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Abstract

ADAMTS-4 (aggrecanase-1) is a metalloprotease that plays a role in aggrecan degradation in the cartilage extracellular matrix. In
order to understand the regulation of ADAMTS-4 gene expression we have cloned and characterized a functional 4.5 kb human ADAM-
TS-4 promoter. Sequence analysis of the promoter revealed the presence of putative binding sites for nuclear factor of activated T cells
(NFAT) and Runx family of transcription factors that are known to regulate chondrocyte maturation and differentiation. Using pro-
moter–reporter assays and mRNA analysis we have analyzed the role of chondrocyte-expressed transcription factors NFATp and Runx2
and have shown that ADAMTS-4 is a potential downstream target of these two factors. Our results suggest that inhibition of the expres-
sion/function of NFATp and/or Runx2 may enable us to modulate aggrecan degradation in normal physiology and/or in degenerative
joint diseases. The ADAMTS-4 promoter would serve as a valuable mechanistic tool to better understand the regulation of ADAMTS-4
expression by signaling pathways that modulate cartilage matrix breakdown.
� 2006 Elsevier Inc. All rights reserved.
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The articular cartilage is a smooth weight-bearing tissue
that covers the ends of long bones and facilitates the fric-
tionless movement of one bone over the other enabling
proper joint function. Maintenance of integrity of the
extracellular matrix (ECM) is critical for proper function-
ing of the cartilage. Degradation of aggrecan and type II
collagen by proteases is a major factor that leads to carti-
lage erosion in osteoarthritis (OA). Aggrecanases, the pri-
mary proteases responsible for aggrecan cleavage, are
matrix metalloproteases of the a disintegrin and metallo-
protease with thrombospondin motifs (ADAMTS) family
that are involved in normal aggrecan turnover and in the
enhanced degradation of aggrecan seen in pathologic con-
ditions. Aggrecan fragments containing aggrecanase-gener-
ated neoepitopes are found in synovial fluids from patients
with osteoarthritis, joint injury, and inflammatory joint
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disease [1], suggestive of the involvement of aggrecanases
in the pathogenesis of these joint disorders.

Although many members of the ADAMTS family
cleave aggrecan in vitro, ADAMTS-4 (aggrecanase-1)
and ADAMTS-5 (aggrecanase-2) show the highest specific
activity for cleaving aggrecan [2]. In vitro studies using
small molecule inhibitors of aggrecanase activity and in vi-
vo studies using knockout mice have shed light on the
importance of these proteases in cartilage matrix turnover
in normal physiology and in cartilage degradation in
pathological states [3–6]. In a surgical model of OA,
ADAMTS-4 knockout animals are not protected from car-
tilage degradation [3] whereas ADAMTS-5 knockout mice
are significantly protected from cartilage degradation in the
knee joint [4], demonstrating ADAMTS-5 to be the critical
enzyme involved in pathological aggrecan degradation in
mice. However, the relative contribution of these two
enzymes to physiological/pathological aggrecan degrada-
tion in humans is not known.
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The expression of ADAMTS-4 mRNA has been demon-
strated in a number of tissues in the body [6] and ADAM-
TS-4 is thought to play a role in growth plate remodeling
during normal skeletal development [3,4]. The expression
of ADAMTS-4 is induced by catabolic cytokines in carti-
lage explants [5,7,8]. However, the pathways involved in
the regulation of aggrecanase expression have not been elu-
cidated in detail. To better understand the regulation of
ADAMTS-4 gene expression, we have cloned a functional
4.5 kb human ADAMTS-4 gene promoter that is respon-
sive to cartilage-active cytokines like the endogenous gene,
and investigated its regulation by chondrocyte-expressed
transcription factors.

The transcription factor nuclear factor of activated T
cells-p (NFATp) has been shown to function as a repressor
of cartilage growth and differentiation [9]. Analysis of the
4.5 kb ADAMTS-4 promoter showed the presence of 2
putative binding sites for NFAT transcription factors.
Using reporter gene assays, we have shown that overex-
pression of NFATp results in a significant increase in
ADAMTS-4 promoter activity, suggesting ADAMTS-4
as a potential target for NFATp transactivation.

