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ABSTRACT

Background: Tissue inhibitor of metalloproteinases-3
(TIMP3) is the third member of the TIMP family of
proteins, believed to play a significant role in controlling
extracellular matrix remodeling.
Materials and Methods: Differential screening of
a human breast carcinoma cDNA library using sub-
stracted and PCR-amplified cDNA probes identified
a 4.6-kb TIMP3 cDNA, which was used for further
cDNA library screenings, Northern blot hybridiza-
tions, and the synthesis of riboprobes for in situ RNA
hybridization analyses.
Results: The 4.6-kb full-length TIMP3 cDNA contains
3.7 kb of 3'-untranslated sequence. Additional TIMP3
cDNAs subsequently identified were colinear with the
original sequence, but revealed use of four different
polyadenylation signals within the 3'-untranslated re-

gion, which accounted for the 4.6-, 2.7-, 2.5 -, and 2.1 -kb
TIMP3 transcripts noted in this and in previous studies.
In situ RNA hybridizations demonstrated that in breast
carcinoma the TIMP3 gene was predominantly ex-
pressed by fibroblastic cells within the tumor stroma
adjacent to cancer cells. TIMP3 transcripts were also
strongly detected in fibroblastic decidual cells of pregnant
endometrium.
Conclusions: Modulating the length of the 3'-untrans-
lated region may represent a mechanism by which
TIMP3 gene expression is controlled in tissues. The
strong expression of the TIMP3 gene by fibroblastic cells
in breast carcinoma supports the importance of tumor
stroma as a source of factors influencing human carci-
noma growth and progression.

INTRODUCTION
TIMP3 represents a novel member of the tissue
inhibitor of metalloproteinases (TIMP) protein
family, previously comprised of TIMPI and
TIMP2 proteins (1). The chicken TIMP3 se-
quence, which was the first to be identified,
shows 28 and 42% amino acid identity with
consensus TIMPI and TIMP2 amino acid se-
quences, respectively (1), and is approximately
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as similar to TIMP2 as TIMPI and TIMP2 are to
each other (2). All TIMP proteins so far identified
function as inhibitors of the matrix metallopro-
teinase family of enzymes. The physiological role
of these enzymes is believed to be the degrada-
tion of extracellular matrix components, with
matrix metalloproteinase activity being impli-
cated in both physiological and pathological tis-
sue remodeling processes (3-5). TIMP function
appears vital for correct regulation of matrix
metalloproteinase activity (6), and in the case of
TIMP3, elevated gene expression (7) and coding
sequence mutations (8) have been recently re-
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ported in two retinal disorders characterized by
increased local remodeling of the extracellular
matrix.

Either as a consequence or independent of
their functions as inhibitors of matrix metallo-
proteinases, TIMPs affect cellular growth (9).
TIMPI was initially known as erythroid-potenti-
ating activity due to its ability to stimulate colony
formation by erythroid precursors (10), and has
been shown to stimulate the growth of a variety
of cells in culture (11). Erythroid-potentiating
activity has been subsequently demonstrated for
TIMP2 (12), which has also been found to inhibit
basic fibroblast growth factor-induced endothe-
lial cell proliferation (13). TIMP3 is especially
interesting in this regard, having been found to
possess tumor-promoting properties, such as the
ability to promote the detachment of trans-
formed chicken embryo fibroblasts from the ex-
tracellular matrix (14).

TIMP3 cDNAs have been recently isolated
from chicken (1), mouse (15-17) and human
(7,18-22). However, the lengths of the human
cDNA sequences published to date do not corre-
spond with the sizes of the 3 most prominent
human TIMP3 transcripts noted in previous
studies ( 18-20,22), although a sequence approx-
imating the length of the largest transcript has
been reported in the mouse (16). Furthermore,
although TIMP3 transcripts are detected in sam-
ples of oligodT-selected RNA (17-19), several of
the TIMP3 cDNAs described do not have polyA
sequences (1,7,15,17,18), suggesting that these
are incomplete at least at their 3' ends. It has
been suggested that multiple TIMP3 transcripts
arise by alternative splicing involving coding
and/or noncoding regions, further processing of
the longest transcript, the use of alternate poly-
adenylation sites, or that the presence of multi-
ple TIMP3 transcripts may actually represent the
existence of additional, highly homologous
genes (18-20,22). In the absence of cDNA clones
corresponding to the most frequently observed
TIMP3 transcripts, it is currently unclear which
of these mechanisms operate in vivo.

