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(57) ABSTRACT 

A human tissue inhibitor of metalloproteinases-4 polypep 
tide and DNA (RNA) encoding such polypeptide and a 
procedure for producing such polypeptide by recombinant 
techniques. Also disclosed are methods for utilizing such 
polypeptide for the treatment of diseases, including arthritis 
and cancer. Antagonists against such polypeptides and their 
use as a therapeutic to resorb scar tissue are also disclosed. 

Diagnostic assays for detecting levels of human TIMP-4 
protein and mutations in human TIMP-4 nucleic acid 
sequence are also disclosed. 
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HUMAN TISSUE INHIBITOR OF 
METALLOPROTEINASE-4 

[0001] This application is a Divisional of US. application 
Ser. No. 09/901,904, ?led Jul. 11, 2001, Which is a Con 
tinuation-in-Part of US. application Ser. No. 09/387,525, 
?led Sep. 1, 1999, Which is a Continuation of Us. appli 
cation Ser. No. 08/463,261, ?led Jun. 5, 1995, Which is a 
continuation-in-part of PCT/US94/14498, ?led Dec. 13, 
1994 (?led in English), each of Which are hereby incorpo 
rated by reference in their entireties; US. application Ser. 
No. 09/901,904 also claims bene?t under 35 U.S.C. §119(e) 
of US. Provisional Application No. 60/217,419, ?led Jul. 
11, 2000, and No. 60/220,829, ?led Jul. 26, 2000, each of 
Which are hereby incorporated by reference in their entire 
ties. 

FIELD OF THE INVENTION 

[0002] This invention relates to neWly identi?ed poly 
nucleotides, polypeptides encoded by such polynucleotides, 
the use of such polynucleotides, polypeptides, and antibod 
ies, as Well as the production of such polynucleotides and 
polypeptides. More particularly, the polypeptides of the 
present invention are human tissue inhibitor of metallopro 
teinase-4 polypeptides, hereinafter referred to as “human 
TIMP-4”. The invention also relates to inhibiting the action 
of such polypeptides. 

BACKGROUND OF THE INVENTION 

[0003] The extracellular matrix is a complex structure that 
contains collagen, proteoglycan, glycosaminoglycan, glyco 
proteins (?bronectin, chondronectin, laminin) and in some 
tissues, elastin (Hay, E. D., J. Cell Biol., 91:205-223 (1981)). 

[0004] Matrix metalloproteinases (MMP’s) constitute the 
major group of Zinc-binding endopeptidases that degrade 
extracellular matrix proteins, for example connective tissue, 
collagen and gelatin, during remodeling of connective tissue 
during normal physiological and some pathological pro 
cesses. The unrestrained activity of MMP’s may result in 
extensive tissue damage, and these enZymes have been 
implicated in a variety of disease processes, including tumor 
cell invasion, tumor angiogenesis and rheumatoid arthritis 
(Okada, Y., et al., J. Biol. Chem., 261:14245-14255 (1986)). 
The MMP’s are secreted from cells as inactive Zymogens 
and their activity in the extracellular environment is regu 
lated by various activators and inhibitors (Matrisian, L. M., 
Trends Genet., 6:121-125 (1990)). 

[0005] Regulation of metalloproteinase-mediated pro 
teolysis may occur by naturally occurring inhibitor proteins, 
such as tissue inhibitor of metalloproteinase (TIMP). The 
balance betWeen the production and activation of the 
MMP’s, and their inhibition by natural inhibitors such as 
TIMP, determines, in both physiological and pathological 
conditions, Whether connective tissue is degraded. 

[0006] MMP’s include a number of proteases, exempli?ed 
by interstitial (type I) collagenase itself, the stromelysins 
(also knoWn as proteoglycanases or transins), ?broblast and 
polymorphonuclear leukocyte gelatinases (also knoWn as 
collagen-IV-ases), and pump-1 (putative metalloproteases 1, 
uterine metalloproteases) [Goldberg et al, J. Biol. Chem. 
2610:6600 (1986); Whitham et al, Biochem. J. 240:913 
(1986); Breathnach et al, Nucleic Acids Res., 15:1139 
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(1987); Muller et al, Biochem. J., 253:187 (1988); Collier et 
al, J. Biol. Chem., 263:6579 (1988); Murphy et al, Biochem. 
J., 258:463 (1989); Quantin et al, Biochem. (N.Y.), 28:5327 
(1989); Birkedal-Hansen, J. Oral Pathol., 17:445 (1988)]. 

[0007] In general, the mammalian family of proteases has 
one or more of the folloWing properties: (a) optimal pro 
teolytic activity around neutral pH; (b) dependence of the 
enZyme’s activity on the presence of Zinc, as evident by the 
loss of activity on treatment With divalent metal ion chela 
tors, such as 1.10 phenanthroline (preferential chelation of 
Zinc), or EDTA (less restricted chelating properties; EDTA 
and EGTA also contribute to enZyme inactivation via che 
lation of calcium ions required for enZyme stability); (c) 
inhibition by TIMPs; (d) absence of signi?cant inhibition by 
knoWn inhibitors of other families of neutral, Zinc-contain 
ing metalloproteases, such as thermolysis, angiotensin-con 
verting enZyme and ‘enkephalinases’; and (e) biosynthesis 
and secretion as latent precursor forms (Zymogens), requir 
ing extracellular activation. Activation has been achieved by 
a number of endoproteases, organomercurials and chaotro 
pic agents. 

[0008] In general, members of the family of neutral met 
alloprotease enZymes have distinctive substrate speci?cities. 
Thus, collagenase type I is unique in its ability to cleave a 
speci?c peptide bond Within the natural ?brils of the inter 
stitial collagens (e.g. types I, II and III). The gelatinases are 
only poorly active on these collagens, but are able to degrade 
denatured interstitial collagens, as Well as the non-?brillar 
collagens, e.g. type IV, such as are found in the basement 
membrane. Pump 1 has been reported to act preferentially on 
denatured collagens (gelatins), though its pro?le differs from 
that of the stromelysins or the collagenases type IV. Both the 
stromelysins and the gelatinases are also capable of degrad 
ing non-collagenous structural proteins, such as the core 
protein of proteoglycan and elastin. Macromolecules 
involved in cell-to-substratum and cell-to-cell interactions, 
such as laminin and ?bronectin, are also susceptible to 
degradation by several of these metalloproteases. 

[0009] EnZymes of this family are produced by synovial 
and skin ?broblasts, chondrocytes, peripheral mononuclear 
cells, keratinocytes and gingival tissue, as Well as existing 
Within granule storage vesicles in polymorphonuclear leu 
kocytes (PMNLs). 
[0010] Current information suggests that there is a family 
of metalloproteinase inhibitors Which comprises TIMP-1 
(tissue inhibitor of metalloproteinases-l); TIMP-2; human 
TIMP-3 Which has been cloned, expressed and mapped to 
human chromosome 22; and chicken tissue inhibitor of 
metalloproteinase (ChIMP-5). The polypeptide of the 
present invention has been putatively identi?ed as a novel 
human TIMP polypeptide based on amino acid sequence 
homology. 

SUMMARY OF THE INVENTION 

[0011] In accordance With one aspect of the present inven 
tion, there is provided a novel mature polypeptide Which is 
human TIMP-4, as Well as biologically active and diagnos 
tically or therapeutically useful fragments, analogs and 
derivatives thereof. 

[0012] In accordance With another aspect of the present 
invention, there are provided isolated nucleic acid molecules 
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encoding human TIMP-4, including mRNA’s, DNA’s, 
cDNA’s, genomic DNA as Well as biologically active and 
diagnostically or therapeutically useful fragments, analogs 
and derivatives thereof. 

[0013] In accordance With yet a further aspect of the 
present invention, there is provided a process for producing 
such polypeptide by recombinant techniques Which com 
prises culturing recombinant prokaryotic and/or eukaryotic 
host cells, containing a human TIMP-4 nucleic acid 
sequence under conditions promoting expression of protein 
and subsequent recovery of said protein. 

