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Inhibitory Effects of Type IV Collagenase by Disulfiram. Doo-Il Sin, Jae-Bok Park*, Kwan-Kyu Park,
Chang-Ho Cho, Hoon-Kyu Oh, Chang-Hyuk Choi', Hyun-Ji Cho and Young-Chae Chang**. Department
of Pathology, Catholic University of Daegu School of Medicine, Daegu, 705-034, Korea, "Department of Orthopedic
Surgery, Catholic University of Daegu School of Medicine, Daegu, 705-034, Korea — The cancer cells, charac-
terized by local invasion and distant metastasis, are very dependant on extracellular matrix. The ex-
pression of matrix metalloproteinases (MMPs) has been implicated in the invasjon and metastasis of
cancer cells. Among the human MMPs, matirx metalloproteinase-2 (MMP-2) and mairix metal-
loproteinse-9 (MMP-9) are key enzymes that degrade type IV collagen of the matrix. Here, we studied
the effect of disulfiram, an anti-tumor compound, on the suppression of the tumor invasion and the
activity of MMP-2, MMP-9 in human osteosarcoma cells (U208). Disulfiram had the type IV collage-
nase inhibitory activity, the effect of inhibition of gene and protein expression, and these inhibitions
were responsible for blocking invasion through cell mediated and non-cell mediated pathways. In con-
clusion, disuifiram inhibited expression of MMP-2 and MMP-9, and regulated the invasion of U20S,
Caki-1 and Caski. These observations raise the possibility of clinical therapeutic applications for disul-
firam used as a potential inhibitor of cancer invasion.
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U205 (human osteosarcoma), Caki-1 (human renal carci-
noma), Caski (cervical carcinoma) A £+ American type cul-
ture collection © 28 E sttt U208¢ Caki-1 A E =
10% 84 (fetal bovine serum, FBS) (Hyclone Laboratories,
Logan, UT)} 1% Penicillin, Streptomycin (Sigma, St. Louis,
MQO)S g3 DMEM-High glucose (Dulbecco’s modified
Eagle’s medium) (Gibeo-BRL, Grand Island, NY) uj =] ¢} A
v ksl 11, Caski (Cervical carcinoma cell) | X+ 10% €3

3 1% Penicillin, Streptomycin (Sigma, St, Louis, MO)-& 3

Journal of Life Science 2006, Vol. 16. No. 6 965

3+ RPMI1640 (RPMI Medium 1640) <ol 4] ulj o s} 1tk
oo AbEE M EE 37T, 5% CO, 24 Sholl wjFstAct.
Disulfiram, PMA (Phorbol 12-Myristate 13-Acetat) % DMSO
= SICMARRE 7981, 3-145-Dimethylthiazol-2-y1]-2,
5-diphenyltetrazolium bromide (MTT reagent)s Roche
Molecular Biochemicalo| A 7-¢18te] AR&314 ). Lipofectamine
2000 Tnvitrogened) A 7 gL, anti-MMP-2, anti-MMP-9-2
Chemicon (USA)ell A} 3} th. anti-Rabbit# ECL Western
Blot Analysist= Amersham (UK)olA) 48} AH&-stgT.

MTT

3-[4,5-Dimethylthiazol-2-yl]-2, 5-diphenyltetra-zolium bro-
mide (Roche Molcular Biochemical) 4173l o3 oA

T9) A=) W2 disulfiram ¢ MEEHL H73 4T

Gelatin substrate gel zymography

U208, Caki-1 % Caski 4| ZZ 1x10°/60 mm dishel] 22}
o) W A2 8090% 4] BIETt HES WS o
5} 7129) Wk e A A3 disulfiram?} PMAE 98 %
3 Wjkale 2 247 B WALk Wk F W
9] Wkl & 3 48te] DIT/F A7FE A g2 4xSDS-loading
buffer[Tris-Cl (pH6.8) 200 mM, Glycerol 40%, Bromophenol
blue 0.4%, SDS 4%]9} 410] 1 mg/ml =9 gelating H7}
& 10% polyacrylamide gele] Z7]%8% A A7A%
—?, gelQ 25%¢] Triton X-1000.2 102 7+A0 7 33 4=
2o d Mol 2931, 5 mMe] NaCl# 1 uMe| CaClE
ég buffers] gel-& Ho] 37°C o)A 244 7-5¢h a}mvﬂq
< % gel& Coomassie Brilliant Blue R250 (0.25%)¢l] 14]
5o el @ 94 $90E B RASdT 2 94
MMP-29F MMP-9¢] 84 A=E band2 A 2<13gich.
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Western blot analysis

