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Tissue Inhibitor of Metalloproteinases-4 (TIMP-4) Gene
Expression is Increased in Human Osteoarthritic Femoral
Head Cartilage
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Abstract Tissue inhibitor of metalloproteinases-4 (TIMP-4), the newest member of the TIMP family, blocks the
activities of several matrix metalloproteinases (MMPs) implicated in the arthritic cartilage erosion. By utilizing semi-
quantitative RT-PCR, immunoblotting, and immunohistochemistry, we investigated whether the TIMP-4 gene is
expressed in human non-arthritic and osteoarthritic (OA) cartilage. Directly analyzed femoral head cartilage showed
TIMP-4 RNA expression in 2 of 9 non-arthritic and 12 of 14 OA patients. Femoral head cartilage from 6 of 9 OA patients
had elevated TIMP-4 protein compared to the low-level expression in 3 of 8 non-arthritic controls. In most patients, there
was correlation between TIMP-4 RNA and protein expression. TIMP-4 protein was also detected immunohistochemi-
cally in the upper zone of OA cartilage. The widespread TIMP-4 RNA and protein expression and augmentation in
femoral OA cartilage suggests its important role in joint tissue remodeling and pathogenesis of OA. Increased TIMP
levels in arthritic cartilage may not be a sufficiently effective defense against cartilage resorption by excessive multiple
MMPs and aggrecanases. J. Cell. Biochem. 85: 295-303, 2002. © 2002 Wiley-Liss, Inc.
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Osteoarthritis (OA) and rheumatoid arthritis
(RA) are the common forms of arthritis, and
knee and hip OA occurs in 6.1 and 0.7—4.4% of
adults over 30, respectively [Felson and Zhang,
1998]. Multiple factors contribute to the devel-
opment of OA. These include joint injuries, obe-
sity, age, gender (higher prevalence in women
over 50), and genetic susceptibility [reviewed in
Hamerman, 1995; Felson and Zhang, 1998]. OA
joints exhibit impaired cartilage repair, exces-
sive proinflammatory cytokines, and activated
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matrix metalloproteinases (MMPs) compared to
their natural inhibitors, the TIMPs, leading to
the erosion of articular cartilage [Poole, 1999;
Pelletier et al., 2001]. MMPs include collage-
nase-1 and -3, stromelysin-1, gelatinases, and
membrane-type MMPs, which cleave cartilage
extracellular matrix (ECM) during its physio-
logical and pathological turnover [Nagase and
Woessner, 1999; Westermarck and Kéhéri,
1999]. MMPs and aggrecanases digest various
components of the cartilage ECM, including
major collagens and aggrecan at distinct sites
[Tortorella et al., 1999]. The TIMP gene family
consists of four members named TIMP-1, -2, -3,
and -4, which have multiple activities in dif-
ferent systems [Gomez et al., 1997]. MMP
inhibitory and growth promoting activities of
TIMPs may be beneficial for protecting degen-
erating OA cartilage. Their pro-apoptotic and
antiangiogenic activities may be useful for
treating rheumatoid synovial hyperplasia and
angiogenesis.

