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Abstract

A new member of the matrix metalloproternase (MMP) family of
enzymes has been cloned from a human breast carcinoma cDNA library.
The isOlatedeDNA contains an open reading frame 1554 bp long, encoding
a polypeptide of 518 amIno acids. The predicted amino acid sequence
displays a similar domain organization as the remaining MMPs, including
a prodomain with the activation locus, the zinc-binding site, and the
hemopexin domain. In addition, it contains a C-terminal extension, rich in
hydrophobic residues and similar in size to those present in the different
membrane-type MMPs (MT-MMPs) identified to date. On the basis of
these structural characteristics, this novel MMP has been tentatively
called MT4-MMP, because it represents the fourth member of this sub
class of MMPs characterized mainly by the occurrence of putative trans.
membrane domain in their amino acid sequences. MT4-MMP also con
tains a nine-residue insertion between the propeptide and the catalytic

domain, which is a common feature ofMT-MMPs and stromelysin-3. This
amino acid sequence insertion ends with the consensus sequence R-X-R/
K-R, which seems to be essential in the activation of these proteinases by
furls. Northern blot analysis of polyadenylated RNAs isOlated from a
variety of human tissues revealed that the MT4-MMP gene (MMP-17) is
expressed mainly In the brain, leukocytes, the colon, the ovary, and the
testis. The expression of MT4-MMP in leukocytes together with its puta
tive membrane localization suggest that this enzyme could be involved In
the activation of membrane-bound precursors of growth factors or m
flammatory mediators such as tumor necrosis factor-a. In addition, MT4-
MMP transcripts were detected In all breast carcinomas, as well as in all
breast cancer cell linesanalyzedIn the present work. On the basisof these
expression data In breast tumors, a potential role for human MT4-MMP
In the tumoral process is also suggested.

Introduction

The MMPs@form a family of structurally related, zinc-dependent
endopeptidases that are involved in the degradation of the extracellu
lar matrix and basement membranes. These enzymes play a critical
role in normal tissue-remodeling processes, including embryonic
growth and development, cell migration, uterine involution, and
wound healing. In addition, these proteinases are also involved in a
number of pathological processes, such as rheumatoid arthritis, pul
monary emphysema, and tumor cell invasion and metastasis (1, 2).

At present, 13 human MMPs have been isolated and characterized
at the amino acid sequence level, including the recently identified
collagenase-3 (3) and three MT-MMPs (4â€”7).According to structural
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and functional characteristics, these MMPs can be classified into at
least four different subfamilies of closely related members: collag
enases, stromelysins, gelatinases, and MT-MMPs, although there are
some MMPs, such as macrophage metalloelastase (8) and stromely
sin-3 (9), that do not belong to these groupings. All MMPs charac
terized to date are similar in that they are synthesized in an inactive
proenzyme form, contain zinc-binding sites, and can be inhibited by
tissue-specific inhibitors and chelating agents. However, MMPs dem
onstrate distinct or partially overlapping substrate specificities toward
extracellular matrix components. Thus, the collagenases degrade
fibrillar collagens by cleavage of the native helix at a single peptide
bond, generating fragments of about three-fourths and one-fourth of
the size of the original molecule (10, 11). The gelatinases (type IV
collagenases) recognize basement membrane and denatured collagens
and may act synergistically with interstitial collagenases in the deg
radation of fibrillar collagens (12, 13). Finally, stromelysins exhibit
the widest range of substrates and are able to degrade many extracel
lular proteins, such as proteoglycans, fibronectin, and laminin (14).

The expression of these different MMP genes is regulated strictly to
maintain the connective tissue homeostasis as well as the rapid and
localized tissue remodeling that occurs during many normal physio
logical processes. However, in a number of pathological situations,
including cancer invasion and metastasis, these stringent regulatory
mechanisms are lost, and, consequenfly, different MMPs seem to be
overproduced either by the tumor cells themselves or by the surround
ing stromal cells to facilitate the invasion of adjacent normal tissues.

On these bases, samples of human tumor specimens seem to be
appropriate starting materials in which to isolate and characterize
putative novel members of the MMP family with potential involve
ment in the spread of cancer. Recently, in fact, by following this
strategy, we have cloned from human breast carcinomas a novel MMP
(collagenase-3; Ref. 3), as well as other hydrolytic enzymes or inhib
itors, including cathepsin-O (15), biphenyl hydrolase (16), and
TIMP-3 (17), which could be important in the development and
progression of these tumors. In this work, we have used a PCR-based,
homology cloning approach to examine the possibility that additional
yet uncharacterized members of the MMP family could be overpro
duced in breast tumors. We report herein the molecular cloning and
nucleotide sequence of a cDNA coding for a novel member of this
family of proteolytic enzymes, which belongs to the MT subclass of
MMPs and which has been called MT4-MMP tentatively. We also
analyze its expression in human tissues and show that the gene
encoding MT4-MMP (MMP-17) is expressed mainly in the brain,
leukocytes, the colon, the ovary, and the testis. Finally, we present
evidence that MT4-MMP is expressed in all examined primary breast
carcinomas and breast cancer cell lines.