U208, Caki-1 9 Caski A2 1x10°/60 mm dishel] z}z}
o W WA 2 80-90% A =] 2rrt HES sFEin 7
#o| wjokel e A A5l 3 disulfitam¥} PMAZ ¥ ko
o= AZsel uAZ B WAFHAT MY F MFAE
AA I A LE scraperZ o] o} 4T, 12000 RPM2.2 5
27 AAREE st A5HE A A sty IPH lysis buffer
[50 mM Tris (pH 8.0), 150 mM NaCl, 5 mM EDTA, 0.5%
NP40, 100 mM PMSF, leupeptin 1 mg/ml, Aprotinin 1
mg/ml and 1 M DTT|2 &g AZh 4TAA 30% &<
lysisA 7] 31 12,000 RPMoj|A] 208 &<k AAE 2T 5, cell
lysatez A e Beadth 259 dude PFe
DTT7} 2718 2x5DS-loading buffer [Tris-Cl (pH 6.8) 100
mM, glycerol 20%, bromophenol blue 0.2%, SDS 4%, di-
thiothreitol 200 mM]¢} 43¢] 98°Coll A 587 heating & %



966 BB URIX] 2006, Vol. 16. No. 6

Table 1. Sequence of the primer pairs employed in the RT-PCR reactions

Studied gene Sequences of the primer pairs (5—3') Annealing Temp(C) Linear cycle range Product size (bp)

Forward: GGCCCTGTCACTCCTGAGAT
) - 474
MMP-2 Reverse: GGCATCCAGGTTATCGGGGA 60 2529

Forward: CGGAGCACGGAGACGGGTAT
) - 537
MMP-9 Reverse: TGAAGGGGAAGACGCACAGC 60 24-29

10% SDS-PAGE gelz #7] %39 Immobilon-P-mem-

brane (Milipore, USA)¢]} transfer A]Zt}. Membrane-&- U=} ,.

&4 anti-MMP-2, anti-MMP-9 (Chemicon, USA)# 1H-3-A] v2os o

7131 o]} 34 anti-Rabbit# 72} wh3-A|7Ath A Sl o

dhE] A2 Horseradish Peroxidase-Linked o} 2}3}A) of]

& W# == ECL Western Blot Analysis A] 288 o] &3]
Az FasgL.
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s
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Caki~1

RT-PCR
RNAS] #&-2 ZolBee (Life Techonology, Grand Island,
NY)E olgsie] Ls9on] 500 ngel RNAZ Al4
Moloney murine leukemia virus reverse transcriptase Casld
{Promega, Madison, WHE G AAL 13- A1A DNAE &
detgich @4 E DNAE o] &3t MMP-ZQ} MMP-9¢]

PrimerZ o] -3t} PCRE 438ty x, A H productss= gﬁlfi:f& : i ;’O
1 agarose geliz 7] e ethidium bromidest 25 Fig. 2. Effects of disulfiram in various cell lines. U20S, Caki-1
AA ZEAgRete] Aabg A<l s RT-PCRS #13 pri- and Caski cells were treated with PMA 75 nM and di-
mer sequence= Table 1] 1}g} Qlt}. sulfiram 30 uM for 24h. Morphology of cells were ob-
served under original magnification x 100.
S 2
RE AgAnd g3 EANTE 2 49 7z g2 Aol fRHE Ae & @ & o (Fg 2. EF
o7} Yeste A=y Yo BARML Fgsigon U208, Caki-1 ¥ Caski A ¥of disulfiram 1, 10, 30, 50 uM
ok B2 Duncan's testo] 93] BA5 Ak BAAY & S Agg A disulfiram$ 10 uM X g A] A E ] via-
Pgko] 0.05 vt % (p < 0.05) FAA ] Fo4<) sl bilityo] 2 &S JeERA @gon (Fig. 3), disulfiram?)
T A E Hel sot Al Azro] Frhel wet AlFE 9 viability 7}
A 50% A% Z4A2HE A& g & 4 o] disulfiramS
= TEER AL A Al AZAEE FEFT FA AE
9] viabilityE Asjste AL B9l & 5 U
UMz SAl I MZAL CHS disulfiram?| A&
Type IV collagenase® Z Eulste U20S, Caki-l & Disulfiram0ll 25 PMAZ Rz AMES MMP-91}
Caski | X & o] 83}o] disulfirame] 3t AEZAA A MMP-22| &4 2R
AE-g 89l A} MIT assay® 3 shdch 4 disulfir- B dF oAM= Protein kinase C (PKC) EAF= 42
amol] o 2] Helehd wstE gstr] ) Ay 427 PMAE o] &3] MMP99] 45 Fxstgon

