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Abstract To investigate the in vivo effect of dehydro-
epiandrosterone (DHEA) on the expression of aggrecan-
ases and their endogenous inhibitor in a rabbit model of
OA. Ten New Zealand white rabbits underwent bilateral
anterior cruciate ligament transection (ACLT). One knee
of each rabbit was randomly assigned to receive 100 pM
DHEA dissolved in dimethylsulphoxide (DMSO) and the
other was treated with DMSO only. The treatment was
given once a week for 5 weeks, starting 4 weeks after
transection. All rabbits were euthanized 9 weeks after
ACLT treatment, and the knee joints were evaluated by
gene expression analysis. Intra-articular administration of
DHEA significantly reduced the gene expression of agg-
recanases, while markly increasing that of tissue inhibitor
of metalloproteinase-3 (TIMP-3), an endogenous inhibitor
of aggrecanases. DHEA may have beneficial effects on
OA by influencing the balance between aggrecanases and
TIMP-3 through which DHEA may protect against OA.
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Introduction

Osteoarthritis (OA) is one of the most common joint dis-
eases affecting the elderly population. It is characterized by
progressive destruction of the articular cartilage and con-
comitant changes in the subchondral bone. Currently, there
are many treatments available for OA. Conservative mea-
sures begin with lifestyle modifications, such as weight loss
and decreased activity. Current medications for OA,
including nonsteroidal anti-inflammatory drugs [1, 2] or
steroids [3], provide only symptomatic improvements. A
relatively new treatment, hyaluronan injection, improves
joint lubrication and can decrease pain [4]. The major
disadvantage of all current treatments is that they mainly
target the symptoms of OA but do not address the funda-
mental mechanisms by which articular cartilage damage
develops. Consequently, a novel treatment capable of
protecting or regenerating cartilage would be desirable.
Dehydroepiandrosterone (DHEA) is a 19-carbon steroid
hormone that is classified as an adrenal androgen. Because it
declines with age, DHEA is known as an ‘antidote for aging’,
and a number of studies have examined its role in athero-
sclerosis, cancer, diabetes, obesity, and aging [5-9], as well as
in inflammatory arthritis, such as rheumatoid arthritis (RA)
[10]. Although RA shares some clinical aspects with OA,
there is limited information about the effects of DHEA on OA.
ADAMTS-4 (also known as aggrecanase-1) and AD-
AMTS-5 (also known as aggrecanase-2) have been iden-
tified as the most efficient degraders of aggrecan [11-14].
Matrix metalloproteinases (MMPs) and aggrecanases are
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both members of the broader family of metalloproteinases,
the predominant host enzymes responsible for cleaving
extracellular matrix (ECM) proteins [15]. Suppression of
some MMP family members by DHEA has been demon-
strated in OA [16, 17]; however, the direct effect of DHEA on
aggrecanases remains unknown. A increasing line of evi-
dence indicated that therapies aimed at preventing aggrecan
loss by inhibiting aggrecanase activity could slow progres-
sive cartilage erosion and delay, or even prevent, the devel-
opment of end-stage disease [15, 18]. Thus, in the present
study, we investigated the effect of DHEA on the mRNA
expression of aggrecanases, which have recently been con-
sidered as potential therapeutic targets in OA [11, 15].

Materials and methods
Reagents

DHEA was purchased from Fluka (USA) and used at a
concentration of 100 umol/l dissolved in DMSO. This
concentration had a protective effect against articular car-
tilage loss and no toxic effects on chondrocytes [16].

Animals and treatment

The model used to study the development of OA in this
research was the ACLT model. Previous study has shown
this method produces reliable and reproducible degradation
of articular cartilage after 9 weeks [19].