In the course of a differential screening pro-
cedure designed to isolate genes that are com-
monly overexpressed in human carcinomas, we
identified a number of cDNAs that were differ-
entially expressed between breast carcinomas
and fibroadenomas (23). Following DNA se-
quencing, one cDNA clone containing a 4.6-kb
insert was found to encode human TIMP3. Un-
like human TIMP3 cDNAs previously reported,
its length corresponded to that of the longest and

most predominant TIMP3 transcript in human
and mouse RNA samples (7,15-20). A second
screening of the breast carcinoma cDNA library
and an additional library constructed using met-
astatic lymph node tissue from a breast cancer
patient, identified other TIMP3 clones. The anal-
ysis of 5 cDNA clones revealed that 4 distinct
polyadenylation sites are used.

In situ RNA hybridization analyses were per-
formed on paraffin-embedded tissue sections to
determine the cellular localization of TIMP3 gene
expression in human tissues shown to express
the gene by Northern blot analysis. TIMP3 tran-
scripts showed strong expression in fibroblastic
cells of tumor stroma in all of 14 breast carcino-
mas examined, whereas normal breast glandular
epithelium and cancer cells were weakly and less
frequently labeled. This pattern of expression in
breast carcinomas further supports the concept
that, by synthesizing factors capable of modulat-
ing extracellular matrix characteristics, tumor
stroma is an important determinant of tumor
growth and progression.

MATERIALS AND METHODS
Isolation of TIMP3 cDNAs

The differential screening procedure that led to
the cloning of a 4.6-kb TIMP3 cDNA was as
follows. Briefly, single-stranded breast carci-
noma cDNA was subtracted twice using polyA+
RNA from fibroadenoma (a benign breast lesion)
and normal skin. The remaining single-stranded
cDNA was then positively selected using skin
basal cell carcinoma polyA+ RNA, in order to
enrich for sequences expressed in both breast
and another carcinoma type. Single-stranded
cDNA and cDNA-RNA heteroduplexes were sep-
arated following the hybridization steps (per-
formed in 4 ,lI 120 mM sodium phosphate buffer
pH 6.8, for 24 hr at 68°C) on hydroxyapatite
columns at 60°C (24). The cDNA-polyA+ RNA
heteroduplex resulting from the first subtraction
step was used as a negative probe, since this
represented sequences expressed in both malig-
nant and benign tissues, while the heteroduplex
resulting from the final positive selection step
between subtracted breast carcinoma cDNA and
basal cell carcinoma polyA+ RNA was used as a
positive, carcinoma-specific probe.

Using both random-primed and oligo-dT
primed cDNA from the same breast carcinoma
used as a source of the subtracted probes, a breast
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carcinoma cDNA library was constructed in the
AZAP H vector (Stratagene, La Jolla, CA). Sixty
thousand plaque forming units (PFUs) from this
cDNA library were differentially screened, and a
total of 16 genes overexpressed in breast carci-
noma as compared with fibroadenoma were
identified (23). One of these (S6) was found to
correspond to a 4.6-kb TIMP3 cDNA. The S6
cDNA was used to rescreen 150,000 PFUs from
the same library, and 500,000 PFUs from a sec-
ond cDNA library constructed in the AZAP II
vector using oligodT-primed cDNA from a meta-
static lymph node of a breast cancer patient. The
in vivo excision system for rescuing AZAP II in-
serts as pBluescriptSK plasmids was followed
according to the manufacturer's instructions
(Stratagene, La Jolla, CA).

