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ABSTRACT

Aim: The aim of this study was to investigate the relationships be-
tween the disability (EDSS) scores, magnetic resonance imaging (MRI)
lesion burden, the visual evoked potential (VEP) latencies and the
cytokine levels in patients with multiple sclerosis (MS) that previously
not studied.

Method: Study group consisted of 40 MS patients with either relaps-
ing-remitting (RR) (n=29) or secondary progressive course (n=11) and
control group comprised 35 matched healthy subjects. Student’s t
test, Mann-Whitney U, Chi-squared and correlation analyses were
used for statistical analyses.

Result: In patient group EDSS scores varied from 1.5 to 8.5, all had ab-
normal MRI T2 plaque burden and 65.0% had abnormal VEP latencies.
Serum levels of tumor necrosis factor-alpha (TNF-a) and interleukin-2
receptor (IL-2R) were significantly higher in patients compared to con-
trols (P<0.001 and P<0.001, respectively). Serum levels of IL-6 and
IL-10 were similar in patients and controls (P>0.05). The total EDSS
scores significantly correlated with the T2 plaque counts (r=0.637,
P<0.001). Among all measured cytokines, only IL-8 levels were signifi-
cantly correlated with the total EDSS scores and MRI lesion burden
(r=0.590, P<0.001 and r=0.535, P<0.001, respectively). Other cytokine
levels did not correlate with the disability scores, the amount of MRI
lesions or the VEP latencies (P>0.05).

Conclusion: Our data indicate that despite clinical stability, immuno-
logical activity is not interrrupted in MS and the production of differ-
ent cytokines were not uniformly affected by the immunomodulator
medication. New therapeutic strategies correcting cytokine balance
may be useful in MS.
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Multipl skleroz: Sitokinler, MR lezyon yiikii, gorsel uyarilmis potensiyeller ve sakatlik puanlari arasindaki
iliskiler

Amac: Bu calismanin amaci multipl sklerozlu (MS) hastalarda sakatlik puanlar1 (EDSS), magnetik rezonans goriintiilemedeki (MRI)
lezyon yiikii, gorsel uyarilmis potansiyel (VEP) gecikmeleri ve sitokin diizeyleri iliskisini incelemektir.

Metod: Calisma grubu 40 MS’li hasta (29’u relaps-remisyon yapan tip, 11°i ikincil ilerleyici tip), kontrol grubu ise 35 eslendirilmis
saglikli bireyden olusturuldu. incelenen degiskenler hast ve kontrol grubu arasinda Student t testi, Mann-Whitney U testi, Ki-kare
testi ile karsilastirildi ve korelasyon analizi kullanildi.

Bulgular:Hasta grubunun EDSS puanlari 1.5-8.5 arasinda degisiyordu, hepsinde anormal MRI T2 plak yiikii vardi ve %65’inde an-
ormal VEP gecikmesi mevcuttu. Serum TNF-alfa ve interlokin 2 reseptér diizeyleri hastalarda kontrol grubundan anlamli yiiksek
bulundu (irasiyla, p<0.01 ve p<0.001). Serum interl6kin-6 (IL-6) ve IL-10 diizeyleri hasta ve kontrol gruplarinda farkli bulunmadi
(p>0.05). Total EDSS puanlari T2 plak sayisi ile korele bulundu (r=0.637, p<0.001). Olciilen tiim sitokinler icinde sadece IL-8 diizeyi
total EDSS puanlari ve MRI lezyon yiikii ile korele bulundu (sirasiyla, r=0.590, p<0.001 ve r=0.535, p<0.001). Diger sitokin diizeyleri
sakatlik puanlari, MRI lezyon yiikii ve VEP gecikmeleri ile iliskili bulunmadi (p>0.05).

Sonug: : Elde ettigimiz veriler klinik stabiliteye ragmen, MS’de immunolojik aktivitenin kesintiye ugramadigini farkli sitokinlerin
tiretiminin immunomodiilator tedaviyle tek diize etkilenmedidini gostermektedir. Sitokin dengesini diizeltecek yeni tedavi strate-

jileri MS’de yararli olabilir.

Anahtar kelimeler: Multipl skleroz, sitokinler, sakatlik, MR, uyarilmis gorsel potansiyeller

INTRODUCTION

Multiple sclerosis (MS) is an autoimmune-mediated disease
of the central nervous system (CNS). Electrophysiological
and imaging studies are used in clinical practice to diag-
nose and follow-up MS by demonstrating demyelinating
lesions (1). Various studies investigating relationships be-
tween the evoked potential latencies and the disability
scores in MS gave opposite results. Some studies demon-
strated that the expanded disability status scale (EDSS)
scores increased parallel to delays in visual evoked po-
tentials (VEP) (2,3), however others found no correlation
between disability scores and change in the VEP latencies
(4, 5). Magnetic resonance imaging (MRI) often demon-
strates new lesions independent of clinical status (6).

Measurements of both the evoked potential latencies and
the plaque burden on MRI scans often provide additional
information to the disability-based primary evaluations
(7). If these laboratory studies correlated well with the
clinical severity of MS, a more complete assessment of
treatment efficacy could be achieved.

One of the determinants in MS is thought to be the re-
lease of cytokines by T cells (8). An imbalance between
T helper (Th) 1 and Th2 lymphocytes is thought to be
one of the hallmarks in MS. T helper 1 cells produce pro-
inflammatory cytokines such as IFN-y, TNF-a and IL-2 and
Th2 cells produce anti-inflammatory cytokines such as
IL-4 and IL-10 (9).

