSVTCG7L A=
FAEIL et wata 2 AtolA= ol fARE HEE

=2 AT in vivoe} in vitro AEES £35Fo] TSR-1 ¥

Sgo) NFBYY AL vln BESG. 213
Z© 2 in vivo Matrigel assay°ﬂ/\1 IS dAERE &
Zet A3k, A9 Fstx2of| Matrigel-& FASHH 24417
o] AW gel Woll bFGF 52 chemotactic factors®] £]3}
ofg] 7K AlZEo] eHr oA S| S7HEH,
48A17ro] A FUE Matrigel 7FEAE o] Eo] 2
T Zo] BAFI 2AIHRE PHEHA gel Uil
o] f=Hx Zo] WHEGILE O ¥ A AanE
Uehd o= Az 1 WEEY B HPERY A% 10
WM BEOH BUFH FE7} AT PG Byl
gel®] Aol AlBuRg0] SRS Aoz s

ot} gel 4102 Fpho] AFEFE BHL A=o] gel
W gl golut vt FdiEol vish A5 A3ict
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(Fig. 2). §3] Matrigel:& ©]4|5tal 35 E GpEa o7
2 e AT AYoA= B HE =Y H HEE 25
oA 34HEH FEFHo| JAE= AL & 5 A =7
4 AZAS HH Matrigel FHE 22 Yo Q= 24|
U2 S FHoE B0l 27| FHY
W A7} gel Woll 34 bFGFS] ¥3F-& whol 334
o] AJZEAT gel 2 FHWIAE7} o]Fste] AEEH=
718 A= As & 5 A%tk o]= B WE =9t H #
EESo] BE 10 uM9| F=ollA A8HFAEE 94 3L
A At A& Uetli= Aol ool ti3f Tolsma 52
AFEe] TSR-29} TSR-3< rat cornea angiogenesisol| 4] A1
HYA JAEI} o TSR-1 AA &7} gl
5.3 shol[35] & Age] 23} ke RS ¥ 4 U
B Ao = CSVTCG otu]icit A Fo] §l= Al TSP-1
9] type I repeat 25221 H HE| =9} CSVTCG AES £3+
S 49] TSR AEEREQ B ALE7} A2 Aol
QAT %= Matrigel plug assayollA] JAEIE e
o8 g g Z234E Yed Aok

E3H B2 H YE| == CAM assayoll A= oA @ tof 2}
)7} Qlo1A 50 ng?] bFGFE Az2|ste] A4zholA o3
A& F=E %9 B PYEHE7 H P =R 75 A2t
S Uehpglon ¢ nE ngl ndd dugll T3
FAA RIS Uil AS ST 5= Sk ol &
5 B ¥ fEst= AEEZA0A 5 Ao
P8 YAy AR e 4 ooz 7
of tiet At th=A vehd Aoz AZHETH42].
AM assaye] A% HloPIIgelA SEHL BB
TEst= Zo)7] wiol SefulA|Z o] Fejetael
T} gradual change2ti= WA WA Wst= HS 714
3L go] AEE olgatel ke Afolnz W=
28713 A oY 71A] Agte] Q& Ao = AZtEh o
HEEE 0|83 Ao A% Tolsma 5 [43]2 rat cornea
pocket assay©l| A TSP-12] procollagen domain (294~317)
HAe=rt A8HFE JAALE Holrkr 2 gk vhd,
Iruela-Arispe 52 ©] F£9] fusion proteinZ} /3gt
EEo AL A LI LA kot A3 A o
2 27t glom o= AdsE 2o wE dAan 2
ol2tarl A stHTH19].

E A Lo A AFE-3F Matrigel> Engelbreth-Holm-Swarm
wmor A7e) B7pe] 0|43 ) WAHEE slAeteing
& Matrigel& 479 B3 52o] ol4J5to] BUHA
SEaht W]t Matrigel® 4ColHE o] Ae)=
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Inhibition of Angiogenesis by the First Type I Repeat Peptides of
Thrombospondin-1

Bo-Im Yoo, Goo-Bo Jeong

Department Anatomy and Cell Biology, Graduate School of Medicine,Gachon University, Incheon, Korea

Abstract : Angiogenesis is the fundamental biological phenomenon in the development of vertebrates and
various pathophysiological process such as cancer, inflammation and wound healing. Thrombospondin-1 is a
well-known anti-angiogenic molecule which is distributed in the extracellular matrix of various tissues. The
second and third type I repeats of human TSP-1 have inhibitory effects on endothelial cell migration and induce
angiogenesis inhibition. However the role of the first type I repeat was not elucidated. In addition, the first type
I repeat of bovine TSP-1 has CSVTCG amino acid sequence which is known to have anti-angiogenic activity. In
the present study, we compared the inhibition of angiogenesis to investigate the role of the first type I repeat of
the human and bovine TSP-1.

Matrigel was mixed with or without TSR-1 peptides and then injected into C57BL/6J mice. We compared
angiogenesis inhibition activity by hemoglobin assay, microvessel density and optical density value after 7
days. Furthermore, inhibition of angiogenesis was confirmed on CAM assay by TSR-1 peptides. For in vitro
angiogenesis assay, TSR-1 peptides were treated on the proliferation, migration, and tube formation assay of
HUVEC. Apoptosis effect of TSR-1 peptides was confirmed by apoptosis assay kit and flow cytometry.

Bovine and human TSR-1 peptides blocked neovascularization in in vivo Matrigel plug assay and CAM assay
at 10 uM. Bovine TSR-1 peptides have shown stronger angiogenesis inhibition in bFGF-induced angiogenesis
than human TSR-1 and CSVTCG peptides. However, all of TSR-1 peptides inhibit migration and tube formation
of HUVEC in in vitro. Furthermore, these peptides also induced apoptosis of HUVEC. These results suggest that
TSR-1 peptides of bovine and human TSP-1 have angiogenesis inhibition activity.
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