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ABSTRACT
Background: Statins, widely used cholesterol-lowering agents, have also been
demonstrated to have anti-inflammatory and immunomdulatory effects. Objective: To
evaluate the effects of atorvastatin in combination with Interferon-β in the treatment of
multiple sclerosis (MS) in a randomized controlled clinical trial. Methods: Multiple
sclerosis patients were randomized independently, in a double blind design, into one of
two treatment groups. Control group (n=45) received 30 μg/week interferon β-1a via
intra-muscular injection. Atorvastatin-treated group (n=50) received interferon β-1a
similar to control group in addition to atorvastatin (40 mg/day) for 18-months. All
clinical and immunological variables were measured at the baseline and at the end of the
study. Results: There was no significant difference between the two groups in the
expanded disability status scale scores and the number of gadolinium-enhancing lesions
during the 18-month treatment period. After 18 months, the levels of interleukin (IL)-4,
IL-10, transforming growth factor-β and serum ferric reducing antioxidant power in the
atorvastatin treatment group were significantly higher than the control group. Levels of
IL-17, TNF-α and lymphocyte proliferation in the atorvastatin treatment group were
significantly lower than the control group. Conclusion: Although combined atorvastatin
and interferon-β do not change the clinical course of MS, atorvastatin might have
beneficial effects in MS treatment possibly through inducing anti-inflammatory
responses.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central
nervous system that is thought to be mediated by TH17 and TH1 immune responses (1).
Pathological studies reveal that different effector mechanisms such as dis-regulation of
immune responses and free radicals are involved in the inflammation, demyelination,
and tissue damage observed in MS patients (2).
Interferon-β is a standard drug for treatment of MS (3). It reduces disease activity by
altering peripheral and CNS immune responses (4). Because of heterogeneous
pathology of MS and complex immune dis-regulation and neurodegenerative processes,
some MS patients do not respond or have minimal response to interferon-β therapy.
Therefore, combination of interferon-β with other immunomodulating or antiinflammatory agents may be more effective in treatment of MS.
Statins are inhibitors of 3-hydroxy-3-methyl glutaryl coenzyme A (HMG-CoA)
reductase, which are widely prescribed for their cholesterol-lowering properties in order
to reduce atherosclerosis and cardiovascular morbidity (5). Over decades, statins have
established themselves as generally safe and well-tolerated drugs. Recent studies in
animal models of autoimmune diseases demonstrate anti-inflammatory and
immunomodulatory properties of statins that might be beneficial in the treatment of
neurodegenerative diseases (6-8).
In experimental autoimmune encephalomyelitis (EAE) models, atorvastatin has been
shown to promote differentiation and expansion of myelin protein-reactive regulatory
TH2 cells and suppress the expression of MHC class-II and costimulatory molecules on
antigen presenting cells (9-11).
A previous pilot study with oral simvastatin given daily over 6 months showed a
significant reduction of contrast-enhancing lesions (CEL) in brain magnetic resonance
imaging (MRI) of 30 RRMS patients compared to a 3 month baseline period (12).
Safety studies on RRMS patients showed that oral high-dose atorvastatin (80 mg/day) is
safe and well tolerated for a 9-month period. Moreover, MRI analysis indicated a
possible beneficial effect of atorvastatin, alone or in combination with IFN-β-1a, on the
development of new CELs (13). However, to date, it is not well clear whether statins
have immunomodulatory effects in MS. In this clinical trial study, we investigated the
effect of IFN-β-1a and atorvastatin as add-on treatment on the immunological and
neurological variables in relapsing–remitting MS (RRMS) patients.
MATERIALS AND METHODS
Trial Design. Patients aged 18 to 60 years from hospitals of Medical University of
Arak, were randomized independently into two groups (Figure 1). Control group (n=45)
received 30 μg/week interferon β-1a (CinnovexTM, Fraunhofer Institute, Germany) as
intra-muscular injection. Atorvastatin-treated group (n=50) received interferon -1a as
control group with atorvastatin (40 mg/day) for 18-months (trial code:
IRCT2015112925284N1). All clinical and immunological variables were measured at
the baseline.
Participants. Patients were diagnosed with MS by the revised 2010 McDonald criteria
(14). The patients were recruited from December 2012 to June 2014. Inclusion criteria
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were confirmation of relapsing-remitting MS in patients and: (i) at least 1 relapse in the
previous 12 months; more than 3 lesions on spinal or brain-MRI or both, (ii) baseline
expanded disability status scale (EDSS) from 0 to 3.5, and (iii) age from 18-60 years.
Exclusion criteria were: clinically isolated syndrome (CIS), progressive MS, drug
abuse; renal failure; pregnancy, hepatitis diseases. Besides during the study, data of MS
patients with acute clinical relapses occurring during the study were considered as dropout (Figure 1).
The study was performed in keeping with the Helsinki declaration on research with
human subjects, and the protocol approved by the local ethics committee (Ref. Number:
AUMSec-88-69-1). Before providing informed written consent, all patients were
advised of the approved alternative therapies available to them.
Interventions.
1. Neurologic Evaluation. Physical and neurological examinations (EDSS) were
performed every 6 months. The MRI with gadolinium was performed in the beginning
of the study and at the end.
2. Immunological Examinations. All para-clinical and immunological variables were
assessed at the baseline and at the end of the study. Peripheral blood mononuclear cells
(PBMC) were isolated using Ficoll-Isopaque. The blood samples were diluted 1:1 in
RPMI 1640 contains 5 mM HEPES, 100 U/mL of penicillin and 100 μg/mL of