The transcription factor Runx2 plays a key role in chon-
drocyte maturation and osteoblast differentiation [10–13].
The 4.5 kb ADAMTS-4 promoter contains 8 putative
binding sites for the Runx family of transcription factors.
We show that overexpression of Runx2 results in a signif-
icant increase in transactivation of the ADAMTS-4 pro-
moter, and a corresponding increase in endogenous
ADAMTS-4 mRNA expression. Our studies provide evi-
dence for the potential involvement of NFATp and Runx2
in the transcriptional regulation of ADAMTS-4
expression.

Methods

Cloning of the human ADAMTS-4 promoter. The genomic sequences
immediately 5 0 to the coding region of the human ADAMTS-4 gene were
cloned using the Genome Walker kit (Clontech). Gene-specific primers
(GSPs) were designed from the published human ADAMTS-4 coding
sequence (GenBank # AY044847) [GSP-1 (aggr1R) 5 0-ccacagccagcgccct
gccaagcccctc-3 0 and nested GSP-2 (aggr1Rnest) 5 0-ggcactggtactgcagctgg-
gaggga-30]. These primers were used in combination with primers specific
to the Genome Walker library adapter to amplify 4515- and 1965-bp
fragments of DNA flanking the 5 0 end of the ADAMTS-4 coding region.
The two fragments were cloned into pCRII-TOPO vector (Invitrogen).
Sequence analysis confirmed that these were overlapping proximal frag-
ments of the 5 0-flanking region of the ADAMTS-4 gene. The promoter
sequence was analyzed for the presence of consensus transcription factor
binding sites using the MatInspector program (Genomatix Software
GmbH, Germany).

Plasmid construction. The 4515 bp fragment of the ADAMTS-4 pro-
moter containing sequences from �4109 to +406 relative to the tran-
scriptional start site was used as a template to PCR amplify the full-length
promoter and five different 5 0-deletion fragments (�4109 to +406; �3109
to +406; �1559 to +406; �1180 to +406; �749 to +406; �405 to +406).
XhoI and HindIII restriction sites were incorporated into the forward and
reverse primers, respectively, and the resulting PCR products were cloned
into the corresponding sites in pb-gal-Basic reporter vector (Clontech).

pEF/myc/cyto (control vector) was purchased from Invitrogen. The
NFATp cDNA (isoform C) [14] was cloned from rat pancreas and inserted
into the NcoI and NotI sites of pEF/myc/cyto to generate pEF-NFATp.
The Runx2 expression construct (pEF-Runx2) has been described previ-
ously as pEF-Cbfa1 [15].

Cell culture, DNA transfection, and cytokine treatments. COS1,
C3H10T1/2, and SW1353 cells were grown in DMEM supplemented with
10% FBS. Bovine articular chondrocytes (BACs) were isolated from
bovine knee joints (Covance Research, Denver, PA) through protease/
collagenase digestion and grown in DMEM containing sodium pyru-
vate + 10% FBS.

Promoter transfection and cytokine treatment of BACs: BACs were
plated in 6-well plates at a density of 4 · 105 cells/well and allowed to grow
for 4–5 days. The day before the transfection, the monolayer culture was
replenished with fresh culture medium. The ADAMTS-4 promoter-b-gal
construct was transiently transfected into the cells using Fugene6 reagent
(Roche). The next day, the cells were treated with cytokines (10 ng/ml of
human IL-1a or 50 ng/ml OSM; R&D Systems, Minneapolis, MN), either
alone or in combination, in 0.1% serum-containing medium for a period of
24 h. At the end of the study, the cells were washed with PBS and cell
lysates were prepared. b-gal activity in cell extracts was measured using a
luminescent b-gal assay kit (Roche). Data from a representative experi-
ment are shown as fold change in b-gal activity ± standard error of mean.

For NFATp transactivation studies, 1 · 105 cells were plated per well
in 6-well plates and incubated for 24 h. Cells were then cotransfected with
1lg each of the reporter plasmid (ADAMTS-4 promoter-b-gal or the
control promoterless vector pb-gal-Basic) and the effector plasmid (pEF-
NFATp or the control expression vector pEF/myc/cyto), using Fugene6
transfection reagent. The same procedure was followed for Runx2 trans-
activation studies, using pEF-Runx2 as the effector plasmid. The total
amount of DNA transfected per well was maintained constant. b-gal
activity in cell lysates was measured 36–48 h post-transfection. All the
experiments were performed at least twice in triplicate wells, using dif-
ferent plasmid preparations. b-gal activity values are expressed as fold
induction over basal (control vector transfected) levels.

