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Abstract
Objective

In addition to their cholesterol-lowering action, statins have been suggested to exert anti-infl ammatory activities. In this 
study we evaluate whether simvastatin could infl uence the production of pro-infl ammatory cytokines (interleukin (IL)-6 and 

IL-8) and nitric oxide (NO) by activated human chondrocytes.

Methods
Human isolated chondrocytes and cartilage explants were pre-incubated with simvastatin (0.5, 5, 10 and 50 µmol/L) for 48 
h. Then the cultures were stimulated with a mixture of IL-1β and TNF-β and TNF-β α (10 ng/mL) and co-incubated with simvastatin for α (10 ng/mL) and co-incubated with simvastatin for α
an additional 48 h. A fl ow cytometric microsphere-based immunoassay was performed to detect cytokine secretion in the 

supernatants. NO production was quantifi ed using the Griess assay.

Results
Simvastatin demonstrated signifi cant dose-dependent inhibition of IL-6 and IL-8 production of isolated chondrocytes and 

cartilage explants up to 99% for IL-6 and up to 88% for IL-8 (p < 0.01). At the higher concentrations simvastatin decreased 
NO production by both isolated chondrocytes (up to 43%, p < 0.01) and cartilage explants (up to 30%, p < 0.01).

Conclusion
This study demonstrates anti-infl ammatory properties of simvastatin in chondrocytes in vitro, suggesting a potential carti-

lage-protective role for statins in arthritis.  

Key words
Rheumatoid arthritis, chondrocytes, statins, interleukin-6, interleukin-8, nitric oxide.

Clinical and Experimental Rheumatology 2007; 25: 534-539.



535

Effect of simvastatin on chondrocytes / E.J. Dombrecht et al.

E.J. Dombrecht, BSc; J.F. Van Offel, MD, 
PhD; C.H. Bridts, MT; D.G. Ebo, MD, 
PhD; V. Seynhaeve, MD; A.J. Schuerwegh, 
MD, PhD; W.J. Stevens, MD, PhD; 
L.S. De Clerck, MD, PhD.
Please address correspondence to: 
Prof. Dr. W.J. Stevens, Department 
of Immunology, Allergology and 
Rheumatology, University of Antwerp, 
Universiteitsplein 1, B-2610 Antwerp, 
Belgium. 
E-mail: immuno@ua.ac.be
Received on July 17, 2006; accepted in 
revised form on January 18, 2007.
© Copyright © Copyright © CLINICAL AND 
EXPERIMENTAL RHEUMATOLOGY 2007.EXPERIMENTAL RHEUMATOLOGY 2007.EXPERIMENTAL RHEUMATOLOGY

Competing interests: none declared.

Introduction
Rheumatoid arthritis (RA) is a system-
ic autoimmune disease characterized 
by infl ammatory synovitis and articu-
lar destruction. It is generally accepted 
that the pro-infl ammatory cytokines 
interleukin (IL) -1 and tumor necrosis 
factor alpha (TNF-α) play a pivotal 
role in the pathogenesis of RA. In res 
ponse to these cytokines, chondrocytes 
are able to produce infl ammatory me-
diators such as nitric oxide (NO) (1) 
and pro-infl ammatory cytokines (2, 3) 
which lead to further persistent infl am-
mation and fi nally joint destruction. IL-
6 has been linked to the IL-1 induced 
inhibition of proteoglycan synthesis in 
chondrocytes (4, 5). Furthermore, IL-6 
stimulates osteoclastogenesis and bone 
resorption, implicating it in a pathogen-
ic role in joint destruction in patients 
with RA (6, 7). On the other hand, IL-
8 has been shown to contribute to the 
pathogenesis of RA by recruiting leu-
kocytes into the infl amed joint (8, 9) 
with subsequent neutrophil-mediated 
cartilage damage (10). NO also plays 
an important role in cartilage degenera-
tion and the effects of NO on chondro-
cytes include inhibition of matrix syn-
thesis (11, 12), modulation of metallo-
proteases (13), increased susceptibility 
to injury by other oxidants, and the 
induction of apoptosis (14, 15). 
In addition, it has been shown that 
RA is associated with increased car-
diovascular mortality and morbidity 
(16, 17). 3-Hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase in-
hibitors, or statins, are potent inhibitors 
of cholesterol biosynthesis and have 
been shown to reduce cardiovascular 
morbidity and mortality (18, 19). Al-
though statins work in part through li-
pid modulation, recent studies indicate 
that statins also have anti-infl ammatory 
and immunomodulatory effects (20, 
21). It has been hypothesized that most 
of these pleiotropic effects of statins 
might result from blocking the synthe-
sis of isoprenoid intermediates in the 
cholesterol biosynthetic pathway in a 
way comparable to the amino-bisphos-
phonates (22). As a consequence, the 
administration of statins in RA might 
result in a two-fold clinical effect. In 
addition to lowering the cardiovascular 