Ten one-year old male New Zealand white rabbits with no
clinical or radiographic evidence of joint disease were used
for the study. All experiments were conducted with the
approval of the Institutional Animal Care and Use Com-
mittee. All rabbits were anaesthetized intravenously with 3%
sodium pentobarbital (1 ml/kg), and underwent bilateral
anterior cruciate ligament transection (ACLT). The anterior
drawer test was performed to confirm complete transection
of this ligament. After surgery, each rabbit was placed in a

cage (60 x 60 x 40 cm3) without any immobilization. The
rabbits were administered 400,000 units of penicillin daily
for 3 days after surgery. Four weeks after transection, one
knee of each rabbit was randomly selected to receive
100 umol/l DHEA in DMSO, and the other knee was treated
in the same manner using only DMSO once a week for
5 weeks. All rabbits were sacrificed 9 weeks after ACLT
treatment, and the knee joints harvested were randomly
divided into two equal groups of 10, one control (treated with
DMSO) and the other experimental (treated with DHEA in
DMSO). The cartilage tissue from all the knee joints were
evaluated by gene expression analyses.

Real-time quantitative reverse transcription—
polymerase chain reaction (RT-PCR)

Cartilage tissues from the medial femoral condyle (MFC)
were harvested from the knees, and total RNA was
extracted using Tri reagent (Sigma—Aldrich) according to
the manufacturer’s instructions. After treatment during
20 min at 37°C with 1 unit of DNase I (Sigma—Aldrich) to
prevent genomic DNA contamination, 1 pg of total RNA
was reverse transcribed using 1 pg of random hexanu-
cleotide primers (Promega), 0.5 mM dNTPs, and 200 units
of Moloney murine leukemia virus reverse transcriptase
(Promega) at 37°C for 1 h in the appropriate buffer. The
reaction was stopped by incubation at 70°C for 10 min.
Then, quantitative RT-PCR analysis was performed using
the iCycler apparatus (Bio-Rad). iQ™ SYBR Green su-
permix PCR kit (Bio-Rad) was used for real-time moni-
toring of amplification (5 ng of template cDNA, 45 cycles:
95°C/10 s, 60°C/25 s) with the primers listed in Table 1.
Accurate amplification of the target amplicon was checked
by performing a melting curve. Using rabbit 18S rRNA
(sense 5'-GACGGACCAGAGCGAAAGC-3'; anti-sense
5'-CGCCAGTCGGCATCGTTTATG-3') primers, a paral-
lel amplification of rabbit 18S transcript (genbank) was
carried out to normalize the expression data of the AD-
AMTS-4, ADAMTS-5, TIMP-3 and aggrecan transcript

Table 1 Primers used in real-

time quantitative RT-PCR Gene Product size (bp) Primer sequences (5'-3') Genbank
amplification 18S rRNA 119 bp GACGGACCAGAGCGAAAGC EU236696
CGCCAGTCGGCATCGTTTATG
ADAMTS-4 128 bp GAACGGTGGCAAGTATTGTGAGG AF247707
GGTCGGTTCGGTGGTTGTAG
ADAMTS-5 68 bp CAGTGTTCTCGCTCTTGTGG AF247708
CTGGGTGCAGGGTTATTGC
TIMP-3 87 bp CTGGGCTGTAACTGCAAGATC AF069714
GAGCATGTCGGTCCAAAGG
Aggrecan 127 bp ATGGCTTCCACCAGTGCG L38480
CGGATGCCGTAGGTTCTCA
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Fig. 1 Real-time RT-PCR data of the expression of anabolic and
catabolic genes in the cartilage tissue of the control and DHEA-
treated groups are shown. The DHEA-treated cartilage showed an
increase in TIMP-3 and aggrecan expression (P < 0.01) and decrease
in ADAMTS-4 (P < 0.05) and ADAMTS-5 (P < 0.01) expression
when compared with the control group (¥*Compared with the control
group, P < 0.05; **Compared with the control group, P < 0.01)

respectively. The relative level of these selected gene
expression is calculated for 100 copies of the 18S house-

keeping gene following the formula: n = 10° x
2(Ct 18S _ Ct targeted genes)

Statistical analyses

All data are expressed as mean mRNA expres-
sion + standard deviation using unpaired Student’s ¢ test.
P < 0.05 was considered as statistically significant.