gk k4
o wj ¢ disulfiram? 30 uM 23t U208, Caki-1 2 [11,22], N3 #j % v A& o] -3t zymography assayE & 3}
Caski Ao stz wglel x4 A ¢ AZAE MMP-2¢} MMP-9¢] &3¢ gRlatgict. 2 23, PMAS A
SEE g9l 8yt (Fig 2). & 28] 9] Sha Lo PMA 2] =7t F74EFE MMPI &4o] F7tkeke AS 2l
gk 2@ A oo FeEA

o WaWe sol & g & 4 J9UoH (Fig 4-A) MMP2E 71E9 A7 Adsh §
dom HEAG A € AZAPE friee g T £ gl A3 PMAY] FE9 Aagle] E4o] AFF AL ol
ti(data not shown). Disulfiram< ¢4 ¥ A3 39 & 3} 2= 99T PMA A8 A7 w3 27 Aj7to) AojAL =
ALY FUSA WAL o)t AT A L AT MMPIS] o] FukaE AL 49 F & Agon (Fig
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Fig. 3. Effects of disulfiram on viability. U20S (A), Caki-1 (b)
and Caski (C) cells were treated with disulfiram in ab-
sence of serum, and cell viability was tested by MTT
assay after 24h and 48h.
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“tod f2g MMP-9% MMP-29] &46) disulfirameo] 1) %]
O
= U205, Caki-1 9 Caski Aol #]2}3te] zymography as-

e i

%

ays o MMP-29} MMP-99] disulfiramo) tial A3 &
§;% g9l sty 1 A#, U208, Caki-1 2 Caski AE T

= disulfiram 20 uMel 98] MMP-29} MMP-9¢] 4o} 7+
-DO}* e #E T glolon, 1 FolA U208 A% o
1MMP-29F MMP-99} &j o} disulfiramsl} &}a) 714 o] 7+
2EE A% 918 = 9l (Fig 5).

o] A= disulfiram$ 1, 5, 10, 20 uME 2] 8t zymog-
raphy assay o /] MMP-29} MMP-9¢] 24 o] disulfirame]

SEo EAR Zhadhe A4S @9 & £ glo] U208,
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Fig. 4. The MMP-9 activity by PMA. U208 cells were treated
with various concentrations of PMA (A) and various
treatment times (B) in the absence of serum. Condition-
ed medium were collected after 24h and analyzed by
gelatin zymography.

MMP-g U205
MMP-2 —
Caki—
Caski
PMA 76nM - + +
DSF (UM) ...... — 20

Fig. 5. Effect of disulfiram on MMP-9 and MMP-2 activity.
U205, Caki-1 and Caski were treated with disulfiram
20 uM and/or PMA 75 nM for 24h. Conditioned me-
dium was collected from cultures after 24¢h and ana-
lyzed by gelatin zymography.

Caki-1 @ Caski 4| ¥ 2] MMP-29} MMP-92} &4-¢ disul-
firamo] Aafgriy AR Bl & 4 9o} (Fig. 6).

% Fig 59} Fig. 694 YERE ol 9% 7 S04
6.2 U205 Mo MMP-2, MMP-92] &40} disulfiramd)
olef dASA Asfg-s &l & & gk

Disulfiram Az2|0ff Q8 U20S, Caki-1 ¥ Caski MZ
9] MMP-22t MMP-99| &8l Zi4a

Fig. 69] zymography assay Z3%, disulfirame] U20S,
Caki-1 4 Caski Al £ MMP-29} MMP-99] #44 5o
GEdoz AL 3 & 5 AN, EF MMP29)
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Fig. 6. Effect of disulfiram on MMP-9 and MMP-2 activity.
U206, Caki-1 and Caski were treated with various
concentrations of disulfiram in the presence of PMA
75 nM. Conditioned medium was collected from cul-
tures after 24h and analyzed by gelatin zymography.

AT disulfiram?] TR oj&AH 0 2 Ao oA A
H 279 TS A H FA F 5 Yt

B AFqME disulfiramol] oj gk U208, Caki-1 2 Caski
A E ] MMP-29} MMP-9¢] 84 71471 ZA AZE B
g 24, MAEY AZE 58 24AAE 18] 9
3} anti-MMP-22} anti-MMP-9-& o] 8-&}of thilz ukg okAb
S FolslE= western blotE A Alstgth U208, Caki-1 2
Caski A3 PMA 75 nM#} 1, 5, 10, 20 uM 9] disulfiram<
Aejste] Tld FHGTE & 3 A BE GATAA
MMP-2¢} MMP-9¢] gl & Wkd o] disulfiram?] %o 9
2H0% BAS B & & 9T (Fig 7). £ Cakid
9} Caski A2 vlg] U20S A E 4] disulfiramol] ¢} &
H}]ﬂ le‘ﬂo] 7].1} u}o] Xﬂ%}]ﬂt ;q\g ;g}o g} e o]oil gl—}\i
¥ ¥ zymography assayst g 249U &2 & 5 9l
Atk webA disulfiramo] YA o) HAIEA Y 24 & B3
MMP-2 @ MMP-9 B4 AFZ § 53 7
Slow, el Ffpol upe} MMP-29} MMP-99] &4 3
gol D=l 488e & 5 A
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9] mRNA &8 Kol

