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ABSTRACT

Tissue inhibitors of metalloproteinases (TIMPs) are the negative regu
lators of matrix metalloproteinases that degrade extracellular matrix. We
examined the regulatory role of 11MI'-I in the metastatic activity of

human gastric cancer cell lines in chick embryos because unregulated
matrix metalloproteinase activities are belived to be essential during met
astatic processes. One of the nine cell lines examined, KKLS cells, formed
metastatic colonies in the chick livers. These cells expressed undetectable
levels of TIMI'-1. and this was not inducible by 12-O-tetradecanoylphor-

bol 13-acetate. Derivatives of KKLS cells with different levels of TIMP-1
expression were prepared by transfection of the human TIMP-1 comple

mentary DNA controlled by a simian virus 40 early promoter. Metastatic
abilities were suppressed by almost 70% in the transfectants expressing
high levels of TIMP-1. In contrast, no suppression was observed in the
control transfectants or in cells expressing the transfected I IMI'-1 gene at

low levels. These data indicate that a reduced expression of TIMP-1 in

KKLS cells is responsible for their consequent metastatic potential. More
over, it suggests that matrix metalloproteinase enzymatic activities are a
prerequisite for metastatic activity in this experimental model system.

INTRODUCTION

Tumor cells have to degrade ECM3 components to invade sur

rounding tissues and form metastatic colonies at distant sites. This
invasive process requires different MMPs with substrate specificities
for various individual components of ECM (1-3). These MMPs have

been reported to be expressed frequently among malignant tumor cells
and are believed to play a role in the metastatic process (2, 4, 5).

In normal tissue, activities of MMPs are regulated strictly at dif
ferent levels to avoid excessive action of the enzymes that will cause
severe tissue damage. Regulation is achieved through transcription of
the genes, activation of latent forms of proenzymes, and specific
inhibition of enzyme activity by TIMPs (2, 3). Two closely related
TIMPs (TIMP-1 and TIMP-2) that share 41% amino acid homology
have been reported. TIMP-1 is a Mr 28,000 glycoprotein (6-8), and
TIMP-2 is a Mr 21,000 nonglycosylated protein (9-11). Both TIMPs

bind noncovalently to activated MMPs in a 1:1 molar ratio and spe
cifically inhibit their activities. Unlike other MMPs. the proenzymes
of MMP-2 and MMP-9 can form complexes with TIMP-2 and
TIMP-1, respectively (9, 10). Recent studies have also shown that the
complex formation modifies the activation of the proenzymes (12-

14).
Thus it is believed that the potential of tumor cells to invade the

ECM is regulated by the balance of MMPs and TIMPs. Consistent
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with this idea, abnormal increases in MMP expression have been
reported to be associated with invasive and metastatic tumor cells (2,
4, 5, 15, 16). TIMP-1 has been shown to inhibit in vitro invasion of

basement membrane by tumor cells and to reduce metastatic coloni
zation in mice when it is injected together with tumor cells (17, 18).
Khokha el al. (19) have shown that expression of antisense TIMP-1

RNA in murine Swiss 3T3 cells caused phenotypic transformation that
was both tumorigenic and metastatic in nude mice. Their results
suggested that MMP activity was essential for both tumorigenicity and
metastatic potential. Thus, it was hypothesized that decreased expres
sion of TIMPs were associated with the invasive and metastatic phe-

notype of human tumor cells and that expression of the exogenous
TIMP genes in these cells could potentially counteract the metastatic
phenotype.

To test these hypotheses we used a recently developed reproducible
method of detecting metastasis in chick embryos (20, 21 ). This system
incorporates a PCR to amplify and detect a DNA fragment specific to
human tumor cells that have metastasized into embryonic liver. With
this method, we evaluated the metastatic abilities of various human
tumor cell lines derived from gastric cancer (a prevalent tumor in
Japan) and those of cells transfected with exogenous TIMP-1 gene.

MATERIALS AND METHODS

Cell Lines and Culture Conditions. All cell lines were derived from
human gastric cancers except for human fibrosarcoma HT-1080, which was

used as a positive control cell line. NATS, ISLS, KKLS. and NKPS were
established by Dr. Mai et al. (Kanazawa University). KATO III was obtained
from the American Type Culture Collection, NAKAJIMA and ST-KM from Dr.
Yanoma (Kanagawa Cancer Center, Japan). NUGC-4 from the Japanese Can
cer Research Resources Bank, and MKN-28 from Dr. Su/uki (Fukushima
Medical College). All of the cells were cultured in Dulbecco's modified Ea
gle's medium supplemented with lO'/f fetal calf serum and antibiotics.