[0014] In accordance With yet a further aspect of the 
present invention, there is provided a method for treating 
conditions Which are related to insufficient human TIMP-4 
activity Which comprises administering to a patient in need 
thereof a pharmaceutical composition containing the human 
TIMP-4 protein of the invention Which is effective to supple 
ment a patient’s endogenous human TIMP-4 and thereby 
alleviate said conditions Which include, for example, 
arthritic diseases such as rheumatoid and osteoarthritis, soft 
tissue rheumatism, polychondritis and tendonitis; bone 
resorption diseases, such as osteoporosis, Paget’s disease, 
hyperparathyroidism and cholesteatoma; the enhanced col 
lagen destruction that occurs in association With diabetes; 
the recessive classes of dystrophic epidermolysis bullosa; 
periodontal disease, alveolitis and related consequences of 
gingival production of collagenase; corneal ulceration; 
ulceration of the skin and gastro-intestinal tract and abnor 
mal Wound healing; post-operative conditions in Which 
collagenase levels are raised; cancer by blocking the 
destruction of tissue basement membranes leading to cancer 
metastasis; demyelinating diseases of the central and periph 
eral nervous systems; asthma; glomerulosclerosis; septic 
shock and infection; and psoriasis. 

[0015] In accordance With yet a further aspect of the 
present invention, there is provided a method for treating or 
preventing restenosis, Which comprises administering to a 
patient in need thereof a pharmaceutical composition con 
taining the human TIMP-4 protein of the invention Which is 
effective to treat or prevent restenosis. 

[0016] In accordance With yet a further aspect of the 
present invention, there is provided an antibody against such 
polypeptides. 

[0017] In accordance With yet another aspect of the 
present invention, there are provided nucleic acid probes 
comprising nucleic acid molecules of sufficient length to 
speci?cally hybridiZe to human TIMP-4 sequences. 

[0018] In accordance With yet another aspect of the 
present invention, there are provided antagonists to such 
polypeptides Which may be employed for therapeutic pur 
poses, for example, for remodeling and repairing tissue and 
for destruction of scar tissue. 

[0019] In accordance With another aspect of the present 
invention, there are provided diagnostic assays for detecting 
diseases related to mutations in human TIMP-4 sequences 
and over-expression of the polypeptide. 

[0020] These and other aspects of the present invention 
should be apparent to those skilled in the art from the 
teachings herein. 
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[0021] The folloWing draWings are illustrative of embodi 
ments of the invention and are not meant to limit the scope 
of the invention as encompassed by the claims. 

BRIEF DESECRIPTION OF THE FIGURES 

[0022] FIGS. 1A-B shoWs the cDNA sequence and cor 
responding deduced amino acid sequence of the full-length 
human TIMP-4 polypeptide. The standard one-letter abbre 
viations for amino acids are used. Sequencing Was per 
formed using a 373 Automated DNA sequencer (Applied 
Biosystems, Inc.). Sequencing accuracy is predicted to be 
greater than 97% accurate. 

[0023] FIGS. 2A-B is an amino acid sequence comparison 
betWeen the polypeptide of the present invention and other 
human TIMP polypeptides. 

[0024] FIGS. 3A-F shoWs the adenoviral plasmid maps 
used in the gene therapy experiments described in Example 
7. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0025] In accordance With an aspect of the present inven 
tion, there is provided an isolated nucleic acid (polynucle 
otide) Which encodes for the mature polypeptide having the 
deduced amino acid sequence of FIGS. 1A-B or for the 
mature polypeptide encoded by the cDNA of the clone 
deposited as ATCC Deposit No. 75946 on Nov. 11, 1994. 

[0026] A polynucleotide encoding a polypeptide of the 
present invention may be obtained from an early stage 
human brain. This contains an open reading frame and 
coding of protein of 224 amino acid residues of Which 
approximately the ?rst 29 residues represent the leader 
sequence such that the mature protein comprises 195 amino 
acid residues. The polynucleotide of this invention Was 
discovered in a cDNA library derived from an early stage 
human brain. The protein exhibits the highest degree of 
homology to Human TIMP-2 With 48% identity and 72% 
similarity over a 136 amino acid stretch. Human TIMP-4 has 
the signature 12 cysteine amino acids, Which are conserved 
in all members of the TIMP family. The 12 cysteine residues 
are all disul?de-linked in TIMP-1 and TIMP-2. This evi 
dence strongly suggests that the polypeptide of the present 
invention is a novel member of the TIMP family. 

[0027] The polynucleotide of the present invention may be 
in the form of RNA or in the form of DNA, Which DNA 
includes cDNA, genomic DNA, and synthetic DNA. The 
DNA may be double-stranded or single-stranded, and if 
single stranded may be the coding strand or non-coding 
(anti-sense) strand. The coding sequence Which encodes the 
mature polypeptide may be identical to the coding sequence 
shoWn in FIGS. 1A-B or that of the deposited clone or may 
be a different coding sequence Which coding sequence, as a 
result of the redundancy or degeneracy of the genetic code, 
encodes the same, mature polypeptide as the DNA of FIGS. 
1A-B or the deposited cDNA. 

[0028] The polynucleotide Which encodes for the mature 
polypeptide of FIGS. 1A-B or for the mature polypeptide 
encoded by the deposited cDNA may include: only the 
coding sequence for the mature polypeptide; the coding 
sequence for the mature polypeptide and additional coding 
sequence such as a leader or secretory sequence or a 
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proprotein sequence; the coding sequence for the mature 
polypeptide (and optionally additional coding sequence) and 
non-coding sequence, such as introns or non-coding 
sequence 5‘ and/or 3‘ of the coding sequence for the mature 
polypeptide. 

[0029] Thus, the term “polynucleotide encoding a 
polypeptide” encompasses a polynucleotide Which includes 
only coding sequence for the polypeptide as Well as a 
polynucleotide Which includes additional coding and/or 
non-coding sequence. 

[0030] The present invention further relates to variants of 
the hereinabove described polynucleotides Which encode for 
fragments, analogs and derivatives of the polypeptide hav 
ing the deduced amino acid sequence of FIGS. lA-B or the 
polypeptide encoded by the cDNA of the deposited clone. 
The variant of the polynucleotide may be a naturally occur 
ring allelic variant of the polynucleotide or a non-naturally 
occurring variant of the polynucleotide. 

[0031] Thus, the present invention includes polynucle 
otides encoding the same mature polypeptide as shoWn in 
FIGS. lA-B or the same mature polypeptide encoded by the 
cDNA of the deposited clone as Well as variants of such 
polynucleotides Which variants encode for a fragment, 
derivative or analog of the polypeptide of FIGS. lA-B or the 
polypeptide encoded by the cDNA of the deposited clone. 
Such nucleotide variants include deletion variants, substitu 
tion variants and addition or insertion variants. 

[0032] As hereinabove indicated, the polynucleotide may 
have a coding sequence Which is a naturally occurring allelic 
variant of the coding sequence shoWn in FIGS. lA-B or of 
the coding sequence of the deposited clone. As knoWn in the 
art, an allelic variant is an alternate form of a polynucleotide 
sequence Which may have a substitution, deletion or addi 
tion of one or more nucleotides, Which does not substantially 
alter the function of the encoded polypeptide. 

[0033] The present invention also includes polynucle 
otides, Wherein the coding sequence for the mature polypep 
tide may be fused in the same reading frame to a polynucle 
otide sequence Which aids in expression and secretion of a 
polypeptide from a host cell, for example, a leader sequence 
Which functions as a secretory sequence for controlling 
transport of a polypeptide from the cell. The polypeptide 
having a leader sequence is a preprotein and may have the 
leader sequence cleaved by the host cell to form the mature 
form of the polypeptide. The polynucleotides may also 
encode for a proprotein Which is the mature protein plus 
additional 5‘ amino acid residues. Amature protein having a 
prosequence is a proprotein and is an inactive form of the 
protein. Once the prosequence is cleaved an active mature 
protein remains. Thus, for eXample, the polynucleotide of 
the present invention may encode for a mature protein, or for 
a protein having a prosequence or for a protein having both 
a prosequence and a presequence (leader sequence). 

[0034] The polynucleotides of the present invention may 
also have the coding sequence fused in frame to a marker 
sequence Which alloWs for puri?cation of the polypeptide of 
the present invention. The marker sequence may be a 
heXa-histidine tag supplied by a pQE-9 vector to provide for 
puri?cation of the mature polypeptide fused to the marker in 
the case of a bacterial host, or, for eXample, the marker 
sequence may be a hemagglutinin (HA) tag When a mam 
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malian host, e.g. COS-7 cells, is used. The HA tag corre 
sponds to an epitope derived from the in?uenza hemagglu 
tinin protein (Wilson, I., et al., Cell, 37:767 (1984)). 

