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Anti-tumorigenic and Invasive Activity of Colon Cancer Cells Transfected with the Retroviral
Vector Encoding Tissue Inhibitor of Metalloproteinase-2

Il Ung Oh, Jayoung Jeong, Seok Kee Chang, Su Hae Lee, Yeon Soo Kim* and Yeowon Sohn”

Korea Food & Drug Administration, Seoul 122-704, Korea
*Baejae University

Abstract — Matrix metalloproteinases (MMPs) and tissue inhibitors of MMPs (TIMPs) play a key role in tumor invasion
and metastasis. As an inhibitor of MMP-2, TIMP-2 is known to block both the invasive and metastatic behavior of cancer
cells, and decrease tumor growth activity. We performed this study to investigate the effects of TIMP-2 over-expression
induced by retroviral mediated gene transfer in vitro and i vive. The human colon cancer cell line SW480 was transfected
with the retroviral vector encoding TIMP-2. The effects of TIMP-2 over-expression were analyzed by invasion assay and
gelatinase activity test in colon cancer cells and tumorigencity in nude mice. In evaluation of the transfection efficiency of
the retroviral vector encoding TIMP-2 in colon cancer cells, we confirmed up-regulation of TIMP-2 expression dependent
on the time of cell culture. In addition, inhibition of MMP-2 expression in SW480/TIMP-2 was shown by gelatin zymography.
In the in vitro invasion assay SW480/TIMP-2 inhibited the invasiveness on matrigel coated with collagen. To determine
whether TIMP-2 can modulate iz vivo tumorigenicity and metastasis, SW480/TIMP-2 cells were injected subcutaneously in
nude mice. The tumor mass formation of SW480/TIMP-2 cells in nude mice was markedly decreased compared to non-
transfected cancer cells. These results showed that colon cancer cells transfected with the retroviral vector encoding TIMP-
2 inhibits the invasiveness iz vitro and tumorigenicity in vivo.

Keywords [ L] MMP-2, TIMP-2, retroviral vector, tumorigenicity, colon cancer cell, nude mice
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7} o] A8 FHxA T IR FETY T Aol
a4 JHAES] e oo g FhE Frshet] Hofs)
31 ok B=st MMPs= AlEE8] 7] dis) g eish o 23]
-2 7}X= Zn** dependent endopeptidase familyZ24 @7k
2] 2009%F o)go] LA oW 7 F ko] Mool HHol 7k

& b ST el BRdol Y= type IV
collagenase®]] 431= gelatinase AMMMP-2)?} gelatinase BOMMP-
9yl i3t A7t Es] M Qi) o 2ol MMPse 34t
Qlol|A] AR, Yaldh Bub = A 9 frdEE 22 Az
A 2g3 B, AT, St D AP 5 g 4
el Heloe fofeh= A oF HuE i) o]#]sh MMPs: tissue
inhibitors of metalloproteinases(TIMPs)2} 1:1 S3AE A
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Q1 do] 2 5= Qg Fo|h ofHlicnlolz A WE 9} HEZu}
olgiA WElE o83t TIMP2 -4 AE-S 55l0) oA 8
A2 invasion®} migration A& IHE oPE} in vive A
A antitumor EHE Holx= Ho7 ®WE YLD
CAFA 2 TIMPs= 4F52 TIMP-29} TIMP-19]
MMP-29} MMP9E 212t ez oz dash= Ao dalA]
AckY MMP29] 848 dAF o Adshs Zew g
TIMP-2%= AZel §8 753 Wejz 2ulee, TIMP-2 A
23 Gl g Bojslm QA Ho)Z Aa)E}al ras-transformed
rat embryo fibroblasts Ao TIMP-28 & AlFlo =z ¢
AL 3 Aol Alske Ao RuschY MMPse} TIMPs
Alole] #32 ML) 7129 A% AEHE fRlskaL e
A AlES] AT 3ol AR D] 3 &
Aef) 23 aao|X9, GAE A Hol7t Aojip= F¢t
ZFo] Aol MMPs Bl&o] $71sh= Rog Busgint?