TIMP-1 and MMP-3 protein or RNA were
found increased in the serum of RA and synovia
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of OA patients [Zafarullah et al., 1993; Yoshi-
hara et al., 1995]. MMP-TIMP-1 balance is
altered in favor of MMPs in arthritic synovium,
human OA cartilage, and in experimental
models of OA [Dean et al., 1989; Pelletier et al.,
1990; McCachren, 1991]. RA and OA synovium
had similar TIMP-1 levels [Firestein et al.,
1991]. Despite its MMP inhibitory activity,
TIMP-1 overexpression did not protect mice
from collagen-induced arthritis possibly due to
its multiple activities [Apparailly et al., 2001].
The human RA cells and synovial fluid contain
an MMP-2 inhibitory TIMP-2 and pro-MMP-2
complex [Cawston et al., 1993]. Normal bovine
and human OA chondrocytes, and synovia
express TIMP-2 mRNA constitutively [Zafar-
ullah et al., 1996]. While TIMP-1 and TIMP-2
are secreted, TIMP-3 distinctly binds with the
sulfated glycosaminoglycans of ECM [Yu et al.,
2000]. Like TIMP-1, TIMP-3 inhibits major
MMPs [Apte et al., 1995]. The embryonic car-
tilage expresses TIMP-3 RNA [Apte et al., 1994].
Itisinduced by mitogens and upregulated at the
G1 phase of the cell cycle progression [Wick
et al., 1994]. TIMP-3 inhibits TNF-o converting
enzyme (TACE) and aggrecanases in vitro, and
may potentially protect articular cartilage from
these mediators in vivo [Amour et al., 1998;
Hashimoto et al., 2001; Kashiwagi et al., 2001].
We previously demonstrated the expression of
TIMP-3 mRNA in bovine and human OA
chondrocytes [Su et al., 1996], its in vivo in-
crease in arthritic synovial linings and its
induction by TGF-pB, a major inducer of cartilage
regeneration [Su et al., 1999].

Tissue inhibitor of metalloproteinases-4
(TIMP-4) is the latest member of the TIMP gene
family whose expression is selectively elevated
in human heart and in mouse brain, heart,
ovary, and skeletal muscle, suggesting its
tissue-specificity [Greene et al., 1996; Leco
et al., 1997]. TIMP-4 inhibits the major MMPs
implicated in arthritis [Liu et al., 1997]. Like
TIMP-2, TIMP-4 binds strongly with the car-
boxy hemopexin-domain of gelatinase A (MMP-
2), and inhibits its activation by membrane-type
MMP-1, the enzymes also expressed in arthritic
cartilage and synovial membranes [Bigg et al.,
2001]. Rat TIMP-4 mRNA is expressed in
several tissues except cartilage [Wu and Moses,
1998]. TIMP-4 is reduced in patients with
ischemic cardiomyopathy [Li et al., 1998]. It is
transiently induced by IL-1 and TNF-o in
cardiac cells [Li et al., 1999]. During vascular

remodeling after balloon injury, TIMP-4 expres-
sion is increased [Dollery et al., 1999]. Since the
levels of TIMPs relative to MMPs are critical for
cartilage integrity, understanding the role of
TIMPs in joints is of profound importance. We
have previously shown that MMP-3, TIMP-1,
and TIMP-3 (but not TIMP-2) mRNA is in-
creased in human OA synovium, and articular
chondrocytes express TIMP-1, TIMP-2, and
TIMP-3 genes [Zafarullah et al., 1993, 1996;
Su et al., 1996, 1999]. Besides one report of
differential TIMP-4 expression relative to other
TIMPs in the healing rabbit ligaments [Reno
et al., 1998] and non inducibility of TIMP-4 in
rheumatoid synovial fibroblasts by calcium
pentosan polysulfate [Takizawa et al., 2000],
no information is available about the expression
of the novel TIMP-4 in human joints. We inves-
tigated the physiologic and pathophysiologic
role of TIMP-4 in joints by studying the expres-
sion of its RNA and protein in human cartilage.

MATERIALS AND METHODS
Patients and Tissues

For direct analysis of TIMP-4 expression in
cartilage, femoral head cartilage was obtained
from patients with hip fractures (7 female,
2 male ranging from 52 to 93 years, mean age
74.4 years; see Table I) or from OA patients

TABLE 1. Characteristics of the Patients
Analyzed for TIMP-4 RNA Expression

Patient no. Age/sex Disease
Non arthritic 1 73/F Hip fracture
patients 2 69/M Hip fracture
3 75/F Hip fracture
4 70/F Hip fracture
5 52/M Hip fracture
6 66/F Hip fracture
7 90/F Hip fracture
8 82/F Hip fracture
9 93/F Hip fracture
Arthritis 1 57/F OA
patients 2 79/M OA
3 69/M OA
4 71/F OA
5 50/F OA
6 61/F OA
7 68/M OA
8 71/F OA
9 51/F OA
10 64/F OA
11 71/F OA
12 46/F OA
13 52/M OA
14 52/M OA
15 47M RA

F, female; M, male; OA, osteoarthritis; RA, rheumatoid
arthritis.
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(9 female, 5 male, ranging from 50 to 79 years,
mean age 61.6 years; see Table I) who under-
went hip replacement surgery due to OA at
the Notre-Dame Hospital. The excised human
cartilage slices were frozen at — 80°C until the
extraction of RNA or protein.