Runx2 overexpression for mRNA analysis. SW1353 cells were plated in
T150 flasks and allowed to grow for two days (�70% confluence). For
infection, 100 ll of adenovirus (titer: 2.2 · 109 pfu/ml) encoding either
Runx2 (Ad-Runx2) [16] or GFP (Ad-GFP) was diluted in 10 ml of com-
plete medium and incubated with the cells overnight. The next day, 10 ml
more fresh medium was added to the pre-existing medium. Cells were
harvested for RNA purification on the following day.

Real-time PCR. Total RNA was extracted with Tripure Reagent
(Roche) and mRNA was purified using the Oligotex kit (Qiagen). cDNA
was synthesized from mRNA using the SuperScript first-strand synthesis
system for RT-PCR (Invitrogen). Real-time PCR was performed with an
ABI Prism7900 Sequence Detection System.
Results

Cloning of the 4.5 kb ADAMTS-4 promoter and analysis of

putative transcription factor binding sites in the promoter

Using the genome walking PCR strategy, we have
cloned a 4.5 kb fragment of the 5 0-flanking region of the
human ADAMTS-4 gene (�4109 to +406). Sequence anal-
ysis of the 4.5 kb promoter, schematically shown in Fig. 1,
revealed the presence of a TATA box-like sequence
(TTAAAA, at position �49), a CCAAT-box sequence,
and an Sp1-binding site adjacent to the transcription site,
as described in the previously published 1.1 kb promoter
sequence [17]. We also noted the presence of putative bind-
ing sites for the NFAT and Runx family of transcription
factors. The consensus NFAT-binding elements (NBE)
containing the sequence ‘GGAAAA’ were located at posi-
tions (�707 to �702) and (�3098 to �3093) upstream of
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Fig. 1. Schematic representation of the 4.5 kb human ADAMTS-4 promoter. The 4.5 kb promoter (�4109 to +406) was cloned upstream of the b-gal
coding sequence in the vector pb-gal-Basic (Clontech). The putative NFAT- and Runx-binding elements are shown. The arrow represents the transcription
start site [17].

Table 1
Location and sequence of putative Runx-binding elements in the
ADAMTS-4 promoter

Runx-binding
element #

Sequence Position relative to
transcription start site

8 5 0-TCCCACA-3 0 �3136 to �3130
7 5 0-TGTGGGT-3 0 �2678 to �2672
6 5 0-TGTGGGA-3 0 �2155 to �2149
5 5 0-TGCCACA-30 �2116 to �2110
4 5 0-TGTGGCC-3 0 �2024 to �2018
3 5 0-CCCCACA-30 �1839 to �1833
2 5 0-TGTGGGG-3 0 �240 to �234
1 5 0-ACCCACA-30 �15 to �9
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the transcription start site. These NBEs were identical to
the ones found in the regulatory regions of various cyto-
kine genes that are targets of NFAT proteins in T lympho-
cytes [18]. The location and sequence of the eight putative
Runx-binding elements in the promoter are shown in Fig. 1
and Table 1. These putative Runx-binding elements were
identical or similar to the ones found in the regulatory
regions of several known targets of Runx2 that are
expressed in osteoblasts and chondrocytes [19–22].

Analysis of the functionality of the ADAMTS-4 promoter

In order to determine the transcriptional functionality of
the promoter, we cloned the promoter upstream of the
b-gal reporter gene in the vector pb-gal-Basic (p4.5Aggr1-
b-gal). The ability of the promoter to drive expression
of b-gal was tested in transient transfection assays in
COS1, a monkey kidney cell line, C3H10T1/2, a mouse
mesenchymal cell line, and SW1353, a human chondrosar-
coma cell line. The 4.5 kb promoter directed a higher level
of expression of the b-gal reporter gene compared to the
promoterless vector (pb-gal-Basic) in all four cell lines,
indicative of the transcriptional functionality of the pro-
moter in these cell lines (Fig. 2A). As a positive control
and to verify transfection efficiency, separate plates were
transfected with a b-gal expression plasmid (pb-gal-Pro-
moter, Clontech), that has the b-gal reporter sequence
under the control of the SV40 early promoter (data not
shown). This was done to avoid possible squelching of
factors that could arise when cotransfecting multiple
plasmids [23].