DNA Sequencing
Minipreparations of plasmid DNA, further puri-
fied by NaCl and polyethyleneglycol 6000 pre-
cipitation, were sequenced with Taq polymerase
and either T3 and/or T7 primers, or internal
primers, and dye-labeled ddNTPs for detection
on an Applied Biosystems 373A automated se-
quencer. Sequence analyses were performed us-
ing the GCG sequence analysis package, with
sequence homologies being identified using the
fastA program by searching the complete com-
bined GenBank/EMBL databanks and, in the
case of translated sequences, by searching the
complete Swissprot database. The S6 cDNA was
completely sequenced in both directions, and
other TIMP3 clones subsequently isolated were
completely sequenced in at least one direction.

RNA Analyses
The human cell lines used in this study are de-
scribed in the American Type Culture Collection
catalog (7th Ed., 1992), and surgical specimens
were obtained from the Hopitaux Universitaires
de Strasbourg. Cells were cultured until conflu-
ent in Dulbecco's modified Eagle's medium sup-
plemented with 10% fetal calf serum, and surgi-
cal specimens stored in liquid nitrogen, before
total RNA was isolated as previously described
(25). Northern blot analyses were performed
with 8 ,ug of total RNA or 500 ng of polyA+ RNA
(selected using oligodT cellulose spun-column
chromatography provided by the Pharmacia
mRNA Purification Kit) electrophoresed through
1.2% denaturing agarose gels and transferred to
nylon membranes (HybondN, Amersham Corp.,

Arlington Heights, IL, U.S.A.). Northern blot hy-
bridizations were performed using the 32P-la-
beled S6 TIMP3 cDNA (see above), and subse-
quently using that of 36B4, a gene known to be
ubiquitously expressed (26). These and following
washing steps were performed essentially as de-
scribed (25), and filters were exposed to Kodak
XAR film for 6 hr to 3 days at -800C.

In situ hybridizations were performed on
formaldehyde-fixed paraffin-embedded human
tissue sections as described (25). Briefly, 5-,um
sections that had been deparaffined and acid-
treated were treated with proteinase K and hy-
bridized overnight at 55°C with sense or anti-
sense TIMP3 transcripts labeled with 35S-CTP.
Transcripts were synthesized using either T3 or
T7 polymerases and plasmid DNA templates pu-
rified from two CsCl gradients and digested with
appropriate restriction enzymes. Two cDNAs
were used to synthesize probes: the 4579 bp S6
cDNA including 3666 bp of 3'-UTR sequence;
and a 1976 bp S6 TIMP3 subclone including the
S6 5'-untranslated region (UTR) and coding se-
quences, but only 1063 bp of 3'-UTR sequence
(see Results). Hybridizations were followed by
RNAse treatment as described (25), and washing
(2X SSC, 50% formamide, at 550C for 2 hr),
before autoradiography using NTB2 emulsion
(Kodak, Rochester, NY, U.S.A.) at 40C for 14 to
32 days. After development, sections were coun-
terstained with toluidine blue.