e FRAXEE FA% 22h FEte] HHRF o FE FobA
ks AAE ¢ ge S 7R Qo] FEA setad
o @¥s BAsL £X9 b8 S5 & E kR A4
H1 Qlck. @A && X8 A AR g o=
AZEA] FARE o83k 2102 YARE-S AT tkst A
57} o]FojA | Lo o]E WS- BolH o8 FokAE
T B30 2 o] XS FAE Akt she AR
£ 7IX 3 o). ¥h, protease inhibitor A7 RS o]4-3F
AsEe 94 =99 Aot dua 2a) JARRe Bagt
o7 Ax9] 71de FIHE oHA st FFAEY He A
o1& Ak &7E A € Aot

olof] B @dof A= GalV pseudo-type retroviral system2
o183l TIMP-2 F-HAE thdet AEZFo) o]YAAH TIMP-2
o] MES] AL} Mol v P disi] 21}
22 3t

AENE

-t METQ SWABO(ATCC CCL228) Al EE American
Type Culture Collection(Rockville, MD, U.S.AyA 71381510
B, AAEujore] A48k RPMI 1640, DMEM, FBS, trypsin-
EDTAE GIBCO-BRL(Gaithersburg, MDA 741813 AM&-3F
t}. Amphotropic packaging cell line 2 o] 43 PG13 A%
= gibbon ape leukemia virus(GaLV)E 37+ % NIH3T3 TK
AENN Bojzl 202 DMEM slixjollA] Alhuie skt

WE W AL MEF

Encephalomyocarditis virus®] internal ribosomal entry

site(RES)E E335h= HSV-TK #3415 dEZnfo|z{~ HE
LNC(L : LTR, N : neo, C ;: HCMV MIEP) %-91¢] Hpal et
o Ad3ta, pcDNA3Z B EcoRVSH HindlllE 2w
700bp 712 TIMP-2 ¢cDNAE #3238} LNCIRES/TKE
BglllZ Aekst 7o A AAIZT LacZ 2 3h= LNBZE
TIMP2 WA LacZ SRR Adsto] Azsiink?

LNC/TIMP-2/IRES/TK 7] Z3% DNAZE amphotropic pack-
aging MEFQ GP+env-Am12 AZoll EUXAW 24471 wjjok
% AZde FE3l 045pm membrane filter(Nalgene,
Rochester, NY)oll oJ7}s}o] Hoizl amphotropic 323 HEZ
Hloje] 2 JAHE MulV-gag-pol/GalV-env pseudo-type packag-
ing AEFR) PG13 Al AT FARME 48k 484
7+ vjeF 3 800 ug/m! G418(GIBCO, Gaithersburg, MD)°] %
kel viA) 2. G418-resistant TEUE A uljoksle] =2 97t
& Vs E2UE AHKITL LacZ 4P} 5017k LNBZ
5 flsh 22 o s EqdAFT

LHQIA MMP-2 ¥

Serum-free RPMI HiAjollx] SW480 MEE 2, 3, 4, 6 X 8
vk 3wkl 3l5ralod 15,000% gollA] 1087 fAEEEk
Auto-Concentrator(Heto., Allerod, Denmark)® 1*3t 55313
o, 10w 2xsample bufferS Yo 01% gelatino] X%H
zymogram gel(Novex, Carlsbad, CA)°l4] 125V, 2A17+ #17]<4
FZ ANt AE 2.5% Triton X-10001 BH3MAA Brij-35
2} 0.001% NaNy7} 3% 100 mM Tris-HCl §-29)] 37°C, 20
A1ZF gkl 21, 0.25% Coomassie brilliant blue G-250 &

g0 P Baslel A WEe JEE VAT

TIMP-2 FH% =8 3 &8

5x10%well 7H2] thaY AZFE 6 wellolA] 244]7F wljokst
Fon, AEZulolgA W] YAk HEF v FEAS
A #Aste] 8 ug/ml polybrene(Sigma, St. Louis, MO) 413}
o wiokele 1x10™ FEZ B|4sla 1ma HES|] 442 2
ANz WS 3mie F7kekn 48417 Wit 1.2 mg/ml
G4180] 3t aigellr 14U3T G418-resistant FEZHE A
AT} 3 LacZ G347 S48 A AETE 99 2
& W og HEsdr),