[0035] The term “gene” means the segment of DNA 
involved in producing a polypeptide chain; it includes 
regions preceding and folloWing the coding region (leader 
and trailer) as Well as intervening sequences (introns) 
betWeen individual coding segments (eXons). 

[0036] Fragments of the full length gene of the present 
invention may be used as a hybridiZation probe for a cDNA 
library to isolate the full length cDNA and to isolate other 
cDNAs Which have a high sequence similarity to the gene or 
similar biological activity. Probes of this type preferably 
have at least 30 bases and may contain, for eXample, 50 or 
more bases. The probe may also be used to identify a cDNA 
clone corresponding to a full length transcript and a genomic 
clone or clones that contain the complete gene including 
regulatory and promotor regions, eXons, and introns. An 
eXample of a screen comprises isolating the coding region of 
the gene by using the knoWn DNA sequence to synthesiZe an 
oligonucleotide probe. Labeled oligonucleotides having a 
sequence complementary to that of the gene of the present 
invention are used to screen a library of human cDNA, 
genomic DNA or mRNA to determine Which members of the 
library the probe hybridiZes to. 

[0037] The present invention further relates to polynucle 
otides Which hybridiZe to the hereinabove-described 
sequences if there is at least 70%, preferably at least 90%, 
and more preferably at least 95% identity betWeen the 
sequences. The present invention particularly relates to 
polynucleotides Which hybridiZe under stringent conditions 
to the hereinabove-described polynucleotides. As herein 
used, in one embodiment, the term “stringent conditions” 
means hybridiZation Will occur only if there is at least 95% 
and preferably at least 97% identity betWeen the sequences. 
The polynucleotides Which hybridiZe to the hereinabove 
described polynucleotides in a preferred embodiment 
encode polypeptides Which either retain substantially the 
same biological function or activity as the mature polypep 
tide encoded by the cDNAs of FIGS. lA-B (SEQ ID NO:1) 
or the deposited cDNA(s). In an alternative embodiment, by 
“stringent hybridiZation conditions” is intended overnight 
incubation at 42° C. in a solution comprising: 50% forma 
mide, 5><SSC (750 mM NaCl, 75 mM trisodium citrate), 50 
mM sodium phosphate (pH 7.6), 5>< Denhardt’s solution, 
10% deXtran sulfate, and 20 pig/ml denatured, sheared 
salmon sperm DNA, folloWed by Washing the ?lters in 
0.1><SSC at about 65° C. 

[0038] Alternatively, the polynucleotide may have at least 
20 bases, preferably 30 bases, and more preferably at least 
50 bases Which hybridiZe to a polynucleotide of the present 
invention and Which has an identity thereto, as hereinabove 
described, and Which may or may not retain activity. For 
eXample, such polynucleotides may be employed as probes 
for the polynucleotide of SEQ ID NO:1, for eXample, for 
recovery of the polynucleotide or as a diagnostic probe or as 
a PCR primer. 

[0039] Thus, the present invention is directed to poly 
nucleotides having at least a 70% identity, preferably at least 
80%, at least 85%, at least 90%, and more preferably at least 
a 95% identity, at least a 96% identity, at least a 97% 
identity, at least a 98% identity, or at least a 99% identity, to 
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a polynucleotide Which encodes the polypeptide of SEQ ID 
NO:2 as Well as fragments thereof, Which fragments have at 
least 30 bases and preferably at least 50 bases and to 
polypeptides encoded by such polynucleotides. The depos 
it(s) referred to herein Will be maintained under the terms of 
the Budapest Treaty on the International Recognition of the 
Deposit of Micro-organisms for purposes of Patent Proce 
dure. These deposits are provided merely as convenience to 
those of skill in the art and are not an admission that a 

deposit is required under 35 U.S.C. §112. The sequence of 
the polynucleotides contained in the deposited materials, as 
Well as the amino acid sequence of the polypeptides encoded 
thereby, are incorporated herein by reference and are con 
trolling in the event of any con?ict With any description of 
sequences herein. Alicense may be required to make, use or 
sell the deposited materials, and no such license is hereby 
granted. 

[0040] By a polynucleotide having a nucleotide sequence 
at least, for eXample, 95% “identical” or “identity” to a 
reference nucleotide sequence encoding a TIMP-4 polypep 
tide is intended that the nucleotide sequence of the poly 
nucleotide is identical to the reference sequence eXcept that 
the polynucleotide sequence may include up to ?ve mis 
matches per each 100 nucleotides of the reference nucleotide 
sequence encoding the TIMP-4 polypeptide. In other Words, 
to obtain a polynucleotide having a nucleotide sequence at 
least 95% identical to a reference nucleotide sequence, up to 
5% of the nucleotides in the reference sequence may be 
deleted or substituted With another nucleotide, or a number 
of nucleotides up to 5% of the total nucleotides in the 
reference sequence may be inserted into the reference 
sequence. These mutations of the reference sequence may 
occur at the 5‘ or 3‘ terminal positions of the reference 
nucleotide sequence or anyWhere betWeen those terminal 
positions, interspersed either individually among nucle 
otides in the reference sequence or in one or more contigu 
ous groups Within the reference sequence. The reference 
(query) sequence may be the entire nucleotide sequence 
encoding TIMP-4, as shoWn in FIGS. 1A and 1B (SEQ ID 
NO:1) or any TIMP-4 polynucleotide sequence described 
herein. 

[0041] As a practical matter, Whether any particular 
nucleic acid molecule is at least 80%, 85%, 90%, 95%, 96%, 
97%, 98% or 99% identical to, for instance, the nucleotide 
sequences shoWn in FIGS. 1A and 1B, or to the cDNA 
sequence of the deposited cDNA clone, or fragments 
thereof, can be determined conventionally using knoWn 
computer programs such as the Best?t program (Wisconsin 
Sequence Analysis Package, Version 8 for Unix, Genetics 
Computer Group, University Research Park, 575 Science 
Drive, Madison, Wis. 53711). Best?t uses the local homol 
ogy algorithm of Smith and Waterman to ?nd the best 
segment of homology betWeen tWo sequences (Advances in 
Applied Mathematics 2:482-489 (1981)). When using Best?t 
or any other sequence alignment program to determine 
Whether a particular sequence is, for instance, 95% identical 
to a reference sequence according to the present invention, 
the parameters are set, of course, such that the percentage of 
identity is calculated over the full length of the reference 
nucleotide sequence and that gaps in homology of up to 5% 
of the total number of nucleotides in the reference sequence 
are alloWed. 
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[0042] In a speci?c embodiment, the identity betWeen a 
reference (query) sequence (a sequence of the present inven 
tion) and a subject sequence, also referred to as a global 
sequence alignment, is determined using the FASTDB com 
puter program based on the algorithm of Brutlag and col 
leagues (Comp. App. Biosci. 6:237-245 (1990)). In a 
sequence alignment the query and subject sequences are 
both DNA sequences. An RNA sequence can be compared 
by converting U’s to T’s. The result of said global sequence 
alignment is in percent identity. Preferred parameters used in 
a FASTDB alignment of DNA sequences to calculate per 
cent identity are: MatriX=Unitary, k-tuple=4, Mismatch Pen 
alty=1, Joining Penalty=30, RandomiZation Group Length= 
0, Cutoff Score=1, Gap Penalty=5, Gap SiZe Penalty 0.05, 
WindoW SiZe=500 or the length of the subject nucleotide 
sequence, Whichever is shorter. According to this embodi 
ment, if the subject sequence is shorter than the query 
sequence because of 5‘ or 3‘ deletions, not because of 
internal deletions, a manual correction is made to the results 
to take into consideration the fact that the FASTDB program 
does not account for 5‘ and 3‘ truncations of the subject 
sequence When calculating percent identity. For subject 
sequences truncated at the 5‘ or 3‘ ends, relative to the query 
sequence, the percent identity is corrected by calculating the 
number of bases of the query sequence that are 5‘ and 3‘ of 
the subject sequence, Which are not matched/aligned, as a 
percent of the total bases of the query sequence. A determi 
nation of Whether a nucleotide is matched/aligned is deter 
mined by results of the FASTDB sequence alignment. This 
percentage is then subtracted from the percent identity, 
calculated by the above FASTDB program using the speci 
?ed parameters, to arrive at a ?nal percent identity score. 
This corrected score is What is used for the purposes of this 
embodiment. Only bases outside the 5‘ and 3‘ bases of the 
subject sequence, as displayed by the FASTDB alignment, 
Which are not matched/aligned With the query sequence, are 
calculated for the purposes of manually adjusting the percent 
identity score. For eXample, a 90 base subject sequence is 
aligned to a 100 base query sequence to determine percent 
identity. The deletions occur at the 5‘ end of the subject 
sequence and therefore, the FASTDB alignment does not 
shoW a matched/ alignment of the ?rst 10 bases at 5‘ end. The 
10 unpaired bases represent 10% of the sequence (number of 
bases at the 5‘ and 3‘ ends not matched/total number of bases 
in the query sequence) so 10% is subtracted from the percent 
identity score calculated by the FASTDB program. If the 
remaining 90 bases Were perfectly matched the ?nal percent 
identity Would be 90%. In another eXample, a 90 base 
subject sequence is compared With a 100 base query 
sequence. This time the deletions are internal deletions so 
that there are no bases on the 5‘ or 3‘ of the subject sequence 
Which are not matched/aligned With the query. In this case 
the percent identity calculated by FASTDB is not manually 
corrected. Once again, only bases 5‘ and 3‘ of the subject 
sequence Which are not matched/aligned With the query 
sequence are manually corrected for. No other manual 
corrections are made for the purposes of this embodiment. 