risk, these drugs might contribute to 
reducing infl ammation (23). Inhibitory 
effects of various statins on pro-infl am-
matory cytokines and NO in different 
cell types such as vascular smooth 
muscle cells, monocytes, microglia, 
astrocytes endothelial cells, and adi-
pocytes have been demonstrated (24-
31). However, other studies showed 
no effect or an enhancement of these 
mediators in several cell types (32-36). 
These discrepancies might partially be 
attributed to the different types of stat-
ins, different species or cell types, and 
different experimental protocols used.
The present study was designed to as-
sess the potential anti-infl ammatory ef-
fects of simvastatin on chondrocytes. 
For this purpose, the effect of simvas-
tatin on the production of pro-infl am-
matory mediators (IL-6, IL-8 and NO) 
by activated human isolated chondro-
cytes, as well as cartilage explants, was 
evaluated.

Methods
Culture of isolated chondrocytes
Normal human chondrocytes (n = 10) 
were obtained from organ donors (n = 4), 
from patients undergoing joint replace-
ment for hip fracture (n = 5), or from 
autopsies (n = 1). Cartilage obtained 
from patients with rheumatoid arthritis, 
destructive osteoarthritis, active infec-
tion or malignancy, or from patients who 
had undergone treatment with statins, 
bisphosphonates or glucocorticoids was 
excluded. The median age of the donors 
was 66 years (range 44-79).
Chondrocytes were isolated using hy-
aluronidase (Roche, Germany), pro-
tease (Sigma, St. Louis, USA) and col-
lagenase type 1A (Sigma), as described 
elsewhere (3). After isolation, the 
chondrocytes were concentrated at 106

cells/mL and cultured in a monolayer in 
Dulbecco’s modifi ed Eagle’s medium 
(DMEM, Invitrogen, Paisley, UK) sup-
plemented with 100 U/mL penicillin, 
100 μg/mL streptomycin (Invitrogen) 
and 10% foetal bovine serum (FBS, 
Sigma) (DMEM+10% FBS) for 24 h. 

Culture of cartilage explants
Normal human cartilage explants (n = 
10) were obtained from organ donors 
(n = 6) or from patients undergoing 
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total joint replacement for hip fracture 
(n = 4). The same exclusion criteria as 
for the isolated chondrocyte cultures 
were used. The median age of the do-
nors was 58 years (range 34-85). Full-
thickness cartilage discs of equal size 
were obtained using a 4 mm biopsy 
punch (PFM, Köln, Germany). The 
explants were pooled and cultured in 
DMEM+10% FBS. Viability, assessed 
by calcein AM (Molecular Probes, Inv-
itrogen)/propidium iodide (PI, Sigma) 
staining of the cells/cartilage explants, 
always exceeded 80% at the start of the 
experiments (3, 37).

Pre-incubation with simvastatin
Chondrocyte/cartilage cultures were 
incubated for 48 h with different con-
centrations (0.5, 5, 10, 50 μmol/L) of 
simvastatin (Calbiochem, UK), or in 
DMEM+10% FBS alone as a control. 
This time point was chosen based on a 
previous study (38).

Stimulation of cartilage and 
chondrocytes culture
The medium was replaced with DMEM 
without FBS and with or without simv-
astatin. The chondrocytes and cartilage 
explants were then stimulated with a 
mixture of human IL-1β (PeproTech 
House, London, UK) and human TNF-
α (PeproTech House), each in a con-
centration of 10 ng/mL, for 48 h. Both 
the concentration and the stimulation 
period were chosen based on previ-
ous work by our group (1, 3, 39). Af-
ter stimulation, supernatants were col-
lected and stored at -20°C until further 
analysis. In line with a recent study 
(40) and previous work by us (38), no 
effect of simvastatin on the viability of 
chondrocytes was detected.