el HEF SWASY/TIMP-2 MES 2X10° cells/100 mm
plate® 247|7F vjokst & serum-free RPMI ¥iX|2 w1 &3}l 3,
6, 8 2 11Uzt vzt F vkl s FHste] YilEeista 45
AG Halo] 117 FF3INTE 5ol 0.5M dithiothreitol ]
2)% 5 SDS-PAGE sample buffer® ¥l 100°ColA] 1023}
%ol 12% polyacrylamide gelollx] 100V Z73te]] 2417 #7]
BE-S 2SI Nitrocellulose®-S- TIMP-20)] tgt 12} 3HA)

r:Lgr
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(R&D Systems, Minneapolis, MN)Z 4°CellA 12417} vHS- 3
22} &AQ) anti-mouse IgG-horse radish peroxidase® 1A)7} Hb
-$-A13H.2, chemiluminescence system(Amersham, Piscataway,
NI Ahgsle] MEF I3}

SW480/LacZ AEZE 48117F vjokali PBSE AJHe 3 1m/
2} 05% glutaraldehyded dol 1587 ZPAFALH, 1%
sodium deoxycholate, NP-40, 1M MgCl,, 100 mM potassium
ferricyanide & 100 mM potassium ferrocyanide’} % 2 ml
2] 0.1% 5-bromo-4-chloro-3-indoyl-B-D-galactopyronoside(Sigma,
St. Louis, MO) €& Yx 37°CollA 4A]3F w-$A1A B-
galactosidase®] 2-E 13T

CHEIRE Mizel El2AIH

Polycarbonate ZElo]l matrigelo] X2]¥ Matrigel™ Invasion
Chamber(Becton Dickinson, Bedford, MA)E ©]-&3}o] oot
M) F& 9 o)FAE AIFsISith. Chamber®] Meol] SW480
I} SW48)/TIMP-2 A5 747} 1.5X10° cells/0.3 mi2] 5%
B, vPAEef= 10% FBSE X3 vixIE Yol 37°C, 5% CO,
incubatorolls] 3Y7Y wijekslAt}. Chamber?} 1ol Holgl= A
¥5 dE o7 AAST 1% formaldehyde § 02 1087

/”“\

/

3'LTR(j

PLNC/IRES/TK
8300 bp

4319 2™, polycarbonate filter®] olejZ o 2 A&3k AXE
Hematoxylin & Eosin® % §gAale] Fohdu]dos wasiict.

ChER MIEe| ZorsiM 3 MEAY

TR 2 (u/nu) 778 18711 SHEAATY 54T
AoA 157} 3447 Ze)FEdo]E Ao)xlof el o
AFS58FI T SW480 2 SW4S)/TIMP-2 A £ 3% 10° cells/
0.1 mE F35AL 3150, AR ertely eljsiel Fx) 3
TR, SWAB0 M A2, SWASO/TIMP-2 M| 2 2])0.
2 A4sioh FIAE AA] F 1Y 13] 353 dsde
eyl on] Fokgdake AlY Eu % vernier caliper(Mitutoyo,
Kawasaki, Japany& ©]-83lo] ASsti F4 FAE F%31%
o} whE FEAH 79 28-S FAls] 10 34 X2
o gollof] wgsle] URAEQl 22| Ae] WS AX F3ln)
7 shollA] SISt

&Y

HEZHo|HA HEH M=
TIMP-2E ##3}l= 2% 9kb mutant Mo-MulVe proviral

TIMP-2 sact
windi 530 KPMBcoRt e
R
4 . Not
N | Xnol
DNAJTIMP-2-SP(1) \\ﬁxm:
cl - | Apa
Amp P 6100 bp | Ao
K\‘ J
\
\\ /
\_\\‘ ////
EcoR V/Hind III
(700bp TIMP-2 elution)