RNA Extraction and RT-PCR

For direct RNA extraction, fresh human
femoral head cartilage was rapidly frozen in
guanidinium isothiocynate solution at — 80°C
until extraction. Cartilage tissues were first
ground in solution D [Chomezynski and Sacchi,
1987] with a homogenizer (Kinetica, Switzer-
land) and subsequently with pestle and mortar.
The homogenates were extracted once with
equal volume of water-saturated phenol, pre-
cipitated with ethanol and nucleic acids resus-
pended in 450 pl of solution D. Subsequent
purifications were with the RNeasy Plant Mini
kit and spin columns (Qiagen Inc., Mississauga,
ON) according to the manufacturer’s protocols.
Spin columns of these kits eliminate the inter-
fering glycosaminoglycans in cartilage, whose
analogues are also found in plants. RNA was
quantified and its integrity verified by agarose—
formaldehyde gel electrophoresis.

For RT-PCR, 2 ng RNA aliquots were heated
for 5 min at 65°C and reverse transcribed in the
reaction mixture consisting of oligo d(T) 12—
18mer, dNTPs, RNase inhibitor (Pharmacia),
acetylated BSA (Promega) with Moloney
murine leukemia-virus reverse transcriptase
(MMLV-RT) (GIBCO-BRL) according to the
protocols of Clontech Laboratories Inc. (Palo
Alto, CA). Aliquots of 5 pl from the 30-ul RT
reaction were subjected to PCR with TIMP-4 or
GAPDH primers. The forward and reverse
primers specific for TIMP-4 were designed from
the published sequence of the human TIMP-4
cDNA [Greene et al., 1996] whose sequences
were: 5'-AGA CCT CAC AGG CTC AGT CG-3'
(from nucleotide 25 to 44) and 5’-CAT TCC TGC
CAG TCA GCC TG-3' (from nucleotides 1151 to
1170), respectively (synthesized by GIBCO-
BRL, Burlington, ON). The amplification profile
was one cycle of 94°C for 1 min, 35 cycles of 94°C
for 1 min, hybridization at 60°C for 2 min, and
extension at 72°C for 3 min. A final extension
cycle of 7 min at 72°C was also included. The
PCR amplifications were performed in the Gene
E thermal cycler (Techne, Cambridge, England)
in a 50-ul reaction with 1.25 mM dNTPs, Taq
DNA polymerase (Pharmacia), respective pri-

mers and overlaid with mineral oil. The GAPDH
c¢DNA amplification kit and primers were from
Maxime Biotech. Inc. (South San Francisco, CA)
whose sequences were (forward) 5'-GAA GGT
GAA GGT CGG AGT C-3' and (reverse) 5'-GAA
GAT GGT GAT GGG ATT TC-3/, which were
utilized according to the recommendations of
the suppliers. Aliquots of 10 pl from the 50 pl
PCR reaction were analyzed on 1.2 (TIMP-4) or
1.4% (GAPDH) agarose gels to detect TIMP-4
and GAPDH cDNA amplification products of
1148 and 226 bp, respectively. Negative controls
included either all the RT-PCR reagents except
cDNA or additionally, RT was omitted in the
reaction mix before PCR. None of these controls
gave any bands. The TIMP-4 cDNA product was
cloned in pGEM-4Z and the identity of the
amplification product was confirmed by DNA
sequence analysis (Sheldon Biotechnology
Centre, McGill University), which completely
matched with the published sequences [Greene
et al., 1996].