Materials and Methods

Materials. Samples of human breast carcinomas were obtained from
women who had undergone surgery for primary breast cancer. The samples
were frozen in liquid nitrogen immediately and stored at â€”70Â°Cuntil used. A
human breast carcinoma cDNA library constructed in Agtl1 and two Northern
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HUMAN MMP.17

blots containing poly(A)@RNAs from different human tissues were obtained
from Clontech (Palo Alto, CA). Restriction endonucleases and other reagents
used for molecular cloning were from Boehringer Mannheim (Mannheim,
Germany). Oligonucleotides were synthesized by the phosphoramidite method
in an Applied Biosystems (Foster City, CA) model 381 A DNA synthesizer

and used directly after synthesis. The RNA PCR kit used for the RT of total
RNA and cDNA amplification was purchased from Perkin Elmer/Cetus (Nor
walk, CT). Double-stranded DNA probes were radiolabeled with [32P]dCTP
(3000 Ci/nimol) using a commercial random-priming kit from Amersham
Corp. (Amersham, United Kingdom).

RT and PCR Amplification of Breast Carcinoma RNA. TotalRNA was
isolated from a breast carcinoma by guanidinium thiocyanate-phenol-chioro
form extraction (18) and used for cDNA synthesis with the RNA PCR kit from
Perkin-Elmer/Cetus. After RT using 1 @tgtotal RNA and random hexamers as

primer according to the instructions of the manufacturer, the whole mixture
was used for PCR with two degenerate oligonucleotides corresponding to
conserved regions in MMPs [5'-CCNCGNTG(TC)GGNGTNCCNGA and 5'-
TGNCC(AG)AA(TC)TC(AG)TGNGCNGCNAC, respectively]. The PCR re
action was carried out in a GeneAmp 2400 PCR system from Perkin-Elmer for

40 cycles of denaturation (94Â°C,1 mmn),annealing (50Â°C,1 mm), and exten
sion (72Â°C, 1 mm). The PCR products were phosphorylated with T4 polynu

cleotide kinase, and the DNA band of the expected size (â€”0.4kb) was gel
purified and ligated in the SmaI site of pUC18. DNA from 40 independent
clones was isolated and sequenced. RT-PCR experiments were also performed
in similar conditions for analysis of MT4-MMP expression in a series of

primary breast carcinomas and breast cancer cell lines. In this case, the specific
primers for MT4-MMP were 5'-GGCCCTGGTAGTACGGCCGCA and 5'-

CTGGAGCGACArFGCGCCCcT.
Screening of a Human Breast Carcinoma cDNA Library. About

1 X 106 plaque-forming units of a commercially available human breast
carcinoma cDNA library (Clontech) were plated using Escherichia coli Y1088
as a host and screened using as a probe the partial cDNA cloned by RT-PCR
from a breast cancer specimen following the procedure described above.
Hybridization to the radiolabeled probe was carried out at 65Â°Cfor 18 h in 5X
saline-sodium phosphate-EDTA [1 X = 150 nm@NaC1, 10 mr@iNaH2PO4, and

1 mt@iEDTA (pH 7.4)], lOX Denhardt's solution (1X = 0.02% BSA, 0.02%
polyvinylpyrrolidone, and 0.02% Ficoll), 0.1% SDS, and denatured herring
sperm DNA (100 @g/ml).Subsequently, the filters were washed twice for 1 h
at 65Â°Cin lX SSC [0.15 M NaCl and 0.015 M Na citrate (pH 7.0)] and 0.1%
SDS and subjected to autoradiography. Following plaque purification, the
cloned insert was excised by EcoRI digestion and subcloned in pUC18.

Nudeotide Sequence Analysis. Selected DNA fragments were inserted in
the polylinker region of phage vectors Ml3mpl8 and Ml3mpl9 and se
quenced by the dideoxy terminatr'r method using either the Ml3 universal

primer or cDNA-specific primers and the Sequenase version 2.0 kit (United
States Biochemical Corp., Cleveland, OH). In all cases, both strands were
analyzed to confirm the sequence results. Sequence ambiguities were solved by
substituting dITP for dGTP in the sequencing reactions. Computer analysis of
DNA and protein sequences was performed with the software package of the
University of Wisconsin (Madison, WI) Genetics Computer Group.