RESULTS
Isolation of the S6 Clone and of
Additional Homologous Clones
The cDNA clone containing an insert of 4.6 kb,
originally identified in the differential screening
procedure, was given the laboratory designation
of S6. Use of this clone in Northern blot hybrid-
izations resulted in the frequent detection of 3
transcripts of 4.6, 2.7, and 2.5 kb in length (Fig.
1). These were strongly expressed in the breast
carcinoma from which both the cDNA library
and the probes used for differential screening
were derived, but were only weakly expressed in
the breast fibroadenoma used to subtract the
breast carcinoma cDNA. The 3 transcripts were
consistently detected together in most human
tissues and cell lines examined, although the
largest transcript was missing in HeLa and
Caco-2 cells (Fig. 1). In addition to the 2.7- and
2.5-kb transcripts, 2.1- and 1.8-kb transcripts
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FIG. 1. Northern blot analyses of TIMP3
mRNAs using (A) 500 ng polyA+ RNA or (B) 8
,ug total RNA from human tissues and human
cell lines
Panel A indicates that TIMP3 mRNAs were present
at higher levels in the breast carcinoma (BC) tissue
used both in cDNA library and differential probe
construction than in the fibroadenoma (FA) used to
subtract breast carcinoma cDNAs. Panel B indicates
that while 4.6-, 2.7-, and 2.5-kb TIMP3 transcripts
(corresponding to cDNA clones S6/S1W, S5, and S4,
respectively) were detected in HFL1 fibroblasts, the
4.6-kb TIMP3 transcript was not detected in HeLa
and Caco-2 cell lines. Blots were rehybridized with
36B4 cDNA (25), corresponding to a gene ubiqui-
tously expressed. Autoradiographic exposures were

for 19 and 6 hr for TIMP3 and 36B4, respectively
(A), and for 3 days for both TIMP3 and 36B4 (B).

were also detected in the metastatic lymph node
from which the second cDNA library screened in
this study was obtained (data not shown).

The length of the 4.6-kb insert of the S6
clone suggested that this represents a full-length
cDNA clone corresponding to the largest tran-
script detected by Northern blot analysis (Fig. 1).
The breast carcinoma cDNA library and the
cDNA library derived from a metastatic lymph
node of a breast cancer patient were screened to
isolate additional independent cDNA clones, par-

ticularly those corresponding to the smaller tran-
scripts. The results indicated that clones with
homology to S6 were present at frequencies of
6/10,000 clones in the breast carcinoma cDNA
library, and 8/100,000 clones in the metastatic
lymph node cDNA library. On the basis of restric-
tion maps of 10 of the clones isolated, 4 clones
were selected for sequence analysis. One clone
(S10, 4608 bp) isolated from the breast carci-
noma library, was very similar to S6 (4579 bp).
S1O was found to possess an additional 30 bp at
its 3' extremity, 22 bp of which represented a

polyA sequence, and an additional 10 bp at its 5'
end. The S6 sequence, plus these additional se-
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FIG. 2. Structures of the human TIMP3
transcripts
The 5'-UTR, coding sequence, and 3'-UTR of the
4.6-kb human TIMP3 transcript are illustrated dia-
grammatically at the top of the figure; the vertical
lines through the 3'-UTR indicate the positions of
functional polyadenylation signals identified by clon-
ing the SI, S4, S5, S6, and S10 (S6/10) cDNAs. The
sequence of each polyadenylation signal is indicated
above a horizontal line representing the predicted
length of the TIMP3 transcript relative to the 4.6-kb
TIMP3 sequence. Note that the 3'-UTR occupies 56-
80% of the four TIMP3 transcripts shown. The
TIMP3 2.1-kb transcript in the present study was
previously reported as a 1.8 kb transcript (21). The
S6/10 sequence, annotated so as to indicate the posi-
tions of the 4 polyadenylation signals identified, has
been deposited in the GenBank database under the
accession number U14394.

quences from SI 0, will be referred to hereafter as
the S6/10 sequence (Fig. 2). Sequences of the
remaining 3 clones, SI (811 bp), S4 (1917 bp),
and S5 (1422 bp), isolated from the metastatic
lymph node cDNA library, were contained
within that of S6/10. All sequences were almost
entirely identical within their regions of overlap,
with minor variations being noted in 3'-UTR
sequences only.