Extraction of Cartilage Proteins
and Western Immunoblot Analysis

For the analysis of TIMP-4 protein expres-
sion in human cartilage, total protein was
extracted by homogenization of cartilage slices
in a buffer consisting of 50 mM Tris-HCI, 10 mM
CaCl,.2H,0, 0.05% Brij 35, and 2 M guanidine
hydrochloride, pH 7.5. The homogenate was
incubated overnight at 4°C with gentle shaking.
After centrifugation at 3,000¢ for 10 min,
extracts were dialyzed against 50 mM Tris-
HCIl, pH 7.5 with three buffer changes. Protein
was measured with Bio-Rad protein assay
system. The protein extracts were fractionated
by 5% stacking, 12% separating SDS—PAGE
using Bio-Rad (Mississauga, ON) mini-gel sys-
tem, transferred to nitrocellulose by electroblot-
ting, membranes washed three times with TBS
buffer, blocked by 10% carnation milk, and
reacted with 1:1,000 dilution of rabbit anti-
human TIMP-4 polyclonal antibody (Chemicon
International Inc. Temecula, CA) for 3 h at room
temperature or overnight at 4°C. This antibody
has no cross-reactivity with TIMP-1, -2, and -3.
The membranes were then washed, blocked for
20 min, and reacted with peroxidase-conjugated
anti-rabbit secondary IgG (Roche Molecular
Biochemicals, Laval, QC) and the TIMP-4 band
revealed for 1-20 min by chemiluminescence
system of Roche according to the manufac-
turer’s protocols.
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Immunohistochemistry

Cartilage blocks were frozen in OCT medium,
7-um thick sections cut with a cryostat, placed on
silane-covered slides and treated with 0.25 U/ml
chondroitinase ABC (Sigma) for 1 h in PBS.
The samples were treated with 0.3% HyO5 in
methanol for 30 min to quench the endogenous
peroxidase activity, washed with PBS for 5 min,
and blocked by incubating in normal goat serum
(ABC Elite kit, Vector Labs. Inc. Burlington,
ON) for 20 min. The slides were incubated with
1:1,000 dilution of the anti-human TIMP-4
primary antibody in PBS overnight at 4°C,
washed with PBS for 5 min, incubated for
30 min with biotinylated anti-rabbit IgG in goat
(secondary antibody), washed, reacted with
ABC stain reagent for 30 min, incubated with
3,3'-diaminobenzidine substrate (Vector Labs)
for 10 min, counterstained the nuclei with
hematoxylin for 1 min, and dehydrated with
70 and 100% ethanol. The slides were cleared
with three xylene washes, mounted with Per-
mount (Fisher Scientific) and photographed.
For negative controls, primary antibody was
incubated with the competing purified TIMP-4
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protein for 1 h at room temperature or overnight
at 4°C, and then reacted with tissue slices. Addi-
tional negative controls were processed without
the addition of primary antibody. Such controls
did not yield positive staining. Nuclei appeared
blue and TIMP-4-specific staining was brown.

RESULTS

TIMP-4 mRNA Expression in Human
Femoral Head Articular Cartilage

We initially found that primary cultures of
non-arthritic and OA chondrocytes as well
as human synovial membranes constitutively
expressed TIMP-4 RNA (data not shown). To
investigate the in vivo expression of TIMP-4
gene in human joints, RNA was extracted
directly from the femoral head cartilage without
any prior treatment or culturing. Only 2 of 9
(3 and 9) cartilage specimens from femoral head
fractures expressed TIMP-4 RNA. The other 7
either did not express or expressed this gene at
very low levels. In contrast, 12 of 14 femoral
head OA and the only available RA cartilage
specimens expressed this mRNA (Fig. 1). The
constitutive GAPDH RNA levels were constant

HUMAN FEMORAL HEAD CARTILAGE

Osteoarthritic
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Fig. 1.