streptomycin (all obtained from Gibco, Life Technologies, Inc., Gaithersburg, Md.).
PBMC were isolated by centrifugation (600 ×g for 20 min) with 1.077 g/mL FicollIsopaque (Lymphoprep, Nyegaard, Oslo, Norway) and washed in RPMI with 10%
heatinactivated fetal bovine serum (FBS). The number of viable cells was counted by
trypan blue exclusion. The cells were then resuspended in RPMI supplemented with
10% FBS and used for proliferation assay and cytokine determination as described
below (15).
3. Proliferation of PBMC. Proliferation was evaluatedby the MTT assay method. A
total of 3×103 cells in 200 μl RPMI-1640 supplemented with 10% FBS were stimulated
with 1 μg/mL PHA. The plates were then incubated in a 5% CO2 at 37◦C for 72 h.
Twenty microliters of 5 mg/mL MTT (3-(4,5-dimethyldiazol-2-yl)-2,5-dipenyl; SigmaAldrich, St. Louis, MO) were added to the cells, followed by incubation for 4h. After
centrifugation, the medium was removed, and 200 μl of DMSO were added to each
well. The optical density (OD) values of stimulated and non-stimulated cells were
measured at 540 nm using a microtiter plate reader (Stat Fax2100, USA). All
experiments were performed in triplicates. Proliferation responses for MTT assay were
expressed in terms of the mean stimulation index (SI) and obtained by dividing the OD
values of stimulated cells by the respective OD values of the non-stimulated ones (15).
4. Cytokines Analysis. For cytokine detection, PBMCs at a density of 2×106 cells/mL
were incubated in 1mL cultures once in presence, and once in absence, of PHA (1
μg/mL) and cultured in cell culture condition for 72h. The supernatants were collected
and interferon gamma (IFN-γ), interleukin (IL)-4, IL-10, IL-17, transforming growth
factor-β (TGF-β) and tumor necrosis factor (TNF)-α were quantified by ELISA kit
(R&D Systems) according to the manufacturer’s protocol. Each sample was tested in
duplicate and qualified using the microplate reader (Stat Fax 2100, USA) at 450 and
650nm absorbance. The sensitivity of IFN-γ, IL-4, IL-10, IL-17, TNF-α and TGF-β
were 8, 4.46, 0.3, 1.1, 1.5 and 16 pg/mL, respectively.
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5. Nitric Oxide Determination. Nitric oxide (NO) was assayed by measuring nitrite as
the end product of reaction, which was determined by a colorimeter assay based on the
Griess reaction. Griess reagent was prepared by solving 1g sulfanilamide in 100 mL
phosphoric acid 5% mixed with 0.1 g naphtyl ethylene diamineHCl (NED) in 100 mL
distilled water. Serum sample (100 μL) was mixed with 100 μL of Griess reagent at
room temperature for 10 min. Absorbance was measured using ELISA plate reader (Stat
fax2100, USA) at 550 nm. Concentration of nitrite was determined by standard curve of
sodium nitrite 0.1 molar prepared in distilled water.
6. FRAP Measurement. Total antioxidant capacity (TAC) was measured according to
the Ferric Reducing/Antioxidant Power (FRAP) test. In the FRAP test antioxidants in
the sample reduce ferric tripyridyltriazine (FeIII-TPTZ) complex, to a blue colored
ferrous tripyridyltriazine (FeII-TPTZ) form, with an increase in absorbance at 593 nm.
Briefly, the working FRAP reagent was prepared by mixing 300 mM acetate buffer
(pH=3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) solution (Sigma- Aldrich, St.
Louis, MO, USA) in 40 mM HC1, and 20 mM FeCl3•6H2O in a 10:1:1 ratio just before
use and heated to 37°C. The 300 μL reagent and the 10 μL standard (FeSO4.7H2O) or
plasma sample were added to each well in a 96 well (300 μL) micro titer plate and
mixed well. The absorbance readings were taken at 593 nm immediately after and 4 min
after using an ELISA plate reader (Stat fax2100, USA). The plate was incubated at
37°C for the duration of the reaction. All standards and samples were run in triplicate.
Standards of known Fe (II) concentrations (FeSO4•7H2O) were run using several
concentrations between 50-1000 μM. A standard curve was then prepared by plotting
the concentration for each standard versus its absorbance.
Outcomes. Total antioxidant capacity, NO and Cytokines analysis (IFN-γ, IL-4, IL-10,
IL-17, TNF-α, and TGF-β) were the primary endpoints and physical and neurological
examinations were the secondary endpoints.
Sample Size. The sample size was calculated by Pocock method for RCTs and 45 in
each group was found appropriate and due to the probability of drop-out we increased it
to 50 for each group.
In this RCT 32 patients were dropped out due to the lack of regular consumption of the
medicines, lack of attendance for laboratory tests, 3 cases for adverse effects of the
intervention (2 cases due to abodominal pain after Atorvastatin administration and one
case due to CPK and LDH increase)
Randomization. The subjects with random table were randomly assigned to the groups
when they were eligible to be entered the study without any factor or characteristics to
be considered for being on any particular group.
Blinding. The patients were not aware of the study group in which they were assigned;
moreover, the neurologist, the physician and the radiologist were unaware of the
treatment assigned to each patient. Staff members performing the magnetic resonance
imaging (MRI) were blinded for the clinical course, and physicians assessing the
neurological status of the patients were blinded for the MRI results.
Statistical Methods. SPSS version 16 was used for all statistical analyses. Data are
presented as mean ± SEM. For clinical scores, significance between groups was
examined by Mann-Whitney U test. All other statistical comparisons between groups
were examined using 1-way multiple range ANOVA test for multiple comparisons. P
values less than 0.05 were considered statistically significant.
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RESULTS
Clinical Outcomes. In this trial, 95 patients were enrolled of which 50 were in case
(mean age; 39 ± 10) group and 45 were in control (mean age; 36 ± 14) group; of which
80 (84.2%) were female. There were no significant differences between the groups
regarding age and gender (Table 1).
Table 1. Demographic and clinical characteristics of multiple sclerosis patients
at the baseline and 18 months after treatment with atorvastatin.
Treatment group (n=50)