To further confirm the functionality of the promoter, we
tested whether the promoter would respond to cytokines
like the endogenous ADAMTS-4 gene [24]. Bovine articu-
lar chondrocytes were transfected with the ADAMTS-4
promoter-b-gal construct or the promoterless vector pb-
gal-Basic, and were subsequently treated with IL-1a and
oncostatin M, either alone or in combination, for a period
of 24 h. As shown in Fig. 2B, both cytokines showed some
induction of ADAMTS-4 promoter activity on its own, but
had a synergistic effect when used in combination. This is
reflective of the synergism observed in inducing endoge-
nous ADAMTS-4 expression [24] and is suggestive of the
presence of functional elements in the promoter that medi-
ate responsiveness to known catabolic factors.

Transactivation of the ADAMTS-4 promoter by NFATp

NFAT proteins are known to bind preferentially to
the purine-rich core sequence (A/T)GGAAAA [18]. The
presence of two putative NBEs in the 4.5 kb ADAM-
TS-4 promoter, combined with the suggested role of
NFATp in chondrogenesis and cartilage degradation
[9,25,26], prompted us to analyze whether ADAMTS-4
is one of the transcriptional targets of NFATp. In order
to test the ability of NFATp to transactivate the
ADAMTS-4 promoter, COS1, C3H10T1/2, and
SW1353 cells were cotransfected with the 4.5 kb Aggr1-
b-gal construct along with either the NFATp expression
construct (pEF-NFATp) or the empty vector (pEF/myc/
cyto). Cotransfections with the promoterless b-gal con-
struct (pb-gal-Basic) served as a negative control. Over-
expression of NFATp led to a 20-fold increase in
ADAMTS-4 promoter activity in COS1 cells, a 46-fold
in C3H10T1/2 cells, and a 3.5-fold increase in SW1353
cells, when compared to empty vector (pEF/myc/cyto)
control (Fig. 3A–C). Transactivation of the promoter
by NFATp in multiple cell types suggests ADAMTS-4
as a downstream target of NFATp action.
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Fig. 2. Functionality of the ADAMTS-4 promoter in fibroblastic, mesenchymal, and chondrosarcoma cell lines. (A) The p4.5Aggr1-b-gal construct was
transfected into COS1, C3H10T1/2, and SW1353 cell lines. b-gal activity in cell extracts, that is indicative of basal promoter activity, was measured �48 h
after transfection. Three independent transfection experiments were done in triplicate and the mean ± standard error of b-gal activity from a
representative experiment is shown. (B) Bovine articular chondrocytes were transfected with p4.5Aggr1-b-gal construct and were subsequently treated with
vehicle, IL-1a (10 ng/ml), oncostatin M (OSM, 50 ng/ml), or a combination of the two cytokines. b-gal activity in cell extracts was measured 24 h post-
cytokine treatment.
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Fig. 3. Transactivation of the ADAMTS-4 promoter by NFATp. The p4.5Aggr1-b-gal construct was cotransfected along with either the NFATp
expression construct (pEF-NFATp) or the empty vector (pEF/myc/cyto) into COS1 (A), C3H10T1/2 (B), and SW1353 cells (C), and the b-gal activity was
measured in cell extracts. Values represent the fold increase in b-gal activity (means ± standard error) in NFATp-transfected cell extracts compared to that
in empty vector-transfected cell extracts.

200 K. Thirunavukkarasu et al. / Biochemical and Biophysical Research Communications 345 (2006) 197–204



K. Thirunavukkarasu et al. / Biochemical and Biophysical Research Communications 345 (2006) 197–204 201
Transactivation of the ADAMTS-4 promoter by Runx2

The transcription factor Runx2 plays a crucial role in
chondrocyte maturation and osteoblast differentiation
[10–13]. The presence of 8 putative binding sites for the Runx
family of transcription factors in the ADAMTS-4 promoter
(Fig. 1 and Table 1) suggested a possible role for regulation
of this promoter by Runx2. To determine whether
ADAMTS-4 could be a potential downstream target of
Runx2, cotransfection experiments similar to those with
the NFATp expression construct were performed using a
Runx2 expression construct (pEF-Runx2) in COS1
fibroblastic cells and in SW1353 human chondrosarcoma
cells. Runx2 overexpression led to a 13-fold increase in
ADAMTS-4 promoter activity in COS1 cells and a 24-fold
increase in SW1353 cells (Fig. 4A and B), suggestive of a role
for Runx2 in ADAMTS-4 transcriptional regulation.
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Fig. 4. Transactivation of the ADAMTS-4 promoter by Runx2. The p4.5Aggr1
construct (pEF-Runx2) or the empty vector (pEF/myc/cyto) into COS1 (A) a
�48 h post-transfection.
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Effect of sequential 5 0-deletions in the ADAMTS-4 promoter

