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Anti-angiogenic Effect of Tissue Inhibitor of Metalloproteinase-3 (TIMP-3)
from Shark, Scyliorhinus torazame

Ji Tae Kim, Joo-Won Jeong, Tae-Kwon Sohn and Kyu-Won Kim

Department of Molecular Biology, Pusan National University, Pusan 609-735, Korea

Shark cartilage has been reported to strongly inhibit the primary tumor, however,
anti-angiogenic substances from this tissue were not elucidated yet. Previously, we cloned
the full-length ¢cDNA encoding TIMP-3 known to inhibit the angiogenesis of primary
tumor, from the cartilage of Scyliorhinus torazame. In order to investigate the
anti-angiogenic activity of shark TIMP-3 (sTIMP-3), we initially constructed sTIMP-3
transfected HT1080 human fibrosarcoma cells. In vitro invasion and migration assays
showed that concentrated conditioned media (CCM) of sTIMP-3 transfectant decreased
the invasive activity and migration of human umbilical vein endothelial cells (HUVECS).
Also, in in vitro tube formation assay, CCM of sTIMP-3 transfected HT1080 decreased
the ability of tube formation in HUVECs. To determine whether sTIMP-3 had an effect
of anti-angiogenesis in vivo, we used chorioallantoic membrane (CAM) assay with CCM
of NIH3T3 transfectant. CCM of sTIMP-3 transfected NIH3T3 inhibited new blood
vessels of chicken embryo. In addition, to produce recombinant sTIMP-3 protein,
prokaryotic sSTIMP-3 expression vector was constructed and induced. In CAM assay on
recombinant sTIMP-3 fusion protein produced in E. coli, formation of new blood vessels
was inhibited too. These results suggest that TIMP-3 of Scyliorhinus torazame has an
anti-angiogenic activity.
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(1) HT1080, NIH3T3 MZQ| HjS: o7t &<
A|EFQ) HT1080 AE 2 F o 4fobdEFel
NIH3T3 A|¥£YX 10% fetal bovine serum (FBS)E
*]7}38} Dulbecco’s modified Eagle’s medium (DMEM,
Gibco)oll 1%2} penicillin-streptomycin (P-S)-& 7}
g owfRoll A g wiokxE]w], 2~3Uol| ‘i
trypsinization©. & subcultures}od f-Ast3L 37°C L
EER FAEE 5% CO, vl ollA AeYE
a1ck.

(2 gzHHmMEe| e I AEY hu-
man umbilical vein endothelial cells (HUVECs)<
20%2] FBS, 3 ng/ml2] bFGF, 100 pg/ml1®] heparin
g 1%2] P-S& A7}t medium 199 (M199, Gibco)
ol 4] thE wjokz]m] 2~3Uo]] M A trypsiniza-
tion© & subcultures}o] §A|sfa 37°C LIl
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Notl Aga4LE Al  LYANE wde
pGEX-4T-1 (Pharmacia)2] Xhol/Nofl 9]0 Atg]
sHlet. ol & iAol FAAZAA insert7} At
Y FLL LAY F AREL BAE Bl
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37} E3txlo] 9l pGEMT-easy HEiel] EcoRl A
RaLE A3 F, 5I9 AG 24£E A
Z G55 wEEe] Q] pCDNA3 (Invitrogen)ol] ] &)
g ¥ gelollA] Eelslgict. £ F productE &
ligationdlo] F5F4o] TIMP-3 §AH 25 W 4
9+ pCDNA3/sTIMP-3 H|E] & Az}