Control (n=45)
P Value

Baseline
Male/Female

18-months

Baseline

18-months

6/44

9/36

Age(years)[mean(SD)]

39(10)

36(14)

Range(years)

18-60

18-60

EDSS[mean(SD)]
Number of Gd-enhancing
lesions[mean(SD)]
Duration of
disease(years)[mean(SD)]

N.S*

2.6 (1.2)

3.1 (1.3)

2.8 (1.6)

3.3 (1.6)

N.S

1.5 (1)

1.9 (0.7)

1.6 (0.8)

2 (1)

N.S

4.1(1.9)

4.6(2.3)

N.S

*N.S: Not significant

At the baseline, there was no significant difference between the two groups in the levels
of immunological and neurological variables (Tables 1 and 2). We did not find
statistically significant differences between baseline EDSS scores and EDSS scores
after 18 months of treatment (Table 1). Furthermore, no related difference between
pretreatment and treatment in the average of the mean number of Gd-enhancing lesions
was detected during the 18-month treatment period (Table 1).
Cytokine Production. There were no significant differences at the baseline in the levels
of any of the cytokines between the treated and the control groups (Table 2). Our results
indicated that following 18 months of treatment with atorvastatin, the level of IFN-γ
was unaffected. In contrast, the levels of IL-10, TGF-β and IL-4 increased significantly
after atorvastatin treatment (p=0.0001). Furthermore, the levels of TNF-α and IL-17
decreased significantly compared to the baseline level after 18 months of treatment with
atorvastatin (p=0.0001), (Table 2).
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Table 2. The levels of IFN-γ, TNF-α, TGF-β, IL-4, IL-10 and IL-17 in the supernatant
of PBMCs of MS patients cultured in the presence of PHA at the baseline and 18
months after atorvastatin treatment.

