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The anti-inflammatory potential of 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors, as
reflected by modulation of C-reactive protein (CRP), might be beneficial in the treatment of patients
with multiple sclerosis (MS). We evaluated serum levels of high-sensitivity (hs)-CRP in relapsing–remit-
ting MS patients receiving interferon-β 1b and atorvastatin as add-on therapy. This study shows that
interferon-β treatment is associated with increased serum levels of hs-CRP in MS patients (P < 0.01). In
contrast, when atorvastatin is added to interferon-β, hs-CRP serum levels decrease to the normal
range (P < 0.05), indicating an anti-inflammatory action of atorvastatin in MS. However, whether
add-on treatment with atorvastatin modifies the course of MS remains to be investigated. Multiple
Sclerosis 2008; 14: 981–984. http://msj.sagepub.com
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Introduction

Statins are approved as cholesterol-lowering drugs
and inhibit the 3-hydroxy-3-methylglutaryl coen-
zyme A reductase to reduce cholesterol biosynthe-
sis. In addition, there is evidence for immunomod-
ulatory and anti-inflammatory properties of statins,
which may be favorable in the treatment of autoim-
mune disorders such as multiple sclerosis (MS).

Serum levels of high-sensitivity C-reactive pro-
tein (hs-CRP) were shown to reflect systemic low-
grade inflammatory activity [1]. CRP is an acute-
phase protein synthesized in the liver and is
induced by cytokines such as interleukin-6 (IL-6),
IL-1, and tumor-necrosis factor-α (TNF-α). In turn,
CRP induces the synthesis of cytokines, cell adhe-
sion molecules and tissue factor in peripheral
blood mononuclear cells (PBMCs) and endothelial
cells in vitro [2].

Although similar hs-CRP serum levels are
detected in relapsing–remitting MS (RR-MS)
patients and healthy controls, levels increase during
clinical exacerbations of MS [3,4]. Elevated hs-CRP
serum levels are associated with a higher risk for
disability and progression in RR-MS, rendering hs-
CRP as a potential surrogate marker of subclinical
inflammatory activity and prognosis in MS [4].
Anti-inflammatory effects mediated by statins

include the reduction of pro-inflammatory media-
tors such as CRP, serum amyloid A (SAA), cytokines,
and cell adhesion molecules [5].

In this study, we determined the effects of
interferon-β and atorvastatin as add-on therapy on
hs-CRP serum levels in RR-MS patients.

Patients and methods

Patients

A total of 80 patients were enrolled in the Swiss
Atorvastatin and Betaferon in Multiple Sclerosis
(SWABIMS) trial. Patients were pretreated with
interferon-β 1b (250 μg eod s.c) for 3 months and
then randomized for either i) continuing with a
interferon-β monotherapy (n = 12) or ii) combining
interferon-β and atorvastatin (40 mg per os; n = 16).
This substudy was approved by the Bernese Can-
tonal Ethical Review Board (KEK 17/05).

The primary outcome measures were the
proportion of patients with new T2 lesions after
15 months of treatment. Secondary endpoints
were Gadolinium (Gd)-enhancing lesions on T1-
weighted images, clinical disease progression, and
relapse rate. Inclusion criteria were diagnosis of
RR-MS based on McDonalds criteria, disease dura-
tion ≥3 months, Expanded Disability Status Scale
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(EDSS) score from 0 to 3.5 at baseline, and at least
one relapse in the past 2 years. In case of relapse, a
1-month interval from the last relapse and/or pred-
nisone treatment to baseline was required. Median
EDSS at baseline was 2.0 (range 0–3.5). In addition,
serum samples were taken from eight healthy con-
trols (mean age 34.0 years, range 22.1–54.4) who
gave their informed consent.

Laboratory study

Peripheral venous blood from 28 MS patients (mean
age 33.4 years, range 18.9–50.6) were taken at base-
line and 3, 6, and 9 months later. Serum was
obtained by standard centrifugation procedures
and aliquots stored at −70 °C. CRP was determined
in serum samples with an hs-CRP ELISA Kit (Alpha
Diagnostic Int., San Antonio, Texas, USA) according
to the manufacturers instructions (detection limit
0.35 ng/mL.) Samples were diluted 1:100 and stud-
ied in duplets. A re-measurement with a dilution of
1:200 was performed for samples out of range.

Statistical analysis

Statistical testing was performed with GraphPad
Prism 5.0 (GraphPad, San Diego, California). The
comparison between healthy controls and MS
patients at baseline and the two treatment groups
at month 3, 6, and 9 were done with a Mann–Whit-
ney U-Test. Changes over time were evaluated with
a Wilcoxon signed-rank test. A value of P < 0.05 was
considered as statistically significant.

Results

Hs-CRP levels were similar in MS patients at base-
line and in healthy controls. Treatment with
interferon-β in MS patients over a period of
3 months was associated with an increase of hs-
CRP serum levels as compared with hs-CRP levels
at baseline (P < 0.01). This increase was as much as
37.0% (Figure 1A).

