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Background: Xylosyltransferase I plays a critical role in proteoglycan synthesis.
Results: IL-1f3 cytokine regulates xylosyltranserase I expression into an early phase of induction and a late phase of repression

through AP-1 and Sp3, respectively.

Conclusion: AP-1 and Sp3 are key regulators of IL-13-mediated modulation of xylosyltransferase I expression.
Significance: Sp3 may be a putative target to prevent IL-13-mediated inhibition of proteoglycan synthesis during osteoarthritis.

Xylosyltransferase I (XT-I) is an essential enzyme of pro-
teoglycan (PG) biosynthesis pathway catalyzing the initial and
rate-limiting step in glycosaminoglycan chain assembly. It plays
a critical role in the regulation of PG synthesis in cartilage; how-
ever, little is known about underlying mechanism. Here, we pro-
vide evidence that, in human primary chondrocytes, IL-1( reg-
ulates XT-I gene expression into an early phase of induction and
a late phase of down-regulation. Based on promoter deletions,
the region up to —850 bp was defined as a major element of XT-I
gene displaying both constitutive and IL-1fB-regulated pro-
moter activity. Point mutation and signaling analyses revealed
that IL-1B-induced promoter activity is achieved through AP-1
response elements and mediated by SAP/JNK and p38 signaling
pathways. Transactivation and chromatin immunoprecipita-
tion assays indicated that AP-1 is a potent transactivator of XT-I
promoter and that IL-13-induced activity is mediated through
increased recruitment of AP-1 to the promoter. Finally, we show
that Sp3 is a repressor of XT-I promoter and bring evidence that
the repressive effect of IL-13 during the late phase is mediated
through Sp3 recruitment to the promoter. This suggests that
modulation of Sp3 in cartilage could prevent IL-1 inhibition of
PG synthesis and limit tissue degradation.

Proteoglycans (PGs)? are a family of complex macromole-
cules present in the extracellular matrix and on the cell surface.
They are characterized by the presence of one or multiple gly-
cosaminoglycan (GAQG) side chains covalently linked to a core
protein. The ability of GAGs to bind a wide range of ligands
such as cytokines, chemokines, growth factors, and enzymes
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confer to PGs a critical role in the regulatory network of the cell
(1). Thus, PGs are implicated in various physiological functions,
including cell signaling and morphogenesis, cell proliferation,
normal development, cellular cross-talk, and organization of
the extracellular matrix (2—4). It is noteworthy that the biolog-
ical activity of PGs is intimately related to the makeup of their
polysaccharide GAG chains. Indeed, defects in the assembly of
GAGs resulting from genetic mutations in glycosyltransferases,
which are involved in the biosynthesis process have severe bio-
logical consequences in both vertebrates and invertebrates
(5-9). In addition to genetic disorders, strong evidence sup-
ports the involvement of GAG defects in the pathogenesis of
several diseases, including arthropathies (10), atherosclerosis
(11), Alzheimer disease (12), and cancer (13, 14). In these path-
ological conditions, biosynthesis of GAGs is markedly affected
as a result of the altered function and/or regulation of synthetic
enzymes.

Synthesis of GAG chains of PGs is initiated by xylosyltrans-
ferase I (XT-I; EC 2.4.2.26), a glycosyltransferase that catalyzes
the transfer of xylose from UDP-xylose to specific serine resi-
dues in PG core proteins, forming the xylose B1-O-Ser struc-
ture which then gives rise to the linkage tetrasaccharidic
sequence GlcAB1,3GalB1,3Galp1,4XylB1-O-Ser. This oligo-
saccharide serves as a primer for chain elongation, forming
either heparan sulfate or chondroitin sulfate, depending upon
the addition of an GIcNAc or GalNAc residue, respectively. The
chains then polymerize by the alternating addition of GlcA and
GlcNAc or GalNAc residues and undergo modifications by
the cooperative action of multiple sulfotransferases and epi-
merases, thus generating binding sites for various ligands (15).
The XT-I enzyme has received much attention because it plays
a central role in GAG synthesis. Indeed, this enzyme catalyzes
the first and rate-limiting step in the biosynthesis pathway (16,
17) and is therefore considered as a regulatory factor of GAG
biosynthesis process. Accordingly, it has been shown that loss
of XT-I expression was associated with strong decrease in GAG
synthesis during arthritis development in rats, whereas high
expression of XT-I was associated with high rate of GAG syn-
thesis during cartilage repair in a rat model of cartilage regen-
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eration, suggesting that XT-I regulates GAG synthesis during
cartilage destruction and repair (18).

A hallmark of osteoarthritis (OA) is the marked increase in
proinflammatory cytokines mainly interleukin-1p (IL-10) that
inhibit PG synthesis and enhance degradation leading to carti-
lage depletion and erosion (19), and it has been shown that in
the earliest stages of OA, there is an increase in the rate of GAG
synthesis (20). However, in the later stages of the disease, the
GAG synthesis process progressively decreased leading to
increased loss of PGs and to cartilage degeneration. Of note, we
recently found that the level of XT-I expression in human OA
cartilage is correlated with the rate of PG synthesis and the
severity of tissue degeneration, suggesting that the quantitative
changes in XT-I expression might dictate the disease-related
variations in PG synthesis (21).

OA disease develops in the context of chondrocytes respond-
ing to a stress-associated, proinflammatory environment. Thus,
it is of particular importance to explore whether the expression
of XT-I, that regulates PG synthesis in cartilage, is affected by
the proinflammatory cytokine IL-18, the main cytokine impli-
cated in OA disease and to determine the molecular mecha-
nism involved. Our results presented here reveal for the first
time that XT-I gene expression is regulated by IL-1f into an
early phase of induction and a late phase of down-regulation in
human primary chondrocytes. We cloned the human XT-I
gene promoter sequence and present evidence that both AP-1
and Sp1 transcription factors are required for basal promoter
activity and demonstrate that stimulation of XT-I promoter
activity by IL-1p is mediated through AP-1 response elements
and SAP/JNK and p38 signaling pathways. Furthermore, we
show that AP-1 transcription factor is a potent transactivator
of the promoter and provide evidence that IL-18 stimulation of
XT-I expression is mediated through increased recruitment of
AP-1 transcription factor to the AP-1 response elements of the
promoter. Moreover, we show that Sp3 transcription factor is a
repressor of XT-I promoter and provide evidence that the
repressive effect of IL-13 during the late phase results from
recruitment of Sp3 to a critical Sp1 binding site.