Treatment Group (n=50)

P Value

Control (n=45)

Cytokines

P Value
Baseline

18-months

Baseline

18-months

IFN-γ (pg/ml)

1470(498) *

1600(367)

NS**

1580 (547)

1770(620)

NS

IL-10 (pg/ml)

550(420)

1050(360)

0.0001

760(310)

695(504)

NS

TGF-β (pg/ml)

5.9(1.68)

11.3(2.4)

0.0001

4.1(1.8)

6.32(2)

NS

IL-4(pg/ml)

12.8(6.2)

25.3(4.2)

0.0001

13.1(3.2)

12.7(4.1)

NS

IL-17(pg/ml)

270(74)

125(67)

0.0001

198(95)

220(86)

NS

TNF-α(pg/ml)

1420(1220)

960(720)

0.0001

1610(810)

1850(890)

NS

Lymphocyte Proliferation. There was no difference in the stimulation index (SI) at the
baseline between thetwo groups. However, the SI in the atorvastatin treatment group
after 18 months of treatment was significantly lower than that ofthe control group (13.5
± 4.8 and 18.3 ± 6.4, respectively, p= 0.001), (Figure 2).

Figure 2. Cell proliferation assay. Peripheral blood mononuclear cells (PBMC) of MS patients
cultured in triplicate in the presence of PHA (1μg/mL). Following 72h of culture, proliferation was
assessed by MTT reduction. Data were presented as mean ± standard deviation. **; p=0.001
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Nitric Oxide Level. The concentration of NO was determined with the Griess reaction,
as described previously. The serum level of NO was not significantly differentin the
atorvastatin treatment group when compared with the control group at the baseline and
18 months after treatment (Table 3).
Table 3. Concentration of nitric oxide (μM) in the seraof multiple sclerosis
patients before and 18-months after treatment with atorvastatin.

Groups

Baseline

After 18 months

P. Value

Atorvastatin group

[11.45 ± 4.7]*

10 ± 5.4

NS

Control group

14.3 ± 10.7

16.56 ± 13

NS

P Value

NS

NS

Antioxidant Capacity. FRAP reaction was performed on plasma sample. Results
showed a significant increase of mean serum value of FRAP in atorvastatin treatment
group (410 ± 23 μmol) compared to those in the control group (300 ± 35 μmol) at the
end of the study (p = 0.001). Data are presented in Figure 3.