3) Calcium phosphate transfection

Calcium phosphate-DNA coprecipitation2 pCDNA3
3} pCDNA3/STIMP-3, 2}Z+2] DNA 20 pg (220 pl
in TE buffer)@} 250 ¢12] 2X HBSE 41-& ¥ 31 4l
9] 2 M CaChE X3 4]o] F-ollA 25587 4
zakdek. AF 100 mm P Aol A whFo 2
Zeka Gl AlE] wiAE AAZ F A wiA] 10
mlg& 7}st3 EEM A} calcium phosphate-DNA %]
Mg B4 QI 37°C COp W7ol A 244
Zb ekt &, wiAE AASIE el 10 ml-&
g % ol% B9t o sheketgich 39 oS
NIH3T3 transient transfectant®] 74-9- CM-E 3 =&
stod 5% by CAM assayE F3gled,
HT1080 transfectant®] 73-%- o]wfE-E] o|Eel &
W4 G418 (geneticin} & *]8]3}o] stable trans-
fectant?] colony”} vleld dj7bx] wfekg Al
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4) In vitro invasion assay

Transwell plate (Costar)®] polycarbonate filter2]
o} X2 o] type IV collagen gel (0.5 mg/ml) 10 gl
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t}g filtere] $IE-Eof Matrigel (0.5 mg/ml, Coll-
aborative Research, Inc., Waltham, MA) 10 xl& &
IF EEAA A3 LEick 0.1%2] BSAE 3
T8 ulA] 600 ul7} EolglE 24 well plateo)
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x10* cells/wel)Z E3H3} ulz] 100 ulS transwell
o Wik o] A& 37°C, 5% COF Y& E3}F %
& W ET] el 1647 ol A 2427} wlokslo] HE-S
538 & polycarbonate filterE wjel-&-8 m A3}
o] hematoxylinfeosin o & s} 31 400 vl]§-2] I3+
dujPeg it AEE ATadc
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5) Wounding migration assay

HUVECsE- 60 mm Hj2k A RJo]] vjeto] Ho]z}
e AE7H 2 di7bA] st F UEEE AE
of] A4*]& o] reference line8 L3l YHE F
Wik 28 )& serum free medium e 2 3¥ 4
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Ak wiA & el PBSE Aol wghE R |
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6) In vitro tube formation assay
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¢t Tk Ae] FA R & ulebo] Ho|x] gk
Ax g ujoksl HUVECsE trypsinizaiondlo] 4 X
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CCMg H7tstod 37°C viFr] oA wleksla 9]
Ax dn|R o2 ALE sk Folvt I3t §
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o] culture® LB media® 1/1002 3]43}e] 30 17
37°CoN A ejekslod O.Den Zho] 0.6, 1.0, 1.50]] =
238w isopropyl-1-thio- 3-D-galacotoside (IPTG)
& HEFTE 1.0 mME HrRls Ao E w
dg Fratch o] whdg FE3 1 mlo] wlokl
o ZHE] pellet& pelletol] 200 p12]
sample buffer (0.05 M Tris-HCl, pH 6.3, 0.1 M
DTT, 2% SDS, 1% glycerol, 0.1% bromophenol
blue)ol] BEFA]Z] 2 90°Col|A] 5B 719 &=

ul8] ABEZS 12%2) acrylamideE A}-£3}o] SDS-
PAGER XE-A&}gc).

2ro] TIMP-32] tlulZ 2 guanidinium buffer (6
0.1 M NaH,PO;, 10 mM
Aol FEselc? g
24571 28] CAM assayol|
1 93} 33 recombinant shark TIMP-3 GST
27 A egsho] F

da, o

M guanidinium-HCI,
Tris-HC}, pH 8.0)&
AR AL
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ulshgl ok
8) Chorioallantoic membrane (CAM) assay

SRS FYelel 4527 B 18°Coll FobE

& 0% FE7F KARE 37°C HgT]ell ol
o] 0wl sto] wiakelslch. 3ulst | A
2ol EREo) TR o} FAVE GRS 3
ml obdl 5, Aol g7 FIUst Uk FE
70% SRR £5F F, ulEE o] Esto] AF
3cem 27)9] Y9H ‘—E‘—% et 371 F9d
o] offioll Q= whe Al 2 AL F felH
ol Z& & =ik AW A AMMAL P
S Ytod o] AL AL wieTlolA 719 4Lui7}
%]v thermanox coverslipol] NIH3T3 transfectant]

