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it is widely regarded as a Th1 cell-mediated autoimmune 
disease  [2, 3] . Cytokines produced by these infiltrating T 
cells appear to play an important role in the pathogenesis 
of inflammatory demyelination  [4] . One of the most 
widely prescribed treatments for relapsing-remitting MS 
(RRMS) is glatiramer acetate (GA), a random sequence 
polypeptide of the 4 amino acids alanine (A), lysine (K), 
glutamate (E), and tyrosine (Y)  [5, 6] . GA was demon-
strated to reduce the relapse frequency in RRMS as well 
as to reduce the appearance of new lesions in gadolinium-
enhanced magnetic resonance imaging (MRI)  [7, 8] . GA 
was suggested to achieve its beneficial effects partially by 
influencing cytokine expression patterns inducing a shift 
towards Th2 cytokines impairing the activity of autoag-
gressive T cells  [5, 9, 10] . As with other immunomodula-
tory treatments, some GA-treated patients do not re-
spond to the therapy. Early identification of such non-
responders would be useful, since treatment with GA 
needs to be given for at least 6–12 months before any clin-
ical response becomes apparent  [5] . Consequently, there 
is an ongoing search for biomarkers that could help to 
monitor efficiency of GA treatment in vivo  [11] . Several 
studies suggest that the clinical response to GA in MS 
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 Abstract 

 The patterns of Th1/Th2 cytokines in relapsing-remitting 
multiple sclerosis were analyzed to evaluate their relevance 
as biomarkers of therapy response to glatiramer acetate 
(GA). Serum interferon- �  (IFN- � ), osteopontin and interleu-
kin (IL)-2, IL-4, and IL-10 were measured in 19 relapsing-remit-
ting multiple sclerosis patients treated with GA in a prospec-
tive study over 3 years. The quotient (IL-2 + IFN- � )/(IL-4 +
IL-10) was elevated in patients with relapses as compared to 
relapse-free patients after 12 (p = 0.04), 24 (p = 0.02) and 36 
months (p = 0.04). Our study indicates that specific patterns 
of Th1/Th2 cytokines predict the response to GA therapy. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Multiple sclerosis (MS) is a chronic inflammatory dis-
ease of the central nervous system characterized by peri-
vascular T-cell and macrophage infiltrates leading to de-
myelination  [1] . Although the etiology of MS is unknown, 
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may correlate with the modulation of cytokines includ-
ing interleukin (IL)-4 and interferon- �  (IFN- � )  [12–15] .

  In the present study, we analyzed patterns of Th2 and 
Th1 cytokines in patients with RRMS, aiming to evaluate 
their relevance as biomarkers of therapy response to GA. 
We furthermore aimed to evaluate their relation to MRI 
parameters reflecting disease progression such as brain 
parenchymal fraction (BPF)  [16, 17] .

  Subjects and Methods 

 Patients and Controls 
 In a prospective, open-label, non-randomized study of the De-

partment of Neurology, University of Ulm, Germany, we included 
19 patients with RRMS according to revised McDonald criteria 
 [18]  ( table 1 ). Patients were untreated at study onset and received 
immunomodulatory treatment with GA (copaxone subcutane-
ously once a day) thereafter. Patients were followed up over a pe-
riod of 36 months with regular clinical visits and serum samples 
taken every 3 months in the first year and every 6 months in the 
second and third year in our outpatient clinic. Disability was rat-
ed using the Expanded Disability Status Scale (EDSS)  [19]  by two 
experienced neurologists (V.H., C.P.) in our department, each un-
aware of any results on the cytokines or MRI data. The control 
group consisted of 29 age-matched patients who presented with 
tension-type headache and showed no evidence of a structural, 
hemorrhagic or inflammatory lesion ( table 1 ). Informed consent 
was obtained from all patients, and the study was approved by the 
local ethics committee.

  Determination of Cytokines 
 Cytokine profiles including IFN- � , osteopontin (OPN), IL-2, 

IL-4, and IL-10 were determined in serum at study onset and at ev-
ery visit over follow-up using electrochemiluminescence detection 
multiplex technology of Meso Scale Discovery (MSD, Gaithers-
burg, Md., USA) according to the manufacturer’s instructions. 
OPN capture antibody was precoated on specific spots of a 1-spot 
multi-array plate, IFN- �  and IL capture antibodies were precoated 
on a 4-spot multiarray 96-well plate. Calibrator solutions or samples 

were incubated in the multispot plate, and after binding to the cor-
responding capture antibody spot, OPN, IFN- �  and IL levels were 
quantified using detection antibodies labeled with MSD SULFO-
TAG reagent by electrochemiluminescence detection. Emitted light 
upon electrochemical stimulation initiated at the electrode surface 
of the spot multiarray plate was measured by a CCD camera and 
analyzed using commercially available MSD software.