Chick Embryo Assay. The assay was performed as originally described by
Endo et al. (20). Briefly, human tumor cells (IO6 cells) were injected into the

chorioallantoic membrane vein of the chicken eggs 10 days after fertilisation
and incubated for a further 7 days. Embryo livers were then dissected, and the
total DNA was extracted. A fragment of the ÃŸ-globingene in the human tumor
cells that colonized liver tissue was amplified by PCR (22) using species-

specific primers (20). The amplified fragment (576 base pairs) was separated
electrophoretically in a 1.2% agarose gel and then analy/.ed by Southern blot
analysis with a "P-labeled oligonucleotide probe specific to the target DNA

fragment. Radioactivity of the band was measured using a Bio-Image Analy/er

BAI00 (Fuji Photo Film Co., Ltd., Tokyo. Japan). Four embryos were used lor
each assay, and the experiments were performed in triplicate.

Northern Blot Analysis. Cytoplasmic RNA was extracted from cells, and
poly( A (-containing mRNA was further purified using oligodeoxythymidine
cellulose. One |jg of poly(A)-RNA was electrophoresed in a 1% agarose gel

with 2.2 M formaldehyde as described previously (23). RNA was then trans
ferred to nylon membranes and hybridi/.ed with '-P-labeled probes (4 x 10"

cpm/mg). The following probes were used for Northern blot analysis: cDNAs
for MMP-1 (interstitial collagenase): MMP-2 (M, 72,000 type IV collagena.se/
gelatinase); MMP-3 (stromelysin I ); MMP-9 (M, 92,000 type IV collagenase/
gelatinase): TIMP-1; and TIMP-2 as described previously (16). cDNA probes
for uPA and PAI-1 were obtained from the Japanese Cancer Research Re

sources Bank.
Construction and Transfection of the I Â¡Ml'-1Expression Plasmid. Hu

man TIMP-1 cDNA was inserted downstream of the simian virus 40 early
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Fig. I. Detection of a human ÃŸ-globingene de
rived from metastatic tumor cells colonized in the
chick liver. Human gastric cancer cell lines and
HT-1080 cells were examined for their metastatic
ability in the chick embryos. Four embryos were
used for each experiment. Tumor cells (IO6) were

inoculated into the chorioallantoic membrane vein
and incubated for a further 7 days as described in
"Materials and Methods." Total liver DNA was ex

tracted, and 1 ug was used to amplify a human
ÃŸ-globingene fragment by 25 PCR cycles. The

product was analyzed by Southern blotting using a
"P-labeled oligonucleotide as the probe (20). Cell

lines are indicated.

HT1060 MKN28 ST-KM NAKAJIMA KATCMII

1 Â¿ J Â«

NUGC-4 NKPS KKLS NTAS ISLS

1 234567 89 10

GAPDH
Fig. 2. Northern blots of mRNAs for TIMPs and MMPs. Poly(A)-containing RNAs ( 1

ug) prepared from the cultured cells were electrophoresed in a \*k formaldehyde-agarose

gel. After transfer to a nylon membrane, mRNAs were localized by hybridization with
cDNA probes prepared as described previously (16). Probes are indicated. Lane I. HT-
1080; Lane 2, MKN-28; Lane j. ST-KM; Lane 4. NAKAJIMA; Lane 5, KATO III; Lane
6, NUGC-4; Lane 7. NKPS; Lane 8, KKLS; Lane 9, NATS; Lane 10, ISLS.

promoter in the eukaryotic expression vector pSG5 (Stratagene, La Jolla, CA).
Plasmiti pSG5/TIMP was cotransfected with a selectable neo' gene (neomycin

phosphotransferase gene of Escherichia coli) using the calcium phosphate
method. Transfected KKLS cells were cultured in the presence of 500 ug/ml of
G418, and the resistant cells (KTCLs) were cloned. Presence of the transfected
TIMP-1 gene was examined by Southern blot analysis. All of the G418-

resistant cells were maintained in the presence of 100 ug/ml of G418. Sixteen
G418-resistant clones (KTCLs) were isolated, and five of them had multiple
copies of the transfected TIMP-1 gene (data not shown). KTmix was a term
derived for the mixed population of G4l8-resistant cells from one dish of

transfectants.
Detection of Transcripts from the Transfected TIMP-1 Gene. The total

RNA extracted was used to synthesize cDNA by reverse transcriptase using
random hexamers as primers. The cDNA (corresponding to 50 ng of the total
RNA) was amplified for 25 PCR cycles using primers specific to the TIMP-1
transcript from the transfected gene. The 5' primer sequence was

TACAGCTCCTGGGCAACGTGCTGG, which was located 80 nucleotides
upstream from the cloning site (EcoRl) in the vector portion. The 3' primer.