[0043] The present application is directed to nucleic acid 
molecules at least 80%, 85%, 90%, 92%, 95%, 96%, 97%, 
98% or 99% identical to the nucleic acid sequences (i.e., 
polynucleotides) disclosed herein (e.g., those disclosed in 
FIGS. 1A and 1B (SEQ ID NO:1) or to the cDNA sequence 
of the deposited clone), irrespective of Whether they encode 
a polypeptide having TIMP-4 functional activity (e.g., bio 
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logical activity). This is because even Where a particular 
nucleic acid molecule does not encode a polypeptide having 
TIMP-4 activity, one of skill in the art Would still knoW hoW 
to use the nucleic acid molecule, for instance, as a hybrid 
iZation probe or a polymerase chain reaction (PCR) primer. 
Uses of the nucleic acid molecules of the present invention 
that do not encode a polypeptide having TIMP-4 activity 
include, inter alia, (1) isolating the TIMP-4 gene or allelic 
variants thereof in a cDNA library; (2) in situ hybridization 
(e.g., “FISH”) to metaphase chromosomal spreads to pro 
vide precise chromosomal location of the TIMP-4 gene, as 
described in Verma et al., Human Chromosomes: A Manual 
ofBasic Techniques, Pergamon Press, NeW York (1988); and 
Northern Blot analysis for detecting TIMP-4 mRNA expres 
sion in speci?c tissues. 

[0044] Preferred, hoWever, are nucleic acid molecules 
having sequences at least 80%, 85%, 90%, 92%, 95%, 96%, 
97%, 98% or 99% identical to the nucleic acid sequences 
disclosed herein (e.g., the nucleotide sequence shoWn in 
FIGS. 1A and 1B (SEQ ID NO:1) and the cDNA sequence 
of the deposited clone, or fragments thereof), Which do, in 
fact, encode a polypeptide having TIMP-4 polypeptide func 
tional activity (e.g., biological activity). 
[0045] By “a polypeptide having TIMP-4 functional activ 
ity” (e.g., biological activity) is intended polypeptides 
exhibiting activity similar, but not necessarily identical, to 
an activity of TIMP-4 polypeptides of the invention, as 
measured in a particular functional assay. TIMP-4 “func 
tional activities include, but are not limited to, biological 
activity (e.g., ability to inhibit metalloproteinase activity, 
ability to inhibit the proliferation of cardiac smooth muscles, 
ability to inhibit the formation of the inner lining (neotima) 
of the carotid artery folloWing balloon angioplasty injury), 
antigenicity [ability to bind (or compete With a TIMP-4 
polypeptide for binding) to an anti-TIMP-4 antibody,], 
immunogenicity (ability to generate antibody Which binds to 
a TIMP-4 polypeptide), and ability to bind to a TIMP-4 
receptor/ligand. Techniques knoWn in the art may be applied 
to routinely determine if polypeptides of the invention 
exhibit TIMP-4 functional activities (e.g., biological activity 
(e.g., ability to inhibit metalloproteinases (e.g., metallopro 
teinase 1, 2, 3, 7, and 

[0046] In speci?c embodiments, the polynucleotides of the 
invention comprise, or alternatively consist of, a polynucle 
otide sequence that is at least 10, 20, 30, 40, 50, 60, 70, 80, 
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200, 
contiguous nucleotides of SEQ ID NO:1. Polypeptides 
encoded by these polynucleotides are also encompassed by 
the invention. 

[0047] In speci?c embodiments, the polynucleotides of the 
invention comprise, or alternatively consist of, a polynucle 
otides sequence encoding a polypeptide sequence that is at 
least 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 
140, 150, 160, 170, 180, 190, or 200, contiguous amino 
acids of SEQ ID NO:2. Polypeptides encoded by these 
polynucleotides are also encompassed by the invention. 

[0048] In speci?c embodiments, the polynucleotides of the 
invention comprise, or alternatively consist of, a nucleotide 
sequence encoding a polypeptide sequence selected from the 
group: (a) a polypeptide having the amino acid sequence of 
amino acids 22 to 28 of SEQ ID NO:2; and (b) a polypeptide 
having the amino acid sequence of amino acids 34 to 40 of 
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SEQ ID NO:2. Polypeptides encoded by these polynucle 
otides are also encompassed by the invention. 

[0049] In speci?c embodiments, the polynucleotides of the 
invention comprise, or alternatively consist of, a nucleotide 
sequence encoding a polypeptide sequence selected from the 
group: (a) a polypeptide having the amino acid sequence of 
amino acids 1 to 72 of SEQ ID NO:2; (b) a polypeptide 
having the amino acid sequence of amino acids 73 to 127 of 
SEQ ID NO:2; (c) a polypeptide having the amino acid 
sequence of amino acids 128 to 176 of SEQ ID NO:2; and 
(d) a polypeptide having the amino acid sequence of amino 
acids 1 to 176 of SEQ ID NO:2. Polypeptides encoded by 
these polynucleotides are also encompassed by the inven 
tion. 

[0050] In speci?c embodiments, the polynucleotides of the 
invention comprise, or alternatively consist of, a nucleotide 
sequence encoding a polypeptide sequence that is at least 
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% 
identical to a polypeptide sequence selected from the group: 
(a) a polypeptide having the amino acid sequence of amino 
acids 1 to 72 of SEQ ID NO:2; (b) a polypeptide having the 
amino acid sequence of amino acids 73 to 127 of SEQ ID 
NO:2; (c) a polypeptide having the amino acid sequence of 
amino acids 128 to 176 of SEQ ID NO:2; and (d) a 
polypeptide having the amino acid sequence of amino acids 
1 to 176 of SEQ ID NO:2. Polypeptides encoded by these 
polynucleotides are also encompassed by the invention. 

[0051] The present invention further relates to a human 
TIMP-4 polypeptide Which has the deduced amino acid 
sequence of FIGS. lA-B or Which has the amino acid 
sequence encoded by the deposited cDNA, as Well as 
fragments, analogs and derivatives of such polypeptide. 

[0052] The terms “fragment,”“derivative” and “analog” 
When referring to the polypeptide of FIGS. lA-B or that 
encoded by the deposited cDNA, means a polypeptide 
Which retains essentially the same biological function or 
activity as such polypeptide. Thus, an analog includes a 
proprotein Which can be activated by cleavage of the pro 
protein portion to produce an active mature polypeptide. 

[0053] The polypeptide of the present invention may be a 
recombinant polypeptide, a natural polypeptide or a syn 
thetic polypeptide, preferably a recombinant polypeptide. 