Expression of the TIMP-4 mRNA in human non-arthritic
and OA femoral head cartilage. Total RNA (2 pg) extracted
directly from 9 non-arthritic (femoral head fractures), 14 femoral
head OA, and 1 RA cartilage was reverse transcribed into cDNA
and 5 pl aliquots amplified with the TIMP-4- or GAPDH-specific
primers for 35 cycles. Aliquots of 10 ul from a 50 pl reaction

I
987 6543121

No DNA
» Hind 111

—» TIMP- 4
(1.148 Kb)

— GAPDH
(0.226 Kb)

were analyzed by agarose gel electrophoresis. The specific
amplification products of 1.148 kb (upper panel) and 0.226 kb
(lower panel) along with the lambda HindIll markers are
depicted. The ‘No DNA’ control lane represents PCR reac-
tions with primers but without cDNA, and did not yield any
products.
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(Fig. 1, lower panel). These results suggest an
increased TIMP-4 mRNA expression in the
cartilage of OA patients.

Expression of TIMP-4 Protein in
Human Femoral Head Articular Cartilage

To further evaluate the in vivo expression of
TIMP-4 in human joints, protein was extracted
directly from the eight non-arthritic (corres-
ponding to the non-arthritic samples 2-9,
respectively in Fig. 1) and nine OA (correspond-
ing to the OA samples 7—14, respectively in
Fig. 1) femoral heads as well as 1 RA cartilage
and 1 OA synovial membrane without any prior
treatment or culturing. The Western blots
containing 30 ug/lane of total protein were
probed with anti-human TIMP-4 antibody.
The controls had undetectable or low, while 6
of 9 OA and 1 RA femoral cartilage as well as
1 OA synovial membrane had elevated levels of
TIMP-4 protein (Fig. 2). The band of 29-kDa size
protein is comparable in size with that from
human heart, the major tissue expressing this
protein [Greene et al., 1996; Dollery et al., 1999].
This band co-migrated with the purified human
synovial fibroblast TIMP-4 protein (results
not shown). Since most of these samples were
also analyzed for TIMP-4 RNA expression in
Figure 1, we were able to compare RNA and
protein expression in the same tissues. RNA
results from Figure 1 are depicted at the bottom
of Figure 2. In general, samples with low TIMP-
4 protein levels also had low or undetectable
TIMP-4 RNA and tissues with elevated TIMP-4
protein were positive for respective RNAs. Thus,
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human cartilage clearly synthesizes TIMP-4
protein (and RNA) whose levels are increased in
most OA patients.

Detection of TIMP-4 Expression in Cartilage
and Chondrocytes by Immunohistochemistry

To further confirm the above results and to
investigate spatial expression of TIMP-4 in
human OA and normal cartilage, tissue sections
were analyzed by immunohistochemistry with
peroxidase-based ABC system. TIMP-4-positive
brown staining was observed predominantly in
the upper zone and minimally in the middle
zone of the OA cartilage from three different
patients (Fig. 3B,D,F) that was absent in sec-
tions where antibody was pre-adsorbed with
the purified total TIMP-4 protein (Fig. 3A,C)
or upon omission of the primary antibody
(Fig. 3E,G). The TIMP-4 expression was rela-
tively much lower in the upper zone of normal
human cartilage (Fig. 3H). Cells in control
tissues showed only blue stained nuclei as a
result of hematoxylin counterstaining while the
TIMP-4 antibody-treated cells displayed both
blue-stained nuclei and TIMP-4-specific brown
staining intracellularly and in the ECM of chon-
drocytes. Primary chondrocytes in culture were
also positive for TIMP-4 (results not shown).

DISCUSSION

Hip and knee are the most commonly affected
joints in obese and elderly patients suffering
from osteoarthritis that ultimately require joint
replacement surgery. It is important to under-
stand the molecular mechanisms contributing

