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Abstract

We have used adenovirus-mediated gene delivery of tissue inhibitor of
mvtalloproteina.se (TIMP)-l, -2, and -3 to examine their effect on the
invasion capacity of metastatic melanoma cell lines SK-Mel-5 and A2058.
Infection of melanoma cells with recombinant replication-deficient adeno-
viruses coding for TIMP-1, TIMP-2, and TIMP-3 resulted in marked
secretion of TIMP-1 and TIMP-2 to culture medium and accumulation of
TIMP-3 to matrix. Overexpression of TIMP-3 inhibited invasion of SK-
Mel-5 and A205S cells through reconstituted basement membrane (Ma-
trigel) even more potently than TIMP-1 and TIMP-2. In addition, over
production of TIMP-3 reduced attachment of melanoma cells to type I and
IV collagen and fibronectin and resulted in apoptosis in both SK-Mel-5
and A2058 cells. These results propose a novel role for TIMP-3 in regu

lation of invasion and survival of malignant cells and suggest potential use
for TIMP-3 in adenovirus-mediated gene therapy of malignant melanoma.

Introduction

Malignant melanomas are cutaneous neoplastic tumors characterized
by a high capacity for invasion and metastasis. Invasion of malignantly
transformed cells, including melanoma cells, is dependent on their ca
pacity to degrade basement membranes and ECM1 in an effective and

controlled manner ( 1). MMPs are a family of at least 17 zinc-dependent

endopeptidases collectively capable of degrading essentially all ECM
components, and they apparently play a key role in tumor cell invasion (1,
2). Up-regulation of collagenase-1 (MMP-1) and gelatinase-A (MMP-2)
has been detected in melanoma cells in vivo and, together with gelatin-
ase-B (MMP-9), they have been implicated in the invasion and migration
of melanoma cells in vitro (3-7). av/3, integrin also seems to play an

important role in melanoma cell invasion by mediating activation of
MMP-2 expression by vitronectin and by directing the proteolytic activity
of MMP-2 to pericellular space of invading cells (8, 9).

The activity of MMPs is specifically inhibited by TIMPs, which
bind to active MMPs in 1:1 molar stoichiometry (2). The members of
the TIMP gene family (TIMP-1, TIMP-2, TIMP-3, and TIMP-4) share

similar genomic organization, proposed tertiary structure, and the
ability to inhibit MMP activity (2, 10, 11). In contrast to TIMP-1 and
TIMP-2, which are secreted in soluble form, TIMP-3 is associated

with ECM in vitro and in vivo (12, 13). The ability of TIMPs to inhibit
the activity of MMPs has raised interest in their potential applicability to
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combat invasion of tumor cells. Accordingly, overexpression of TIMP-1
and TIMP-2 has been shown to inhibit melanoma cell invasion and tumor
growth in vitro and in vivo (14-17). Here we show that adenovirus-
mediated transfer of TIMP-1, TIMP-2, and TIMP-3 genes results in

marked overproduction of the corresponding TIMPs and inhibition of
SK-Mel-5 and A2058 melanoma cell invasion. Furthermore, overexpres
sion of TIMP-3 inhibits attachment and results in apoptosis in both
melanoma cell lines. These data propose a novel role for TIMP-3 in

regulating malignant cell invasion and promoting malignant cell death
and suggest that TIMP-3 could be used as a new suicide gene in
adenovirus-based gene therapy of malignant melanoma.

Materials and Methods

Cell Lines and Culture Conditions. Melanoma cell lines SK-Mel-5 and

A2058. established from mÃ©tastasesof human malignant melanoma, were ob
tained from American Type Culture Collection (Manassas, VA) and cultured in
DMEM supplemented with 10% FCS. 2 mM glutamine, 1(X)lU/ml penicillin-G.

and 1(X) fjLgJml streptomycin. Human kidney embryonic cell 293 cells were
obtained from Microbix (Toronto. Canada) and cultured in MEM supplemented
with penicillin (100 Units/ml), streptomycin (100 /ig/ml), and 10% FCS.