Figure 3. Antioxidant capacity was measured by Ferric Reducing/Antioxidant Power (FRAP)
reaction. Data are presented as the mean (SD). **; p=0.001.
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DISCUSSION
Several clinical studies showed that statins in combination with interferon-β have
different effects on clinical score and disease activity in MS patients. Our results
showed that there is no significant difference between the treatment and the control
groups in the expanded disability status scale scores and number of gadoliniumenhancing lesions during the 18-month treatment period. Recently, Kamm and
colleagues in a randomized controlled trial study showed that atorvastatin 40 mg/day in
addition to interferon β-1b did not have significant effect on the total number of new
Gd-enhancing lesions, volume of grey and white matter, EDSS and relapse rate
compared to interferon β-1b monotherapy (16). Also, a post-hoc analysis study on 40
patients with relapsing-remitting multiple sclerosis showed that combination of IFNβ-1a
(30 μg/week, intra-muscular) and atorvastatin did not change clinical activity, CELs, or
T2-lesions (17).Also, the results of our study are similar to the results of the
SIMCOMBIN trial that combination of simvastatin (80 mg/day) and IFN β-1a (30
μg/week) did not change the clinical activity of the disease in MS patients (18).
The results of other clinical studies showed that statin added-on IFN β -1a reduced or
inhibited disease activity. Vollmer and co-workers observed that oral simvastatin (80
mg/day) significantly declined the number and the volume of Gd-enhancing lesions in
RRMS patients (12). In an open-label study, addition of high-dose atorvastatin (80
mg/day) to IFN β-1a therapy reduced Gd-enhancing lesions in RRMS patients (13).
Simvastatin added on to intramuscular IFN β-1a reduced the total relapse
rate,significantly (19). Low-dose atorvastatin (20 μg/day) added on subcutaneous IFN
β-1a reduced Gd-enhaning lesions and relapses in MS patients (20). Besides, some
animal models and clinical studies showed that statins have a negative effect on the
disease course in EAE and MS (21-23). For instance, a double-blind, placebo-controlled
trial study found that combination of atorvastatin (80 mg/day or 40 mg/day) to IFNβ-1a
increased MRI and clinical disease activity (22).
Multiple sclerosis is a TH1 cell-mediated chronic inflammatory disease. Many immune
cells such as dendritic cells, monocytes, TH17 cells and B-cells are also involved in the
immunopathology of MS (24). These cells produce free radicals, nitric oxide,
inflammatory cytokines and antibodies that lead to damage of myelin in the central
nervous system. TH2 cells and Treg cells secrete anti-inflammatory cytokines and TGFβ that suppress the immune response. Higher levels of IL-17, IFN-γ and TNF-α are
found in the serum of MS patients. However, immunomodulation of the immune
responses and shift of TH1-mediated immune response to TH2 may be have positive
impact on the treatment of MS.
The initial studies on animal models of MS showed that statins have
immunomodulatory and anti-inflammatory functions in addition to cholesterol-reducing
effect (9, 25, 26). Youssef and colleagues showed that oral atorvastatin prevented the
development of chronic, relapsing paralysis in EAE. Atorvastatin was also found to
induce phosphorylation of STAT6 that induces TH2 cytokines secretion, and inhibit
phosphorylation of STAT4 that induces TH1 cytokines secretion. Therefore,
atorvastatin treatment caused a shift from proinflammatory TH1 profile to an antiinflammatory TH2 profile (9,11,27).
In our clinical trial, the data showed that atorvastatin treatment (40 mg/day) in addition
to IFN-β-1a significantly increased the levels of serum ferric reducing antioxidant
power and anti-inflammatory cytokines (IL-4, IL-10 and TGF-β) secretion and
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decreased the levels of IL-17 and TNF-α cytokine secretion by PHA activated
mononuclear cells of MS patient compared to IFN-β-1a monotherapy after a period of
18 months. This study showed that the levels of IFN-γ and NO were not affected by
atorvastatin treatment.
Our data are consistent with the results of animal models and some clinical trial studies
on MS patients. Recently, Weber et al. reported that atorvastatin treatment in IL-4 green
fluorescent protein-enhanced transcript reporter mice, reduced secretion of
proinflammatory cytokines (IFN-γ, IL-17, TNF-α and IL-12) (28). Neuhaus and coworkers observed decreased TNF-α secretion in simvastatin-treated activated peripheral
blood mononuclear cells. They also showed no change in IFN-γ and IL-12
proinflammatory cytokine secretion (29). Moreover, Simvastatin inhibited secretion of
Th17-polarizing cytokines and antigen presentation by DCs in MS patients (30). Other
studies indicated that there is a reduction in the Treg number and the level of TGF-β in
MS patients. There are only limited data suggesting that statins may promote expansion
of Treg (31,32). In a previous study, we observed that the number of FoxP3+Treg cells
was significantly increased after treatment with atorvastatin in an animal model of MS
(11). In the present study, the level of TGF-β in the atorvastatin treatment group was
significantly higher than the control group.
In addition, we observed that the lymphocyte proliferation decreased significantly
compared to the baseline level after 18 months of treatment-MS patients with
atorvastatin. Previous studies showed that statins inhibits lymphocyte proliferation in
vitro (33). Weber et al. recently reported that 1 mg/kg oral atorvastatin treatment
significantly shut down T-cell proliferation in EAE mice (28). Moreover, there are
many reports that statins inhibit the proliferative activity of lymphocytes in vitro
(10,29,34). However, these controversies in different studies might be due to differences
in dose and type of statins (Atorvastatin, Simvastatin, Lovastatin), dose and type of
interferon-β (1a or 1b), route of administration and genetic background of MS
population. High quality randomized controlled trials are needed to provide better
evidence for application of statins in MS treatment.
The limitations of our study can be summarized as:
 All MRI parameters could not be evaluated due to limited budget.
 Gd-Enhancing lesions are not a good outcome measurement when measured it once
after 18 months but again we could not measure them in more intervals.
 As these patients had to receive medicine due to ethical issues we could not stop the
treatment of a group as placebo control group.
In Conclusion, we found thatalthough atrovastatin added-on to interferon therapy didnot
change the clinical course of the disease, atorvastatin decreasedthe secretion of IL-17
and TNF-α and increasedthe secretion of TH2 cytokines as well asTGF-β which may
have beneficial therapeutic effect in MS treatment.
ACKNOWLEDGEMENTS
This work was supported by research grants (404) from Arak University of Medical
Sciences. The authors thank to all of MS patients that candidly participated in this study.
Iran.J.Immunol. VOL.13 NO.1 March 2016