[0054] The fragment, derivative or analog of the polypep 
tide of FIGS. lA-B or that encoded by the deposited cDNA 
may be one in Which one or more of the amino acid 
residues are substituted With a conserved or non-conserved 
amino acid residue (preferably a conserved amino acid 
residue) and such substituted amino acid residue may or may 
not be one encoded by the genetic code, or (ii) one in Which 
one or more of the amino acid residues includes a substituent 

group, or (iii) one in Which the mature polypeptide is fused 
With another compound, such as a compound to increase the 
half-life of the polypeptide (for eXample, polyethylene gly 
col), or (iv) one in Which the additional amino acids are 
fused to the mature polypeptide, such as a leader or secretory 
sequence or a sequence Which is employed for puri?cation 
of the mature polypeptide or a proprotein sequence. Such 
fragments, derivatives and analogs are deemed to be Within 
the scope of those skilled in the art from the teachings 
herein. 
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[0055] The polypeptides and polynucleotides of the 
present invention are preferably provided in an isolated 
form, and preferably are puri?ed to homogeneity. 

[0056] The term “isolated” means that the material is 
removed from its original environrnent (e.g., the natural 
environment if it is naturally occurring). For example, a 
naturally-occurring polynucleotide or polypeptide present in 
a living animal is not isolated, but the same polynucleotide 
or polypeptide, separated from some or all of the coexisting 
materials in the natural system, is isolated. Such polynucle 
otides could be part of a vector and/or such polynucleotides 
or polypeptides could be part of a composition, and still be 
isolated in that such vector or composition is not part of its 
natural environment. 

[0057] In speci?c embodiments, the polypeptides of the 
invention comprise, or alternatively consist of, an amino 
acid sequence that is at least 10, 20, 30, 40, 50, 60, 70, 80, 
90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200, 
contiguous amino acids of SEQ ID NO:2. Polynucleotides 
encoding these polypeptides are also encompassed by the 
invention. 

[0058] In speci?c embodiments, the polypeptides of the 
invention comprise, or alternatively consist of, a polypeptide 
selected from the group: (a) a polypeptide having the amino 
acid sequence of amino acids 1 to 72 of SEQ ID NO:2; (b) 
a polypeptide having the amino acid sequence of amino 
acids 73 to 127 of SEQ ID NO:2; (c) a polypeptide having 
the amino acid sequence of amino acids 128 to 176 of SEQ 
ID NO:2; and (d) a polypeptide having the amino acid 
sequence of amino acids 1 to 176 of SEQ ID NO:2. 
Poynucleotides encoding these polypeptides are also encorn 
passed by the invention. 

[0059] In speci?c embodiments, the polypeptides of the 
invention comprise, or alternatively consist of, a polypeptide 
selected from the group: (a) a polypeptide having the amino 
acid sequence of amino acids 22 to 28 of SEQ ID NO:2; and 
(b) a polypeptide having the amino acid sequence of amino 
acids 34 to 40 of SEQ ID NO:2. Polynucleotides encoding 
these polypeptides are also encompassed by the invention. 

[0060] Preferred polypeptide fragments of the invention 
include the secreted protein as Well as the mature form. 
Further preferred polypeptide fragrnents include the secreted 
protein or the mature form having a continuous series of 
deleted residues from the amino or the carboXy terrninus, or 
both. Poynucleotides encoding these polypeptides are also 
encompassed by the invention. 

[0061] Accordingly, polypeptide fragrnents include the 
secreted TIMP-4 protein as Well as the mature form. Further 
preferred polypeptide fragrnents include the secreted 
TIMP-4 protein or the mature form having a continuous 
series of deleted residues from the amino or the carboXy 
terrninus, or both. For example, any number of amino acids, 
ranging from 1-29 of the TIMP-4 sequence disclosed in 
FIGS. lA-B, can be deleted from the amino terminus of 
either the secreted TIMP-4 polypeptide or the mature form. 
Sirnilarly, any number of amino acids, ranging from 1-30 of 
the TIMP-4 sequence disclosed in FIGS. lA-B, can be 
deleted from the carboXy terminus of the secreted TIMP-4 
protein or mature form. Furtherrnore, any combination of the 
above amino and carboXy terrninus deletions are preferred. 
Sirnilarly, polynucleotides encoding these polypeptide frag 
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rnents are also preferred. Particularly, N-terrninal deletions 
of the TIMP-4 polypeptide can be described by the general 
formula rn-224, Where In is an integer from 2-218, Where In 
corresponds to the position of the amino acid residue iden 
ti?ed in FIGS. lA-B. More in particular, the invention 
provides polypeptides cornprising, or alternatively consist 
ing of, an amino acid sequence selected from: P-2 to P-224; 
G-3 to P-224; S-4 to P-224; P-S to P-224; R-6 to P-224; P-7 
to P-224; A-8 to P-224; P-9 to P-224; S-10 to P-224; W-11 
to P-224; V-12 to P-224; L-13 to P-224; L-14 to P-224; L-15 
to P-224; R-16 to P-224; L-17 to P-224; L-18 to P-224; A-19 
to P-224; L-20 to P-224; L-21 to P-224; R-22 to P-224; P-23 
to P-224; P-24 to P-224; G-25 to P-224; L-26 to P-224; G-27 
to P-224; E-28 to P-224; A-29 to P-224; C-30 to P-224; S-31 
to P-224; C-32 to P-224; A-33 to P-224; P-34 to P-224; A-35 
to P-224; H-36 to P-224; P-37 to P-224; Q-38 to P-224; 
Q-39 to P-224; H-40 to P-224; I-41 to P-224; C-42 to P-224; 
H-43 to P-224; S-44 to P-224; A-45 to P-224; L-46 to P-224; 
V-47 to P-224; I-48 to P-224; R-49 to P-224; A-SO to P-224; 
K-51 to P-224; I-52 to P-224; S-53 to P-224; S-54 to P-224; 
E-SS to P-224; K-56 to P-224; V-57 to P-224; V-58 to P-224; 
P-59 to P-224; A-60 to P-224; S-61 to P-224; A-62 to P-224; 
D-63 to P-224; P-64 to P-224; A-65 to P-224; D-66 to P-224; 
T-67 to P-224; E-68 to P-224; K-69 to P-224; M-70 to 
P-224; L-71 to P-224; R-72 to P-224; Y-73 to P-224; E-74 
to P-224; I-75 to P-224; K-76 to P-224; Q-77 to P-224; I-78 
to P-224; K-79 to P-224; M-80 to P-224; F-81 to P-224; 
K-82 to P-224; G-83 to P-224; F-84 to P-224; E-85 to P-224; 
K-86 to P-224; V-87 to P-224; K-88 to P-224; D-89 to 
P-224; V-90 to P-224; Q-91 to P-224; Y-92 to P-224; I-93 to 
P-224; Y-94 to P-224; T-95 to P-224; P-96 to P-224; F-97 to 
P-224; D-98 to P-224; S-99 to P-224; S-100 to P-224; L-101 
to P-224; C-102 to P-224; G-103 to P-224; V-104 to P-224; 
K-105 to P-224; L-106 to P-224; E-107 to P-224; A-108 to 
P-224; N-109 to P-224; S-110 to P-224; Q-111 to P-224; 
K-112 to P-224; Q-113 to P-224; Y-114 to P-224; L-115 to 
P-224; L-116 to P-224; T-117 to P-224; G-118 to P-224; 
Q-119 to P-224; V-120 to P-224; L-121 to P-224; S-122 to 
P-224; D-123 to P-224; G-124 to P-224; K-125 to P-224; 
V-126 to P-224; F-127 to P-224; I-128 to P-224; H-129 to 
P-224; L-130 to P-224; C-131 to P-224; N-132 to P-224; 
Y-133 to P-224; I-134 to P-224; E-135 to P-224; P-136 to 
P-224; W-137 to P-224; E-138 to P-224; D-139 to P-224; 
L-140 to P-224; S-141 to P-224; L-142 to P-224; V-143 to 
P-224; Q-144 to P-224; R-145 to P-224; E-146 to P-224; 
S-147 to P-224; L-148 to P-224; N-149 to P-224; H-150 to 
P-224; H-151 to P-224; Y-152 to P-224; H-153 to P-224; 
L-154 to P-224; N-155 to P-224; C-156 to P-224; G-157 to 
P-224; C-158 to P-224; Q-159 to P-224; I-160 to P-224; 
T-161 to P-224; T-162 to P-224; C-163 to P-224; Y-164 to 
P-224; T-165 to P-224; V-166 to P-224; P-167 to P-224; 
C-168 to P-224; T-169 to P-224; I-170 to P-224; S-171 to 
P-224; A-172 to P-224; P-173 to P-224; N-174 to P-224; 
E-175 to P-224; C-176 to P-224; L-177 to P-224; W-178 to 
P-224; T-179 to P-224; D-180 to P-224; W-181 to P-224; 
L-182 to P-224; L-183 to P-224; E-184 to P-224; R-185 to 
P-224; K-186 to P-224; L-187 to P-224; Y-188 to P-224; 
G-189 to P-224; Y-190 to P-224; Q-191 to P-224; A-192 to 
P-224; Q-193 to P-224; H-194 to P-224; Y-195 to P-224; 
V-196 to P-224; C-197 to P-224; M-198 to P-224; K-199 to 
P-224; H-200 to P-224; V-201 to P-224; D-202 to P-224; 
G-203 to P-224; T-204 to P-224; C-205 to P-224; S-206 to 
P-224; W-207 to P-224; Y-208 to P-224; R-209 to P-224; 
G-210 to P-224; H-211 to P-224; L-212 to P-224; P-213 to 