  MRI Analysis 
 All scans were performed on the same 1.5 Tesla MRI scanner 

(Symphony; Siemens, Erlangen, Germany). For BPF analysis, 
high-resolution volume-rendering data sets were acquired using 
a T 1 -weighted magnetization-prepared rapid-acquisition gradi-
ent echo (MP-RAGE) sequence consisting of 180 sagittal parti-
tions (repetition time (TR) 9.7 ms, echo time (TE) 3.93 ms, flip 
angle 15°, matrix size 256  !  256 mm 2 , voxel size 1  !  1  !  1 mm 3 ). 
For lesion identification, two different T 2 -weighted turbo spin 
echo sequences were collected. For further data processing, the 
algorithms implemented in Statistical Parametric Mapping soft-
ware (SPM, Department of Imaging Neuroscience Group, Lon-
don, UK) were used as previously described  [16, 20] . Data were 
normalized to the Montreal Neurological Institute standard
template provided with SPM. MRI data were automatically seg-
mented into fractions containing grey matter, white matter and 
cerebrospinal fluid. For segmentation, maximum image inhomo-
geneity correction was applied. To compensate for a possible mis-
classification of MS lesions leading to black holes within (in most 
cases) white matter, the data were then corrected as previously 
described  [21] . T 2 -weighted MRI was analyzed for number of le-
sions  1 3 mm by two investigators blinded to the clinical and cy-
tokine results independently (J.K., A.U.).

  Statistical Analysis 
 Statistical analysis was performed using SAS software (SAS 

Institute, Cary, N.C., USA). To test for normality, the Kolmogo-
rov-Smirnov test was applied. All correlations were studied using 
Spearman’s rank correlation coefficient. Differences between 
groups were compared using the two-sided Wilcoxon two-sample 
test. To compare raw data of multiple groups, a non-parametric 
ANOVA (Kruskal-Wallis analysis of variance on ranks) was ap-
plied, followed in case of significance by Dunn’s method. p values 
 ! 0.05 were considered significant.

Table 1.  Demographic data of patients with RRMS and controls included in this study

n (f/m) Age, years Duration of
disease, months

Relapse rate/year EDSS

M0 M36 M0 M36

RRMS 19 (13/6) 34 (23–52) 16 (3–222) 1.1 (0.1–5.1) 0 (0–1.3) 2 (1–3.5) 2 (0–4.5)
Relapse-free 12 (7/5) 32 (23–44) 23 (4–222) 1.0 (0.1–3.0) 0 2 (1–2.5) 2 (0–3.5)
Relapse 7 (6/1) 36.5 (25–52) 14 (3–44) 1.7 (0.2–5.1) 0.7 (0–1.3) 2 (1.5–3.5) 2 (1–4.5)

Controls 29 (21/8) 34 (23–53)
Stat. sign. NS NS NS p = 0.002 NS NS

Values are median (range) unless indicated otherwise.
f /m = Female/male; EDSS = Kurtzke’s Expanded Disability Status Scale; M0 = onset of study; M36 = 3 years of follow-up; Stat.

sign. = statistical significance (t test, relapse vs. relapse-free); NS = not significant.
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  Results 

 Clinical Data over Follow-Up 
 Of 19 RRMS patients treated with GA, 12 remained 

relapse-free over a follow-up of 3 years, while 7 patients 
experienced a total of 16 relapses over follow-up ( ta-
ble 1 ). The annual relapse rate in all patients treated with 
GA decreased significantly as compared to the relapse 
rate before study onset (p  !  0.001), corresponding to an 
81% decrease in the relapse rate. No significant differ-
ence of EDSS between baseline (M0) and 3-year follow-
up (M36) was detectable for all patients with RRMS
(p = 0.35) as well as for subgroups of patients with or 
without relapses (M0 vs. M36, p = 0.68 and p = 0.31, re-
spectively,  table 1 ).