CCM g PBSol EAslE GST 9l GST-shark
TIMP-3 recombinant proteing =X 3lo] o] & 405

£ U F o kg AL B adule) §
2Zlglo] L& ol fl F, o] coverslipg WA F9
embryo CAM ol 3 t}A] frEldlo| =& &
52 wlolh o] % wokylolA 39 Bt vloRA 7]
2. 10% fat emulsion (Intralipid, =4]2hH-& CAM=+
F9lslod s} X-¥wv] 7] (magnification, X 8).
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1) E2HOojH e &R0 CHEF HT1080 410
TIMP-3 transfectant CCM2| &t&E& &AM
ZA}

mz FE54de] TIMP-39] 84& =A3l7] Al
HT1080 lﬂioﬂ empty vector 3 4Fo] TIMP-3 ex-
pression vectorZ HT1080 A||XE¢]] stable transfection

Mock sT\l(Ag‘Pz
B 1204
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Fig. 1. Effects of CCM from shark TIMP-3 transfected
HT1080 on the invasion of HUVECs. (A) Light micro-
scopic examination of the HUVECs treated with CCM (X
400). (B) The number of invaded cells was counted and
mean values were determined under light microscopy (X
400). Control, HUVECs treated with CCM of untrans-
fected HT1080; Mock, HUVECs treated with CCM of emp-
ty vector transfected HT1080; sTIMP-3, HUVECs treated
with CCM of shark TIMP-3 expression vector transfected
HT1080.

Mock
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Zhzkel M|EZe] con-
ditioned media—g 5358 ob-g, I AHEQ
HUVECsel] =2 XJg]slo] in vitro invasion assay
= gotol 4 1% aae A 1847 &
Zzbsl Aa), Aol TIMP-3 transfectant®] CCME-
*] )¢l HUVECsol|| 4} Control % Mocke] CCM&
% 2]g HUVECso) vl&l] ¢F 60% &A% invasiono]

Mock sTIMP-3
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Fig. 2. Effects of CCM from shark TIMP-3 transfected
HT1080 on the migration of HUVECs. At the 90%
confluency, the monolayers were wounded with a razor
blade. Wounded cells were rinsed with serum free medium
and then incubated with same amount of each CCM for
24 h. The number of HUVECs that moved beyond the
reference line was counted. (A) Light microscopic
examination of the HUVECs treated with CCM (X 400).
(B) The number of migrated cells was counted and mean
values were determined under light microscopy (X400).

A45HE stk (Fig 1).
2) HZLHTIM T2 0|0l CHEH HT1080 AH0{
TIMP-3 transfectant CCM2| HEFX A}
3ol TIMP-3ol o)) d ABAA F
Aol WkAst= NI AE o) F, F 8
F99 ECME Eallslod AlE
Qo

=

B

o] o) Fll Tofehis
Assle=rtE =AY Y
HUVECsE- ©]-&3} wounding migration assay& 4l
A&kl L A3} TIMP-3 transfectant?] CCM-<
X e}dt HUVECso]| A4 2] cell migrationo] Controlol]
H)3 40%, mockel]l wjsl <k 20% 7}k A2
Bk ok (Fig. 2).

3) EZLHTIMES| tube BA0| CHE HT1080

AF0{ TIMP-3 transfectant CCM2| Y&k
=AM

1)

240l TIMP-39] in vitro Aol &3t Al
ANAEE FAxslr] 93 HUVECsS tjidlo g
matrigel AollA] in vitro tube formation assayS 4
Alstglet. &8t tube ¥JA-S nontransfectant B
mock?] CCM-E X &g HUVECsY A9 $-AHg

. Control

STIMP-3

Mock

Fig. 3. Effects of CCM from shark TIMP-3 transfected
HT1080 on the tube formation of HUVECs on Matrigel.
HUVECs were plated on Matrigel and cultured with M199
containing 5% FBS and same amount of each CCM. The
formation of tubular structure was detected by phase-
contrast microscopy.
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ZdaFol WEE o, A 7be] Aol whel, TIMP-
3 transfectant®] CCM-E % &]3F HUVECse] A 2]
tubule Fefe] Hido] HTI080 AZ2} mock?)
CCM-E *]2]38F HUVECsol| A K} w2 A 3t3] 5]
o] 7k Ag sk th(Fig. 3).