24

No additive effect of Atorvastatin and IFN-β in MS

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

Lassmann H, Bruck W, Lucchinetti CF. The immunopathology of multiple sclerosis: an overview.
Brain Pathol. 2007; 17:210-8.
Popescu BF, Pirko I, Lucchinetti CF. Pathology of multiple sclerosis: where do we stand?
Continuum. 2013; 19:901-21.
Inoue M, Shinohara ML. The role of interferon-β in the treatment of multiple sclerosis and
experimental autoimmune encephalomyelitis - in the perspective of inflammasomes. Immunology.
2013; 139:11-8.
Kieseier BC. The mechanism of action of interferon-β in relapsing multiple sclerosis. CNS drugs.
2011; 25:491-502.
Kobashigawa JA, Katznelson S, Laks H, Johnson JA, Yeatman L, Wang XM, et al. Effect of
pravastatin on outcomes after cardiac transplantation. N Engl J Med. 1995; 333:621-7.
Stuve O, Youssef S, Weber MS, Nessler S, von Budingen HC, Hemmer B, et al.
Immunomodulatory synergy by combination of atorvastatin and glatiramer acetate in treatment of
CNS autoimmunity. J Clin Invest. 2006; 116:1037-44.
Li Z, Chen L, Niu X, Liu J, Ping M, Li R, et al. Immunomodulatory synergy by combining
atorvastatin and rapamycin in the treatment of experimental autoimmune encephalomyelitis (EAE).
J Neuroimmunol. 2012; 250:9-17.
Mach F. Statins as immunomodulatory agents. Circulation. 2004; 109:II15-7.
Youssef S, Stuve O, Patarroyo JC, Ruiz PJ, Radosevich JL, Hur EM, et al. The HMG-CoA
reductase inhibitor, atorvastatin, promotes a Th2 bias and reverses paralysis in central nervous
system autoimmune disease. Nature. 2002; 420:78-84.
Aktas O, Waiczies S, Smorodchenko A, Dorr J, Seeger B, Prozorovski T, et al. Treatment of
relapsing paralysis in experimental encephalomyelitis by targeting Th1 cells through atorvastatin. J
Exp Med. 2003; 197:725-33.
Abtahi Froushani SM, Delirezh N, Hobbenaghi R, Mosayebi G. Synergistic effects of atorvastatin
and all-trans retinoic acid in ameliorating animal model of multiple sclerosis. Immunol Invest.
2014; 43:54-68.
Vollmer T, Key L, Durkalski V, Tyor W, Corboy J, Markovic-Plese S, et al. Oral simvastatin
treatment in relapsing-remitting multiple sclerosis. Lancet. 2004; 363:1607-8.
Paul F, Waiczies S, Wuerfel J, Bellmann-Strobl J, Dorr J, Waiczies H, et al. Oral high-dose
atorvastatin treatment in relapsing-remitting multiple sclerosis. PloS one. 2008;3:e1928.
Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi M, et al. Diagnostic criteria for
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neuro. 2011; 69:292-302.
Mosayebi G, Ghazavi A, Ghasami K, Jand Y, Kokhaei P. Therapeutic effect of vitamin D3 in
multiple sclerosis patients. Immunol Invest. 2011; 40:627-39.
Kamm CP, El-Koussy M, Humpert S, Findling O, Burren Y, Schwegler G, et al. Atorvastatin
added to interferon β for relapsing multiple sclerosis: 12-month treatment extension of the
randomized multicenter SWABIMS trial. PloS one. 2014; 9:e86663.
Rudick RA, Pace A, Rani MR, Hyde R, Panzara M, Appachi S, et al. Effect of statins on clinical
and molecular responses to intramuscular interferon β-1a. Neurology. 2009; 72:1989-93.
Sorensen PS, Lycke J, Eralinna JP, Edland A, Wu X, Frederiksen JL, et al. Simvastatin as add-on
therapy to interferon β-1a for relapsing-remitting multiple sclerosis (SIMCOMBIN study): a
placebo-controlled randomised phase 4 trial. Lancet Neurol. 2011; 10:691-701.
Togha M, Karvigh SA, Nabavi M, Moghadam NB, Harirchian MH, Sahraian MA, et al.
Simvastatin treatment in patients with relapsing-remitting multiple sclerosis receiving interferon β
1a: a double-blind randomized controlled trial. Mult Scler. 2010; 16:848-54.
Lanzillo R, Orefice G, Quarantelli M, Rinaldi C, Prinster A, Ventrella G, et al. Atorvastatin
combined to interferon to verify the efficacy (ACTIVE) in relapsing-remitting active multiple
sclerosis patients: a longitudinal controlled trial of combination therapy. Mult Scler. 2010; 16:4504.
Markovic-Plese S, Jewells V, Speer D. Combining β interferon and atorvastatin may increase
disease activity in multiple sclerosis. Neurology. 2009; 72:1965-6.
Birnbaum G, Cree B, Altafullah I, Zinser M, Reder AT. Combining β interferon and atorvastatin
may increase disease activity in multiple sclerosis. Neurology. 2008; 71:1390-5.