EXPERIMENTAL PROCEDURES

Chondrocyte Isolation and Culture—Primary chondrocyte
cells were isolated from cartilage samples taken from macro-
scopically normal areas of cartilage knee obtained from 13 indi-
vidual OA patients (mean age 65 * 9 years) undergoing total
knee replacement as described previously (22). This study was
approved by our local research institution (Commission de la
Recherche Clinique; registration no. UF 9757, CPRC 2004, Cel-
lules souches et chondrogéneése). The protocol conforms to the
ethical guidelines of the Declaration of Helsinki, and written
informed consent has been obtained from each patient. Cells
were maintained in DMEM-F12 medium supplemented with 2
mM glutamine, 100 wg/ml streptomycin, 100 IU/ml penicillin,
and 10% (v/v) fetal calf serum (Invitrogen) at 37 °C in a humid-
ified atmosphere supplemented with 5% CO,. Each of the indi-
vidual cultures was tested for its responsiveness to IL-18 and
TGEB by measuring the rate of PG synthesis before and after
cytokine treatment. Eight of the 13 chondrocyte cultures were
responsive to both cytokines. Three of them were selected and
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used in this study based on their high responsiveness to the
cytokines.

Cytokine Treatments—Human primary chondrocyte cells
were seeded onto six-well plates at 5 X 10° cells/ml in DMEM
F12 and allowed to grow to 80% confluence over 24 h. Cells
were then serum-starved for 24 h and treated either with IL-13
(10 ng/ml) or vehicle for 6 h, 12 h, and 24 h prior to PG synthesis
and XT-I expression analyses.

Proteoglycan Synthesis—Proteoglycan synthesis, as meas-
ured by ?*S-sulfate incorporation, was performed essentially as
described (23). Briefly, chondrocytes were cultured in six-well
plates in DMEM F-12 until 80% confluence and then radiola-
beled with 10 wCi/ml 3*S-sulfate (PerkinElmer Life Sciences)
for 6 h. Culture medium was collected and digested with papain
(1 mg/ml), and aliquots of *>*S-labeled GAGs were precipitated
by cetylpyridinium chloride and dissolved in scintillation fluid
(Ultima Gold, PerkinElmer Life Science). The radioactivity
associated with GAGs was measured by liquid scintillation
counting (Packard, Rungis, France).

Real-time Quantitative RT-PCR—Total RNA from chondro-
cyte cells treated or not with IL-13 was isolated using the
RNeasy kit (Qiagen, Hilden, Germany). The first strand cDNA
synthesis reaction was performed using 500 ng of total RNA
with oligo(dT) primer and Super Script Reverse Transcriptase
(Clontech, Mountain View, CA). Quantitative PCR was carried
out using SYBR Green Master Mix (Qiagen) and validated RT?>
PCR primer set for human XT-I, aggrecan, sox9, COL2Al,
COL1A1, and ribosomal protein S29 (SuperArray Bioscience
Corp., Frederick, MD) with the use of LightCycler detection
system (Roche Applied Science). Cycling parameters were 15
min at 95 °C; 40 cycles of 15 s at 95 °C, 25 s at 55 °C, and 20 s at
72 °C. The specificity of PCR amplifications was examined by
agarose gel electrophoresis. Gene expression was determined in
triplicate in three separate experiments and normalized using
the housekeeping gene ribosomal protein S29. Analyses and
fold differences were determined using the comparative C,
method. Fold change was calculated from the AAC, values with
the formula 27#4<%) and data are relative to control values.

Cloning of XT-I Promoter and Reporter Gene Constructs—
The human XT-I promoter region —1740 to +85 was amplified
from human genomic DNA by PCR using 5'-TAGATGG-
AGTCTTGCTCTGTAACCCAGGCTGG-3" (forward) and
5'-CTTCGGAGCGCGGCCGGCGAGCGAGGC-3' (reverse)
primers and Advantage GC 2 Polymerase Mix (Clontech). Var-
ious 5'-deletion fragments of the XT-I promoter were gener-
ated by PCR using sense and antisense primers containing an
adaptor with Nhel and HindIII restriction sites at the 5'- and
3'-ends, respectively. Complete and truncated forms of XT-I
promoter were subcloned into the Nhel-HindIII sites of the
pGL3basic vector (Promega, Madison, WI).

Site-directed Mutagenesis—Site-directed mutagenesis of the
AP-1 and Spl sites in the pGL3(—1740/+85) XT-I promoter
reporter constructs were generated by site-directed mutagene-
sis using the QuikChange mutagenesis kit (Stratagene, La Jolla,
CA). The forward (F) and reverse (R) primers used for mutation
of AP-1 sites were as follows: AP-1 at —590 (mAP-1-590; 5'-
ACCGGGGATTGTGTGTGGTTCAGGAGTCACTCAC-3’
(F) and 5'-GTGAGTGACTCCTGAACCACACACAATCCC-
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CGGT-3' (R)), AP-1 at —640 (mAP-1-640; 5'-GGACCAGA-
GAAGTGGTTCAGTGAACACTTAG-3' (F) and 5'-CTAAG-
TGTTCACTGAACCACTTCTCTGGTCC-3" (R)), AP-1 at
1020 (mAP-1-1020; 5'-ATCCCGAGCCTTCTCTGAACCA-
GTCTTTCTGGT-3' (F) and 5'-ACCAGAAAGACTGGTTC-
AGAGAAGGCT-3' (R)), Spl at —125 (mSp1-125; 5'-TCCC-
CCAGGCCCCCAACTCTCCGCCTCGGCCCG-3" (F) and
5'-CGGGCCGAGGCGGAGAGTTGGGGGCCTGGGGGA-
3’ (R)) and Sp1 at —40 (mSp1-40; 5'GGTGTGGGGAGGGG-
TTGGGCGGCGGCGGCCCG-3' (F) and 5'-CGGGCCGCC-
GCCGCCCAACCCCTCCCCACACC-3" (R)). Final vector
constructs were sequenced to verify that no errors had been
introduced.

Expression Vectors—Vectors coding for the transcription fac-
tors c-Fos (pCMV-c-Fos) and c-Jun (pCMV-c-Jun) were kindly
provided by Dr. Bianchi (University of Lorraine). pSG-Sp1 and
pSG-Sp3 were constructed by the insertion of Sp1 and Sp3 cod-
ing sequence into pSG5 vector (Stratagene) and were described
elsewhere (24). pAP-1-Luc was from Stratagene and designed
to measure the activation of the AP-1 pathway.

Transient Transfection and Promoter Activity Assays—Hu-
man primary chondrocyte cells were seeded in 24-well plates at
the density of 4 X 10* cells/ml and grown under an atmosphere
of at 37 °Cin 5% CO, to 80% confluence. Cells were then trans-
fected with 2 ug of XT-I promoter construct and 100 ng of
pRL-TK vector (Promega) using Exgen 500 reagent (Eurome-
dex, Souffelweihersheim, France) according to the manufactur-
er’s instructions. An additional 100 ng of vector expressing dif-
ferent factors was used when specified. The corresponding
empty vectors were used as control. Twenty-four hours after
transfection, firefly and Renilla luciferase activities in cells of
each well were measured with the Dual-Luciferase Assay
System (Promega) using a Berthold (Bad Wildbad, Germany)
luminometer. Luciferase activities were normalized to
pRL-TK vector activity and were expressed relative to the
basal activity of empty pGL3Basic vector. The data presented
were mean values (£ S.D.) of triplicates repeated in three
independent experiments.