Flow cytometric microsphere-based 
immunoassay
Cytokine production was measured as 
described elsewhere (3, 41). Briefl y, 
a fl ow cytometric microsphere-based 
immunoassay (Cytometric Bead Array, 
CBA, BD Biosciences, Erembodegem, 
Belgium) was used to detect the pro-
infl ammatory cytokines IL-6 and IL-8 
and the regulatory cytokines IL-10 and 
IL12p70 in the supernatants. The in-
strument was calibrated using Calibrite 

beads (BD) and cytometer set up beads 
(BD), in accordance with the manufac-
turer’s instructions. 
Three thousand events were measured 
and analysed. A monomeric micro-
sphere population was gated out on 
forward and sideward scatter. Mean 
Fluorescence Intensity values (MFI) 
were measured and a standard curve 
was constructed using known concen-
trations of cytokine and a 4-parameter 
logistic function. The assay sensitivity 
ranged from 1.9 to 3.6 pg/mL depend-
ing on the cytokine. The results of 
cytokines measured in the culture me-
dium were expressed in pg/mL for the 
isolated chondrocyte cultures. Cartilage 
explants were tapped dry and weighed, 
and results were expressed in pg/mg. 

Nitric oxide measurement
Nitric oxide was measured as nitrite, 
a stable product of NO, using a spec-
trophotometric method based upon the 
Griess assay (1). Results of the isolated 
chondrocyte cultures were expressed in 
μmol/L nitrite and results of the carti-
lage explants in μmol/mg nitrite.

Statistics 
All statistical analyses were performed 

using SPSS 12.0. Data were logarith-
mically transformed to obtain a normal 
distribution. Repeated measures ANO-
VA was used, followed by a Bonferroni 
post-test where appropriate. A p-value 
< 0.05 was considered signifi cant.

Results
Cytokine production
Stimulation for 48 h with a mixture of 
IL-1β and TNF-α (10 ng/mL) induced 
an approximately 104 increase in IL-6 
production compared to unstimulated 
controls (for the isolated chondrocytes, 
range 3.0 x 104 to 12.1 x 104 pg/mL, and 
for the cartilage explants, range 0.05 x 
103 to 1.6 x 103 pg/mg) (Fig. 1). In the 
isolated chondrocytes, IL-8 production 
was 2 x 104 enhanced after stimulation 
(range 0.9 x 106 – 1.4 x 10– 1.4 x 10– 6 pg/mL). 
Stimulation of the cartilage explants en-
hanced IL-8 production approximately 5 
x 103 times (0.7 x 103 – 4.0 x 10– 4.0 x 10– 3 pg/mg). 
Pre-incubation of isolated chondrocytes 
and cartilage explants with simvastatin 
resulted in a dose-dependent decrease 
in cytokine production (p < 0.01) of up 
to 99% for IL-6 and up to 86% for IL-8 
(Figs. 2 and 3). No production of IL-
12p70 was observed, while the produc-
tion of IL-10 was around the detection 

Fig. 1. IL-6 and 
IL-8 production of 
isolated chondro-
cytes (squares) 
and cartilage ex-
plants (circles) 
before and after 
stimulation with 
IL-1β and TNF-
α (10 ng/mL) (n 
= 5).
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limit, implying that these values could 
not be accurately analysed.

Nitric oxide production
Stimulation with IL-1β and TNF-α (10 
ng/mL) resulted in an approximately 103

increase in NO production of the iso-
lated chondrocytes (range 18.8 – 75.4 – 75.4 –
μmol/L). Stimulation of the cartilage 
explants enhanced NO production by 5 
x 103 fold (range 1.3 – 3.6 – 3.6 – μmol/mg). In 
the cartilage explants, a signifi cant lin-
ear association was found for the effect 
of simvastatin on NO production (pof simvastatin on NO production (pof simvastatin on NO production (  < 
0.01) and inhibition of up to 30% was 
found (Fig. 4). For isolated chondro-

cytes, a signifi cant quadratic association 
between NO production and the differ-
ent concentrations of simvastatin was 
found (pfound (pfound (  < 0.01). A post-test evaluation 
with Bonferroni correction in order to 
compare the concentrations separately 
showed that the lowest concentration of 
simvastatin (0.5 μmol/L) signifi cantly 
enhanced NO production by 17% (penhanced NO production by 17% (penhanced NO production by 17% (  < 
0.01), whereas the highest concentra-
tion (50 μmol/L) inhibited NO produc-
tion by 43% (ption by 43% (ption by 43% (  < 0.01).