TGGGACACAGGTGCAGGCCCTGCT, corresponded to nucleotides 123-

146 of the reported TIMP-1 cDNA sequence (7) (Fig. 4/1). The amplified
fragments of 197 base pairs were separated by electrophoresis in 5% poly-
acrylamide gel and analyzed by Southern blot analysis using the TIMP-1 gene

as a probe.
Gelatin Zymography. Zymography in sodium dodecyl sulfate-polyacryla-

mide gel electrophoresis containing gelatin at a final concentration of 0.1%
(w/v) was performed according to the method of Hibbs el al. (24). Samples
were mixed with SDS sample buffer in the absence of reducing agent to
denature MMPs and to dissociate their complexes with TIMPs, incubated at
37Â°Cfor 20 min, and electrophoresed on 10% polyacrylamide gels at 4Â°C.

After electrophoresis, gels were washed in 2.5% Triton-X 100 for l h to
remove SDS. Gels were then incubated for 24 h at 37Â°Cin 50 m.MTris-HCl (pH

7.6), 0.15 M NaCl, 10 HIMCaCU, and 0.02% NaN3 and stained with 0.1%
Coomassie brilliant blue R250.

Histology. Chick embryos were sacrificed 7 days after the inoculation of
the tumor cells, and livers were fixed with a periodate-lysine-paraformalde-
hyde fixative and embedded in paraffin. Sections (4-6 urn) were stained with

hematoxylin and eosin and observed by light microscopy.

0 5 10 24 hr

MMP-1

Ã¨~^*

MMP-9

TIMP-1

TIMP-1/HT1080

Fig. 3. TIMP-1 cannot be induced in KKLS cells by TPA. HT-1080 and KKLS cells
were exposed to 50 ng/ml for the indicated periods. Poly(A)-containing RNA was ex
tracted and analyzed for expression of TIMP-1. MMP-1, and MMP-9 genes by Northern
blotting as described in Fig. 2, except that the blots were exposed longer.
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pSG5 Vector

jSVpro

JOnL TIMP-1 gene

197 n.t

B

197 bp

12345678

Fig. 4. Expression of Ihe transfected TIMP-I gene in KKLS cells. A, a set of PCR
primers (24 mers) to detect the transcript from the transfected TIMP-l gene. The 5' primer

corresponds to the sequence downstream of the transcription initiation site in the vector
portion, and the 3' primer is derived from the TIMP-l cDNA sequence (123-146 nucle-

otide position). The amplified fragment is 197 base pairs in length. B, detection of the
transcripts derived from the transfected gene. Total RNA of the cells was extracted, and
50 ng of RNA were reverse transcribed. The TIMP-l cDNA fragment was amplified by
25 PCR cycles using the set of primers. The amplified fragments separated by eleclro-
phoresis in a 5^f-polyacrylamide gel were analyzed by Southern blotting using the TIMP-l

gene as the probe. Lane 1, parental KKLS; Lane 2, KTmix; Lane .Ã•.control neo gene
transfectant; Lane 4, KTCL1: Lane 5. KTCL3; Lane 6. KTCL12; Lane 7. KTCLI4: Lane
8. KTCL6.

TIMP-I mRNA Is Undetectable in KKLS Cells. Expression of

mRNAs for TIMPs and MMPs in the cell lines was examined by
Northern blot analysis (Fig. 2). TIMP-l mRNA was expressed in 8 of
the 9 cell lines: predominantly in MKN-28, ST-KM. NAKAJIMA.
NKPS, and ISLS and moderately in KATO III, NUGC-4, and NATS

(Fig. 2). However, it was almost undetectable in KKLS cells that were
metastatic in the chick embryos (Fig. 2, Lane 8). Reported sizes of the
TIMP-2 transcripts (3.5 and 1.0 kilobase) (9, 16) were expressed in 5
cell lines (MKN-28, NUGC-4, NKSP, KKLS, and ISLS). The other 4
cell lines expressed them at lower levels (ST-KM, NAKAJIMA, Kato

III, and NATS). No simple correlation was found between the expres
sion of TIMP-l and that of TIMP-2.