Results
Real time RT-PCR analysis

Rabbit 18S rRNA was evenly expressed in all samples,
confirming the uniformity of the RNA preparation. Bio-
chemically, the DHEA-treated cartilage showed some
increased expression of anabolic genes and decreased
expression of catabolic genes when compared with the
control group. The anabolic gene, aggrecan and TIMP-3,
had a higher expression in the experimental group when
compared with the control group (P < 0.01; P < 0.01).
Two catabolic genes were tested in the cartilage: ADAM-
TS-4 and ADAMTS-5 showed lower expression in the
DHEA-treated group when compared with the control
(Fig. 1) (P < 0.05; P < 0.01).

Discussion

In this study, we surgically induced OA in rabbits by
ACLT. The use of experimental ACLT models is of

particular clinical relevance, since rupture of the ACL
occurs in humans and also leads to the development of
OA [20]. Rabbit ACLT is increasingly being used in OA
studies because disease onset is rapid [21, 22]. This OA
model demonstrates biochemical and pathological changes
identical to those found in human OA, and it also permitted
an in-depth analysis of the role of proteolytic enzymes in
OA progression, which is hard to achieve using human OA
specimens [23].

Several members of the ADAMTS family have been
shown to cleave aggrecan at the aggrecanase cleavage site
[24]. Of these, ADAMTS-4 and ADAMTS-5 are the most
efficient aggrecanases that have generally been considered
the most likely factors involved in the pathological
mechanisms of OA [25]. Recent knockout mouse studies
strongly suggested that gene deletion of ADAMTS-4 and
ADAMTS-5 provided significant protection against pro-
teoglycan degradation ex vivo and decreased the severity
of OA [26-28]. These studies convincingly demonstrate
that ADAMTS enzyme activity targeting may protect
against the development of cartilage lesions in experi-
mental OA. Inhibition of these enzymes may be a potential
therapeutic strategy for OA.

Several studies have provided important evidence for
TIMP-3 as a potent endogenous inhibitor of aggrecanases,
which play a key role in the degradation of articular car-
tilage aggrecan [29]. In the present study, we found that
DHEA obviously suppressed the mRNA expression of
ADAMTS-4 and ADAMTS-5 and enhanced the mRNA
expression of TIMP-3 in the OA cartilage. The data in
present study suggest that DHEA may influence the bal-
ance between aggrecanases and TIMP-3 to produce a
protective effect in OA. Although this is not the first report
demonstrating the protective effect of DHEA in OA, this
study is, to the best of our knowledge, the first to report a
new mechanism by which DHEA may protect against OA:
DHEA downregulated ADAMTS-4/-5 and upregulated
their endogenous inhibitor, TIMP-3. In addition, we
assessed the levels of aggrecan, the main substrate of
aggrecanases. Consistent with the data in respect of agg-
recanase expression, the mRNA levels of aggrecan in the
experimental group was statistically higher compared to
the control group, indicating decreased aggrecanase activ-
ity with DHEA administration.

There are some limitations to this study. First, our
experimental model produced chondral changes induced
after an acute traumatic event (ACLT). The pathology in
the ACLT model may develop rapidly compared with OA
in humans; human OA progression is slow and may occur
over a period of 15-30 years. Therefore, the changes in our
animal models may not be generalizable to the slowly
progressive damage in degenerative arthritis. ACLT results
in a true instability-induced OA lesion that mimics OA
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occurring naturally in humans following traumatic injury
[30-32]. Second, we only demonstrated that the adminis-
tration of DHEA caused changes in the expression of
selected genes in vivo, but we did not explore how DHEA
exerted this activity. For example, it is unknown whether
DHEA directly binds aggrecanases, inhibits their produc-
tion by interfering with gene expression, or interferes with
other pathways that inhibit aggrecanase activity. Third,
although aggrecanases may be appropriate targets for OA
therapy, such therapy will represent one component of a
larger arsenal of OA therapies. Successful OA therapies
will require drugs that target aggrecanases as well as col-
lagenases, bone as well as cartilage, and pain as well as
structural damage. Whether DHEA is such an ideal thera-
peutic agent that possesses all these properties remains
largely unknown. All these questions must be approached
in future studies examining the mechanisms underlying the
prospective effect of DHEA against OA.
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