To study the effect of IL-1 on promoter activity, cells were
transfected with promoter constructs then serum-starved over-
night and stimulated with IL-18 (10 ng/ml) for 12 h. When
indicated, cells were pretreated for 30 min with 10 um of MEK
(PD186161), 10 um of SAP/JNK (SP600125), 20 um of p38
(SB203580), 1 uM of Sp1 (WP 631), or 5 um of PKC (GO6976)
inhibitors (Merck Chemicals, Ltd, NG, UK). After treatment,
luciferase activities were measured as described above.

Chondrocyte Phenotypic Marker Analysis—Human primary
chondrocytes and fibroblasts were seeded in 24-well plates at
the density of 4 X 10* cells/well and grown at 37 °C under an
atmosphere of 5% CO, to 80% confluence. Expression of chon-
drocyte phenotypic markers, i.e. COL2A1, COL1A1, aggrecan,
and sox9 was analyzed by quantitative RT-PCR as described
above. Data expressed are relative to fibroblasts values.

Cell Viability—Cell viability was examined using a colori-
metric assay based on the methylthiazol tetrazolium (MTT)
labeling reagent. Cells (4 X 10*/well) were seeded in 24-well
plates in DMEM-F12 medium and cultured at 37 °C for 24 h.
Assays were performed according to the instructions and pro-
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tocol provided by the manufacturer (Sigma-Aldrich). Briefly,
culture medium was replaced by FBS-free DMEM-F12 contain-
ing 10 um MEK (PD186161), 10 um SAP/JNK (SP600125), 20
M p38 (SB203580), 1 um Spl (WP 631) or 5 um PKC (GO6976)
inhibitors. Dimethyl sulfoxide (vehicle) was used as a control.
Cells were incubated for 24 h at 37 °C, and then medium-con-
taining inhibitors were removed from each well, and 100 ul of
MTT solution was added. Cells were incubated at 37 °C for 4 h,
and MTT solution was aspirated, and 100 wl per well of
dimethyl sulfoxide was added to each well. Subsequently, the
cell viability was assessed by measuring the absorbance at 550
nm with the microplate reader Varioskan Flash Multimode
reader (Fisher Scientific). Results were compared with vehicle-
treated cells and expressed as percentage inhibition.

Western Blot Analysis—Total protein from chondrocytes
was extracted and quantified using the Bradford method (25).
Proteins (30 ug/lane) were separated on 10% SDS-PAGE gels,
transferred to a PVDF membrane (Millipore, Eschborn, Ger-
many), and subsequently blocked in PBS-Tween 20 containing
5% nonfat milk. Membranes were then incubated overnight
with primary antibodies directed against p44/42 MAPK, phos-
pho-p44/42, MAPK p38, phospho-p38, MEK1/2, phospho-
MEK1/2, SAPK/JNK, phospho-SAPK/JNK, c-Jun, phospho-
c-jun (Cell Signaling), Sp1, or Sp3 (Santa Cruz Biotechnology,
Heidelberg, Germany) followed by incubation with horseradish
peroxidase-conjugated secondary antibodies. The blots were
then developed using LumiGLO™ according to the instruc-
tions of the manufacturer (Cell Signaling). B-Actin was used to
demonstrate equal protein load on gels.

ChiIP Assay—Human primary chondrocyte cells were grown
to 80% confluence in 15-cm plates and treated with IL-13 or
vehicle for 4 h. Cells were cross-linked, lysed, and enzymatically
sheared using the ChiP-IT Express kit according to the manu-
facturer’s instructions (Active Motif, La Hulpe, Belgium).
Chromatin immunoprecipitations were conducted with 7 ug of
sheared DNA and 3 ug of rabbit polyclonal anti-c-Jun antibod-
ies (Active Motif). Normal rabbit IgG antibodies were added in
the control conditions. The DNA in immunoprecipitates was
analyzed by PCR. The set of PCR primers used for the analysis
of the AP-1-590 site and the neighboring AP-1-640 site were
5'-CGGGGCCAGCCTTTGGGGCTTGCATCC-3' for sense
and 5-AGACCGGTTGGCAGGTGGACACGTGAG-3" for
antisense that recognize the —774 to —447 bp region. Primers
sets for the analysis of the AP-1-1020 were 5'-AAAGCACA
GCAGACAAGATGCGAAGCA-3' for sense and 5'-TCCTG-
AAGTCCCCCTTCCTGTCTGCAC-3' for antisense that rec-
ognize the —1185 to —805 bp region. PCR amplification prod-
ucts were analyzed on GelRed-stained 2% (w/v) agarose gels.

Pulldown Assay—Nuclear proteins (50 ng) from chondro-
cyte cells treated or not with IL-18 for 24 h were incubated with
100 pmol of biotinylated Sp1-125 probe (oligonucleotide —137
to —107), Sp1-40 probe (oligonucleotide —55 to —24), AP-1—
640 (oligonucleotide —654 to —624) or unrelated probe (con-
trol) in reaction buffer containing 0.05 mg/ml of poly(dI-dC),
10 mm Tris-HCI, pH 7.5, 0.5 mm dithiothreitol, 1 mm MgCl,, 0.5
mM EDTA, 4% glycerol, 50 mm NaCl. After 1 h of incubation at
room temperature, 100 ul of 4% streptavidin-agarose beads
(Sigma) were added to the mixture and then placed under rotat-
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FIGURE 1. IL-1B cytokine regulates XT-l and aggrecan mRNA expression
and PG synthesis. Human chondrocyte cells were treated with 10 ng/ml of
IL-1B for 6, 12, and 24 h, respectively, and XT-I (A) and aggrecan (B) mRNA
levels were determined by real time PCR as described under “Experimental
Procedures.” Results were normalized using the housekeeping gene ribo-
somal protein S29 and are expressed as relative expression compared with
that obtained with control cells. C, PG synthesis studied by [**S]sulfate incor-
poration in primary human chondrocytes treated with IL-18 for 6, 12, and
24 h. Data are expressed as mean = S.D. of three separate experiments. Sta-
tistical significance was evaluated using Student’s t test (¥, p < 0.05).

ing agitation overnight at 4 °C. Beads were then recovered by
centrifugation at 12,000 X g for 5 min at 4 °C and washed with
100 ul of PBS containing 0.5% Triton X-100 and 5 mm EDTA.
Proteins bound to the DNA probe were recovered after boiling
the beads for 5 min in 30 ul of Laemmli buffer. Protein identi-
fication was performed by Western blot using anti-Sp3 and
anti-c-Jun antibodies, respectively.