on NFATp and Runx2 transactivation

In order to assess the involvement of the different
NFATp- and Runx-binding elements in mediating transac-
tivation and to assess the relative contribution of the vari-
ous elements (and the promoter regions in which they
occur) to overall promoter activity, we generated five
sequential 5 0-deletion constructs that contain varying num-
bers of consensus NBE- and Runx-binding elements
(Fig. 5).

Analysis of NFATp transactivation of the promoter
deletions in COS1 and C3H10T1/2 cells demonstrated that
the two large promoter fragments (�4109 to +406 and
�3109 to +406) that include the upstream NBE were
robustly transactivated by NFATp (Fig. 6A and B). How-
ever, deletion of the upstream NBE-containing region led
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Fig. 6. Effect of 5 0-deletions in the ADAMTS-4 promoter on NFATp transactivation. The ADAMTS-4 promoter deletion constructs were cotransfected
with either pEF-NFATp or pEF/myc/cyto into COS1 (A) and C3H10T1/2 cells (B) and the b-gal activity in cell extracts was measured �48 h post-
transfection.
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to a substantial loss in NFATp transactivation, suggesting
the involvement of the upstream region in NFATp regula-
tion of the promoter (Fig. 6A and B).

With regard to Runx2 transactivation, the promoter
deletions showed minimal effect in COS-1 cells, whereas
in SW1353 cells, there was some decrease in transactivation
upon removal of the upstream promoter regions (Figs. 7A
and B). However, in both cell lines, the shortest promoter
fragment (�405 to +406) still showed substantial Runx2
inducibility (8-fold over control) (Fig. 7A and B) suggestive
of the involvement of the proximal promoter region in
mediating Runx2 effects.

Overexpression of Runx2 increases endogenous ADAMTS-4
mRNA levels in SW1353 cells

Since Runx2 overexpression resulted in a robust stimu-
lation of ADAMTS-4 promoter activity, we analyzed
whether Runx2 would up-regulate the transcriptional
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activity of the endogenous ADAMTS-4 gene. We utilized
a Runx2-overexpressing adenovirus [16] to infect SW1353
cells and a GFP-overexpressing adenovirus as a control.
Real-time PCR analysis showed a substantial (14-fold)
increase in ADAMTS-4 mRNA levels in Runx2-over-
expressing cells (Fig. 8). We also measured the mRNA lev-
els of MMP-13, a known transcriptional target of Runx2
[19,21], to serve as a positive control, and observed a 16-
fold increase in the levels of MMP-13 mRNA (Fig. 8).
These observations implicate the ADAMTS-4 gene to be
a downstream transcriptional target of Runx2.

Discussion

Here, we have reported the isolation and characteriza-
tion of a 4.5 kb human ADAMTS-4 promoter. The activity
of the promoter in fibroblastic, mesenchymal, and chon-
drosarcoma cell lines is in good agreement with the expres-
sion of the gene in multiple cell types [6,27]. The response
ADAMTS-4 promoter β-gal construct

-4109
-3109

-1559
-1180

-749
-405

pBgal-B
asic

βg
al

 a
ct

iv
it

y 
(f

o
ld

 c
h

an
g

e)

0

5

10

15

20

25

30

35
+ empty vector 
+ Runx2 

SW1353

vation. The ADAMTS-4 promoter deletion constructs were cotransfected
nd the b-gal activity was measured in cell extracts �48 h post-transfection.



ADAMTS-4 MMP-13

R
el

at
iv

e 
q

u
an

ti
ty

0

2

4

6

8

10

12

14

16

18

20
+ Ad-GFP 
+ Ad-Runx2 

Fig. 8. Overexpression of Runx2 increases endogenous ADAMTS-4
mRNA levels in SW1353 cells. SW1353 cells were infected with an
adenovirus-overexpressing Runx2 (Ad-Runx2) or GFP (Ad-GFP: con-
trol). Messenger RNAs were isolated �48 h post-infection and analyzed
by real-time PCR. Twenty-seven nanograms mRNA was used per reaction
and all genes were analyzed in triplicate using assay-on-demand primer-
probe sets (Applied Biosystems). The relative quantities of each gene were
determined by the DDCt method.