HUMAN FEMORAL HEAD CARTILAGE
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Fig. 2. TIMP-4 protein expression in human non-arthritic and
OA femoral head cartilage. Total protein was extracted directly
from the femoral head cartilage of 8 patients with fractures, 9
with OA, 1 with RA, and 1 OA synovial membrane (SM),
subjected to SDS—PAGE, probed with the 1:1,000 dilution of
polyclonal human TIMP-4 antibody, reacted with the 1:400

dilution of anti-rabbit secondary antibody and revealed by
chemiluminescence. The film was exposed for 1 min. The
position of TIMP-4 band relative to the molecular weight
markers is shown. On the top, age and gender of each patient is
shown. Additionally, the result of TIMP-4 RNA expression from
Figure 1 is also included for comparison.
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to this disease. TIMP-4, the newest member of
the TIMP gene family, blocks the activities
of several enzymes (MMP-1, -2, -3, -7, and -9)
known to be implicated in the arthritic cartilage
erosion [Liu et al., 1997]. We have shown here
for the first time that TIMP-4 RNA and protein
expression is increased in the cartilage of most
patients with femoral head OA. Additionally,
it is widely expressed in the other major joint
tissue, synovium, under non-arthritic and ar-
thritic conditions (results not shown). Thus,
TIMP-4 gene has widespread expression in
human joints, and may contribute to the
pathogenesis of OA.

TIMP-4 mRNA levels are generally low in all
tissues including those from joints, but could

2 D

A _ S i e
= - x
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Fig. 3. Detection of TIMP-4 expression in
human femoral head cartilage. In panels A—
F, cartilage sections from three OA patient
were stained after preincubation with the
competing pure TIMP-4 protein and TIMP-4
antibody (A and C), without TIMP-4 anti-
body (E) (negative controls) or with TIMP-4
antibody (B, D, F) using an avidin/biotin
horse radish peroxidase-based (ABC elite)
kit, nuclei counterstained with hematoxylin
and photographed. Only blue nuclear stain-
ing with hematoxylin is seen in A, C, E, and
G (negative controls), while additional
brown TIMP-4 staining can be observed in
B, D, and F. In panels G and H, staining of a
non OA cartilage specimen is shown with-
out (G) and with (H) TIMP-4 antibody.

nevertheless be detected by RT-PCR using as
low as 1 pg of total RNA. This is in contrast with
other TIMPs, which can be detected by North-
ern hybridizations[Zafarullah et al., 1993, 1996;
Suet al., 1999]. In other tissues, poly A" mRNA
from 150 to 210 pg of total RNA was used to
detect its expression [Greene et al., 1996; Li
et al., 1998, 1999]. Such amounts are unachie-
vable from the limited human joint tissues.
Similar levels of TIMP-4 RNAs in non-arthritic
and OA synovial membranes (data not shown)
suggests a pattern analogous to that of TIMP-2
[Su et al., 1999], which may also be indicative of
lesser involvement of synovial linings in OA. In
contrast, TIMP-1 and -3 mRNAs are mostly
increased [Su et al., 1999] due to possible altered
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metabolism of arthritic joints. The continuous
TIMP-4 expression may be related to its impor-
tant role and persistent requirement in both
physiologic and pathologic situations such as
protection of synovial ECM integrity, anti-
angiogenic, growth promoting, or anti-apoptotic
activities [Gomesz et al., 1997].

Contrary to the expression of TIMP-4 RNA
in all non OA and OA femoral head-derived
primary chondrocytes [unpublished communi-
cations], analysis of the RNA directly from the
femoral head revealed low-level expression of
TIMP-4 in non-arthritic cartilage and increased
expression in 85% of the OA cases. Thus there is
considerable disparity in TIMP-4 gene expres-
sion under the ex vivo and in vivo conditions.
Low-level TIMP-4 expression in normal human
cartilage may have physiological roles such as
protection of its matrix from MMPs, growth
promotion, or apoptosis [Gomez et al., 1997;
Tummalapalli et al., 2001]. The expression of
TIMP-4 protein in directly analyzed human non
OA and OA cartilage suggests that despite some
variation between different individuals, there is
a clear tendency of increased TIMP-4 expres-
sion in most OA cases. This is consistent with
the observed altered phenotype of metabolically
hyperactive OA chondrocytes [Aigner and Dud-
hia, 1997], and supports the proposed role of
TIMPs in OA cartilage matrix remodeling.
Expression in the superficial zone of OA carti-
lage further supports such a role. Curiously, the
only RA sample analyzed (due to non avail-
ability) had higher TIMP-4 RNA and protein
levels relative to OA, which may be due to more
aggressive nature of RA and merits further
investigation. TIMP-4 augmentation observed
here in the remodeling OA cartilage is analo-
gous to the vascular remodeling after balloon-
induced injury [Dollery et al., 1999]. While
cartilage tissues analyzed here are from the
end-stage OA, it is possible that TIMP-4
expression isincreased temporally in the earlier
phases where type I1 collagen and aggrecan core
protein synthesis are known to be increased
[Matyas et al., 1995]. In the early inflammatory
phase of healing rabbit ligaments, proteinases
and all TIMPs were increased, except TIMP-4,
which was repressed, suggesting distinct func-
tions of TIMPs. Since collagenase-3 is a major
enzyme implicated in type II collagen cleavage
in arthritic cartilage [Mitchell et al., 1996;
Reboul et al., 1996; Billinghurst et al., 1997;
Shlopov et al., 1997], we also investigated its