4) In vivo CAM assay2 0|28} TIMP-3 trans-
fectant®] CCMO| S AlM {R|EAM XA}

FE4o] TIMP-39) & A4 AABAL in

Control

vivooll 4] ZALst7] §]stod, NIH3T3 Aol empty
vector 3 4Fo] TIMP-3 expression vectorE- tran-
sient transfections}o] =1 ¥+¥-§- RT-PCRE zHols}
FehEI A=H. a2 o Zzhe] ceME gy
22 CAM assay®: AAlsch §4 dzFdoz
coverslipih-S CAMol] F22]7)51 3t A48 <4
E37) Qdekar ofu] LAl retinoic acid 1 pglegg s
4 T AHg ¥, 779 CCMS 30 ug
elsted vl et Fig. 4AcA Hi w}

Retinoic acid

CCM of NIH3T3 CCM of Mock CCM of sTIMP-3
B

Dose Total No.tested ..
Compounds (uglegg) in CAM assay % positive
Control 4 25
RA 1 4 75
NIH CCM 30 12 25
Mock CCM 30 12 25
sTIMP-3 CCM 30 10 50

Fig. 4. Anti-angiogenic effect of CCM from shark TIMP-3 transfected NIH3T3 on CAM inhibition assay.
Fat emulsion (10%) was injected into chorioallantois to make the vascular network clear. Control CAMs
were used to be treated with blank coverslips. Positive responses were seen in the CAMs implanted
with coverslips loaded with R.A (1 pgfegg). (A) Photographs of CAM after three day-treatment with
R.A and CCM. (B) Anti-angiogenic activity of CCM from each transfectant.
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9} Zro] Alo] TIMP-32] CCM-E 23t CAMoilA
92 coMS M2a CAMETH g% A4 A%
S g B & 9ich olg Xk
vl Fig. 4B%} 7+ nontransfectant 3 mocke]
CCMell ulsll 25% E A JA#A o] JeE
galshgict

5) E. colitl| | SEAI0| TIMP-3 CH{Z Ol
8 RE

pGEX-4T-1/sTIMP-3 W& WE] & E. coli BL219]|
AR} A7 F, o] JMA Wl fE 248
WA HEH A ake 2718 2435
IPTG 2 7}A19] 0.Dgo Fko} 0.6, 1.0, 1.50)141 2]
AA K IPTG H7F ¥ 2, 5, 7, 16417 F49] vl
A7k 9 30, 37°C wijok EellA9] whuid e
AEE 747 2489k L A1}, ODen 7k
00 2249& w HEFEEE 1.0 mM IPTGE
7ksto] 30°CellA 5A17E E<k wFells Al, 7t
e A 853 gch(Fig. 5).
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6) In vive CAM assay2S 0|28} recombinant
shark TIMP-3 fusion proteinQ| ST+ AlM
AMIEN ZA

Insolubledt Fel & Easts Aol TIMP-39]
w8 By 9l guanidinium buffer (6 M
guanidinium-HCI, 0.1 M NaH,PO;, 10 mM Tris-
HCL pH 80)% A-gshe] 1 dhilale 23313
o @@ A4 dALEE 2457 99 CAM
assayol] % Q3%F ‘5% recombinant shark TIMP-3

0D =06 0D =10
30°C 37°C 30°C
0 2 50 25 0 2 5 hr

Fig. 5. SDS-PAGE of proteins from induced or without
induced bacteria with shark TIMP-3 expression vectors.