Northern Blot Hybridization. Northern blots containing 2 @tgpoly(A)@
RNA of different human tissue specimens were prehybridized at 42Â°Cfor 3 h
in 50% formamide, 5X saline-sodium phosphate-EDTA, 2X Denhardt's so

lution, 0.1% SDS, and 100 @tg/mldenatured herring sperm DNA and then
hybridized for 48 h under the same conditions, using a 2.1-kb fragment (from
positions 432â€”2500)of the MT4-MMP cDNA as a probe. Filters were washed
with 0.2X SSC and 0.1% SDS for 2 h at 50Â°Cand subjected to autoradiog
raphy. RNA integrity and equal loading were assessed by hybridization with an
actin probe as indicated by Clontech.

Results and Discussion

As a previous step to search for novel members of the MMP gene
family that could be overexpressed in human mammary carcinomas,
two degenerate oligonucleotides with sequences based on conserved
domains among the different members of this family of proteinases
were synthesized. The first oligonucleotide corresponded to the
propeptide region containing the cysteine residue that seems to be
essential for maintaining the latency of these enzymes, whereas the

antisense primer was selected from the conserved amino acid se
quence involved in the coordination of the zinc atom at the active site
(1). These primers were used then for RT-PCR experiments with total
RNA isolated from a series of independent human breast tumors.

After amplification at low-stringency conditions, a band of about 0.4
kb that contained presumably a portion of different MMPs was
obtained. This material was cloned in the plasmid vector pUCl8, and
DNA from many independent clones was isolated and sequenced.
Systematic nucleotide sequencing analysis of these clones revealed
that many of them corresponded to human MMPs isolated and char
acterized previously. However, one of the isolated clones (X-24)
showed a nucleotide sequence similar to, but distinct from, the re
ported sequences for human MMPs, thus suggesting that at least one
of the selected breast carcinomas expressed a putative novel member
of this protein family. Because the limited amount of RNA available
from this breast tumor specimen hampered the preparation of the
cDNA library required to isolate a complete cDNA clone for this
presumably novel MMP, we examined the possible occurrence of
these clones in a series of available human breast carcinoma cDNA
libraries. For this purpose, two specific primers (5'-CAGGCTC
CAGCCCCCACCAAG and 5'-GCGTCGAAGGGGTAGCCGTCG)
corresponding to inner sequences of the nucleotide sequence for clone
X-24 obtained in the original RT-PCR experiment were synthesized
and used for PCR amplification of DNA isolated from the different
breast cancer cDNA libraries. A band of the expected size (229 bp)
was amplified at high levels from cDNA corresponding to a commer
cially available library prepared from ZR-75â€”l breast cancer cells
(data not shown). According to these results, we used this library as
starting material to attempt the isolation of a full-length cDNA for the
putative MMP. On screening of â€”1 X 106 plaque-forming units using
the PCR-generated cDNA fragment as the probe, 16 positive clones
were identified. One of them, clone 5.4, had an insert of about 1.7 kb,
which could be large enough to contain the complete coding infor
mation for a MMP. This insert was subcloned in pUCl8, and its
complete nucleotide sequence was determined as described in â€œMa
terials and Methods.â€•Computer analysis of this sequence (Fig. 1)
revealed an open reading frame 1554 bp long, starting with an ATG
codon at position 432 and ending with a TGA codon at position 1988.

A detailed comparison of the predicted amino acid sequence with
those corresponding to the other human MMPs characterized to date
showed that the percentage of identities ranges from 38.4% with
MT-MMP2 to 26.7% with Mr 92,000 ty@ IV collagenase. In addition,
the deduced amino acid sequence from the human cDNA isolated in
this work displays a number of features characteristic of the members
of the MMP family of proteins (Fig. 2). Thus, it contains a prodomain
region with the activation locus containing the essential cysteine
residue, a catalytic domain of about 170 residues including the zinc
binding site with the consensus sequence HEXGHXKXXXH, and a
fragment of approximately 200 amino acids with sequence similarity
to hemopexin. Interestingly, the identified sequence contains a C-
terminal extension, rich in hydrophobic residues and similar in size to
those present in the different MT-MMPs characterized to date (4â€”7).
On the basis of these structural features, this novel MMP has been
called MT4-MMP tentatively, because it represents the fourth member
of this subclass of MMPs characterized mainly by the occurrence of
putative transmembrane domains in their amino acid sequences. Fur
thermore, and following the nomenclature system proposed by Okada
et al. (19), we would assign number 17 to the novel MMP described

here, MMP-l5 and MMP-16 corresponding to the two MT-MMPs
identified recently by Will and Hinzmann (6) and Takino et al. (7). In
this regard, we would like to propose a novel nomenclature system for
MT-MMPs based on the addition of the identification number to the
MT prefix instead of the system used previously for the members of
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HUMAN MMP-17