RESULTS

XT-I Gene Expression Is Regulated by IL-183 in Human Pri-
mary Chondrocyte Cells—Accumulating evidence indicates
that XT-I catalyzes a rate-limiting step in PG synthesis pathway
and plays a central role in the regulation of the PG synthesis
process both in physiological and physiopathological condi-
tions (18, 21, 26, 27). To understand the mechanism of IL-13-
mediated alteration of PG synthesis in OA disease and particu-
larly the role of XT-I in this process, we investigated the effect
of the cytokine on the expression of XT-I gene in human pri-
mary chondrocytes. Interestingly, the results revealed that
treatment of chondrocytes with IL-1 for 6 and 12 h increased
by 1.8- and 3-fold, respectively, the mRNA expression level of
XT-I gene, whereas a decrease of 50% was produced by the
cytokine when the cells were treated for 24 h (Fig. 14), indicat-
ing that IL-1p regulates the expression of XT-I into an early
phase of induction and a late phase of down-regulation. Like-
wise, aggrecan gene expression showed a similar biphasic reg-
ulation. Indeed, treatment of chondrocytes with IL-13 for 6 h
increased by 1.5-fold the aggrecan mRNA expression level,
whereas a decrease of ~20% was observed at 12 h, suggesting a
premature inhibition of aggrecan expression compared with
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that of XT-I, followed by a further decrease of 63% at 24 h of the
treatment (Fig. 1B). Analysis of the rate of PG synthesis during
IL-1B treatment of chondrocyte cells showed an increase of 1.6-
and 2.6-fold at 6 and 12 h, respectively, and a decrease of 55% at
24 h of treatment (Fig. 1C). Conceivably, the increased expres-
sion of both XT-I and aggrecan and of the rate of PG synthesis
at early phase of IL-13 treatment could be explained by the
efforts of chondrocytes to counteract loss of PG produced by
degradation.

To determine whether chondrocyte cells retained their phe-
notype in the culture conditions used, we analyzed the expres-
sion levels of chondrocyte phenotypic markers, i.e. COL2A1,
s0x9, and aggrecan in chondrocytes seeded at 4 X 10* cells/well
in a 24-well plate and grown to 80% confluency and compared
them with that found in human primary fibroblasts. The results
showed that chondrocytes expressed high level of aggrecan
(180-fold) and sox9 (140-fold) mRNA and exhibited high ratio
of COL2A1/COL1A1 mRNA (128) compared with fibroblasts
(0.2) (supplemental Fig. 1), indicating that these cells retained a
characteristic chondrocyte phenotype.

Functional Characterization of the Human XT-I Promoter—
To define the mechanism of IL-1f action, we investigated the
regulation of the XT-I gene promoter in human primary chon-
drocyte cells. For these purposes, the sequence of the XT-I pro-
moter region —1740 to +85 was cloned from human genomic
DNA by PCR as indicated in the “Experimental Procedures.” In
silico analysis of the promoter sequence using TFSEARCH soft-
ware revealed the presence of canonical Spl and AP-1 tran-
scription factor binding sites (Fig. 2) that might be potential
regulators of constitutive and induced expression of XT-I in
chondrocyte cells.

The —1740/+85 promoter sequence and a series of 5'-dele-
tion mutants were cloned upstream a firefly luciferase reporter
gene in pGL3 basic vector, and the constructs were transfected
into human primary chondrocyte cells cultured. The results of
Dual-Luciferase assays are shown in Fig. 3. The shorted con-
structs —100/+85, —270/+85, and —450/+85 showed a very
low promoter activity. However, when the length of the pro-
moter sequence was extended to —850 bp, a high promoter
activity was observed, suggesting that the sequence between
—850 and —450 bp contains elements that are essential for
basal activity of the XT-I gene promoter (Fig. 34). Similarly,
high promoter activity was observed for the —1230/+85 con-
struct; however, the sequence further away from —1230 exhib-
ited less promoter activity and contains possible negative regu-
latory elements (Fig. 3A). Interestingly, treatment with IL-13
for 12 h significantly increased (3 = 0.2-fold) the transcrip-
tional activity of the promoter construct —1740/+85 (Fig. 3B),
indicating that XT-I promoter activity is regulated by IL-1p.
The stimulatory effect of IL-13 was also observed for the pro-
moter constructs —1230/+85 (2.2 = 0.2-fold) and —850/+85
(3 = 0.3-fold), whereas it was absent for the —450/+85 pro-
moter construct, indicating that deletion of the 5’-end to —450
completely abolished IL-1B-induced activity (Fig. 3B). Thus,
these results revealed that a sequence from —850 to —450 bp in
the promoter mediates IL-13-induced stimulation of XT-I gene
transcription.
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-1740
-1679
-1611
-1543
-1475
-1407
-1339
-1271
-1203
-1135
-1067
-999
-931
-863
-795
=727
-659
-591
-523
-455
-387
-319
-251
-183
-115
-47
+22

CGTTTTTTAGATGGAGTCTTGCTCTGTAACCCAGGCTGGAGTGCAGTGGTGTGATCTCGGCTCACTGC
AGCCTCTGCCTCCTGGGTTCAAGAGATTCTCCTGCCTCAGCCTCCTGAGTAGCTGGGATCAGGGGTGT
GTGCCACCATGCCCGGCTAATTTTTGTATTTTTAGTAGAGACGGGGTTTCACCATGTTGGCAAGGCTG
ATCTCGAACTTCTGACCTCAGGTGATCCTCCTGTCTTGGCCTCCCAAAGTGCTGCGATTACAGGCATG
AGCCACCGCGCCCAGGCCTATCTCACTATATTTTAATGATTAACATCCACATCAGGCTTCTCTAGACC
TCAGGCTTGCTGAAGATGAGATTAAACCTCATTCACCTTTGGATGCGTGCACCTGGCCCAGTGTCTGA
CACAAGCTTTGTATTCACGGATGCTTGTGGAGTGGATGAAACAATCTCTTCCCACTCCCTGCCTCATT
GTCTGATGAGCCTTCATTACACTCCACTTTCTTCTCTTTGTAAATTAGGATGAGGTGAAAAAGCACAG
CAGACAAGATGCGAAGCATTCACGCCAAGTCCTCAATTCACAAACTGATTTGATCTGCTGTTGTATTC
CCAGAGTGCTAGGTCCCGTATGGGACACCAACGCCATCCCATATGCTCACTGTTCTGCGCTGCTGTGT
ATAAAGCCCTGGGCAAGAGGACAAGGGAGGGAAAAACCAGAAAGACTGAGTCAGAGAAGGCTCGGGAT
GAAATTTGAGTCCATTGGGATCATTCTGCCTAAACGACAGAGGAGAAXEE%%%EGCTCAGGGAGGAGT
CCTCCTCCTCCTGGCTCAAGGTCACCGGGACAGACCAGTCAGGATGGGAAAGAACTCCACTTTCAAGA
GCAAGACCTGTTTCCCCAGGACCTGGGCCCTGTGCAGACAGGAAGGGGGACTTCAGGATGGATGGGGA
AAAGGACACGCTGGGAGGCTGCGGGGCCAGCCTTTGGGGCTTGCATCCTGCGAAGGTTGAGTAACTCC
ACGGGTCTCCCTTTTGCCGCTATACCACTTGCCAACTGGGTTTGGAGTCTCTTGGCTTGTGAGTCCTC
AGGGACCAGAGAAGTGACTCAGTGAACACTTAGTACATCGTTGGCACCGGGGATTGTGTGTGATTCAG
GAGTCACTCACAGAGS%%E%%CTGATTAACTCCAGAAACTCACCCAAAGCCTCCTCCCCACSEE%?%A
AGCCCAGGATGAAGGGATCAGACTGTGGCTCTGACACTCCTGAAATGTTTCTCACGTGTCCACCTGCC
AACCGGTCTGGTACCGACAGAAGATCCCTGGACCGCGAACTCCGGGGCTAGGAGCTTCCTCCACGCAC
TGCCTCCTTCCAGCGGCCCACAGGGAAAACAGGACCTCGGGACCCCCTCTCTTCCTGACCTCCCCTGG
ATTCTGAGCGGGCCCACCCTCAACCAAAGGTCCCCTGTTTCGCGGCCCCTGCCTCTCTTTTTCCGCCT
TGGGAATTGTCCCCCTCGCCCCCCATCCTACTCCCACTACGTCCTGAGGGGTGTCTGTCTTCTCTGAT
CGCCCCCACCCCCTTCCTTTCCCTCCTCCTTTTCCTCCCTCGGCTCCTCCCCACGGCCCCGCCCTCTC
CGCCTCGGCCCGCGTCCCCCCGGCGCCTTCCCCATCACCCTCCCé%éEXééGGGGACAGGGGTGTGGG
GAGGGGGGCGGCGGCGGCGGCCCGAGCGGGAGCCCGAGCGGCAGCCG CG;%CGCGGGAGCTGCGGGG
AGCGCGGGEE&EggcCGGAGCGTGCCGGGGTCCCCGCGCCTCGCTCGCCGGCCGCGCTCCGAAdE:]