Recombinant Adenoviruses and Infection Protocol. Recombinant repli
cation-deficient adenovirus RAd/at'Z (RAd35). which contains the Escherichia

coli /3-galactosidase (/acZ) gene under the control of CMV IE promoter (18) was

kindly provided by Dr. Gavin W. G. Wilkinson (University of Cardiff, Wales).
Construction and characterization of replication deficient adenoviruses containing
the coding region of human TIMP-1 (RAdTIMP-1), TIMP-2 (RAdTIMP-2), or
TIMP-3 (RAdTIMP-3) genes driven by CMV IE promoter has been described
previously (19, 20). To determine the infection efficiency of SK-Mel-5 and A2058

melanoma cell lines, cells in suspension were mixed with RAd/Ã¶cZat different
MOI, plated, and incubated for 18 h. The cells were then fixed and stained for
ÃŸ-galactosidaseactivity, as described previously (19).

Assay of TIMP-1, TIMP-2, and TIMP-3 Production. 5 X IO5melanoma

cells in suspension were infected with RAdTIMP-1, RAdTIMP-2, or
RAdTIMP-3 at MOI 300 pfu/cell (SK-Mel-5) or 700 pfu/cell (A2058), plated,

and incubated for 18 h. Culture medium (DMEM with 1% PCS) was then
changed and conditioned media collected every 24 to 72 h. For harvesting the
matrix fraction of RAdTIMP-3 infected cultures after 24, 48, and 72 h the cell
layers were washed with PBS, incubated in 2% Triton X-100 in PBS for 10

min on ice, washed with PBS and collected in Laemmli sample buffer. For
assay of TIMP-1 and TIMP-2 expression, the aliquots of conditioned media
were reduced in 5% ÃŸ-mercaptoethanol in Laemmli sample buffer. Aliquots of

conditioned media and matrix fraction were fractionated electrophoretically on
SDS-polyacrylamide (10%) gels, transferred to nitrocellulose filter (Amersham
Corp., England), and incubated at 20Â°Cwith polyclonal antibodies against

TIMP-1. TIMP-2. or TIMP-3 (Chemicon International Inc.. Temecula, CA) for

1 h at dilution of 1:1000. The filters were then incubated with secondary
antirabbit horse radish peroxidase conjugated antibodies for 1 h at room
temperature, subjected to ECL reaction (Amersham Corp.), and positive la
beling was detected with autoradiography.

Cell Invasion Assays. 5 x IO5 cells were infected with RAdTIMP-1,

RAdTIMP-2, RAdTIMP-3, or RAd/acZ at MOI 300 pfu/cell (SK-Mel-5 cells)

or 700 pfu/cell (A2058 cells), 18 h after infection culture medium was changed
and the cells were incubated for an additional 24 h. The cells were then
detached, soybean trypsin inhibitor (Sigma Chemical Co.. St. Louis, MO)
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Fig. 1. Adenovirus-mediated gene delivery re
sults in overproduction of T1MP-1, TIMP-2. and
TIMP-3 by melanoma cells. A. 5 X IO5 SK-Mel-5

and A2058 melanoma cells were infected with rep
lication-deficient recomhinant adenovirus (RAd-
IticT.) coding for Â£.coli ÃŸ-galactosidase (300 pfu/

cell and 700 pfu/cell. respectively), incubated tor
18 h. and stained for IticZ.activity, indicated as blue
color. Bar = 40 (Â¿M.B. 5 X IO5 A2058 cells were

infected with TIMP-1. TIMP-2. and TIMP-3 cod
ing adenoviruses RAdTIMP-1. RAdTIMP-2. and
RAdTIMP-3. respectively, at MOI 700 pfu/cell and

incubated for 18 h. Culture media were then
changed every 24 h and the amount of TIMP-1 and
TIMP-2 was determined by Western blot analysis.
Matrix fraction of RAdTIMP-3 infected cells was

harvested at 24, 48, and 72 h and assayed for
TIMP-3 by Western blot analysis as described in
"Materials and Methods."
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added, and the cells resuspended in DMEM containing 0.1% BSA. The cells
were then allowed to invade through reconstituted basement membrane (Ma-

trigel, Becton Dickinson Labware, MA), in 8 /j.m pore size cell Falcon culture
inserts (Becton Dickinson Labware, Franklin Lakes, NJ) for 8 (SK-Mel-5

cells) or 6 h (A2058 cells), fixed, stained with crystal violet, and counted
(21, 22).