The Structure of the Human S6/10
TIMP3 cDNA

The identity of S6/10 as a TIMP3 cDNA was
indicated by the almost complete homology to
shorter human TIMP3 cDNAs previously re-
ported (7,18-22). Despite minor differences in
the 5'-UTR (19,22), 3'-UTR (7,21), and coding
(18,19,21) regions, the predicted S6/10 amino
acid sequence was identical to several previously
reported TIMP3 sequences (19,20,22). Transla-
tion of the S6/10 sequence indicated that it con-
sists of 287 bp of 5'-UTR sequence, 636 bp of
predicted coding sequence, and 3686 bp of 3'-
UTR sequence, representing 6, 14, and 80% of
the S6/10 sequence length, respectively (Fig. 2).
The extensive 3'-UTR of the S6/10 sequence was
compared with that of a 4.5-kb murine TIMP3
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clone isolated by Sun et al. (16), and found to be
65% identical overall, with several regions of
striking homology.

Identification of the Use of Four
Polyadenylation Sites Within the
Human TIMP3 3'-UTR
A comparison of the sequences of 3 smaller
TIMP3 cDNAs isolated from the metastatic
lymph node cDNA library with that of S6/10
indicated the use of 4 different polyadenylation
signals. Although the SI, S4, and S5 clones were
all incomplete with respect to the 5' end of S6/
10, their sequences were almost identical to S6/
10, except that each contained a polyA sequence
commencing from a unique point along the
S6/10 sequence. The corresponding polyadenyl-
ation signals (Fig. 2) were identified based on
sequences and positions relative to the polyA
sequence (27), and 3 of the 4 signals identified
were found to be conserved in the murine TIMP3
3' -UTR sequence (16). Interestingly, only the S4
clone indicated the use of a canonical AATAAA
polyadenylation signal (Fig. 2).

Expression Patterns of TIMP3 RNAs

TIMP3 transcripts were detected by Northern
blot analyses in 5 out of 7 normal tissues exam-
ined, most strongly in placenta and kidney,
weakly in colon, lung and skin, but not in stom-
ach or liver (data not shown). With in situ hy-
bridization, TIMP3 transcripts were strongly de-
tected within decidual cells of the endometrium
in placental sections at 36 and 39 weeks gesta-
tion, and comparatively more weakly in some
cells within the connective tissue of the placental
villi (Fig. 3a and data not shown). Thus, the

majority of TIMP3 transcripts detected within
human placental RNA are likely to derive from
decidual cells of the adjacent pregnant endome-
trium, rather than from placental tissue itself. In
the kidney, TIMP3 transcripts were detected in
endothelial cells of the small extraglomerular
vasculature, and the glomeruli themselves were
also weakly labeled (data not shown). TIMP3
transcripts were also localized to endothelial cells
in corpus lutea, and in frontal and parietal cere-
bral cortex.

In breast carcinomas, TIMP3 transcripts were
detected by Northern blot analysis in 8 out of 9
tumors, and, in 3 of these, transcript levels were
clearly elevated compared with the expression in
7 out of 11 fibroadenomas (Fig. 1, and data not
shown). With in situ hybridization, TIMP3 tran-
scripts were predominantly detected in fibroblas-
tic cells within the tumor stroma of 14/14 breast
carcinomas of different grades, representing 11
infiltrating ductal carcinomas, 3 infiltrating lob-
ular carcinomas, and one medullary carcinoma
(Fig. 3, and data not shown). Less intense fibro-
blastic labeling was also noted in 2 breast fibro-
adenomas (data not shown). In breast carcino-
mas, fibroblastic cells that were most strongly
positive were frequently the ones immediately
adjacent to islands of invasive cancer cells (Fig. 3
c and d) or surrounding carcinoma in situ found
in the vicinity of infiltrating carcinoma (Fig. 3 e
through h). When surrounded by intensely
labeled fibroblastic cells, carcinoma cells were
rarely labeled themselves. However, in some
tissue sections cancer cells were weakly labeled,
and in the vicinity of these, fibroblastic labeling
was either reduced or not observed (data not
shown). Similar weak levels of epithelial labeling
were also observed in normal breast tissue
adjacent to tumor areas.