1 GAATTCCGGCGG@GTTTTGCTGTTATTGCCCAOGCTAG@GTGCAATGGTGCGATCTTGOCTCACAGCAACCTCCA 75

7 6 CCTCCCAOAGTCAAGCAATTCTCCTGCCTCAGCCTCCTGAGTAGCT000ATTACAGGCGTGTGCCACAGCACCCG 150

151 GCCAGGGACATCAGGTTTATTAAGACACTTTTCCG@C@GCTGCCCAGGGAAG@GACAAGAGGTGCCTTGTGGGCA225
22 6 GATA0000GCT000A0000GCCTGCCCGGAAGCAGTGGTGGCCCGTGGCAGGCTTCTCACTGGGTAGGACC000C 300

3 01 CCTCTGTTGCACCCCCTCACCCTGCTCTCTGCCCTCAGGkGTGGCTAAGCAGGTTCGGTTACCTGCCCCCGGCTG375

37 6 ACCCCACAACAGGGCAGCTGCAGACGCAAGAGGAQCTGTCTA@GGCCATCACAGCCATGCAGCAGTTTGGTGGCC 450

M Q Q F G 0 L

4 51 TGGAGGCCACCGGCATCCTGGACGAGGCCACCCTGGCCCTGATGAAAACCCCACGCTGCTCCCTGCCAGACCTCC 525

E A T 0 I L D E A T L A LM K T P R C S L P D L P

52 6 CTGTCCTGACCCAGGCTCGCAGGAGACGCCAGGCTCCAGCCCCCACCAAGTGGAACAAGAGGAACCTGTCGTGGA 600

V L T Q A R R R R Q A P A P T K W N K R N L S W R

6 01. 000TCCOGACGTTCCCAC000ACTCACCACTGGGGCACGACACGGTGCGTGCACTCATGTACTACGCCCTCAAOG 675

V R T F P R D S P L 0 H D T V R A L M Y Y A L K V

67 6 TCTOGAGCGACATTGCGCCCCTGAACTTCCACGACGTGGCGGGCAGCACCGCCGACATCCAGATCGACTTCTCCA 750

w S D I A P L N F H E VA G S T A D I Q I D F S K

751 AGGCCGACCATAACGACGGCTACCCCTTCGACGCCCGGCGGCACCGTGCCCACGCCTTCTTCCCCGGCCACCACC825

A D HND G Y P F D A R R HR A HA F F P G H H H

82 6 ACACCGCCGGOTACACCCACTTTAACGATGACGAGGCCTGGACCTTCCGCTCCTCGGATGCCCACGGGATGGACC 900

T A 0 Y T H F N 13 D E A W T F R S S D A H G MDL

9 01 TGTTTGCAGTGGCTGTCCACGAGTTTGGCCACGCCATTGGGTTAAGCCATGTGGCCGCTGCACACTCCATCATGC 975

F A VA V H E F 0 HA I Q L S H VAAA H S I MR

97 6 GGCCGTACTACCAGGGCCCOGTGGOTGACCCGCTGCGCTACGGGCTCCCCTACG@GGACAAGGTGCGCGTCTGGC 1050

P Y Y Q 0 P V 0 D P L R Y G L P Y E D K V R V W Q

1051 AGCTGTACGGTGTGCGGGAQTCTGTGTCTCCCACGGCGCAGCCCGAGGAGCCTCCCCTGCTGCCGGAGCCCCCAG 1125

L Y 0 V R E S V S P T A Q P E E P P L L P E P PD

112 6 ACAACCGGTCCAGCGCCCCGCCCAGGAAGGACGTGCCCCACAGATGCAGCACTCACTTTGACGCGGTGGCCCAGA 1200

NR S S A P P R K D V P H R C S T H F D A V A Q I

12 01 TCCGGGGTGAAGCTTTCTTCTTCAAAGGCAAGTACTTCTGGCOGCTGACGCGGGACCGGCACCTGGTGTCCCTGC1275

R GE A F F F KGK Y FWR L T R D R H L V S L Q

127 6 AGCCGGCACAGAT@CACCGCTTCTGGCGGGGCCTGCCGCTGCACCTGGACAGCGTGGACGCCGTGTACGAGCGCA 1350

PAQMHR FWRGL P LELD S VDAV YE R T

13 51 CCAGCGACCACAAGATCGTCTTCTTTAAAGGAGACAGGTACTGGGTGTTCAAGGACAATAACGTAGAGGAAGGAT 1425