K. Thirunavukkarasu et al. / Biochemical and Biophysical Research Communications 345 (2006) 197–204 203
of the promoter to catabolic cytokines in a fashion similar
to the endogenous ADAMTS-4 gene suggests that we have
cloned a functional promoter that would potentially be reg-
ulated by factors that modulate endogenous gene activity.
Consistent with the presence of putative binding sites for
chondrocyte-expressed transcription factors, the ADAM-
TS-4 promoter was transactivated by NFATp and Runx2.

Sequential 5 0-deletions in the promoter led to a gradual
loss of transactivation by NFATp, implicating the involve-
ment of the distal promoter region in mediating responsive-
ness to NFATp. NFATp transactivation could be
mediated directly by the NBE sites in the promoter or it
could reflect an indirect effect of NFATp on ADAMTS-4
promoter activity. Indirect activation could occur either
via upregulation of other transcription factors that in turn
bind to cognate sites in the promoter and activate tran-
scription, or via interaction of NFATp with other promot-
er-binding factors that in turn drive promoter activity.

In NFATp knockout mice, cells in the extra-articular
tissues spontaneously differentiate to form cartilage [9] sug-
gesting a role for NFATp in cartilage regeneration. In
addition, our studies implicate a role for NFATp in cata-
bolic processes in cartilage via the upregulation of ADAM-
TS-4 gene expression. Further evidence for a role for
NFAT proteins in ADAMTS-4 gene regulation comes
from studies by Little et al. [25] showing that cyclosporin
A blocks the IL-1a-stimulated increase in ADAMTS-4
expression and cartilage degradation. Taken together,
these data would suggest the possibility that inhibition of
NFATp expression/function may have protective effects
on the cartilage matrix in addition to potential reparative
effects.

Tomita et al. [26] have shown that NFAT4 induces
chondrogenic differentiation of a mesenchymal cell line
via the upregulation of BMP2 expression. The NBE we
have identified in the ADAMTS-4 promoter is a consensus
binding site for all members of the NFAT family. Although
we have focused our studies on NFATp because of the
reported role of NFATp in chondrocyte biology, it would
be interesting to test whether NFAT4 affects ADAMTS-4
gene expression.

Consistent with the presence of multiple Runx-binding
elements in the human ADAMTS-4 promoter, we have
shown that the promoter is transactivated by Runx2.
Sequential 5 0-deletion analysis showed that the shortest
proximal promoter fragment (�405 to +406) that harbors
two putative Runx-binding elements still retains Runx2
responsiveness. Previous studies have demonstrated the
ability of Runx2 to bind to Runx-binding sequences iden-
tical to the ones reported here [20–22], suggesting a role
for one or more of the Runx-binding elements in mediating
Runx2 responsiveness of the ADAMTS-4 promoter. How-
ever, based on our studies, we cannot rule out an indirect
effect of Runx2 on ADAMTS-4 transactivation.

Concomitant with the activation of the ADAMTS-4
promoter, overexpression of Runx2 also resulted in a sig-
nificant increase in ADAMTS-4 mRNA levels in SW1353
cells, implicating ADAMTS-4 as a downstream target of
Runx2 transactivation. Runx2 is known to play a role in
chondrocyte maturation and hypertrophy [12,19,21,28],
and Runx2 overexpression is associated with cartilage
degeneration [19]. This, combined with the potential role
of Runx2 in stimulating ADAMTS-4 gene expression,
would suggest Runx2 as a potential therapeutic target for
the inhibition of degenerative changes associated with OA.

In summary, we have cloned and characterized a 4.5 kb
human ADAMTS-4 promoter containing functional
response elements to specific transcriptional regulators.
Our studies provide evidence for the involvement of
NFATp and Runx2 in the regulation of ADAMTS-4 gene
transcription and suggest that inhibition of the expression/
function of NFATp and/or Runx2 may enable us to mod-
ulate aggrecan degradation. This promoter would serve as
a valuable mechanistic tool to better understand the regu-
lation of ADAMTS-4 expression by chondrotrophic fac-
tors and signaling pathways that modulate cartilage
matrix breakdown. The promoter–reporter construct may
also be used as a high-throughput screening tool to identify
inhibitors of ADAMTS-4 expression.
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