Discussion 
Increasing clinical and experimental 
data indicate that statins, independent 

of their lipid-lowering activity, possess 
anti-infl ammatory and immunomodu-
latory effects (recently reviewed by 
Greenwood et al. (42)). These proper-
ties point to a possible role of statins 
in chronic infl ammatory, immune-
mediated diseases like RA (42). In an 
early double-blind, placebo-controlled 
clinical trial, a modest but signifi cant 
decrease in disease activity, as well as 
a signifi cant decrease in the markers 
of systemic infl ammation (including 
ESR, CRP, fi brinogen and IL-6) was 
demonstrated in RA patients taking 
atorvastatin compared to the placebo 
group (43). 
However, little is known about the ef-
fect of statins on chondrocytes. In the 
RA joint pro-infl ammatory cytokines 
such as IL-1 and TNF-α are secreted 
and transform chondrocytes into cells 
that contribute to the breakdown of the 
cartilage matrix. The main purpose of 
our study was to investigate the poten-
tial effects of simvastatin, a widely used 
lipophilic statin, on the production of 
the pro-infl ammatory mediators IL-6, 
IL-8 and NO by activated human isolat-
ed chondrocytes and cartilage explants. 
IL-6 and IL-8 production of unstimulat-
ed chondrocytes was very low, whereas 
upon activation with IL-1β and TNF-α
a clear enhancement in these cytokines 
production was observed. This study 
demonstrates that simvastatin is able to 
inhibit production of the pro-infl amma-
tory cytokines IL-6 and IL-8 both by 
activated isolated chondrocytes and by 
cartilage explants. 
This fi nding is important as both cy-
tokines play a role in the degradation 
of RA affected joints (4, 5, 8, 10, 44). 
Our data are in line with the observa-
tions of Barsante et al., who found that 
atorvastatin decreased the leukocyte 
infl ux and local pro-infl ammatory cy-
tokine production in joints in an animal 
model of RA. Moreover, these authors 
demonstrated that the administration 
of atorvastatin reduced cartilage and 
bone destruction in this model (45). In 
addition to cytokines, elevated nitrite 
levels are found in the synovial fl uid of 
RA patients (46) and chondrocytes are 
known to be a major source of NO dur-
ing infl ammation of the joint (47). We 
found decreased NO production after 

Fig. 2.Fig. 2. Effect of different concentrations of simvastatin on IL-6 production by isolated chondrocytes  Effect of different concentrations of simvastatin on IL-6 production by isolated chondrocytes 
(open circles, p < 0.01) and cartilage explants (closed circles, p < 0.01) (n = 5) stimulated with IL-1β
and TNF-α (10 ng/mL). Results are expressed as the percentage of cytokine production (geometric 
mean ± SEM).

Fig. 3. Effect of different concentrations of simvastatin on IL-8 production by isolated chondrocytes 
(open circles, p < 0.01) and cartilage explants (closed circles, p < 0.01) (n = 5) stimulated with IL-1β
and TNF-α (10 ng/mL). Results are expressed as the percentage of cytokine production (geometric 
mean ± SEM).
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the addition of higher concentrations of 
simvastatin in both cartilage explants 
and isolated chondrocytes. The initial 
increase in NO production after addi-
tion of the lowest concentration of sim-
vastatin, which was detected only in the 
isolated chondrocyte cultures, remains 
unclear. Although dual effects of statins 
on angiogenesis have been described, 
with lower concentrations having 
proangiogenic effects but higher con-
centrations having angiostatic effects 
(48, 49), this has not been reported for 
NO production. Furthermore, an initial 
elevation in NO production was not 
found for the cartilage explants, which 
resemble most closely the in vivo situa-
tion, as it is generally accepted that the 
extracellular matrix is important for the 
chondrocyte metabolism (50).
Our data, together with a recent study 
performed by Lazzerini et al. which 
demonstrated an inhibitory effect of 
simvastatin on the chondrocytic pro-
duction of matrix metalloproteinase-3 
(40), provide evidence for cartilage-
protective effects of simvastatin on 
chondrocytes without apparently in-
ducing apoptosis. 
The most likely explanation of the 
anti-infl ammatory effects found in this 
study is that statins, by inhibiting the 
synthesis of L-mevalonic-acid, also re-
duce the synthesis of several important 
isoprenoid intermediates, such as far-
nesylpyrophosphate (FPP) and geran-

ylgeranylpyrophosphate (GGPP) in the 
cholesterol biosynthetic pathway (51). 
FPP and GGPP play an important role 
in protein prenylation, such as the pre-
nylation of the Ras and Rho families of 
small GTPases, which are implicated 
in multiple cell functions, including 
nuclear factor-κ (NF-κB) signal trans-
duction (52, 53). Moreover, recent data 
demonstrates that statins downregulate 
the activation of NF-κB (54-56), which 
is a major factor for regulating the ex-
pression of diverse pro-infl ammatory 
mediators (57). The observed reduction 
in NO, IL-6 and IL-8 production in our 
study might be due to an inhibition of 
the NF-κB pathway and/or other sig-
nalling pathways.
In conclusion, this study demonstrates 
anti-infl ammatory properties for sim-
vastatin in chondrocytes in vitro, sug-
gesting a potential cartilage-protective 
role for statins in arthritis. 
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