FIGURE 2. Nucleotide sequence of the 5’-flanking region of the human XT-1 gene. The 5’-flanking region of the XT-I gene was cloned from human genomic
DNA as described under “Experimental Prcedures” and sequenced. The putative start site of transcription (+1) is indicated by an arrow. The translation
initiation ATG codon is boxed. Sp1 and AP-1 core sequences are underlined and in boldface type.

Spl1 Transcription Factor Regulates Human XT-I Basal Pro-
moter Activity—The —1740/+85 XT-I promoter fragment
contains Spl core motifs located at —125 bp (Sp1-125) and
—40 bp (Sp1-40) (see Fig. 2), all of which could potentially
interact with the Sp1 transcription factor. To investigate the
potential role of Sp1 in the function of the XT-I promoter, we
used bisanthracycline (WP631), a potent Spl inhibitor (35).
The presence of WP631 at a concentration of 1 uM significantly
inhibited (90%) the basal promoter activity (Fig. 4A4), suggesting
an important role for Sp1 in basal promoter activity. Mutants of
each of Sp1 sites were generated by site-directed mutagenesis,
and the effect of the mutations on promoter activity was deter-
mined. Fig. 4B showed that disruption of Spl1-125 core
sequence resulted in a >80% loss of promoter activity, indicat-
ing that Sp1-125 site is critical for basal promoter activity. In
contrast, mutation of Sp1-40 stimulated XT-I promoter activ-
ity by 66%, suggesting that this site may be essential for repres-
sion or attenuation of the XT-I gene expression (Fig. 4B).

IL-1B-induced XT-I Promoter Activity Did Not Involve Spl
Response Elements—To examine whether Sp1 regulatory ele-
ments in the human XT-I promoter are directly involved in
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IL-1B-induced promoter activity, chondrocyte cells were trans-
fected with —1740/+85 XT-I promoter construct harboring
Sp1-125 and Sp1-40 disrupted sites, respectively. The results
clearly showed that none of the Spl mutations prevented the
stimulatory effect of the cytokine (Fig. 4B). Indeed, Spl-mu-
tated promoter constructs exhibited similar induction levels
(3-fold) as wild-type promoter following IL-13 stimulation (Fig.
4B). Thus, these results provide evidence that Sp1 regulatory
elements are not required for IL-1B-induced promoter activity.

Both Basal and IL-1B-induced XT-I Promoter Activity Are
Mediated through AP-1—It is well known that IL-1 activates
the AP-1 signaling pathway in chondrocytes cells (28, 29). This
was confirmed in our study by using the pAP-1-Luc luciferase
reporter plasmid containing multiple copies of typical AP-1
binding sequence. Indeed, this reporter construct was activated
by ~3-fold upon treatment of transfected chondrocytes with
IL-18 (Fig. 5A). Interestingly, the —1740/+85 XT-I promoter
sequence contains three potential binding sites for the AP-1
transcription factor, which are located at positions —1020 (AP-
1-1020), —640 (AP-1-640), and —590 (AP-1-590), respec-
tively (see Fig. 2). Their implication in basal transcription
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FIGURE 3. Defining the human XT-I proximal promoter for constitutive
and IL-1B-induced activity. A, left, diagrams showing the 5’-deletion con-
structs of XT-I promoter linked to firefly luciferase reporter gene used for
transient transfections. Right, relative luciferase activity of XT-l promoter dele-
tion constructs and empty pGL3-Basic vector in human primary chondrocyte
cells. Relative luciferase activity is calculated as fold activation over that of
pGL3-Basic after normalization. B, human chondrocytes transfected with
5'-deletion constructs and pRL-TK vector were treated with IL-18 (10 ng/ml)
or vehicle for 12 h, and relative luciferase activity was determined as
described above. Relative luciferase activity is calculated as fold activation
over that of untreated cells. Data are expressed as mean = S.D. of three sep-
arate experiments (¥, p < 0.05).

and/or in the response of the promoter to IL-1f3 was investi-
gated by site directed mutagenesis. Mutation of AP-1-590
(mAP-1-590) or AP-1-640 (mAP-1-640) dramatically
reduced (81 and 90%, respectively) the basal promoter activity,
whereas mutation of AP-1-1020 (mAP-1-1020) produced
moderate (36%) inhibition compared with the two proximal
AP-1 sites (Fig. 5B). These results suggest that AP-1-590 and
AP-1-640 are critical for basal activity of human XT-I gene
promoter.

As a further step toward understanding the role of AP-1 in
the regulation of XT-I promoter activity, we investigated
whether it is involved in stimulation of promoter activity by
IL-1B. The results clearly showed that mutation of the AP-1—
590 did not prevent stimulatory effect of IL-18 on XT-I pro-
moter (Fig. 5B). Despite major reduction of the basal activity,
IL-1B significantly (~2-fold) induced the promoter activity.
However, mutation of AP-1-640 or AP-1-1020 completely
suppressed the stimulatory effect of IL-18 (Fig. 5B). These
results strongly suggest that IL-1B-induced XT-I promoter
activity is mediated through AP-1-640 and AP-1-1020
response elements.