mRNA expression in the femoral head speci-
mens in Figure 1. None of the control patients
expressed collagenase-3 message, but 71% of
OA and 1 RA patients did [unpublished com-
munications]. Expression of the MMP-13 and
TIMP-4 genes was mostly, but not always
coordinate suggesting differential in vivo reg-
ulatory mechanisms.

The signals implicated in the pathogenesis of
arthritisinclude IL-1, TNF-a, oncostatin M, and
TGF-B, among others [Poole, 1999]. However,
our preliminary results (not shown) suggest
that TIMP-4 protein is not upregulated by the
proinflammatory cytokines, IL-1 and TNF-q,
which induce MMPs [Mitchell et al., 1996;
Reboul et al., 1996; Shlopov et al., 1997]. Thus
factors which increase TIMP-4 expression in
vivo need to be identified by more work. IL-1§
and TGF-p upregulate TIMP-3 and -1 in syno-
vial fibroblasts [DiBattista et al., 1995; Gatsios
et al., 1996]. Contrary to TIMP-1 and -3 induc-
tion by TGF-B [Glnther et al., 1994; Su et al.,
1996, 1999; Zafarullah et al., 1996], TIMP-2
[Zafarullah et al.,, 1996], and TIMP-4 RNA
(results not shown) and protein are not regu-
lated by TGF-B, which is involved in cartilage
repair and osteophyte formation in arthritic
joints [Guerne et al., 1995; Van den Berg, 1999].
Oncostatin M, a factor that synergizes with IL-1
to degrade cartilage [Cawston et al., 1998],
induces TIMP-1 in human chondrocytes
[Nemoto et al., 1996] and TIMP-3 in bovine
chondrocytes [Li and Zafarullah, 1998]. Non-
induction of TIMP-4 by OSM suggests that
TIMP-1, -3, and -4 may be differentially regu-
lated by this signal. The coordinate or differ-
ential regulation may be due to similarities and
differences in the promoter composition of indu-
cible (TIMP-1 and -3) and non-inducible (TIMP-
2, -4) TIMPs. Differential expression of TIMPs
may also suggest their distinct functions.
Characterization of the TIMP-4 promoter may
shed light on the observed patterns of its expres-
sion and enable to identify in vivo regulatory
mechanisms.

In summary, previously undocumented ex-
pression and elevation of the TIMP-4 RNA and
protein was shown directly in the OA femoral
head cartilage by several approaches. These
patterns of TIMP-4 expression may be related to
its possible role in tissue matrix protection,
growth promotion, anti-angiogenic activities,
and pathologic ECM remodeling [Brew et al.,
2000]. Although TIMPs such as TIMP-4 are
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increased in arthritic cartilage as a defense
mechanism against MMPs, such levels may not
be enough to prevent cartilage erosion from
overwhelmingly excessive levels of multiple
MMPs and aggrecanases from chondrocytes
and other sources. Additional studies are
needed to define the functions of TIMPs in joints
and their therapeutic potential for inhibiting
cartilage resorption.
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