FIG. 3. The distribution of TIMP3 transcripts in human breast carcinomas and normal tissues detected
by in situ RNA hybridization
Bright field (a-c, e, g) and dark field (d, f, h) photomicrographs of paraffin-embedded tissue sections stained with
toluidine blue after hybridization with 35S-labeled antisense (a, c-h) and sense (b) TIMP3 transcripts derived from
a 1976-bp S6 TIMP3 subclone including 5'-UTR, coding sequences, and 1063 bp of 3'-UTR sequence are shown.
Identical patterns of labeling were obtained using riboprobes derived from the entire 4579-bp TIMP3 cDNA (data
not shown). (a) Placenta (36 weeks gestation) showing strong labeling of endometrial decidual cells. (b) The corre-
sponding region of the same placental sample hybridized with the sense TIMP3 riboprobe. (c, d) An infiltrating
ductal breast carcinoma showing strong labeling of fibroblastic cells in close contact with small islands of cancer
cells, which are themselves not labeled. (e, f) In situ carcinoma of cribriform subtype, in which positive labeling is
clearly associated with fibroblastic cells around the duct, while carcinoma cells within the duct are not labeled. (g,
h) In situ carcinoma of micropapillary subtype, in which TIMP3 transcripts were strongly identified within stromal
cells, while cells of the epithelial compartment were not labeled. Magnifications were 50X (g, h), 125X (a, b, e, f),
and 250X (c, d). Exposure times were 14 (a, e-h), 21 (c, d), and 32 days (b).
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DISCUSSION
This study describes the cloning of cDNAs corre-

sponding to 4 human TIMP3 transcripts, which
include the TIMP3 transcripts (4.6, 2.7, and 2.5
kb) predominantly and most frequently detected
in human tissues, as well as a less frequently
detected 2.1-kb TIMP3 transcript. The 4 se-

quences obtained in the present study differ from
each other only with respect to their polyadenyl-
ation sites, indicating that these alternate TIMP3
transcripts arise from differential use of polyad-
enylation sites, rather than from alternative se-

quence use in other transcribed regions. The
high proportions of both human and murine
TIMP3 transcripts corresponding to 3'-UTR (16),
and the fact that certain sequences within these
regions are highly conserved, suggest that
modulation of 3'-UTR length may represent a

mechanism by which TIMP3 gene expression is
controlled.

The use of the canonical AATAAA polyade-
nylation signal was indicated for only one of the
4 polyadenylation sites identified in the present
study. Two hexanucleotide signals identified rep-

resented variants of the AATAAA sequence,

namely ATTAAA and AGTAAA, which, in the
context of SV40 late mRNAs, were found to lead
to polyadenylation and cleavage with approxi-
mately 70 and 30% of the efficiency observed for
the canonical polyadenylation signal, respec-

tively (28). The remaining AGGAAA polyadenyl-
ation signal identified was classified as being
nonrecognizable, differing by 2 nucleotides or

more from the six nucleotide consensus (27),
and the use of a similar AAGAAA signal was

found to diminish the efficiency of polyadenyla-
tion by approximately 94% (28). Such hex-
anucleotide sequences are uncommonly en-

countered, and the AGGAAA polyadenylation
signal was not found to be conserved in the
murine TIMP3 3'-UTR (16).

The fact that variant signals are processed
less efficiently than the canonical AATAAA se-

quence in vitro indicates that their use may pro-

vide a mechanism by which transcript abun-
dance can be limited in vivo. The use of a variant
polyadenylation signal AATATAA in an infre-
quently observed 1.2-kb human TIMP3 tran-
script (19,20,22) is in support of this concept. It
is, however, believed that variant signals may

operate more efficiently in vivo than predicted
from in vitro studies, probably as a result of their
contexts within the mRNA precursor sequence

(28,29). This would appear to be the case for the

AGGAAA and AGTAAA signals identified in the
2.7- and 4.6-kb TIMP3 transcripts in the present
study. Both these TIMP3 transcripts are readily
detectable in a range of tissues by Northern blot
analyses (18,22), despite the use of polyadenyl-
ation signals which should significantly impair
transcript cleavage and polyadenylation. Thus, it
would appear that mRNA cleavage and polyad-
enylation alone do not limit the levels of all
TIMP3 transcripts. The use of alternative polyad-
enylation signals to derive multiple TIMP3 tran-
scripts may be significant in allowing the length
and sequence composition of the extensive
3'-UTR to be modulated. Regardless, the choice
between the various TIMP3 polyadenylation
sites is likely controlled in part by cell- and/or
tissue-specific factors, explaining the absence of
particular TIMP3 transcripts in certain tissues
and cell lines, as noted in this and previous stud-
ies (17-19,21).