S D H K I V F F K 0 D R Y W V F K D NN V E E 0 Y

142 6 ACCCGCGCCCCGTCTCCGACTTCAGCCTCCCGCCTGGCGGCATCQACGCTGCCTTCTCCTGGGCCCACAATGACA 1500

P R P V S D F S L P P 3 G I D AA F S WA H ND R

15 01 GGACTTATTTCTTTAAGGACCAGCTGTACTCGCGCTACGATGACCACACGAGGCACATGGACCCCGGCTACCCCG 1575

T Y F F K D Q L Y W R Y D D H T R HM D P G Y P A

157 6 CCCAGAGCCCCCTGTGGAGGGGTGTCCCCAGCACGCTGGACGACGCCATGCGCTOGTCCGACGGTQCCTCCTACT 3.650

Q S P L WR GV P S T L D DAMRW S D GA S Y F

1653. TCTTCCGTGGCCAGGAGTACTGGAAAGTGCTGGATGGCGAGCTGGAGGTGGCACCCGGGTACCCACAGTCCACGG 1725

F R G Q E YWKV L D GE L E VA P G Y P Q S TA

17 2 6 CCCGGGACTGGCTGGTGTGTGGAGACTCACAGGCCGATGGATCTGTGGCTGCGGGCGTGGACGCGGCAGAGGGGC 1800

R D W L V C 0 D S Q AD 0 S VAA 0 V 13 A A E G P

18 01 CCCGCGCCCCTCCAGGACAACATGACCAGAGCCGCTCGGAGGACGGTTACGAGGTCTGCTCATGCACCTCTGGGG 1875

R A P P G Q H D Q S R S E D C Y E V C S C T S G A

187 6 CATCCTCTCCCCCGGGGGCCCCAGGCCCACTGGTGGCTGCCACCATGCTGCTGCTGCTGCCGCCACTGTCACCAG1950

S S P P G A P 0 P L V A A T M L L L L P P L S PG

1951 GCGCCCTGTGGACAGCGGCCCAGGCCCTGACGCTATGACACACAGCGCGAGCCCATGAGAGGACAGAGGCGGTGG 2025

A L W T A A Q A L T L *

2 02 6 GACAGCCTGGCCACAGAGGGCAAGGACTGTGCCGGAGTCCCTGGGGGAGGTGCTGGCGCQGGATGAc3GACGGGCC 2100

2 10 1 ACCCTGGCACCGGAAGGCCAGCAGAGGGCACGGCCCGCCAGGGCTGGGCAGGCTCAGGTGGCAAGGACGGAGCTG 2175

217 6@ 2250
22 51 CGCCGCCAGCCTCCTCCGGCCCTGGAGGGAGCATCTCGGGCTGGGGGCCCACCCCTCTCTGTGCCGGCGCC,@CCA 2325

23 2 6 ACCCCACCCACACTGCTGCCTGGTGCTCCCGCCGGCCCACA000CCTCCGTCCCCAGGTCCCCAGTGGGGCAGCC2400
24 01 CTCCCCACAGACGAGCCCCCCACATGGTGCCGCGGCACGTCCCCCCTGTGACGCGTTCCAGACC@CATGACCTC 2475

247 6 TCCCTGCTTTGTAGCGGCCCGGAATTC 2502

Fig. 1. cDNA and deduced amino acid sequence of MT4-MMP. The deduced amino acid sequence begins with the first ATG codon of the cDNA. The incomplete Alu sequence
present in the 5' end of the cDNA is underlined.
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HUMAN MMP-!7

P@IIXVWEGI
PKPISVWQGI
PKPITVWKGI
PAQSPLWRQV

* **

1 100

. . . .MSPAPR PSIC LL LPLLTLOTAL ASLGSAQSSS FSPEAWLQQY OYLPPGDLRT HTQRSPQSLS AAIAANQXFY GLQVTGXADA

MQSDPSAPGR PGWTGSLLGD REEAARPRLL PLLLVLLOCL GLGVAAEDAE VHAEIIWLRLY OYLPQPSR@( STItRSAQILA SALAENQRFY GIPVTOVLDE
MILLTFSTGR RLDFVHHSGV FFLQTLLWIL CATVCGTEQY FNVEVWLQKY GYLPPTSPRM SVVRSAETMQ SALA.AMQQFY GINMTGKVDR