5'LTR

PLNCITIMP-2/IRES/TK || neo
9000 bp

3'LTR

cwmv

TIMP-2

Fig. 1 —Map of the retroviral vector LNC/TIMP-2/IRES/TK expressing human TIMP-2.
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MSV MLV
— p-actin
r m promoter
‘—b neo laecZ
LTR ————_—
MSV MLV
m— CMV
r i promoter
P neo TIMP-2 IRES
LTR R

PA

LTR LNBZ

TK PA

LTR | § NC/TIMP-2/IRES/TK

SD SA

Fig. 2 —Map of recombinant retroviral vectors. The LNBZ vector contains the neomycin resistance gene and lacZ gene. The LNC/TIMP-2/
IRES/TK retroviral vector containing the neomycin gene, human TIMP-2 ¢cDNA, and thymidine kinase gene of herpes simplex virus
type. Abbreviations: SD, splice donor; SA, splice acceptor; pA, poly-adenylation signal.

sequences X ¥3h= plasmid® HSV-TK % TIMP-2% internal
promoter® 3H= IRESE F7tel $1x1A)171 LNC/TIMP-2/IRES/
TK e} S #3393, marker rescue assayE st AE
+ TIMP2, IRES @ TK #3x tfale] B-galactosidase]
LacZ9} B-promoter®. thx|A1Z) LNBZ HEIE Al23F33th(Figs.
1, 2).

TIMP2 % LacZ W &l

LNC/TIMP-2/IRES/TK #EE T=4A|71 G418 resistant
PG13 AT 2E 2 7x10° CFU/MS) B& o2 Boj= 2
& AEs] oIt AEY] 5171 oldell ARSIt A
2 PG13 AE ZEL o] &3] gy MEF SW4s0el £
A2 o]YAA TIMP-2 432} B¥o] 2 SW4S()/TIMP-2 Al
X2 AEElon, 5U% PR LacZ FAAE EA 24
= SW480/LacZ ATE AT HA=} o1 F F4Al
¥ #3512 Fels 5ol¥ we JFL2 vAA ke,
SW48(/TIMP-2 M ¥ellAl TIMP-2 &lo] AAA o7 Skl
AL AP oM (Fig. 3), X-gal FUE F8Y LacZ 437
o et AIEES] ) o)) &S ERISIITHEg. 4). §

«—— TIMP-2
(21kDa)

Fig. 3 —Western blot of TIMP-2 expression in SW480/TIMP-2
supernatant. Lanes 1, 2, 4, 8 : days after incubation.

H, dHES] HEH Holo A7 JE8E sk Aoz dEd
MMP-29] @i Ea) 848 &2sl7] 93k zymography U

SW480

SW480/LNBZ
Fig. 4 — LacZ expression in LNbZ transfected SW480.
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(A)

MMP-2
(72kDa)

(B) SW480 SW480/TIMP-2
2 4 6 2 4 6
MMP-9

—

(92kDa)

MMP-2
(72kDa)

Fig. 5 - (A) Expression of endogenous MMP-2 in SW480 cell. (B)
Comparison of MMP-2 secretion in SW480 and SW480-
TIMP-2 cell. Zymographic detection of gelatinases secreted
into the cell culture supernatant and western blot detection
are shown. Band of lysis representing gelatinolytic activity
appear white against a dark background. Lanes 2, 3, 4, 6,
8 : days after incubation.

Western blottings 33 23 TIMP-2 {AXE o|dd
SW480 A|3zellld MMP-29] 84d¢] oAl A& ERlsialrt
(Fig. 5).

—_

x 25

SW480

ChErer Mzl &80 DjXls W&

gEZulol2iA WEjol 93] =€ TIMP-2 #-34t Hédo]
ool AEe] A& el vx = 43S Matrigel™ invasion
chamberZ o} 831} ZAeE A3} SW4g0el vl SW480/TIMP-
2 AEFNA <k 70% AL 2o A& dAadrt e A2
2 IRISITHFig. 6).