  Cytokine Profiles 
 At study onset (time point M0), no significant differ-

ence of any of the cytokines (IL-2, IL-4, IL-10, IFN- � , 
OPN) between patients with RRMS and controls was de-
tectable (p  1  0.05). Likewise, no significant alterations of 
cytokine concentrations over follow-up were observed in 
all RRMS patients ( fig. 1 ). In the subgroup of relapse-free 
patients, IL-4 and IL-10 concentrations tended to be 
higher as compared to patients with relapses, although 
the differences did not reach statistical significance. Sim-
ilarly, patients with relapses tended to show higher con-
centrations of Il-2 and IFN- �  ( fig. 1 ). No significant dif-
ferences of OPN were observed between patients with or 
without relapses at any time point ( fig. 1 ). The quotient 
(IL-2 + IFN- � )/(IL-4 + IL-10) was significantly elevated 
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  Fig. 1.  Cytokine concentrations in RRMS patients treated with 
GA. M0 = Study onset, M12 = 1 year of follow-up, M24 = 2 years 
of follow-up, M36 = 3 years of follow-up. White boxes = all RRMS 
patients treated with GA (n = 19), light grey = relapse-free patients 

(n = 12), dark grey = patients with relapses over follow-up (n = 7). 
The box represents the 25th to 75th quartile, the whiskers repre-
sent the range, and the horizontal line in the box represents the 
median.  *  Indicates statistical significance (p  !  0.05). 
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in patients with relapses as compared to relapse-free pa-
tients at time points M12 (p = 0.04), M24 (p = 0.02), and 
M36 (p = 0.04,  fig. 1 ). At therapy onset (M0), no signifi-
cant difference was observed (p = 0.2).

  MRI Parameters 
 At study onset (M0), no significant difference of BPF 

between patients with RRMS and controls was detectable 
(p = 0.58,  fig.  2 ). Likewise, no significant difference of 
BPF between subgroups of patients with or without re-
lapses was observed (p = 0.1).

  After 3 years of follow-up (M36), BPF was significant-
ly decreased in all RRMS patients as compared to study 
onset (p = 0.04) as well as compared to controls (p = 0.02, 
 fig. 2 ). While relapse-free patients did not show a signifi-
cant decrease of BPF over follow-up (M0 vs. M36, p = 
0.11), BPF decreased significantly in patients with relaps-
es (p = 0.03,  fig. 2 ). After 3 years of follow-up (M36), BPF 
in patients with relapses was also decreased as compared 
to controls (p = 0.04,  fig. 2 ). Over follow-up (M12, M24, 
M36), no significant difference of BPF between patients 
with or without relapses was detectable ( fig. 2 ).

  T 2  lesion load showed no significant difference be-
tween study onset and 3 years of follow-up (M0 vs. M36, 
p = 0.20) in all patients with RRMS as well as in subgroups 
of patients with (p = 0.42) or without relapses (p = 0.46), 
respectively. After 3 years of follow-up, no significant dif-
ference of T 2  lesion load between patients with or without 
relapses was detectable (p = 0.39,  fig. 2 ). No correlation of 
T 2  lesion load with BPF was observed (p = 0.72).

  Discussion 

 In this study, all patients responded to treatment with 
GA, showing an overall decrease in the annual relapse 
rate of about 80% and no significant alteration of EDSS 
over follow-up of 3 years. This is in accordance with data 
from clinical trials that showed GA to be a highly effec-
tive therapy of RRMS  [22, 23] . However, a subgroup of 
our patients had one or repeated relapses even though 
EDSS showed no significant decrease over follow-up (the 
low number of patients may have precluded statistical sig-
nificance on that point) ( table 1 ). In contrast, response to 
GA was highly beneficial in another subgroup of patients 
that had no relapse at all over 3 years and showed no pro-
gression of brain atrophy as measured by BPF. While the 
first group in spite of relapses and brain atrophy still 
showed a beneficial effect of the therapy (and can there-
fore not be classified as ‘non-responders’ sensu stricto), 
the second group consisted of ‘responders’ in the best 
sense as it included patients who were characterized by a 
highly beneficial course of disease over 3 years of treat-
ment with GA.

  There is a strong need for surrogate markers in chron-
ic neurological diseases like MS where key clinical out-
come measures are delayed  [11] . Several biochemical as 
well as MRI markers of therapy response to GA have been 
suggested by previous studies  [11, 24, 25] . Candidate bio-
chemical markers of response to GA therapy included 
measurement of monocyte reactivity or GA-reactive IgG 4  
antibodies as well as comparative gene profiling based on 
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  Fig. 2.  BPF and lesion load in RRMS pa-
tients treated with GA. For T 2  lesion load, 
lesions  1 3 mm 2  were included. M0 = Study 
onset, M12 = 1 year of follow-up, M24 = 2 
years of follow-up, M36 = 3 years of follow-
up. White boxes = controls, shaded grey = 
all RRMS patients treated with GA (n = 
19), light grey = relapse-free patients (n = 
12), dark grey = patients with relapses over 
follow-up (n = 7). The box represents the 
25th to 75th quartile, the whiskers repre-
sent the range, and the horizontal line in 
the box represents the median.  *  Indicates 
statistical significance (p  !  0.05). 
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the regulatory effects of GA on the expression of several 
genes  [5, 26] . 