AP-1 Transcription Factor Is a Transactivator of XT-I
Promoter—To obtain further evidence to support the impor-
tance of the AP-1 transcription factor in the activation of XT-I
promoter activity, we co-transfected the —1740/+ 85 promoter
construct with pCMV-c-Jun, pCMV-c-Fos and both vectors,
respectively, and analyzed the effect on the activity of the pro-
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FIGURE 4. Identification of functional Sp1 sites within human XT-I pro-
moter. A, chondrocyte cells were transfected with pGL-XT-I (—1740/+85)
reporter construct and then treated or not with 1 um WP631 (Sp1 binding
inhibitor). Twenty four hours later, cell extracts were assayed for luciferase
activity. Relative luciferase activity is calculated as fold change over that of
untreated cells. Data are expressed as mean =+ S.D. of three separate experi-
ments (¥, p < 0.05). B, point mutation analysis showing Sp1 site-dependent
transcriptional activity of the XT-l promoter in chondrocytes. Luciferase activ-
ity of the wild-type (WT) and its mutant construct (mSp1-125 and mSp1-40)
was measured in chondrocytes treated (12 h) with IL-18 or vehicle. Relative
luciferase activity is calculated as fold change over that of WT in untreated
cells. In IL-1B-treated cells, relative luciferase activity was determined as fold
activation over that of untreated cells. Data are expressed as mean = S.D. of
three separate experiments (¥, p < 0.05).

moter. pCMV empty plasmid was used as a control. Fig. 64
clearly showed that overexpression of c-Fos and c-Jun in pri-
mary chondrocytes enhanced the promoter activity by 11- and
10-fold, respectively. Interestingly, overexpression of both
c-Fos and c-Jun produced a strong activation (47-fold) of the
human XT-I promoter (Fig. 64). These results demonstrated
that the AP-1¢7""/<F° transcription factor is a potent activator
of the human XT-I promoter.

Endogenous AP-1 Directly Binds to the Cognate AP-1 Binding
Sites in the Human XT-I Gene Promoter in Vivo—Based on the
results above, we investigated whether AP-1 directly binds to
the promoter region of XT-I and whether treatment with IL-13
affects its DNA binding activity in vivo. Therefore, we examined
physical binding of AP-1 to the endogenous XT-I promoter
with endogenous c-Jun proteins by using ChIP assays. As
shown in Fig. 6B, the 327-bp (—774 to —447) of the XT-I pro-
moter fragment harboring AP-1-640 and AP-1-590 response
elements was detected from chromatin precipitated with
endogenous c-Jun antibody but not with control IgG. Similar
results were obtained for the 380 bp (—1185 to —805) of XT-I
promoter fragment encompassing the AP-1-1020 site (Fig. 6B),
indicating that AP-1 directly binds to the promoter region of
XT-I in vivo. Interestingly, the binding of c-Jun to the 327-bp
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FIGURE 5. AP-1 regulates both basal and IL-1B-induced promoter activ-
ity. A, human chondrocyte cells were transfected with pAP-1-Luc (pCMV-(AP-
1);) and treated with IL-18 or vehicle for 12 h. Relative luciferase activity is
calculated as fold change over that of empty vector (pCMV). B, point mutation
analysis showing AP-1 site-dependent transcriptional activity of the XT-I pro-
moter in chondrocytes. Luciferase activity of the wild-type (WT) and its
mutant constructs (mAP-1-1020, mAP-1-640, and mAP-1-590) were meas-
ured in chondrocytes treated (12 h) with IL-18 or vehicle. Relative luciferase
activity is calculated as fold change over that of WT in untreated cells. Data are
expressed as mean = S.D. of three separate experiments (¥, p < 0.05; #, p <
0.05).

XT-I promoter fragment harboring the AP-1-640 and AP-1-
590 response elements was significantly increased in IL-1-
treated cells (Fig. 6B), indicating that the DNA binding activity
of AP-1 to the promoter is enhanced upon treatment with
IL-1p.

IL-1B-induced Activation of XT-I Promoter Is Mediated by
JNK and p38 MAPK—To investigate the signaling pathway that
regulates activation of the XT-1 promoter by IL-13, we analyzed
the phosphorylation status of JNK, ERK and p38 in human pri-
mary chondrocytes by Western blot. Fig. 7A showed that IL-13
treatment increased the levels of phosphorylated ERK and p38
within 5 min of treatment, reached a peak at 15 min, and was
evident until 2 h. Phosphorylation of JNK was prominent at 15
min, peaked at 30 min, and was strongly attenuated after 1 h of
treatment. The cytokine increased phosphorylation of c-Jun
within 15 min of the treatment and was evident until 2 h.

To determine whether MAPK pathways were involved in
IL-1B-induced XT-I activity, pharmacological inhibitors were
added 30 min prior to IL-1f treatment. Fig. 7B showed that the
PKC inhibitor (GO6976) and ERK 1/2 inhibitor (PD184161) did
not affect the stimulatory effect of IL-13 on the XT-I promoter.
In contrast, the JNK inhibitor (SP60012) and the p38 inhibitor
(SB203580) suppressed the activation of the promoter by IL-1f.
The results also showed that inhibition of MEK1/2 and of JNK
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FIGURE 6. c-Jun and c-Fos transactivate the XT-I promoter, and IL-1j3
increases the AP-1 recruitment to endogenous XT-I promoter in chon-
drocyte cells. A, cells were transfected with the pGL-XT-I (—1740/+85)
reporter construct (2 ug) with 200 ng each of pCMV (empty vector), pCMV-c-
Jun, or pCMV-c-Fos or pCMV-c-Jun + pCMV-c-Fos expression plasmids. Rela-
tive luciferase activity is calculated as fold activation over that of pCMV empty
vector after normalization for Renilla luciferase activity. Values are expressed
as mean = S.D. of three separate experiments (¥, p < 0.05). B, chondrocytes
were treated with IL-18 (10 ng/ml) or vehicle for 4 h. ChIP with antibodies to
c-Jun or with rabbit preimmune serum (IgG) was performed with primers
specific to the region described under “Experimental Procedures.” The quan-
tity of each input DNA was initially measured equalized by O.D. A represent-
ative gel of three independent experiments stained by GelRed is shown.

Input

reduced the basal activity of the promoter by 40 and 25%,
respectively (Fig. 7B). Together, these data indicated that JNK
and p38 MAPK, but not PKC and ERK plays an important role
inIL-1B-induced XT-I promoter activity. They also showed the
importance of MEK1/2 and of JNK in basal promoter activity.
Noteworthy, analysis of potential cell toxicity of MAPK inhib-
itors using a MTT assay showed that the PKC inhibitor
G0O6976 produced 25% lethality whereas, JNK, ERK, p38, and
Spl inhibitors did not significantly affect cell viability at the
concentrations used (supplemental Fig. 2).