Cell Adhesion Assays. For cell adhesion assays, 96 well nonlissue culture
dishes were coaled with 100 /j.1of 4 mg/ml fibronectin (Chcmicon International
Inc.), 1 mg/ml type 1 collagen (Cellon. France), and I nig/ml type IV collagen
(Sigma Chemical Co.) in + 4Â°Cfor 16 h and unspecific binding was blix-kcd with
0.1% BSA in PBS at 20Â°Cfor 1 h. Melanoma cells (2 X IO4) were infected as

described above, trypsinized after 24 h. treated with soybean trypsin inhibitor, and
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control RAdlacZ RAdTIMP-1 RAdTIMP-2 RAoTIMP-3

Fig. 2. Overcxpression of TIMP-3 inhibits invasion and adhesion of
melanoma cells. A. SK-Mel-5 (300 pfu/cell) and ÃŸ.A2058 (700 pfu/ccll)
cells were infected with RAdlacZ. RAdTIMP-1, RAdTIMP-2, and
RAdTIMP-3, and their invasion through basement membrane (Matrigel)
was determined in a Boyden chamber assay as compared with uninlccted
cells (controll. C, SK-Mel-5 cells were infected with RAd/Â«rZ.
RAdTIMP-1, RAdTIMP-2, and RAdTIMP-3 at MOI of 300 pfu/ccll and
their adhesion to type I collagen, type IV collagen, and fibronectin was
examined. The mean + SD are shown. Statistical significance by Stu
dent's l test as compared with the control: A. *P < 0.005. Â»Â»/â€¢< 0.02,
***/> < 0.0007 (n = 3); B. *P < 0.00001, **/> < 0.0006.
**Â«/>< 0.0002 (n = 3); and C. "P < 0.03, *Â«/>< 0.00005,
***/> < 0.0004, ***Â»/Â»< 0.0001 (n = 7).

control RAdlacZ RAdTIMP-1 RAdTIMP-2 RAdTIMP-3

fibronectin type IV collagen

allowed to attach to coated dishes for 90 min in DMEM supplemented with 0.1%
BSA. The cells were washed with PBS. fixed in 27r paraformaldehyde. and the
number of attached cells was determined by crystal violet staining (22).

Determination of Viable Cell Number. 2 x 1()4uninfected cells or cells

infected with RAd/urZ. RAdTIMP-1. RAdTIMP-2. or RAdTIMP-3 were seeded

on 96 well plates and incubated for 24,48. 72, or 96 h. The number of viable cells
was determined by CellTiter 96â„¢ AQUC,,USNon-Radioactive Cell Proliferation
Assay (Promega, Madison. WI) according to the manufacturer's instructions.

Detection of Apoptotic Cells. 6 X IO4 SK-Mel-5 and A2058 cells were

infected with RAdTIMP-1. RAdTIMP-2, RAdTIMP-3 or RAdlacZ for 18 h.

plated on chamber slides (Nunc. Inc.. Naperville, IL) and cultured for 24. 48.
or 72 h. The cells were fixed in 3% paratbrmaldehyde in PBS for 30 min.
stained with DNA dye Hoechst 33258. and examined by fluorescence micro
scopy for nuclear condensation. Apoptotic cells were also detected by TUNEL-

assay (In Situ Cell Death Detection Kit. Boehringer Mannheim) according to
the manufacturer's instructions and positive TÃšNEL staining was visualized

by fluorescence microscopy.

Results

Characterization of Adenovirus-mediated Gene Delivery to
Melanoma Cells and Analysis of TIMP-1, TIMP-2, and TIMP-3
Secretion. To examine the effect of TIMP-3 on the invasion capacity
of A2058 and SK-Mel-5 metastatic melanoma cell lines in compari

son with TIMP-1 and TIMP-2, we used adenovirus-mediated gene
delivery of TIMP-1. TIMP-2, and TIMP-3 to these cells. Initially, the

transduction efficiency of the melanoma cell lines was determined by
infecting the cells with increasing MOI of RAdlacZ carrying the
Eschericliia coli /3-galactosidase gene under the control of CMV IE

promoter (19). Staining of RAdlacZ infected cells for ÃŸ-galactosidase
activity showed that all SK-Mel-5 cells were infected at MOI 300

pfu/cell and A2058 cells at MOI 700 pfu/cell (Fig. \A). Infection of
either melanoma cell line with RAdlacZ had no effect on cell mor
phology (Fig. 1/4). No ÃŸ-galactosidase activity was detected in par

allel uninfected cultures (Fig. \A).
Next, A2058 and SK-Mel-5 cells were infected with recombinant

adenoviruses carrying the coding regions of human TIMP-1, TIMP-2.
and TIMP-3 driven by CMV IE promoter at MOI giving the maximal

transduction efficiency with RAdlacZ, as noted above. As determined
by Western blot analysis, transduction of A2058 cells with
RAdTIMP-1 and RAdTIMP-2 resulted in marked secretion of
TIMP-1 and TIMP-2. respectively, to the culture medium already in