  Our data demonstrated the quotient (IL-2 + IFN- � )/
(IL-10 + IL-4) to be significantly elevated in a subgroup 
of patients with RRMS that showed relapses and pro-
gressing brain atrophy over follow-up, indicating that a 
specific pattern of Th2/Th1 cytokines may predict clini-
cal response to GA therapy ( fig. 1 ). This finding is in line 
with previous studies which demonstrated that clinical 
and immune responses correlated in patients treated with 
GA  [12, 13, 15] . In a study on 36 RRMS patients treated 
with GA over 2 years, Valenzuela et al.  [12]  observed an 
increased IL-4/IFN- �  ratio to be associated with a favor-
able clinical outcome. However, results of several studies 
were controversial, which is most likely due to short fol-
low-up periods as one important factor  [13, 15] .

  The mechanisms underlying the association between 
cytokine response and clinical outcome of GA therapy 
observed here remain a matter of speculation  [5] . Th cells 
are divided into subtypes based on their characteristic 
cytokine secretion patterns and effector functions. While 
Th1 cells produce proinflammatory cytokines like IL-2, 
IL-12, IFN- � , and tumor necrosis factor- � , Th2 cells pro-
duce downregulatory cytokines such as IL-4, IL-5, IL-6, 
IL-10, and IL-13  [2, 27] . Several studies suggest that GA 
treatment induces a shift from a Th1 to a Th2 cytokine 
response  [2, 15, 28, 29] . GA-reactive Th cells were shown 
to secrete downregulatory Th2 cytokines like IL-4 or IL-
10  [30, 31] , which could exert a bystander suppressive ef-
fect on other T cells. Interestingly, our data showed a ten-
dency towards an elevated (IFN- �  + IL-2)/(IL-4 + IL-10) 
quotient already at study onset (M0) prior to therapy with 
GA ( fig. 1 ). While it is well established that GA induces a 
shift towards a Th2 cytokine response, it could also be 
speculated that a predisposition characterized by a spe-
cific Th1/Th2 cytokine pattern may determine the re-
sponse to GA therapy. Further studies illuminating a pos-
sible genetic background of cytokine patterns in subtypes 
of MS are needed to clarify this point.

  To identify patients with a highly beneficial response 
to GA therapy, the quotient (IL-4 + IL-10)/(IFN- �  + IL-2) 
would be a promising parameter. However, our study 
showed the Th1 cytokines IFN- �  and IL-2 to be frequent-
ly below detection limit. Consequently, the use of the 
Th2/Th1 quotient would have led to a loss of data in an 
already small cohort of patients because it would fre-
quently have implied a division by zero. Therefore, the 
Th1/Th2 quotient (IFN- �  + IL-2)/(IL-4 + IL-10) was used 
mainly for statistical reasons as the best parameter to de-
lineate patients with a less beneficial response to GA.

  Several MRI measures have been used as potential sur-
rogates in clinical trials in MS  [24, 25] . In this study, we 
used BPF as an MRI measure of axonal loss which was 
repeatedly found to be associated with long-term disabil-
ity in MS  [17, 32, 33] . We observed BPF to decrease sig-
nificantly in the subgroup of patients that showed relaps-
es under therapy with GA (study onset vs. 3 years of fol-
low-up), even though no significant difference of BPF 
between patients with or without relapses was detectable 
over follow-up. This observation is in line with previous 
studies that suggested brain atrophy to occur early on in 
the disease and to be present even though patients may 
show only mild progression of clinical disability  [16, 34, 
35] . No significant progression of T 2  lesion load over fol-
low-up was observed. No correlation of T 2  lesion load and 
BPF were detectable, underlining the findings of previous 
studies that observed T 2  lesion load is only partially as-
sociated with brain atrophy in early MS  [35] . Our study 
supports the notion that MRI measures of brain atrophy 
may be superior to T 2  lesion load to identify therapy re-
sponders in early MS. This is in line with observations 
that showed only a weak or no correlation of T 2  lesion 
load with clinical outcome measures in MS trials  [24, 36, 
37] .

  Taken together, our study indicates that a specific pat-
tern of Th1/Th2 cytokines can predict response to GA 
therapy. Although follow-up data over 3 years was avail-
able, the number of patients included in this study was 
comparatively small. Consequently, further studies in-
cluding larger cohorts of patients are needed to further 
validate our findings.
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