Spl1 Activates and Sp3 Inhibits XT-1 Promoter Activity—Sp1
and Sp3 are ubiquitous transcriptional proteins that are highly
homologous and compete for the same DNA elements. Having
demonstrated the importance of Sp1 binding sites (Sp-40 and
Sp-125) in XT-I promoter activity, we next examined the effects
of Spl and Sp3 factors on the transcriptional activity of the
promoter. Therefore, chondrocyte cells were transfected with
the —1740/+85 XT-I promoter reporter construct along with
Spl or Sp3 expression plasmids. Empty pSG5 vector was used
as a control. As shown in Fig. 84, overexpression of Spl in
chondrocyte cells induced XT-I promoter activity by ~1.6-fold.
In contrast, overexpression of Sp3 caused a strong reduction
(4.4-fold = 0.2) in promoter activity, indicating that Sp3 acts as
a transcriptional repressor of the XT-I promoter.

IL-1B-induced Inhibition of XT-I Expression during the Late
Phase Is Mediated through Sp3 Recruitment to the Promoter—
The observation that Sp3 acts as a repressor of XT-I promoter
activity prompted us to investigate whether it is involved in

S
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FIGURE 7.IL-1B-stimulation of the XT-1 promoter is dependent on activa-
tion of the SAP/JNK and p38 signaling pathways. A, chondrocyte cells
were stimulated with IL-18 (10 ng/ml) for 0-120 min, and protein lysates were
prepared and probed with the indicated antibodies. A representative immu-
noblot of three independent experiments is shown. B, chondrocyte cells were
transfected with the pGL-XT-l (—1740/+85) reporter promoter construct,
starved, and preincubated with dimethyl sulfoxide (Control) or specific inhib-
itors GO6976, PD186161, SB203580, and SP600125, respectively, for 30 min
before stimulation with IL-18 (10 ng/ml), or exposure to vehicle, for 12 h.
Relative luciferase activity is calculated as fold change over that of control in
untreated cells. Data are expressed as mean = S.D. of three separate experi-
ments (*, p < 0.05; #, p < 0.05).

IL-1B-induced inhibition of XT-I gene transcription observed
when chondrocytes were treated for 24 h with the cytokine. For
this purpose, we evaluated the binding of the Sp3 transcription
factor to Sp1 sites by biotin pulldown assay, as ChIP would not
be able to dissect out Sp3 binding to each Sp1 site (Sp-40 and
Sp-125) because DNA fragments obtained are limited to 200 to
300 bp. Pull-down was performed using nuclear extracts pre-
pared from chondrocyte cells treated or not with IL-13 for 24 h
together with Sp-125 and Sp-40 probes. Interestingly, the data
revealed that Sp3 binds to a Sp-40 site in non-treated cells sug-
gesting a role in the attenuation of basal promoter activity pre-
viously shown for this site (Fig. 8B). More particularly, the
results showed that IL-1p treatment led to recruitment of Sp3
to Sp-125 site and to an enhanced binding to the Sp-40 site (Fig.
8B), thereby indicating that IL-1B-induced inhibition of XT-I
expression is mediated through Sp3 occupancy of Sp-125 and
Sp-40 sites of the proximal promoter.

Next, we asked whether Sp3 interacts with AP-1, a major
transcriptional regulator of XT-I gene expression. We per-
formed biotin pulldown assays using AP-1-640 probes, con-
taining the AP-1-640 binding site, which is essential for pro-
moter activity and interacting with AP-1, together with nuclear
extract from chondrocytes treated or not with IL-1 for 24 h.
Interestingly, this showed that Sp3 was pulled down with the
AP-1 probe when nuclear extract from IL-13-treated cells was
used but not with nuclear extract from untreated cells (Fig. 8C),
indicating that Sp3 interacts with AP-1 following IL-1f treat-
ment. Collectively, these results convincingly demonstrated
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FIGURE 8. Antagonist role of Sp1 and Sp3 in the regulation of human XT-I
promoter activity. A, chondrocyte cells were transiently transfected with
pGI-XT-I (—1740/+85) reporter promoter construct with pSG5 (empty vec-
tor), pSG-Sp1, or pSG-Sp3 expression vectors. Relative luciferase activity is
calculated as fold change over that of pSG5 vector after normalization for
Renilla luciferase activity. Values are expressed as mean = S.D. of three sepa-
rate experiments (¥, p < 0.05). B, nuclear extracts (50 ug) prepared from cells
treated with IL-18 (10 ng/ml) or vehicle for 4 h were incubated with Sp1-125,
Sp1-40, or unrelated biotinylated probe (control) for 1 h at room tempera-
ture. C, nuclear extracts were incubated with AP-1-640 biotinylated probe or
unrelated probe (control) for 1 h at room temperature. The Sp1 and AP-1
probe-protein complex was then precipitated by addition of streptavidin-
agarose beads. Sp3 protein bound to the probe was determined by Western
blot using an anti-Sp3 antibody.

that the inhibitory effect of IL-18 on XT-I gene expression is
mediated through Sp3 occupancy of Sp1 sites and interaction
with the AP-1 transcription factor.

DISCUSSION

XT-I plays a key role in the biosynthesis of PGs by catalyzing
the first steps of GAG chain assembly. This step is suggested to
be rate-limiting and, therefore, may control synthesis of hepa-
ran sulfate and chondroitin sulfate PGs. In the present study, we
investigated the regulation of XT-I gene in human primary
chondrocyte cells by the proinflammatory cytokine IL-13 and
showed for the first time that IL-13 modulates the expression of
the XT-I gene in chondrocytes into an early phase of up-regu-
lation and a late phase of down-regulation. Similar biphasic
regulation was observed for aggrecan expression suggesting
that XT-I and aggrecan genes may be coordinately regulated by
the same transcription factors. Accordingly, aggrecan gene pro-
moter sequence contains several putative binding sites for Sp1
and AP-1 in its proximal region (36), as found in the XT-I gene
promoter. Noteworthy, expression of aggrecan was down-reg-

JOURNAL OF BIOLOGICAL CHEMISTRY 1781



Mechanism of IL-13-mediated XT-I Regulation

ulated prematurely (12 h) compared with that of XT-I gene,
suggesting it may be more sensitive than XT-I gene to a similar
repression mechanism, or that specific aggrecan gene repressor
was induced earlier by IL-1. Extensive investigation of aggre-
can gene regulation by IL-1 would be required to test these
hypotheses. On the other hand, PG synthesis was increased at 6
and 12 h, whereas aggrecan expression was up-regulated at 6 h
but down-regulated at 12 h. Of note, PG synthesis was meas-
ured during the last 6 h of the treatment (spanning from 6 to
12 h), whereas aggrecan gene expression was measured at the
end of the treatment (12 h). Therefore, it can be reasonably
assumed that the differences exhibited between PG synthesis
and aggrecan gene expression could originate from the fact that
aggrecan expression was induced at 6 h (PG synthesis was
measured from this time point until 12 h). Also, we cannot rule
out that up-regulation of XT-I observed at 6 and 12 h may lead
toanincrease in the number of GAG chains that are initiated on
aggrecan core protein. Indeed, XT-I catalyzes a rate-limiting
step of PG synthesis pathway. Accordingly, we recently showed
that overexpression of XT-I in chondrocytes and cartilage
explants increased the level of PG-GAG synthesis. Conversely,
down-regulation of XT-I gene expression by siRNA produced a
strong decrease in PG-GAG synthesis (21).