MQQFG OLEATOILDE
** * * ** *

MT1-MMP
MT2 -MMP

MT3 -tOW

MT4 -MMP

MT1 -tOW

MT2-tOW
MT3 -tOW

MT4 -tOW

tIT1 -tOW
t(T2 -tOW
MT3 -tOW
MT4 -tOW

101
DTMFJJW.RPR CGVPDKFG@E IKANV. . RRX

ETKEWt4XRPR COVPDQFGVR VKANLRRRRK
NTIDW)@PR COVPDQ. . TI QSSKFHIRRX
ATLALMKTPR CSLPD LPVLTQARRR

a * *** ** **

401

RNNQVt4DGY . PMPIGQFWRG

R@IRVLDNY . PMPIGHFWRO

RNNRVt1DGY . PMQITYFWRO

TRDRHLVSLQ PAQMHRFWRG
* ****

501

601
DEGTEEETEV
DGDVGDGDGD

EGHSPPDDVD
AAEGPRAPPG

200
EGHEEQADIM

LRRQKEADIM

NOR .RDVDIP

. . . GSTADIQ

**

MT1 -tOW
MT2 -tOW
MT3 -tOW

MT4 -tOW

RYAIQGLXWQ HNEITFCIQN YTPK. . VGEY ATYEAIRKAF RVWESATPLR

RYALTOREWN NHELTFSIQN YTEK. . LOWY HSMEAVRRAP RVWEQATPLV
RYALTOQKWQ EXHITYSIEN VTPK . . VGDP ETRKAIRRAF DVWQNVTPLT
RQAPAPTXWN KRNLSWRVRT FPRDSPLGED TVRALMYYAL KVWSDIAPLN
* a ** a * ** **

FREVPYAYIR

FQEVPYEDIR
FEEVPYSELE
FEEVA
* **

201
IFFAEOFHOD STPFDGEOOF LABAYPPO . P NIGGDTHFDS AEPWTVRNED LNGNDIFLVA VEELOHALOL EHSSDPSAIM APFYQWMDTE
VLFASGFEGD SSPFDGTGGF LABkYFPO . P OLOODTEFDA DEPWTFSSTD LEGNNLFLVA VEELOHALOL EHSSNPNAIM APFYQWKDVD
IIFASOFEOD SSPFDGEOGF LAEAYFPO . P OIGGDTEPDS DEPWTLGNPN HDGNDLFLVA VEELOHALOL EHSNDPTAIM APFYQYME. Q
IDFSKADHND GYPFDAR . RE RAEAPFPGHH HTAQYTHFND DEAWTFRSSD AEGMDLFAVA VBEFGHAIGL SEVAAABSIM RPYYQGPVGD

a * * *** *** *** * *** * ** * * ** *** **e ** * ** * **

301 400
RRGIQQLYOG ESGFPTKJWP QPRTTSR PSVPDXPK NPT Y GPNIcDGNFD TVAMLRQEMP VFKKRWFWRV
LRGIQQLYGT PDOQPQPTQP LPTVTPRRPG RPDHRPPRPP QPPPPOGXPE RPPXPGPPVQ PRATERPDQY GPNICDGDFD TVAMLRGEMP VFXGRWFWRV
YR . . HQRYMS PDKIPPPTRP LPTVPPHR SIPPADPR KNDRPKPPRP PTGRPSYPGA KPNICDGNFN TLAILRREMP VFKDQWFWRV

KVRVWQLYQV RESV SPTAQPE EPPLLPEPPD NRSSAPPRKD VPHRCSTHFD AVAQIRGEAF FFKGXYFWRL

** * * a a * *** ** ***

300
NFV. . LPDDD

NFK. . LPEDD

TLQ . . LPNDD
PLRYGLPYED

5* *

500
LPTDKIDAAL FWNPNGKTYP FRGNXTYRFN
IPYDRIDTAI WWEPTOHTFF FQEDRYWRFN
IPPEGIDSAI WWEDVOKTYF FKGDRYWRYS

LPPGGIDAAF SWABNDRTYF FKDQLYWRYD
* ** * a * * ***

600
SALRDWMGC PSGGRP

SILRDFMOCQ EHVEPOPRWP DVARPPFNPH GGAEPGADSA

SILKDLSG@D GPTDRVX
STARDWLVCG D SQ ADOSVAAGVD
* a *

680
RHGTPRRLLY CQRSLLDXV*
RKQAPRVLLY @KRSLQEWV*

RXGTPREILY @MQ@*
WTAAQALTL*

MT1 -tOW

MT2 -tOW
MT3 -tOW

MT4 -tOW

MT1-tOW

MT2 -tOW

MT3 -tOW

MT4 -tOW

MT1-tOW
MT2 -tOW

MT3 -tOW

MT4 -tOW

LP . . . ASINT AYER. EDOK? VFFXGDKEWV
LP . . . 01315k AYER. QDGRF VPFKGDRYWL
LP . . . PSIDA VYEN. SDGNF VFFKGNXYWV
LPLHLDSVDA VYERTSDHXI VFPKGDRYWV
** ** * ***** * *