The present study represents the first in-
stance in which in situ TIMP3 gene expression
has been investigated in human tissues, although
it has been examined in the developing mouse
embryo at 12.5 and 14.5 days gestation, and in
the newborn mouse (17). During mouse devel-
opment, the expression of TIMP3 was noted to
be prominent in the epithelial component of
many organs, and TIMP3 was proposed to play a
role in the development of skeletal and cardiac
muscle, the morphogenesis of epithelial struc-
tures, and in placental implantation (17). In con-
trast, we observed in the present study that
TIMP3 transcripts were predominantly expressed
in stromal cells of the human tissues examined.
In particular, the pattern of TIMP3 gene expres-
sion noted in human placenta was strikingly dif-
ferent from that noted in the mouse (17). In
near-term human placental samples, TIMP3 was
noted to be weakly expressed by some cells
within the connective tissue of placental villi, but
strongly expressed by the endometrial decidual
cells. The decidual tissue is believed to control
the degree of uterine invasion-for example, by
synthesizing TIMP1 (30). However, murine
TIMP3 transcripts were observed by Apte et al.
(17) to be solely expressed by the invasive pla-
cental component, the spongiotrophoblast, in
placentas at 12.5, 14.5, and 16.5 days gestation.

While TIMP3 was previously demonstrated
to be expressed in breast carcinomas by Uria et
al. (20), we now show that TIMP3 transcripts are
predominantly expressed by fibroblastic cells
within the bed of these tumors. Labeling was
frequently found to be most intense over fibro-
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blastic cells closest to the carcinoma cells, which
themselves were infrequently found to express
the TIMP3 gene. This contrasts with the pattern
of expression noted for TIMPI mRNA, which
was detected in cancer cells of breast (31) and
head and neck carcinomas (32). However,
TIMP2 transcripts were localized to stromal cells
in colorectal (33), head and neck (32), and breast
carcinomas (34). Hence, the pattern of TIMP3
gene expression in breast carcinomas described
in the present study appears to resemble that
previously noted for TIMP2, where both genes
appear to be predominantly stromally expressed.

In biological processes where net proteolytic
enzyme activity is enhanced such as tumor de-
velopment and angiogenesis, the concomitant
synthesis of inhibitors is nonetheless required to
regulate proteolytic activity (35-37). Expression
of the TIMP3 gene in the tumor stroma adjacent
to cancer cells may therefore inhibit excessive
local proteolysis of the stroma, particularly aris-
ing from the stromal cells themselves. In this
respect, it is noteworthy that a number of extra-
cellular proteinases implicated in carcinoma pro-
gression are expressed by fibroblastic cells with
tissue distributions very similar to those of the
fibroblastic cells expressing the TIMP3 gene (38,39
and references therein). In addition, TIMP3 has
been noted to promote the detachment of trans-
forming chicken embryo fibroblasts from the extra-
cellular matrix, as well as accelerating morpholog-
ical changes associated with cell transformation
(14). Thus, it could also be envisaged that TIMP3
facilitates the migration and accumulation of fibro-
blastic cells into the tumor stroma. This might, in
turn, enhance cancer growth, since the tumor
stroma is usually believed to be necessary for car-
cinoma expansion (40,41). Thus, while a tumor
suppressor function has been previously suggested
for TIMP3 (16), it is equally possible that TIMP3
may function to promote tumor progression.
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