Conceivably, the up-regulation of XT-I gene expression and
stimulation of PG-GAG synthesis during early phase of IL-13
treatment of human chondrocyte cells may reflect an attempt
by the cells to counteract PG degradation and depletion pro-
duced by the cytokine. Similarly, up-regulation of XT-I and
aggrecan expression was observed in OA cartilage in areas next
to lesions characterized by high increase in PG synthesis, sug-
gesting an effort from chondrocytes to regenerate extracellular
matrix within the degradative environment (21). This effort
could also explain the high rate of PG synthesis measured in
early OA (20) and in OA (30) cartilage as well as the increased
expression of COL2A1 (31, 32). To investigate the molecular
mechanism involved in the regulation of XT-I gene expression
by IL-18 in chondrocytes, the 1.74-kb 5'-flanking DNA of the
human XT-I gene was cloned and expressed as a functional
promoter in human primary chondrocyte cells. Analysis of
sequence directly upstream of the transcriptional initiation site
revealed that the human XT-I promoter is a GC-rich TATA-
less promoter containing proximal Spl-binding sites as
reported previously (24). Similar promoters are found in many
mammalian genes such as GIcAT-I (24), VIL2 (33), and UDP-
glucose dehydrogenase genes (34). Deletion analysis demon-
strated that the —450 bp of the immediate 5’-flank is not suffi-
cient to confer promoter activity in chondrocyte cells.
However, this sequence contains the proximal Sp1 binding sites
(—125 and —40) indicating that these sites per se were not suf-
ficient to achieve a constitutive promoter activity and suggests
that Sp1l may interact with other factors to promote activity.
Indeed, TATA-less promoters are regulated by the involve-
ment of Sp factors, which recruit and interact with specific
transcription factors to achieve promoter activity (24, 35).
Interestingly, extending the promoter sequence to —850 bp to
contain the two AP-1 binding sites at position —590 and —640
conferred high promoter activity suggesting that AP-1 sites are
critical for constitutive promoter activity and that AP-1 may

1782 JOURNAL OF BIOLOGICAL CHEMISTRY

cooperate with Spl to achieve normal promoter activity.
Accordingly, the AP-1- 640 binding site was shown important
for constitutive promoter activity in chondrosarcoma (37).
Analysis of the respective roles of different Spl sites on pro-
moter activity by site-directed mutagenesis revealed that dis-
ruption of the Sp1-125 binding site resulted in strong reduc-
tion of promoter activity. Interestingly, mutation of the Sp1-40
site released the promoter activity showing that this site acted
as a repressor and suggesting that Sp1-40 and Sp1-125 bind-
ing sites within the XT-I promoter may recruit different factors
or co-factors. The presence of Sp1l binding sites, which act as
activators and/or repressors of promoter activity, was
described recently for the LEDGF/p75 gene (35).

Within the Sp family, Spl and Sp3 are ubiquitously
expressed, and both can bind to the same cognate DNA ele-
ment (38). Interestingly, overexpression of Sp3 strongly inhib-
ited XT-I promoter activity and a similar effect was observed
for the promoter construct mutated in the Sp1-40. In contrast,
no inhibitory effect of Sp3 was observed when Sp-125 mutated
promoter was used, therefore suggesting that Sp1 and Sp3 fac-
tors bind to the same Sp1 site, Sp1-125. We can therefore spec-
ulate that competition between Sp1 and Sp3 for the binding at
the Sp1-125 site may occur and overexpression of Sp3 may
prevent Spl recruitment to the promoter. Importantly, it has
been shown that treatment of chondrocyte cells with IL-13 for
24 h led to down-regulation of Spl and up-regulation of Sp3
expression (39). This observation may account for repression of
XT-Ipromoter activity observed at 24 h of IL-18 treatment and
suggest that the Sp3/Spl ratio may mediate IL-1f3 inhibitory
effect on XT-I expression and could also account for IL-183
inhibition of aggrecan gene expression. Such a mechanism was
previously demonstrated for IL-1B-induced COL2A1 gene
transcription in chondrocytes (39). Interestingly, pulldown
assay analyses clearly indicated that when chondrocytes were
treated with IL-1 for 24 h, Sp3 binds to the Sp1-125 site prob-
ably by displacing Sp1 factor and represses the promoter.

Notably, our data revealed that the two AP-1 binding sites
(AP-1-590 and AP-1-640) and the Sp1 binding site (Sp1-125)
are essential for basal promoter activity, suggesting that syner-
gistic interactions between AP-1 and Sp1 factors may occur to
achieve promoter activity. Accordingly, cooperativity between
Spl and AP-1 is essential for genes encoding Ezrin (33), leuko-
cyte integrin gene, CD11c (40), and loricrin (41). However, the
role of AP-1 response elements is not restricted to basal pro-
moter activity but is essential for IL-1B-induced promoter
activity. Indeed, mutagenesis within AP-1 binding sites of the
XT-I promoter revealed that the AP-1-640 and AP-1-1020
binding sites, but not AP-1-590, are critically required for
IL-1B-mediated effects on XT-I promoter activity, demonstrat-
ing that these sites play a critical role in the activation of XT-I
promoter transcription via the IL-1B-induced pathway. Fur-
thermore, overexpression of the AP-1 transcription factor
strongly stimulated (50-fold) XT-I promoter activity.

Consistent with the results obtained by our reporter assays,
ChIP assays demonstrated that AP-1 recruitment to the XT-I
promoter is enhanced upon IL-1 treatment, indicating that
the cytokine stimulates XT-I promoter activity by promoting
the binding of AP-1 to the promoter. This process is mediated
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through activation of SAP/JNK and p38 pathways as demon-
strated by their phosphorylation following IL-18 treatment and
by using specific inhibitors. Interestingly, analysis of potential
toxicity of the MAPK inhibitors on chondrocyte cells bya MTT
assay showed that JNK, p38, and Sp1 inhibitors did not signifi-
cantly affect cell viability, indicating that the effects produced
were a result of signaling pathways inhibition. Activation of
XT-I promoter by p38 signaling pathways is probably due to
phosphorylation of c-Fos by p38 MAPKs. Indeed, it has been
shown that p38 MAPKs are able to activate c-Fos (42, 43). Thus,
this pathway acts concomitantly with the activation of c-Jun by
JNK/MAPK, thereby contributing to the complexity of AP-1
driven XT-I gene transcription regulation. Our data identify,
for the first time, XT-I as a target of IL-1f3 signaling pathway
and evidenced the critical role for AP-1 transcription factor in
the induction and that of Sp3 in the repression of XT-I expres-
sion in human primary chondrocyte cells.
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