PESPROSFMG SDEVPTYFYK GNXYWKPNNQ
PASPKOAFLS NDAAYTYFYK GTKYWXPDNE

PESPQGAPVH KENOFTYFYK EGVLEIQTTR
PSTLDDAMRW SDGA . SYFFR GQEYWKVLDG
* **

FDEASLEPOY

FREANLEPOY

FXDTTLQPGY
FKDNNVEEOY
a **

XLKVEPGYPK
RLRNEPGYPX
YSRLEPOHPR
ELEVAPGYPQ

** *

PREIKELORO
PQPLTSYOLG

PEDLITLOSO
PRPVSDF. .S

KELRAVDSEY
EETQRGDPGY
EEMKTMDPGY
DHTR@1DPOY

* *

IIIEVDEEOG 0 AVSAAAVV LPVLLLLLVL AVGLAVFFPR
FGAGVNXDGG SRVVVQMEEV ARTVNVVMVL VPLLLLLCVL OLTYALVQMQ

IVIELENTAS TVKAIAIV IPCILALCLL VLVYTVFQFX

Q@QSRBEDG YEVCSCTSG@ SSPPGAPGPL VAATMLLLLP PLSPGAL ...

Fig. 2. Alignment of amino acid sequences for MT MMPs. Amino acid sequences of MT1-MMP, MT2-MMP, and MT3-MMP were obtained from the EMBLiGenbank databases,
and the multiple alignment was performed with the PILEUP program of the University of Wisconsin Genetics Computer Group package. Identical residues that are common to all
sequences are indicated by asterisks below the sequences.

this subfamily of MMPs, which adds the identification number to the
MMP suffix. In our view, this lattersystem could generateconfusion
by suggesting that MT-MMP2 corresponds to the putative membrane
bound form of gelatinase A (MMP-2) rather than to the second
identified member of the membrane-bound MMP subfamily.

It is also worth mentioning that MT4-MMP contains a nine-residue
insertion between the propeptide and the catalytic domain, which is
also a characteristic feature ofthe remaining MT-MMPs (4â€”7)as well
as stromelysin-3(9). This aminoacid sequenceinsertionends with the
consensus sequence R-X-R/K-R, which Pci and Weiss (20) found
recently to be essential in the activation of stromelysin-3 by furin.
Consequently, it is tempting to speculate that MT4-MMP also could
be subjectedto the same activationmechanism.

Finally, and also in relation to the structural analysis of the nude
otide sequence of the cDNA coding for MT4-MMP, it is remarkable
that the largest cDNA clone isolated in the present work contains an
Alu repetitive sequence inserted in its 5' end (Fig. 1). This short,
interspersed element is oriented in the same transcriptional direction
as the MT4-MMPgene and belongs to the Sp subfamily, which is
believed to have been disseminated in the human genome about 35
million years ago. The occurrence of this Alu sequence in the 5'
region is very unusual, because despite the fact that this group of
short, interspersed elements constitute about the 5% of the human
genome, most of them have been found in introns or in spacer DNA,
being spliced out during the process of RNA maturation (21). The

possibility that its insertion in the MT4-MMP mRNA could be the
consequence of a cloning artifact during the construction of the cDNA
library must be ruled out, because we have found the same Alu

transcript in the cDNAs isolated from a distinct brain cDNA library.
Furthermore, nucleotide sequence analysis of genomic clones encod
ing MT4-MMP has revealed that this Alu sequence is also present in
the corresponding region of the isolated clones (data not shown). The
biological significance of the presence of this repetitive sequence in
the 5' end of human MT4-MMP mRNA is unknown. In this regard, it
should be remembered that Alu sequences have a high degree of
similarity with the elongation arrest domain of 7SL RNA, a compo
nent of the signal recognition particle involved in protein secretion
(22). On the basis of this homology, this Mu element detected here
within the MT4-MMP mRNA could have the potential to modulate
MT4-MMP expression, as proposed already for Alu transcripts that
are transported to the cytoplasmic compartment (23). In relation to

this, it is also remarkable that the Alu sequence is inserted in the place
of the putative signal sequence that targets all MMPs to the secretory
pathway; thus, it could compromise the correct secretion or intracel
lular trafficking of this novel MMP. In relation to this, it should be
mentioned that polyclonal antibodies raised against a synthetic pep
tide derived from MT4-MMP recognized preferentially a protein of
Mr @â€˜70,000in a Western blot analysis of human brain extracts,

suggesting that MT4-MMP is a translated protein (data not shown).
Further studies will be required to examine this possibility as well as
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Fig. 4. Expression analysis of MT4-MMP in breast carcinomas and breast cancer cell
lines. RT-PCR was performed on 1 @gRNA from the samples. A 3l7-bp fragment
corresponding to a segment of MT4-MMP was amplified in a volume of 100 @l,and 10
pi of the reaction were separated on a 2% agarose gel run in Tris-borate-EDTA. pBR322
digested with Haeffl (Marker V; Boehringer Mannheim) was used as a size marker.