Iran.J.Immunol. VOL.13 NO.1 March 2016

25

Ghasami K et al.

23. Klopfleisch S, Merkler D, Schmitz M, Kloppner S, Schedensack M, Jeserich G, et al. Negative
impact of statins on oligodendrocytes and myelin formation in vitro and in vivo. J Neurosci. 2008;
28:13609-14.
24. Nylander A, Hafler DA. Multiple sclerosis. J Clin Invest. 2012; 122:1180-8.
25. Zamvil SS, Steinman L. Cholesterol-lowering statins possess anti-inflammatory activity that might
be useful for treatment of MS. Neurology. 2002; 59:970-1.
26. Stanislaus R, Singh AK, Singh I. Lovastatin treatment decreases mononuclear cell infiltration into
the CNS of Lewis rats with experimental allergic encephalomyelitis. J Neurosci Res 2001; 66:15562.
27. Nath N, Giri S, Prasad R, Singh AK, Singh I. Potential targets of 3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitor for multiple sclerosis therapy. J Immunol. 2004; 172:1273-86.
28. Weber MS, Prod'homme T, Youssef S, Dunn SE, Steinman L, Zamvil SS. Neither T-helper type 2
nor Foxp3+ regulatory T cells are necessary for therapeutic benefit of atorvastatin in treatment of
central nervous system autoimmunity. J Neuroinflammation. 2014; 11:29.
29. Neuhaus O, Strasser-Fuchs S, Fazekas F, Kieseier BC, Niederwieser G, Hartung HP, et al. Statins
as immunomodulators: comparison with interferon-β 1b in MS. Neurology. 2002; 59:990-7.
30. Zhang X, Tao Y, Wang J, Garcia-Mata R, Markovic-Plese S. Simvastatin inhibits secretion of
Th17-polarizing cytokines and antigen presentation by DCs in patients with relapsing remitting
multiple sclerosis. Eur J Immunol. 2013; 43:281-9.
31. Ke D, Fang J, Fan L, Chen Z, Chen L. Regulatory T cells contribute to rosuvastatin-induced
cardioprotection against ischemia-reperfusion injury. Coron Artery Dis. 2013; 24:334-41.
32. Kim YC, Kim KK, Shevach EM. Simvastatin induces Foxp3+ T regulatory cells by modulation of
transforming growth factor-β signal transduction. Immunology. 2010; 130:484-93.
33. Desai F, Ramanathan M, Fink CS, Wilding GE, Weinstock-Guttman B, Awad AB. Comparison of
the immunomodulatory effects of the plant sterol β-sitosterol to simvastatin in peripheral blood
cells from multiple sclerosis patients. Int Immunopharmacol. 2009; 9:153-7.
34. Peng X, Jin J, Giri S, Montes M, Sujkowski D, Tang Y, et al. Immunomodulatory effects of 3hydroxy-3-methylglutaryl coenzyme-A reductase inhibitors, potential therapy for relapsing
remitting multiple sclerosis. J Neuroimmunol. 2006; 178:130-9.

Iran.J.Immunol. VOL.13 NO.1 March 2016

26