Expression of genes for MMPs was also examined using the cDNA
probes for MMP-1, MMP-2, MMP-3, and MMP-9. KKLS cells ex
pressed mRNA for MMP-2, one of the type IV collagenases (Fig. 2).
Transcripts of MMP-1 in KKLS cells were also detectable when
membrane blots were exposed for longer periods (see Fig. 3). HT-

1080, which is reported to be invasive in vitro and metastatic in nude
mice and chick embryos, expressed mRNAs for both of the type IV
collagenases (MMP-2 and MMP-9), as reported previously (16), and
for MMP-1. Transcripts detected using other cell lines were: MMP-1
for NKPS and ISLS; MMP-2 for NUGC-4 and ISLS: MMP-3 for
NKPS: and MMP-9 for NKPS.

Expression of TIMP-l as well as MMP-1, MMP-3, and MMP-9 is
reported to be inducible by TPA, while that of TIMP-2 and MMP-2 is
not affected (2, 16, 27). To examine the TPA inducibility of TIMP-l

and the MMP genes by KKLS cells, expression of the genes was
monitored by Northern blot analysis after the treatment of the cells
with TPA. Induced expression of TIMP-I was observed in HT-1080

cells as reported previously (16), but TPA failed to induce expression

Enzyme Immunoassay for TIMP-l. A pair of monoclonal antibodies
(Fuji Chemical Industries, Ltd.. Takaoka, Japan) against TIMP-l were used for

the assay according to the method described by Kodama et al. (25). Briefly, a
sample containing TIMP-l was incubated with one of the monoclonal anti

bodies conjugated with peroxidase, and an aliquot of the solution was trans
ferred to a microplate well coated with another monoclonal antibody. After
incubation and washing the plate, bound peroxidase activity was determined,
and the amount of human TIMP-I was calculated from the standard curve. The

measurements were repeated at least four times for each tumor cell line.

RESULTS

Metastatic Ability of Human Gastric Cancer Cells in Chick
Embryos. Human gastric cancer cell lines were examined for their
metastatic abilities in the chick embryos as described previously (20,
21 ). A fibrosarcoma cell line, HT 1080, that formed liver metastasis in
the previous experiments was used as a positive control. In the nine
cell lines tested, only KKLS cells had undergone liver metastasis as
shown by PCR amplification of the human ÃŸ-globingene fragment

(576 base pairs) from embryonic liver samples obtained after the
inoculation of chick embryos (Fig. 1). HistolÃ³gica! examination of the
livers revealed metastatic colonies of KKLS tumor cells invading and
growing in the liver parenchyma (see KKLS in Fig. 6A). Other cells
that were inoculated and were devoid of PCR-amplifiable fragments

produced hardly any detectable colonies in the liver tissue (data not
shown). KKLS is a cell line established from a lymph node metastasis
of a patient with undifferentiated gastric carcinoma with multiple
mÃ©tastasesin the liver and lymph nodes. It is also tumorigenic in nude
mice (26). Histological features of the tumor in the chick liver retained
the original epithelial characteristics showing well-circumscribed

solid tumor cell nests surrounded by collagen fibrils.

TIMP-1

(no/rnl)
100-

50-

Kneo KTmix KTCL1 KTCL3 KTCL14

100-

Relative
Metastatic

Ability
50-

Fig. 5. TIMP-I produced by the transfectants and their metastatic ability in chick
embryo. A. semiconfluent cells were cultured in serum-free medium for 24 h. and con
ditioned media were harvested. The TIMP-1 level was determined by a one-step sandw ich

electroimmunoassay using an aliquot of the conditioned medium. Ijme I. parental KKLS;
Ume 2. control nen transfectant; Ã•Mne.Ã•,KTmix; Â¡Mile4. KTCL1; ljune 5, KTCL3; Ijine
6. KTCLI4. B, transfected cells examined for their metastatic ability in chick embryos.
Experimental conditions were the same as [hose described in Fig. I. Radioactive hybrids
of the amplified PCR fragment were measured with a Bio-Image Analyzer BA I(X) (Fuji
Film). The value for the parental KKLS cells is presented as 100 on the veniali axis. The
average values of four experiments are indicated.
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(A) KKLS .(B) KTmix

(C)K-neo (D) KTCL1

Fig. 6. Histological examination of the colonies of
the transfectants formed in the chick embryo livers:
histolÃ³gica! sections of chick embryo livers 7 days
after chorioatlantoic membrane vein injection of
KKLS transfectants. H&E, X 50.