US 2003/0157687 A1 

P-224; L-214 to P-224; R-215 to P-224; K-216 to P-224; 
E-217 to P-224; F-218 to P-224; and V-219 to P-224; of the 
amino acid sequence in FIGS. lA-B (the amino acid position 
in FIGS. lA-B correspond to that of the sequence in SEQ ID 
NO:2 plus 29). The present application is also directed to 
polypeptides comprising, or alternatively, consisting of, an 
amino acid sequence at least 90%, 92%, 95%, 96%, 97%, 
98%, or 99% identical to a polypeptide described above. The 
present invention also encompasses the above polypeptide 
sequences fused to a heterologous polypeptide sequence. 
Polynucleotides encoding these polypeptides are also 
encompassed by the invention. 
[0062] Also as mentioned above, even if deletion of one or 
more amino acids from the C-terminus of a protein results in 
modi?cation of loss of one or more biological functions of 
the protein, other functional activities (e. g., biological activi 
ties, ability to bind TIMP-4 ligand) may still be retained. For 
eXample, the ability of the shortened TIMP-4 mutein to 
induce and/or bind to antibodies Which recogniZe the com 
plete or mature forms of the polypeptide generally Will be 
retained When less than the majority of the residues of the 
complete or mature polypeptide are removed from the 
C-terminus. Whether a particular polypeptide lacking C-ter 
minal residues of a complete polypeptide retains such immu 
nologic activities can readily be determined by routine 
methods described herein and otherWise knoWn in the art. It 
is not unlikely that an TIMP-4 mutein With a large number 
of deleted C-terminal amino acid residues may retain some 
biological or immunogenic activities. In fact, peptides com 
posed of as feW as siX TIMP-4 amino acid residues may 
often evoke an immune response. 

[0063] Accordingly, the present invention further provides 
polypeptides having one or more residues deleted from the 
carboXy terminus of the amino acid sequence of the TIMP-4 
polypeptide shoWn in FIG. 1 (SEQ ID N012), as described 
by the general formula 1-n, Where n is an integer from 6-219, 
Where n corresponds to the position of amino acid residue 
identi?ed in FIGS. lA-B. More in particular, the invention 
provides polypeptides comprising, or alternatively consist 
ing of, an amino acid sequence selected from: M-1 to Q-223; 
M-1 to V-222; M-1 to 1-221; M-1 to D-220; M-1 to V-219; 
M-1 to F-218; M-1 to E-217; M-1 to K-216; M-1 to R-215; 
M-1 to L-214; M-1 to P-213; M-1 to L-212; M-1 to H-211; 
M-1 to G-210; M-1 to R-209; M-1 to Y-208; M-1 to W-207; 
M-1 to S-206; M-1 to C-205; M-1 to T-204; M-1 to G-203; 
M-1 to D-202; M-1 to V-201; M-1 to H-200; M-1 to K-199; 
M-1 to M-198; M-1 to C-197; M-1 to V-196; M-1 to Y-195; 
M-1 to H-194; M-1 to Q-193; M-1 to A-192; M-1 to Q-191; 
M-1 to Y-190; M-1 to G-189; M-1 to Y-188; M-1 to L-187; 
M-1 to K-186; M-1 to R-185; M-1 to E-184; M-1 to L-183; 
M-1 to L-182; M-1 to W-181; M-1 to D-180; M-1 to T-179; 
M-1 to W-178; M-1 to L-177; M-1 to C-176; M-1 to E-175; 
M-1 to N-174; M-1 to P-173; M-1 to A-172; M-1 to S-171; 
M-1 to I-170; M-1 to T-169; M-1 to C-168; M-1 to P-167; 
M-1 to V-166; M-1 to T-165; M-1 to Y-164; M-1 to C-163; 
M-1 to T-162; M-1 to T-161; M-1 to 1-160; M-1 to Q-159; 
M-1 to C-158; M-1 to G-157; M-1 to C-156; M-1 to N-155; 
M-1 to L-154; M-1 to H-153; M-1 to Y-152; M-1 to H-151; 
M-1 to H-150; M-1 to N-149; M-1 to L-148; M-1 to S-147; 
M-1 to E-146; M-1 to R-145; M-1 to Q-144; M-1 to V-143; 
M-1 to L-142; M-1 to S-141; M-1 to L-140; M-1 to D-139; 
M-1 to E-138; M-1 to W-137; M-1 to P-136; M-1 to E-135; 
M-1 to 1-134; M-1 to Y-133; M-1 to N-132; M-1 to C-131; 
M-1 to L-130; M-1 to H-129; M-1 to I-128; M-1 to F-127; 
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M-1 to V-126; M-1 to K-125; M-1 to G-124; M-1 to D-123; 
M-1 to S-122; M-1 to L-121; M-1 to V-120; M-1 to Q-119; 
M-1 to G-118; M-1 to T-117; M-1 to L-116; M-1 to L-115; 
M-1 to Y-114; M-1 to Q-113; M-1 to K-112; M-1 to Q-111; 
M-1 to S-110; M-1 to N-109; M-1 to A-108; M-1 to E-107; 
M-1 to L-106; M-1 to K-105; M-1 to V-104; M-1 to G-103; 
M-1 to C-102; M-1 to L-101; M-1 to S-100; M-1 to S-99; 
M-1 to D-98; M-1 to F-97; M-1 to P-96; M-1 to T-95; M-1 
to Y-94; M-1 to 1-93; M-1 to Y-92; M-1 to Q-91; M-1 to 
V-90; M-1 to D-89; M-1 to K-88; M-1 to V-87; M-1 to K-86; 
M-1 to E-85; M-1 to F-84; M-1 to G-83; M-1 to K-82; M-1 
to F-81; M-1 to M-80; M-1 to K-79; M-1 to I-78; M-1 to 
Q-77; M-1 to K-76; M-1 to 1-75; M-1 to E-74; M-1 to Y-73; 
M-1 to R-72; M-1 to L-71; M-1 to M-70; M-1 to K-69; M-1 
to E-68; M-1 to T-67; M-1 to D-66; M-1 to A-65; M-1 to 
P-64; M-1 to D-63; M-1 to A-62; M-1 to S-61; M-1 to A-60; 
M-1 to P-59; M-1 to V-58; M-1 to V-57; M-1 to K-56; M-1 
to E-SS; M-1 to S-54; M-1 to S-53; M-1 to 1-52; M-1 to 
K-51; M-1 to A-SO; M-1 to R-49; M-1 to 1-48; M-1 to V-47; 
M-1 to L-46; M-1 to A-45; M-1 to S-44; M-1 to H-43; M-1 
to C-42; M-1 to 1-41; M-1 to H-40; M-1 to Q-39; M-1 to 
Q-38; M-1 to P-37; M-1 to H-36; M-1 to A-35; M-1 to P-34; 
M-1 to A-33; M-1 to C-32; M-1 to S-31; M-1 to C-30; M-1 
to A-29; M-1 to E-28; M-1 to G-27; M-1 to L-26; M-1 to 
G-25; M-1 to P-24; M-1 to P-23; M-1 to R-22; M-1 to L-21; 
M-1 to L-20; M-1 to A-19; M-1 to L-18; M-1 to L-17; M-1 
to R-16; M-1 to L-15; M-1 to L-14; M-1 to L-13; M-1 to 
V-12; M-1 to W-11; M-1 to S-10; M-1 to P-9; M-1 to A-8; 
and M-1 to P-7; of FIGS. lA-B (the amino acid position in 
FIGS. lA-B correspond to that of the sequence in SEQ ID 
NO:2 plus 29). The present application is also directed to 
polypeptides comprising, or alternatively, consisting of, an 
amino acid sequence at least 90%, 92%, 95%, 96%, 97%, 
98%, or 99% identical to a polypeptide described above. The 
present invention also encompasses the above polypeptide 
sequences fused to a heterologous polypeptide sequence. 
Polynucleotides encoding these polypeptides are also 
encompassed by the invention. 