MS patients treated with interferon-β monother-
apy had continuously elevated hs-CRP serum levels
from month 3 to 9 (Figure 1B). In contrast, in MS
patients randomized to interferon-β and atorvasta-
tin as add-on therapy, decreased levels of hs-CRP
were detected at month 6 and month 9, as com-
pared with month 3, when they only received
interferon-β (P < 0.05 (−44.0%) and P < 0.05
(−50.6%), respectively) (Figure 1B). The hs-
CRP–lowering effect of atorvastatin was already
present at month 6, after 3 months of atorvastatin
treatment, when testing was performed versus
patients continuing with a monotherapy at month
6 (Figure 1B; P < 0.05). Mean hs-CRP levels at
month 3 before randomization did not show statis-
tical differences between the patients continuing
with a mono- versus combination therapy.

Discussion

The present study evaluated hs-CRP serum levels in
RR-MS patients before initiation of immuno-
modulatory treatment, after a monotherapy with
interferon-β, and a combination therapy of
interferon-β and atorvastatin. The findings corrobo-

Figure 1 Serum levels of hs-CRP levels in healthy controls (n = 8) and 28 RR-MS patients participating in the Swiss Atorvasta-
tin and Betaferon in Multiple Sclerosis (SWABIMS) study. Patients were pretreated with interferon-β for 3 months and were
then randomized for continuing i) a monotherapy with interferon-β (n = 12) or ii) a combination therapy of interferon-β and
atorvastatin (n = 16). Data are presented as mean ± SEM (standard error of mean). Abbrevations: interferon-β (IFN-β), ator-
vastatin (A).
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rate results of previous studies reporting similar CRP
or hs-CRP levels in MS patients and healthy con-
trols [3,4,6]. Interferon-β treatment elevated hs-
CRP serum levels significantly, and the increase of
hs-CRP levels sustained over the observation period
of 9 months. On the contrary, addition of atorvas-
tatin reversed the interferon-β–induced increase of
hs-CRP to the range of healthy controls. This effect
is likely to display an aspect of anti-inflammatory
action associated with statin treatment.

Increased circulating levels of hs-CRP were
reported in patients with atherosclerotic disease,
congestive heart failure, atrial fibrillation, myocar-
ditis, aortic valve disease, and heart transplantation
[7]. In MS, only limited knowledge is available for
hs-CRP in serum with regard to natural changes
over time, interference with other drugs, and
impact on the disease course. Clinical exacerbations
and Gadolinium-enhancement on brain MRI were
associated with a serum CRP increase in some but
not all studies [3,4,8]. A transient increase of serum
inflammatory markers such as CRP, SAA, β2-
microglobulin, and neopterin for 24–72 h was
reported after a single intramuscular injection of
interferon-β 1a [6]. In the present study, RR-MS
patients received s.c. injections every other day,
which may have caused the sustained hs-CRP
increase. However, it was reported that interferon-
β 1a given three times per week s.c. lowered hs-CRP
level in a dose-dependent manner even below the
range of healthy controls [4]. Whether the modula-
tion of CRP reported in serum following interferon-
β treatment is induced by the local inflammatory
reaction at the injection site or by direct interaction
of interferon-β with hepatocytes is currently not
known. IL-6, a cytokine with pro- and anti-
inflammatory potential induces CRP by activation
of the transcription factor STAT3 (signal transducer
and activator of transcription 3), and increased pro-
duction of IL-6 is directly related to flu-like symp-
toms after interferon-β injection [9,10]. Moreover,
increased serum IL-6 levels at 10 h after interferon-
β 1b s.c. application correlate with favorable treat-
ment response and slower disease progression in
Japanese MS patients, providing further evidence
for the involvement of the IL-6/CRP axis in MS [11].

The molecular mechanisms underlying the anti-
inflammatory action of statins were shown to be
independent of their cholesterol-lowering activity.
The CRP lowering property is more prominent for
atorvastatin than for simvastatin or pravastatin
[12]. Whether our observation on modulation of
serum hs-CRP reflects a prophylactic downregula-
tion of subclinical inflammatory activity with an
aim to weaken the immunological cascade leading
to autoimmune responses remains unclear. Statins
inhibit interferon-β signalling in PBMC in vitro by
deactivating STAT 1 [13]. STAT 3 and its family

members contribute to the transcriptional activa-
tion of the CRP-gene induced by IL-6 [14]. Thus, it
is conceivable that the sustained low-level activa-
tion of CRP induced by interferon-β monotherapy
is antagonized by atorvastatin as add-on therapy.
However, this does not necessarily imply that all
effects of interferon-β are reversed by atorvastatin as
add-on therapy.

Our study showed novel aspects on the pleiotro-
pic effects of interferon-β and statins in MS. We pro-
vide evidence that interferon-β treatment is associ-
ated with a sustained increase of hs-CRP in serum,
whereas add-on treatment with atorvastatin lowers
hs-CRP. This anti-inflammatory effect of statins in
MS may be favorable for the treatment of MS, but
the clinical efficacy remains to be proven.
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