<E)KTCL3

of mRNAs for TIMP-I, MMP-I, and MMP-9 in KKLS cells (Fig. 3).
Since gross alterations of the genomic DNA of the TIMP-I gene were

not detected (data not shown), the signaling pathway may be defective
in KKLS cells.

IVansfection of Human TlMP-1 cDNA into KKLS Cells. To
examine whether the defect in expression of T/MP-I had a significant

role in the metastatic ability of KKLS cells, we tried to express
exogenous TIMP-1 gene in KKLS cells. A human TIMP-1 cDNA (7,

8) controlled by a simian virus 40 early promoter was cotransfected
into the cells with a selectable neo' marker gene. The transcribed

messages derived from the transfected gene were detected by using
the expression construct-specific primers (Fig. 4/4). Four of the five

clones expressed the transfected gene at different transcript levels
(high, KTCL-1, -6, -14; low, KTCL-3). However, the transcript was

not detectable in KTCL-12 cells (Fig. 4ÃŸ).Control cells transfected
with only the neo' gene showed no expression of the transfected

TIMP-1 gene. Endogenous TIMP-I gene expression was also con
firmed by changing the 5' primer to the one corresponding to the

missing sequence in the exogenously transduced gene. No band was
amplified from the parental or the transfected cells (data not shown).

Translation of the messages and secretion of the protein into the
culture medium were confirmed by measuring the TIMP-1 levels in
the conditioned media by a one-step sandwich electroimmunoassay
(Fig. 5/4). The TIMP-1 levels detected in the culture media correlated

well with those of transcripts identified by PCR. To confirm that the
transfected cells were expressing the gene uniformly, the cultured
cells were immunostained with anti-TIMP-1 monoclonal antibody.
More than 95% of the KTCL-1, KTCL-6, and KTCL-14 cells were

1400

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/6/1397/2453940/cr0530061397.pdf by guest on 19 M

ay 2023



INHIBITION OF METASTASIS IN CHICK KMBRYO

1 23456

MMP-9 -*â€¢

MMP-2 -^

Fig. 7. Zymogram analysis of MMPs produced by the TIMP-l gene Iransfectants.
Aliquots (IO ul) of conditioned medium from HT-1080 and KKLS derivatives grown for
24 h in serum-free medium were electrophoresed in a I07r polyacrylamide gel containing
\7r SDS and 0.\7c (wt/vol) gelatin. SDS was removed from the gel. which was then
incubated for 24 h. Staining the gel localized the MMPs as clear bands. Ijine I. KKLS;
iMne 2. KTmix; Lane .f, control neo1 transfectant (K-neo); iMne 4, KTCL-1; iMne 5.
KTCL-3; Lane 6, KTCL-14; Lane 7, HT-1080.

stained positively, while the parental and control cells were negative
(data not shown).

Metastatic Colonization Abilities of the Transfected Cells.
KTCL-1, KTCL-3, and KTCL-14, which express different levels of
TIMP-l, were examined for their metastatic abilities in the chick

embryos together with controls using parental KKLS cells and cells
transfected with only the neo' gene. Both control cells formed liver

colonies and gave the amplified the ÃŸ-globingene fragment as shown
(Figs. 1 and 5ÃŸ).KTCL-3 cells, which expresses the gene at low
levels, also generated the ÃŸ-globingene fragment from the liver DNA

at a level comparable to those of the controls (Fig. 5ÃŸ).In contrast, the
embryonic liver samples inoculated with KTCL-1 and KTCL-14 cells
that express the transfected TIMP-l gene at high levels produced only
weak bands of the ÃŸ-globingene, indicating that the abilities of these

clones to form metastatic colonies in the liver were suppressed (Fig.
5fl). The intensities of the amplified ÃŸ-globingene from KTCL-1 and
KTCL-14 cells in the liver samples were 32% and 35% of the control
Kneo cells, respectively. KTmix, a mixed population of G418-resis-

tant cells, showed 78% liver metastasis compared with the parental
cells (Fig. 5fi). The results were confirmed further by histolÃ³gica!
examination. Liver sections of the chicks into which KTCL-1 or
KTCL-14 cells were injected showed apparently fewer and smaller

metastatic colonies compared with those of parental and control cells
(Fig. 6).