[0064] In further embodiments, the present invention 
encompasses polypeptides comprising, or alternatively con 
sisting of, an epitope of the polypeptide having an amino 
acid sequence of SEQ ID NO:2, or an epitope of the 
polypeptide sequence encoded by a polynucleotide sequence 
contained in deposited clone 75946 or encoded by a poly 
nucleotide that hybridiZes to the complement of the 
sequence of SEQ ID NO:1 or contained in deposited clone 
75946 under stringent hybridiZation conditions as de?ned 
supra. The present invention further encompasses poly 
nucleotide sequences encoding an epitope of a polypeptide 
sequence of the invention (such as, for example, the 
sequence disclosed in SEQ ID NO:1), polynucleotide 
sequences of the complementary strand of a polynucleotide 
sequence encoding an epitope of the invention, and poly 
nucleotide sequences Which hybridiZe to the complementary 
strand under stringent hybridiZation conditions or loWer 
stringency hybridiZation conditions de?ned supra. Poly 
nucleotides encoding these polypeptides are also encom 
passed by the invention. 
[0065] The term “epitopes,” as used herein, refers to 
portions of a polypeptide having antigenic or immunogenic 
activity in an animal, preferably a mammal, and most 
preferably in a human. In a preferred embodiment, the 
present invention encompasses a polypeptide comprising an 
epitope, as Well as the polynucleotide encoding this 
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polypeptide. An “immunogenic epitope,” as used herein, is 
de?ned as a portion of a protein that elicits an antibody 
response in an animal, as determined by any method knoWn 
in the art, for example, by the methods for generating 
antibodies described infra. (See, for example, Geysen et al., 
Proc. Natl. Acad. Sci. USA 81:3998-4002 (1983)). The term 
“antigenic epitope,” as used herein, is de?ned as a portion of 
a protein to Which an antibody can immunospeci?cally bind 
its antigen as determined by any method Well knoWn in the 
art, for example, by the immunoassays described herein. 
Immunospeci?c binding excludes non-speci?c binding but 
does not necessarily exclude cross-reactivity With other 
antigens. Antigenic epitopes need not necessarily be immu 
nogenic. 

[0066] Fragments that function as epitopes may be pro 
duced by any conventional means. (See, e.g., Houghten, 
Proc. Natl. Acad. Sci. USA 82:5131-5135 (1985), further 
described in US. Pat. No. 4,631,211). 

[0067] In the present invention, antigenic epitopes prefer 
ably contain a sequence of at least 4, at least 5, at least 6, at 
least 7, more preferably at least 8, at least 9, at least 10, at 
least 15, at least 20, at least 25, and, most preferably, 
betWeen about 15 to about 30 amino acids. Preferred 
polypeptides comprising immunogenic or antigenic epitopes 
are at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 
75, 80, 85, 90, 95, or 100 amino acid residues in length. 
Antigenic epitopes are useful, for example, to raise antibod 
ies, including monoclonal antibodies, that speci?cally bind 
the epitope. Antigenic epitopes can be used as the target 
molecules in immunoassays. (See, for instance, Wilson et 
al., Cell 37:767-778 (1984); Sutcliffe et al., Science 
219:660-666 (1983)). 

[0068] Similarly, immunogenic epitopes can be used, for 
example, to induce antibodies according to methods Well 
knoWn in the art. (See, for instance, Sutcliffe et al., supra; 
Wilson et al., supra; ChoW et al., Proc. Natl. Acad. Sci. USA 
82:910-914; and Bittle et al., J. Gen. Virol. 66:2347-2354 
(1985). A preferred immunogenic epitope includes the 
secreted TIMP-4 protein. The polypeptides comprising one 
or more immunogenic epitopes may be presented for elic 
iting an antibody response together With a carrier protein, 
such as an albumin, to an animal system (such as, for 
example, rabbit or mouse), or, if the polypeptide is of 
sufficient length (at least about 25 amino acids), the polypep 
tide may be presented Without a carrier. HoWever, immu 
nogenic epitopes comprising as feW as 8 to 10 amino acids 
have been shoWn to be suf?cient to raise antibodies capable 
of binding to, at the very least, linear epitopes in a denatured 
polypeptide (e.g., in Western blotting). 

[0069] Epitope-bearing polypeptides of the present inven 
tion may be used to induce antibodies according to methods 
Well knoWn in the art including, but not limited to, in vivo 
immuniZation, in vitro immuniZation, and phage display 
methods. See, e.g., Sutcliffe et al., supra; Wilson et al., supra, 
and Bittle et al., J. Gen. Virol., 66:2347-2354 (1985). If in 
vivo immunization is used, animals may be immuniZed With 
free peptide; hoWever, anti-peptide antibody titer may be 
boosted by coupling the peptide to a macromolecular carrier, 
such as keyhole limpet hemacyanin or tetanus tox 
oid. For instance, peptides containing cysteine residues may 
be coupled to a carrier using a linker such as maleimido 
benZoyl-N-hydroxysuccinimide ester (MBS), While other 
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peptides may be coupled to carriers using a more general 
linking agent such as glutaraldehyde. Animals such as, for 
example, rabbits, rats, and mice are immuniZed With either 
free or carrier-coupled peptides, for instance, by intraperi 
toneal and/or intradermal injection of emulsions containing 
about 100 micrograms of peptide or carrier protein and 
Freund’s adjuvant or any other adjuvant knoWn for stimu 
lating an immune response. Several booster injections may 
be needed, for instance, at intervals of about tWo Weeks, to 
provide a useful titer of anti-peptide antibody that can be 
detected, for example, by ELISA assay using free peptide 
adsorbed to a solid surface. The titer of anti-peptide anti 
bodies in serum from an immuniZed animal may be 
increased by selection of anti-peptide antibodies, for 
instance, by adsorption to the peptide on a solid support and 
elution of the selected antibodies according to methods Well 
knoWn in the art. 

[0070] As one of skill in the art Will appreciate, and as 
discussed above, the polypeptides of the present invention 
comprising an immunogenic or antigenic epitope can be 
fused to other polypeptide sequences. For example, the 
polypeptides of the present invention may be fused With the 
constant domain of immunoglobulins (IgA, IgE, IgG, IgM), 
or portions thereof (CH1, CH2, CH3, or any combination 
thereof and portions thereof) resulting in chimeric polypep 
tides. Such fusion proteins may facilitate puri?cation and 
may increase half-life in vivo. This has been shoWn for 
chimeric proteins consisting of the ?rst tWo domains of the 
human CD4-polypeptide and various domains of the con 
stant regions of the heavy or light chains of mammalian 
immunoglobulins. See, e.g., EP 394,827; Traunecker et al., 
Nature, 331:84-86 (1988). IgG Fusion proteins that have a 
disul?de-linked dimeric structure due to the IgG portion 
desul?de bonds have also been found to be more ef?cient in 
binding and neutraliZing other molecules than monomeric 
polypeptides or fragments thereof alone. See, e.g., Fountou 
lakis et al., J. Biochem., 270:3958-3964 (1995). Nucleic 
acids encoding the above epitopes can also be recombined 
With a gene of interest as an epitope tag (e.g., the hemag 
glutinin (“HA”) tag or ?ag tag) to aid in detection and 
puri?cation of the expressed polypeptide. For example, a 
system described by Janknecht et al. alloWs for the ready 
puri?cation of non-denatured fusion proteins expressed in 
human cell lines (Janknecht et al., 1991, Proc. Natl. Acad. 
Sci. USA 88:8972-897). In this system, the gene of interest 
is subcloned into a vaccinia recombination plasmid such that 
the open reading frame of the gene is translationally fused to 
an amino-terminal tag consisting of six histidine residues. 
The tag serves as a matrix-binding domain for the fusion 
protein. Extracts from cells infected With the recombinant 
vaccinia virus are loaded onto Ni2+ nitriloacetic acid-agar 
ose column and histidine-tagged proteins can be selectively 
eluted With imidaZole-containing buffers. 