24 h followed by a further increase in production by 48 h (Fig. IÃŸ).
In contrast, the amount of TIMP-1 and TIMP-2 produced by cells

infected in parallel with RAdlacZ was undetectable (Fig. IÃŸ).Pro-
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Fig. 3. Overexpression of TIMP-3 reduces number of viable melanoma cells. A,
SK-Mel-5 (300 pfu/cell) and B. A2058 (700 pfu/cell) cells were infected with RAd/urZ.
RAdTIMP-1. RAdTIMP-2. or RAdTIMP-3, or were left uninfected (control), and the
number of viable cells was determined as described in "Materials and Methods." The
mean Â±SD of are shown (n = 9). Statistical significance determined by Student's i test

as compared with the uninfected control: *P < 0.04, **P < 0.0003. and ***P < 0.002.

auction of TIMP-1 and TIMP-2 by SK-Mel-5 cells infected with
RAdTIMP-1 and RAdTIMP-2, respectively, was increased with sim
ilar kinetics (data not shown). The molecular weight of TIMP-1
produced by RAdTIMP-1 infected cells was approximately 30 kDa,

indicating that it was glycosylated (Fig. IB).
Infection of parallel cultures with RAdTIMP-3 resulted in marked

deposition of TIMP-3 into the ECM of A2058 cells by 24 h with

further accumulation by 48 h, as detected by Western blot analysis
(Fig. IÃŸ).The amount of immunoreactive TIMP-3 in the matrix was
then somewhat reduced by 72 h after infection (Fig. IÃŸ).The time-
dependent deposition of TIMP-3 to the matrix fraction of SK-Mel-5

cells also followed similar kinetics (data not shown). In comparison,
production of TIMP-3 by parallel A2058 and SK-Mel-5 cultures

infected with RAd/acZ was undetectable (Fig. IÃŸand data not
shown). No TIMP-3 could be detected in the conditioned media of
RAdTIMP-3 infected melanoma cells at any time point up to 72 h
(data not shown). The molecular weight of TIMP-3 produced by
RAdTIMP-3 infected cells was approximately 26 kDa, indicating that

it was glycosylated, although a low abundance 21 kDa form corre
sponding to unglycosylated TIMP-3 was also detected (Fig. IÃŸ).

Overproduction of TIMP-3 Inhibits Invasion and Adhesion of

Melanoma Cells. To examine the effect of TIMP overexpression on
the invasive phenotype of melanoma cells, we determined the ability
of SK-Mel-5 and A2058 cells to invade through reconstituted base

ment membrane (Matrigel) in Boyden chamber chemoinvasion assay
24 h after infection with RAdTIMP-1, RAdTIMP-2, or RAdTIMP-3.
As shown in Fig. 2A and ÃŸ.adenovirus-mediated overexpression of
TIMP-1 and TIMP-2 potently and significantly inhibited invasion of
SK-Mel-5 and A2058 cells, as compared with the corresponding

uninfected cultures. Interestingly, even more potent inhibition of
invasion of both SK-Mel-5 and A2058 cells (by 89 and 95%, respec
tively) was noted after transduction with RAdTIMP-3 (Fig. 2A and ÃŸ).

Invasion of melanoma cells was not markedly altered after infection
with RAd/fic'Z, indicating specificity of the inhibition obtained by

infection with TIMP adenoviruses (Fig. 2A and ÃŸ).
To elucidate the mechanism of the inhibition of invasion, we

examined the effect of TIMPs on the adhesion of melanoma cells
to different matrices. Interestingly, infection of SK-Mel-5 cells
with RAdTIMP-3 markedly reduced their adhesion to type I and

type IV collagen, and fibronectin 24 h after infection (by 54, 59,
and 44%, respectively; Fig. 1C). Transduction with RAdTIMP-1,
RAdTIMP-2. or RAd/ac-Z had no marked effect on the adhesion of

SK-Mel-5 melanoma cells to type 1 or type IV collagen 24 h after

transduction (Fig. 1C). In accordance with previous observations
(5) overexpression of TIMP-2 somewhat enhanced (by 12%) at
tachment of SK-Mel-5 cells to fibronectin 24 h after infection (Fig.