CHER Mzl Zeksiy 3 ME{H|

BALB/c FErFA0u/mu)ell Z¥2+e] ool A& 3x10°
cells/0.1 mi& H35A 3 357 TIMP-2 54471 =31€ Az
o] ZoFA 3 U Aol v|A JES B At SW480
) SW40/TIMP-2 AIZEol|A 742}t 100% B! 50%2] F% 24
Tt BTk SW480 AL X x]72] FIF271(04 g, 0=
1.0 cm)®ll B]3) SWAR0)/TIMP-2 Al A= F-2] FU+=71(02 g,
0=0.6 cm)= The 2R F8E Blov, SAIA fepde vF

il

o

U] QUSItHTable D). SIA 0 R SW480 AEE o5 HX[gt F
Bol|A] el FokA) o 2R v} PEst AAE olFH of
2 7o) B 2719 Feie] 2R Ao ® Aduo] F &

SW480/TIMP-2

Fig. 6 — In vitro invasion assay determining the invasiveness in synthetic basement membrane. After incubation the non-invading cells were
removed from the upper surface of the membrane by "scrubbing’. The cells on the lower surface of the membrane were stained with

H/E stain. x, magnification.

Table 1 - Tumorigenecity of SW480&SW480/TIMP-2 cells in nude mice

Cell lines Injected cell numbers (100 pl) Mass formation Weight (@) Diameter (mm) Nodular type
SW480 3 X 10° cells 6/6 0.4 10 < Multi-nodular
SW480/TIMP-2 3 %X 10° cells 3/6 0.2 <6 Multi-nodular
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Fig. 7 - Tumorigenecity formation of SW480&SW480/TIMP-2 cells in nude mice. Note well-demarcation of tumor mass and necrosis and
angiogenesis in inset, but there is no difference between SW480 and SW480/TIMP-2 in terms of cellularity, differentiation and mi tosis.

=gt} 0|9 2L 272 SWAS)/TIMP-2 AlX2] *X]o ¢
3“ Ag/\%;e_] _6_.01:1 A o]]}\-] = %?___]3}931;} l:z;ﬂ_,] lezsl
Z 27300 SW480 AIE L TIMP2 SRS ool SWasY
TIMP2 A|EZ xixls} zokz) Wiloie] 2ol BEA] ¢
grodt, FEAA & 5122 e} @A} 2o
SAES H& _fth% aar%_ﬂ A} ket =3, o AlRe] LT
FokzxAe] 2459 2 2 R Axdo] BAFRCHEE. 7).

&

K

AF7A Lol st FHARAE= %\_]%1_ e A f
AAZ gAEAY, D o AE) 43S JASAY SA
3 AE AR EATIE el —ri AgEA g
ok H o) A, 23 4% 2 dolol gt B FEol 7t
B w2t ‘:}"kﬁ FRAAAEHS gt #E KRS

274310 o] A7 2 BIE JAEa Ag] AT RS
A77} AAF T ek, 5‘43 thFst FARR ER ) A

T B7ehn ofF7kA] HEE et AHE @A Fdhe AA
o7 FFHARN A% ‘:?JT'} TS gk HEAAEe] 7ol
TR Fasit

£ AT MMP29] 4L Aslste 2o ¢l
TIMP-2 53418 HEZulolglA W E o]gslo] it A=
Q) SW4g0°ll A o AL, o]YH TIMP-2o <&
QAE] FeT BARA ) PIHE FEL in vito D in vivo

A Frlslgich B Aol AMeE ERutolgs HEE f
Ax A -r]?‘} EAER PO Uz F2 o7t Hleojy
2 W AEFE gIH 07 150 @ 4 itk UukFR vl
2 FE9] HEZn)EA dEE ojEc] YAZeE JRE
Egvlolz|AZ 2] BA|(RCR; replication-competent retrovirus)
71/ o2 dEZHlEA "o FaT AR E ok
o] eEAdz EQE Ol glol Fed 2910 Agalm girh
=3 #15 FDAYAE 73AIE W Alze] gigk daskst &)
EZulolgx W ERE fHE 782X EA RCR Al
tht AFE TEsch® el B 47 RCR 984% 7
221719 B AT el 52 =Y 588 vty 2ad
GalV envelopeZ ©]&-3t pseudo-typed] FEZrP)2 HEIE
ARgEigom 1617 o) = w9l SRS B} FEFe|T kst
A AGA7IH FHRAE FF T dHlshs AEFTE vheo
et 2334 Holoh