[0071] Additional fusion proteins of the invention may be 
generated through the techniques of gene-shuffling, motif 
shuf?ing, exon-shuf?ing, and/or codon-shuf?ing (collec 
tively referred to as “DNA shuf?ing”). DNA shuf?ing may 
be employed to modulate the activities of polypeptides of 
the invention, such methods can be used to generate 
polypeptides With altered activity, as Well as agonists and 
antagonists of the polypeptides. See, generally, US. Pat. 
Nos. 5,605,793; 5,811,238; 5,830,721; 5,834,252; and 
5,837,458, and Patten et al., Curr. Opinion Biotechnol. 
8:724-33 (1997); Harayama, Trends Biotechnol. 16(2):76 
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82 (1998); Hansson, et al., J. M01. Biol. 287:265-76 (1999); 
and Lorenzo and Blasco, Biotechniques 24(2):308-13 
(1998) (each of these patents and publications are hereby 
incorporated by reference in its entirety). In one embodi 
ment, alteration of polynucleotides corresponding to SEQ 
ID NO: 1 and the polypeptides encoded by these polynucle 
otides may be achieved by DNA shuf?ing. DNA shuffling 
involves the assembly of tWo or more DNA segments by 
homologous or site-speci?c recombination to generate 
variation in the polynucleotide sequence. In another embodi 
ment, polynucleotides of the invention, or the encoded 
polypeptides, may be altered by being subjected to random 
mutagenesis by error-prone PCR, random nucleotide inser 
tion or other methods prior to recombination. In another 
embodiment, one or more components, motifs, sections, 
parts, domains, fragments, etc., of a polynucleotide coding 
a polypeptide of the invention may be recombined With one 
or more components, motifs, sections, parts, domains, frag 
ments, etc. of one or more heterologous molecules. 

[0072] The polypeptides of the present invention include 
the polypeptide of SEQ ID NO:2 (in particular the mature 
polypeptide) as Well as polypeptides Which have at least 
70% similarity (preferably at least 70% identity) to the 
polypeptide of SEQ ID NO:2 and more preferably at least 
90% similarity (more preferably at least 80% identity, or at 
least 85% identity) to the polypeptide of SEQ ID NO:2 and 
still more preferably at least 95% similarity (still more 
preferably at least 90% identity, at least 95 % identity, at least 
96% identity, at least 97% identity, at least 98% identity, or 
at least 99% identity) to the polypeptide of SEQ ID NO:2 
and also include portions of such polypeptides With such 
portion of the polypeptide generally containing at least 30 
amino acids and more preferably at least 50 amino acids. 

[0073] By a polypeptide having an amino acid sequence at 
least, for eXample, 95% “identical” or “identity” to a refer 
ence amino acid sequence of a TIMP-4 polypeptide is 
intended that the amino acid sequence of the polypeptide is 
identical to the reference sequence eXcept that the polypep 
tide sequence may include up to ?ve amino acid alterations 
per each 100 amino acids of the reference amino acid of the 
TIMP-4 polypeptide. In other Words, to obtain a polypeptide 
having an amino acid sequence at least 95% identical to a 
reference amino acid sequence, up to 5% of the amino acid 
residues in the reference sequence may be deleted or sub 
stituted With another amino acid, or a number of amino acids 
up to 5% of the total amino acid residues in the reference 
sequence may be inserted into the reference sequence. These 
alterations of the reference sequence may occur at the amino 
or carboXy terminal positions of the reference amino acid 
sequence or anyWhere betWeen those terminal positions, 
interspersed either individually among residues in the ref 
erence sequence or in one or more contiguous groups Within 
the reference sequence. 

[0074] As a practical matter, Whether any particular 
polypeptide is at least 80%, 85%, 90%, 95%, 96%, 97%, 
98% or 99% identical to, for instance, the amino acid 
sequence shoWn in FIGS. 1A and 1B (SEQ ID N012), the 
amino acid sequence encoded by the deposited cDNA clone, 
or fragments thereof, can be determined conventionally 
using knoWn computer programs such the Best?t program 
(Wisconsin Sequence Analysis Package, Version 8 for Unix, 
Genetics Computer Group, University Research Park, 575 
Science Drive, Madison, Wis. 53711). When using Best?t or 
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any other sequence alignment program to determine Whether 
a particular sequence is, for instance, 95% identical to a 
reference sequence according to the present invention, the 
parameters are set, of course, such that the percentage of 
identity is calculated over the full length of the reference 
amino acid sequence and that gaps in homology of up to 5% 
of the total number of amino acid residues in the reference 
sequence are alloWed. 

[0075] In a speci?c embodiment, the identity betWeen a 
reference (query) sequence (a sequence of the present inven 
tion) and a subject sequence, also referred to as a global 
sequence alignment, is determined using the FASTDB com 
puter program based on the algorithm of Brutlag et al. 
(Comp. App. Biosci. 6:237-245 (1990)). Preferred param 
eters used in a FASTDB amino acid alignment are: MatriX= 
PAM 0, k-tuple=2, Mismatch Penalty=1, Joining Penalty= 
20, Randomization Group Length=0, Cutoff Score=1, 
WindoW SiZe=sequence length, Gap Penalty=5, Gap SiZe 
Penalty=0.05, WindoW SiZe=500 or the length of the subject 
amino acid sequence, Whichever is shorter. According to this 
embodiment, if the subject sequence is shorter than the 
query sequence due to N- or C-terminal deletions, not 
because of internal deletions, a manual correction is made to 
the results to take into consideration the fact that the 
FASTDB program does not account for N- and C-terminal 
truncations of the subject sequence When calculating global 
percent identity. For subject sequences truncated at the N 
and C-termini, relative to the query sequence, the percent 
identity is corrected by calculating the number of residues of 
the query sequence that are N- and C-terminal of the subject 
sequence, Which are not matched/aligned With a correspond 
ing subject residue, as a percent of the total bases of the 
query sequence. A determination of Whether a residue is 
matched/aligned is determined by results of the FASTDB 
sequence alignment. This percentage is then subtracted from 
the percent identity, calculated by the above FASTDB 
program using the speci?ed parameters, to arrive at a ?nal 
percent identity score. This ?nal percent identity score is 
What is used for the purposes of this embodiment. Only 
residues to the N- and C-termini of the subject sequence, 
Which are not matched/aligned With the query sequence, are 
considered for the purposes of manually adjusting the per 
cent identity score. That is, only query residue positions 
outside the farthest N- and C-terminal residues of the subject 
sequence. For eXample, a 90 amino acid residue subject 
sequence is aligned With a 100 residue query sequence to 
determine percent identity. The deletion occurs at the N-ter 
minus of the subject sequence and therefore, the FASTDB 
alignment does not shoW a matching/alignment of the ?rst 
10 residues at the N-terminus. The 10 unpaired residues 
represent 10% of the sequence (number of residues at the N 
and C-termini not matched/total number of residues in the 
query sequence) so 10% is subtracted from the percent 
identity score calculated by the FASTDB program. If the 
remaining 90 residues Were perfectly matched the ?nal 
percent identity Would be 90%. In another eXample, a 90 
residue subject sequence is compared With a 100 residue 
query sequence. This time the deletions are internal dele 
tions so there are no residues at the N- or C-termini of the 
subject sequence Which are not matched/aligned With the 
query. In this case the percent identity calculated by 
FASTDB is not manually corrected. Once again, only resi 
due positions outside the N- and C-terminal ends of the 
subject sequence, as displayed in the FASTDB alignment, 




















































