HUMAN MMP-17

1.35W

Fig. 3. Northern blot analysis of MT4-MMP
mRNA in human tissues. About 2 ,sg poly(A)@
RNA from the indicated tissues were analyzed by
hybridization with a 1660-hp fragment of the
cDNA (lacking the Alu repeat region) for MT4-
MMP. The positions of RNA size markers are
shown. Subsequently, filters were hybridized to a
human actin probe to ascertain the differences in
RNA loading among the different samples.

the hypothesis that the occurrence of the Alu sequence in the cDNA
for MT4-MMP is a consequence of an alternative splicing event
resulting in the incorporation of the repetitive element in a significant
portion of the mature MT4-MMP mRNAs.

In the present work, we also have performed an analysis of MT4-
MMP expression in a variety of normal human tissues, as well as in
a series of primary breast carcinomas and breast cancer cell lines. For
this purpose, two Northern blots containing poly(A)@ RNAs extracted
from a wide variety of human tissues, including leukocytes, colon,
small intestine, ovary, testis, prostate, thymus, spleen, pancreas, kid
ney, skeletal muscle, liver, lung, placenta, brain, and heart, were
hybridized with a fragment of the cDNA coding for MT4-MMP,
which lacked the 5'-flanking region containing the Alu repetitive
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sequence. As can be seen in Fig. 3, a clear, hybridizing band of about
2.7 kb was detected in RNA from the brain, leukocytes, the colon, the
ovary, and the testis. In addition, a minor band of about 7.5 kb could
be detected in the brain and ovary and probably corresponds to an
alternative transcript generated by differential posttranscriptional
processing of the mRNA for MT4-MMP. A similar situation has been
described for other human MMPs, such as collagenase-3, in which the
different transcripts are the result of alternative use of distinct poly
adenylation sites (3).

The high-level expression of human MT4-MMP in brain, leuko
cyte, or reproductive tissues suggests that this enzyme could play
some specialized activity in these tissues or cells. Thus, in the case of
the brain, MT4-MMP could be involved in growth cone invasiveness
and neurite extension in a fashion similar to that proposed for strome
lysin-l (24). On the other hand, its expression in the ovary could be
indicative of the participation of MT4-MMP in some of the extracel
lular matrix remodeling processes occurring within this tissue during
the reproductive cycle, including rapture of the follicular wall, cumu
lus cell expansion, or corpus luteum formation (25). Furthermore, the
expression of MT4-MMP in leukocytes together with its putative
membrane localization suggest that it could play some role in the
activation of some secreted proteinases, membrane-bound precursors
of growth factors, or inflammatory mediators such as tumor necrosis
factor-a (26â€”28).In this regard, it is also of interest that none of the
remaining MT-MMPs described to date has been found to be cx
pressed in leukocytes, thus reinforcing the possibility of a potential
and specific role of MT4-MMP in these cells. Finally, because MT4-
MMP was cloned from a breast cancer cDNA library originally, in this
work, we have carried out a preliminary study of its expression in
primary breast carcinomas as well as in breast cancer cell lines. To do
that, we performed RT-PCR analysis with RNAs obtained from a
number of tumors and breast cancer cell lines of different character
istics, including T-47D, ZR-75â€”l, Hs-578T, MDA-MB231, and
MDA-MB435. Oligonucleotides 5'-GGCCCTGQTAGTACGGC
COCA and 5'-CTGGAGCGACATFGCGCCCCT were used as the
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primer pair to amplify a 317-bp segment corresponding to nucleotides
677â€”993of the MT4-MMP cDNA. As can be seen in Fig. 4, a band
of the expected size and confirmed to be MT4-MMP by nucleotide
sequencing was amplified from all examined breast carcinomas and
breast cancer cell lines, suggesting that this enzyme could be involved
somewhat in the lytic processes associated with invasive breast cancer
lesions. The availability of the cDNA coding for MT4-MMP isolated
in the present work will be very useful for examining this question as
well as to elucidate the potential role of this novel MT-MMP in a
series of physiological processes, including activation of precursors of
cytokines and growth factors.
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