M o7 o)A disulfiram 32 3 MMP-2 2 MMP-9
gl ud oA AAE v o R HAFEA YA o] MMP-2
9} MMP-9 Wt 24 o] )3 disuliframe] o &kl thal &<}
39t Disulfiramg %23t YAHEZRE RNAE FZE3
o] MMP-2¢} MMP-9¢] primerE ©]-&- RT-PCR-& F33}%
t}, 1 A7 disulfiram®] FLo we} MMP-29} MMP-9¢]
mRNA #do] Zadte AL &9 & £ glglen, U205
Caki-1 @ Caski M| S|4 V20S A Z 2] MMP-2, MMP-9
mRNA 280} disulfiramol] 93] 713 ZA Zasie A
80) & 4= 99Tk E U205, Caki-l @ Caski 4|ZEo)A]
disulfiram @] &js) MMP-2K th= MMP-9¢9] @& & ¢
o] A HE AL #F T F 3o] western blotF} zymog-
raphy assay 279 FI¢S FA & 4 gl (Fig. 8).

wt2kA disulfiramo] A E 2] MMP-2, MMP-92] 23 &
AAGANA At glon, U208, Caki-1 ¥ Caski A2
%‘- U205 A 9] MMP-2 9 MMP-99] dtd o] 714 & g

o 7Ae 89 & 5 g (Fig. ).

%]

il

&2 disulfirame aldehyde dehydrogenase2]
AAAZ wHE) o, o}AS chelating 3= AL o] &
s} ool voleize) g% A AL FFAE
apoptosisE #%8l1 angiogenesis®] A B FF L&
AAste EAR A7t &ds] WP AH2,24,25]
Type IV collagenaseSl MMP-29} MMP-92 A L 9] o]
s} A& A ECM 2 71 =S Ealstal by e oo} 3
&, angiogenesisE FAIA A SHE AFo] & TS FE
522, oo JEdoz Bga 2oz IAA Atk

B AFd e U208, Caki-1 & Caski 4| 2o YT E

PMA 75nM - + +

DSE {uM) - - 20 -~

Fig. 7. The MMP-9 and MMP-2 expression by disulfiram. U208, Caki-1 and Caski cells were treated with disulfiram 20 uM and/or
PMA 75 nM for 24h, was evaluated by western blot analysis using anti-MMP-2 and anti-MMP-9. Expression of B-actin in

cell lysates was used as a control.
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Caki—1

Caski
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Fig. 8. The MMP-9 and MMP-2 mRNA expression by disulfiram. U20S, Caki-1 and Caski cells were treated with disulfiram 20
uM and/or PMA 75 nM for 24h. Total RNA was isolated and RT-PCR analysis was performed. The values below the
Figure represent change in mRNA expression of the bands normalized to B-actin.

Al disulfirame A7) sle] MMP-22} MMP-9¢] A7 =
argy Ao} BHAAE 5ol T4 A8L IAA)
b AMES &9l shgnh 8 U208, Caki-1 2 Caski A %
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#ek A3+ o] A9 mouse macrophage A E ¢l Raw 264.7
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mRNAS L& o] disulfiram Fxo} YEHoz A3 He
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VIMP9 9818 2aA 7tk 97s $ud sn 998 o
% ol
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4 714 Wasl B kot MMPse] BHe
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o] #FttE A AnE BHiska IuH27].

53 proteins

o]g}8l o)A ATANEL 2T B u) disulfiramo)

A AL 3 MMP-2, MMP-99] W&o FE Ao g ALsl=
71791 AP-1, NE-kB$} zinc finger transcription factor® &
2 Splo| ks U]xlo o]59 WS AT 7154
o] 1&g == g & 9lon28], o]y F#£ disulfiram
o NFABS] 482 AGTE A7ARE FAAT 04
g 9 g9l & 4 SIAHH81525].
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& S8 MMP-29F MMP-9¢] 82 42

of ol T o] HMolg A o% Aeon = &, AH
2 AZRTY B ASE A ARELE AL B
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