Cells with reduced growth rates or reduced expression of MMPs
might be selected during the transfection and subsequent subcloning
of the cells. Therefore, the growth rate of the transfected cell clones in
vitro was examined and found not to be altered during the experiments
(data not shown). Production of MMPs was also examined by zymog-

raphy using gelatin as a substrate. Major gelatinolytic activity pro
duced by the KKLS and its derivatives corresponded to a character
istic Mr 68,000 band of MMP-2 (Fig. 7). No decrease in the produced
gelatinolitic activities was associated with KTCL-1 and KTCL-14;

rather, they were increased compared to the metastatic control cells.
Northern blots also confirmed that expression levels of the TIMP-2

gene in the KKLS derivatives were similar to that of the parental cells
(data not shown).

DISCUSSION

A human gastric carcinoma cell line, KKLS, which expresses un-
detectable levels of TIMP-l. forms metastatic liver colonies in chick
embryo. Expression of a transfected TIMP-l cDNA in this cell line

caused the inhibition of liver metastasis, and, importantly, it did not
affect the growth properties or MMP production of the cells in culture.
Thus, the decreased expression of TIMP-l in KKLS cells is an es

sential component for liver metastasis, and the metastatic activities of
the cells regulated by TIMP-l are reversible. These results also indi

cate that the MMPs in the vicinity of tumor cells play an essential role
during metastatis to the embryonic liver. From histolÃ³gica! examina
tion of the liver sections, the transfectants expressing TIMP-l showed

a tendency to form smaller colonies with lower frequency. Therefore,
extravasation of the cells from the circulation or/and proliferation in
liver parenchyma might be the main steps affected by TIMP-l ex

pression.
Recombinant or purified TIMP-l protein reportedly inhibits inva

sion of tumor cells in vitro (17), and repeated administration of high
doses of TIMP-l reduces the incidence of lung metastasis by a rat
embryo cell line 4R (18) and B16-F10 cells (17). Although relatively
high concentrations (100-200 ng/ml) ot TIMP-l are reported to be

present in fluids from various tissues (28), quantities are thought to be
insufficient to counteract the activities of local MMPs during tumor
invasion. Our study indicates that the tumor cells themselves are
effective at changing the local balance of TIMP-l versux MMPs at the

invasion edges. This is consistent with the data reported by Khokha et
al. (19) in which the tumorigenicity and metastatic ability of the Swiss
3T3 cells were induced by reducing TIMP-l expression with the

antisense gene.
DeClerk et al. (29) have recently shown a similar result where they

expressed a cloned TIMP-2 cDNA in the W-ra.v-transformed rat fibro-

blast cell line and observed inhibited experimental metastasis in nude
mice. It would therefore be of interest to know whether there are any
differences in the mechanisms by which TIMP-l and TIMP-2 achieve

their antimetastatic activities. Both TIMPs block the activities of
MMPs by a 1:1 molar stoichiometry, although TIMP-2 is reported to
preferentially inhibit MMP-2 and MMP-9 (30). The net inhibitory

activity of TIMPs might therefore be important to the antimetastatic
activity. It is also known that TIMP-l and TIMP-2 form specific and
exclusive complexes with the proenzyme forms of MMP-9 and
MMP-2. respectively. Both enzymes are considered to be especially

important for metastasis because they can degrade type IV collagen in
the basement membrane that is a major barrier for tumor cells tra
versing the tissues. The TIMP-proenzyme complexes can be activated
to intermediate forms but are resistant to further activation by auto-

catalytic proteolysis in vitro (13). Recently, Goldberg et al. (12) re
ported that MMP-9 can form homodimers in the absence of TIMP-l
(12). The homodimer which does not reform complexes with TIMP-l
can be fully activated in vitro differently from the proenzyme-TIMP-1
complex. Therefore, expression of MMP-9 and TIMP-l by the same

cell or by neighboring cells is a critical factor for the proenzyme to
become an activatable homodimer or an activation-resistant complex
with TIMP-l. Although KKLS cells express MMP-9 at low levels,
other unidentified MMPs which are regulated by TIMP-l in a manner
similar to that for MMP-9 might be expressed by the cells. If the
transfected TIMP-l gene product plays a specific role, it may explain
why the expression levels of TIMP-2 in the KKLS cells cannot coun

teract metastasis in the chick embryos. This point will be clarified by
determining whether exogenous TIMP-2 gene expression in the KKLS
cells has an inhibitory effect similar to that of the TÃŒMP-ÃŒgene as

demonstrated in the present studies.
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Degradation of the ECM by MMPs is thought to be a fundamental
step in metastasis for the majority of tumor cells. Therefore, this is an
appropriate target step for the development of therapeutic procedures.
Our results also suggest that it is important to develop a means of
effective delivery of inhibitors to the vicinity of tumor cells.
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