1C) and also to type I and IV collagen 48 h after transduction (data

not shown).
TIMP-3 Overexpression Promotes Apoptosis in Melanoma

Cells. As TIMP-1 and TIMP-2 have been shown to stimulate prolifer

ation of several types of cells (10. 20) we also evaluated the effects of
adenovirus-mediated TIMP overexpression on the number of melanoma
cells. Interestingly, overexpression of TIMP-3 reduced the number of
viable SK-Mel-5 and A2058 cells, first noted 72 h after infection (by 35

and 16%, respectively) with a marked further reduction (by 98 and 90%,
respectively) at 96 h after infection (Fig. 3/4 and ÃŸ).In contrast, trans
duction of cells with RAd/ac-Z, RAdTIMP-1. or RAdTIMP-2 had no

significant effect on cell viability up to 96 h (Fig. 3/4 and ÃŸ).
In the next set of experiments, we further elucidated the effect of

TIMP-3 overexpression on melanoma cell viability. Examination of

A2058 cell morphology at 72 h after infection revealed dendritic
morphology and detectable enlargement of cells overexpressing
TIMP-1 and TIMP-2 (Fig. 4Cand D), as compared with uninfected or
RAd/at-Z infected cells (Fig. 4A and B). Interestingly, RAdTIMP-3

transduction of A2058 cells resulted in round morphology and partial
detachment of cells in 72 h (Fig. 4E).

To assess the possibility that TIMP-3 overexpressing cells were
undergoing programmed cell death, adenovirus-infected cells were

stained with DNA stain Hoechst 33258 and examined by fluorescence
microscopy. As shown in Fig. 47. condensation of nuclei was detected
in TIMP-3 overexpressing cells at 72 h as a marker for apoptosis. No

alterations in nuclear morphology were observed in cells infected with
RAd/rtc-Z, RAdTIMP-1, or RAdTIMP-2 (Fig. 4G-I), as compared with

uninfected cells (Fig. 4F). Fragmentation of DNA as a marker for
programmed cell death was confirmed with TÃšNEL assay showing
nuclear labeling 72 h after infection with RAdTIMP-3 and DNA

condensation on the walls of nuclei of A2058 cells (Fig. 4N and O).
In contrast, the TÃšNEL assay of RAd/ac-Z, RAdTIMP-1. or

RAdTIMP-2 infected cells was negative (Fig. 4K-M). Similar results
were obtained with adenovirus-infected SK-Mel-5 cells (data not

shown).
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Fig. 4. Overproduction of T1MP-3 induces apoptosis in melanoma cells. A2058 cells uninfected (A. F) or infected at MOI 700 pfu/cell with RAdfarZ (B. C. K). RAdTIMP-1
(C. H, L}. RAdTIMP-2 (D. 1, A/), or RAdTIMP-3 (E, J, N. 0) were incubated for 72 h after infection. A-E, cells were examined by phase contrast microscopy. F-J, cells were
stained with Hoechst 33258 and examined by fluorescence microscopy. J, RAdTIMP-3 infected A2058 cells show DNA condensation in walls of nuclei. K-O. cells were stained
with TÃšNEL assay. /V and O. RAdTIMP-3 transduced cells show positive TÃšNEL staining, nuclear condensation, and DNA condensation on the walls of nuclei. Burs: A-E
and K-N. 40 /IM; F-J, 10 /Â¿M;O, 9 Â¡J.M.

Discussion

The results of the present study show that metastatic melanoma cell
lines can be efficiently infected with recombinant replication-deficient
adenoviruses resulting in high production of T1MP-1, TIMP-2, and
TIMP-3. Furthermore, the sizes of T1MP-1, TIMP-2, and TIMP-3
produced, as well as their proper distribution (i.e., soluble TIMP-1 and
TIMP-2 in the conditioned media and TIMP-3 in the matrix fraction

of the cells infected with the corresponding adenoviruses), are in
accordance with our previous observations indicating that the TIMPs
produced are functional (19, 20). Infection of melanoma cells with
RAdTIMP-1, RAdTIMP-2, and RAdTIMP-3 resulted in marked in

hibition of the invasion of melanoma cells through basement mem
brane (Matrigel) 24 h after transduction, at which point marked
increase in secretion of the corresponding TIMPs is already detected.
As the attachment of melanoma cells to ECM was not altered by
overexpression of TIMP-1 or TIMP-2 at 24 h after infection, it is
apparent that inhibition of cell invasion by TIMP-1 and TIMP-2 is a