T A7 s gigge] ke Aold A MMP2 &
Aol FZ3) Z8k= Aeg RuEgen, wadzagehEe)
ZAA A MTl-MMP‘—:— F2 A X X3t MMP-29}
MMP-92 Fz2 2] Afotizvt Bd7 Foll £Xdhke A2
2 2y %M.“” B ATelx ol g8 ot AEQL SW480e]
A QA MMP-28] @38 zymography$} western blot2 ©|
23fo] gelsly o™ (Fig. 5), B-galactosidased] U FEE X-
gal Ao F RIS A7} YERuolsA HElE {12 oY
O Uit F-849S 71E FRIBISTHFig. 4). WS AEF
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Q1 SW480°]l ©]l€ TIMP-22] &8 western blot® 2 #Q1%H
A7 TIMP-2 2o} Hxtx o2 F7HE FRlslith(Fig. 3).
ol#1gt Wah= A ol MMPs9} TIMPs?] &0 7]#9)
W 9 A2 gl glol B ARl 723 715
7HA3L Qlont, oF AlES] Hol7t dojuk= <t olest #¥o]
7o) 2 MMPs2] H]&o] Z7}8HA| =W Foke] ddn} A4l
Fo% 9 vx= Aoy dEA kO w3, TIMP-27t
AEL] A3 B3l Hofslmz TIMP2 #3718 £UA7)
A B2 UL AFEoIM o= AR gk o] RuEg)
oh19 maba AES W14 MMP-2 4Jo] TIMP-2 s}
oje AAAAE 7HX=7) dobir] )t MEF Ae
7} o) gAdell iRl AEE HIREeE MMP-29] #/do] TIMP-
2°] & STl g3 AsiEs RIS CH (Fig. 6), ©1= A
X9 MMP-2 842 TIMP-29] I¥o] Z7l8le] 4% 1:1 5
A5 A2 A anrt yepd Aoz AtEE. 3h,
TIMP-2 -34S 0]31A17] SW480/TIMP-2 A|3£2] FokgA] 1l
Ao m)X)= FE Frbelaizt SW4805} SW48(/TIMP-2 Al
25 prmakese] gjdte)] FARE 23 SWASH/TIMP-2 ot
A7} SW480 AL FoFAdwl Aol ula] dA3] JA==
Z& #2131t Table I). o)1t 3= TIMP-2 +38%19] &
Qlell &l HAIES] W2} S AR AoE AP RAL
o} FAR =Y & G FfolA Sold wiet HEkE 1o
A ok TIMP-2 F-38A7F GAIES] 54 Hgels 938
T2 7] HEQ Ao AlgEtkFig. 7). £ Aol TIMP-
2 FHAE ©)e WAAAHEE o] g3le] HEZH|# A HE
o] A - 2] FH2E Mg &S FIEO R vlolgA WE] 9
T8/ kst do g o2 MMP-29] E/d<iAlel TIMP-22]
U Z7lel] odl) fE 4 e ok At WaiEe] TIMP-
29] QW AL 7hedE mefsior & Aoirh

A3A ©F GalV pseudo-type retroviral vectors ©]-8 3t
TIMP-2 +3212] tigder 22| o]l f3A A A8
898 VMR, GAES AT Holg dAste] 9l
AA5E A 7S AT

# =

kel A3, ®3l, 43 9 Aolo] #AHE e 22 S
3] o AR f-84E 77 ek 53R
A =T 2EE S AEAARY A A
of that w7} FSlHth WA XaEojof & Zolrt.
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