GST fusion protein®} GST proteingy F8|3F &,
7] A#sto] CAMOI AHelstgict. &%, 5 2
uglegg®) Ao} TIMP-3 GST fusion proteing- X &l
198 Al, thzF¢ GST proteinoll B]sl I3 41
Aol 2 ke ehiA ohuskglert, 50 gl
cgg® Al A 100% 3 AN A A}E BH
s} o} (Fig. 6).
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A
Control " Retinoic acid GST (50 pg)
GST/sTIMP-3 (2 pug) GST/sTIMP-3 (10 ug) GST/sTIMP-3 (50 pg)
B
Dose Total No. tested ..
C ds . t
ompoun (uglegg) in CAM assay %positive
Control 19 26
RA 1 9 100
GST protein 50 10 40
GST fused 2 14 36
shark TIMP-3 10 10 50
50 5 100

Fig. 6. Anti-angiogenic effect of recombinant shark TIMP-3 fusion protein on CAM inhibition assay.
Fat emulsion (10%) was injected into chorioallantois to make the vascular network clear. Control CAMs
were used to be treated with blank coverslips and GST protein. Positive responses were seen in the
CAMs implanted with coverslips loaded with R.A (1 pgjegg). (A) Photographs of CAM after three
day-treatment with R.A and recombinant shark TIMP-3 fusion protein. (B) Anti-angiogenic activity of

recombinant shark’s TIMP-3 fusion protein.

CAM assayE 3l #olslglon ™ o5 lugr
ZHE] MMP 24 A715S Lehie QR
EME reverse zymogram assayS E3lo] = AMEE
ub Qiek® e W3 A dAdRE LA
TIMP-3 FA2E o] AF 2202 XE F32Y
spens, & A7gdA wal 4ol TIMP-37}
3 A A HeAd Aol feiEo] 2 B
Ae zAusleh

WA, FE5dele dF Z=FAREY E24%
MP-3%- HT1080 A||Fof] transfections}ed = CCM
< H5% ¥, PN AEQ HUVECso ¢
stod AF A FA4 3 GAVNHIH L o] 5L
Z A3t 23}, nontransfectant 3! Mocke] CCM-S-
#| eldk HUVECse]l vl A& = o]Fo] Hx 3
s BEbslgich. =k TIMP-3 transfectant @)
CCM-E& o] &3t in vitroFoll A 2] tube 3A <A

=



A8 9 30l :
AL 2ABAE Al tube A2 £5 & non-
transfectant 3] Mock®] CCM- 3 2]3F HUVECsS}
719 frAbskl ek, Alzke] Zzkgtel] whel tubes
@Al AEHA olYela A" E ¢ F U
th tEo] A3 AR AR E in vivoollA =
A7l Yslod, Aol TIMP-3 transfected NIH3T3
ML CCME o]-83le] CAM assayS A X3l
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Ssto] HA] CAM assayE AAlegich. CCM 9
recombinant protein B.5 Hl A4 A A o]
98 Heigich
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A E FA el gk d3kg 2 A4sl7] 98l nontrans-
fected HT1080 =2} mock, Ao} TIMP-3 trans-
fectant] CME &Z&3t o2, I A ES bo-
vine aortic endothelial cells (BAECs)ol| -2k X&)
o] 2 24 AEE ZAY AT Aol TIMP-3
COMS H2la QTAEole] ZAols Age n)
A7 g Aoz DLALCHAD Aok,

AEH R & AT 3 A4 oA &
Aol wlF FL Aoz d#R dole] dFdA
FH 2293 TIMP-3 329 g3t A4 <o)
EINE in vitro Y in vivo assayE E3 Eolslyg
th ool JlEe el ol AFe] dH A4
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2 Aol e FFEAel TIMP-39] g3 A4
A 5-S #elslr] sl HT1080 A|Eoll trans-
fection A7l th-&-, transfectant?] CCME &3]
A3l HUVECse)] X &lstod in vitro 3olA in
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