result of inhibition of MMP activity. Interestingly, overproduction of
TIMP-3 inhibited invasion of melanoma cells even more potently than
TIMP-1 or TIMP-2. In addition, TIMP-3 overexpression significantly
inhibited adhesion of melanoma cells to type IV collagen and fi-

bronectin and also to type I collagen. Therefore, it is likely that the
inhibitory effect of TIMP-3 on melanoma cell invasion also involves

reduced attachment of cells to ECM, in addition to inhibition of MMP
activity. Inhibition of cell adhesion by TIMP-3 may be related to its

role as a matrix component and it is possible that overexpression of
TIMP-3 by melanoma cells saturates pericellular ECM with TIMP-3

and masks domains of ECM components required for cell adhesion.
However, it is also possible that TIMP-3 interacts with cell surface

matrix receptors and interferes with their binding to ECM ligands.
Interestingly, overexpression of TIMP-3 reduced the number of

viable cells and induced apoptosis in melanoma cells, both detected
first at 72 h after infection. However, the number of viable cells was
not affected 24 or 48 h after RAdTIMP-3 infection, indicating that
TIMP-3-elicited inhibition of melanoma cell invasion and adhesion is

not due to reduced cell viability. These findings are in accordance
with our recent observations indicating that adenovirus-mediated
overexpression of TIMP-3 in vascular smooth muscle cells inhibits

their invasion and promotes programmed cell death (20). It has also
been shown recently that in stably transfected DLD-1 colon carci
noma cells overexpression of TIMP-3 suppresses tumor growth in

vivo and induces apoptosis in cultured cells (23, 24). Additional proof
for the disadvantage of TIMP-3 expression for neoplastic cells is
provided by our recent observations showing lack of TIMP-3 expres

sion by tumor cells in cutaneous squamous cell carcinomas in vivo
(25). In addition, TIMP-3 expression by preneoplastic JB6 mouse
epidermal cells is lost by transformation (26), although TIMP-3 trans

fected JB6 tumor cells with increased tumorigenicity and invasion
capacity have been described (27). In light of all these observations,
it is not surprising that our initial attempts to generate TIMP-3
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overexpressing melanoma cell lines by stable transfections were not
successful.4 Induction of cell death in DLD-1 colon carcinoma cells

by TIMP-3 has been suggested to involve stabilization of TNF-a
receptors (24). Our observations show that overexpression of T1MP-1
or TIMP-2 did not induce apoptosis in melanoma cells although both
TIMP-1 and -2 potently inhibited their invasion, indicating that inhi

bition of MMP activity alone is not sufficient to induce apoptosis.
This notion is supported by our finding that inhibition of MMP
activity by synthetic MMP inhibitor did not induce apoptosis in
smooth muscle cells, whereas the addition of exogenous TIMP-3 did

(20). Therefore, it is likely that inhibition of cell adhesion and sub
sequent detachment is a crucial event in TIMP-3 induced apoptosis of

melanoma cells, in accordance with findings that contact of cells to
ECM plays an important role in inhibiting the onset of programmed
cell death (28).

In summary, the results of the present study provide evidence for a
novel role of TIMP-3 in regulation of cancer cell invasion and
survival. Our observations also suggest that adenovirus-based gene
delivery of TIMP-3 could offer a novel approach in gene therapy of

invasive malignant tumors, as it combines the beneficial effects of the
MMP inhibitors and suicide gene approach. Furthermore, gene ther
apy based on TIMP-3 as a secreted gene product may offer an

advantage over conventional suicide gene therapy, as the therapeutic
effect of secreted TIMP-3 would not be limited by transduction

efficiency as dramatically as that of intracellular suicide genes (e.g.,
HSV-thymidine kinase). Achieving 100% transduction efficiency in

vivo with current adenoviral vectors is difficult and. therefore, an ideal
form of melanoma gene therapy will need to rely on substantial
bystander effect, as noted with RAdTIMP-3 infected vascular smooth
muscle cell cultures (20). Furthermore, accumulation of TIMP-3

preferentially to the ECM may serve to limit the immunological
response against it. In conclusion, as a secreted, matrix associated,
antiangiogenic MMP inhibitor (29), which promotes apoptosis, TIMP-3

may prove to be a promising new tool in gene therapy of melanoma and
other neoplastic tumors. Additional studies using melanoma-cell specific

adenoviral vectors are clearly warranted to elucidate the efficacy of
TIMP-3 based gene therapy of malignant melanoma.
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