Although the EDSS, VEP and the MRI findings were pre-
viously investigated (1,7,10,11), we could not find any
study investigating these three variables together with
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cytokine profile in MS. Thus this is the first report to in-
vestigate these three parameters together with simulta-
neous cytokine levels. The aim of this study was to in-
vestigate relationships between the VEP P100 latencies,
disability scores, brain MRI lesions and cytokine levels in
clinically inactive phase of MS.

MATERIALS AND METHODS
Patients

Atotal of 45 patients with definite MS were enrolled and
prospectively evaluated throughout six months. Thirty-
five age and sex-matched healthy subjects were recruit-
ed as control group. All subjects gave informed consent
to participate in the study. Demographic characteristics
(gender and age), clinical (onset characteristics, dis-
ease duration, disability scale score) and paraclinical
characteristics, cerebrospinal fluid (CSF), visual evoked
potentials and MRI findings were recorded.

The inclusion criteria were: 1) Clinically definite MS ac-
cording to McDonald’s criteria (12) that followed a re-
lapsing-remitting course (with at least two relapses and
incomplete remission in the last 2 years, 29 patients),
or a secondary progressive course (11 patients), an MRI
scan of the brain during last 6 months consisted with
diagnosis of MS (at least three lesions, at least 2 mm in
diameter, or two lesions, one of which had to be located
in the periventricular area, and the other had to have
a diameter of at least 5 mm), at least one gadolinium,
enhancing lesion on brain MRI obtained within the last

Eur J Gen Med 2010;7(2):167-173



Tasdemir et al.

Table 1. Some demographic and clinical characteristics of patients and controls

Multiple sclerosis (n:40) Controls (n:35) p
Female/Male 26/ 14 23/12 ns
Age, years* 32.2+8.9 30.8+7.9 ns
Age at onset, years* 26.2+6.1 -
Duration of illness, years* 6.2+5.6 (Median, 4.8) -
Fatigue, n (%) 30 (85.7%) 1(2.9%) <0.001
Cigarette smoking, n (%) 9 (25.7%) 14 (40.0%) ns

ns: not significant, *mean+SD

four months, 2) without active disease e.g. showing no
deterioration of any point on Kurtzke’s EDSS score (3)
at the enrollment. Exclusion criteria were; 1) Moderate
or severe diseases other than MS, such as compressive
spinal cord lesions, vascular malformations, systemic
vasculitidis affecting CNS, antiphospholipid syndrome,
subacute combined degeneration, amyotrophic lateral
sclerosis, adrenomyeloneuropathy, neurosyphilis, neuro
AIDS, neurosarcoidosis and paraneoplastic syndromes,
2) Inability undergo MRI scanning or laboratory inves-
tigations, 3) Receiving steroids or immune suppressive
drugs. Five patients were excluded due to primary pro-
gressive course and/ or treatment with immunosuppres-
sive drugs, thus data belonging to remaining 40 patients
(29 relapsing-remitting MS, 11 secondary progressive
MS) were analyzed.

The VEPs and serum levels of cytokines, including in-
terleukin1-beta (IL-1f3), interleukin 2-receptor (IL2-R),
tumor necrosis factor-alpha (TNF-a), IL-6, IL-8 and
IL-10 were measured in a clinical case-control study.
Neurological examination was assessed using the EDDS
score (3) and MRI scans at the time of study entry.

The same neurologist assessed disability based on the
Kurtzke’s EDSS (3). Thirteen of our patients received
glatiramer acetate, 17 interferon-1 beta and 10 of them
received no medication for MS management.

Radiological studies

Magnetic resonance imaging of the brain was per-
formed on a Siemens Magneton Expert (Magneton
Expert, Siemens, Germany) operating at 1.0 Tesla. Five-
mm axial slices were obtained repositioning based on
standardized anatomic landmarks, proton density and
T2-weighted fast spin-echo sequence before contrast,
axial T1-weighted spin-echo sequence after injection of
gadolinium (obtained 10 min after intravenous gadolin-
ium-DTPA). Scans were analyzed by the same blinded
radiologist. The numbers of hyper-intense lesions at T2-
weigthed scans and the number of enhancing lesions at
T1-weighed scans were counted.

Visual evoked potentials (VEPs)

The VEPs were recorded from an active electrode placed
3 cm above Oz and a reference electrode at F2 with a

Table 2. Comparison of disability scores, MRI lesions count, visual evoked potentials and serum cytokine levels in

patients and healthy controls (mean+SD)

Multiple sclerosis (n:35)

Total EDSS score
No. of MRI lesions
VEP- Right (ms)
VEP-Left (ms)

3.6+2.0 (range 1.5-8.5)
14.6+6.1 (range 5-32)

125+26 (range 83-219)
121+20 (range 88-176)

IL2-R (IU/mL) 5594194
IL-18 (pg/mL) 3.7:0.4
TNF-a (pg/mL) 12.2:6.8
IL-6 (pg/mL) 2.8:2.7
IL-8 (pg/mL) 10.7+5.3
IL-10 (pg/mL) 4.9+2.7

Controls (n:35) P
101+5 (92-107) <0.001
100+4 (93-109) <0.001
430+128 0.001
4.2+0.6 <0.001*
7.9+1.7 <0.001
1.9+1.2 0.278*
8.8+3.4 0.075
4.1+0.5 1.000*

EDSS expanded disability status scale, VEP visual evoked potentials, IL: interleukin, IL2-R: interleukin 2 receptor, TNF-a: tumor necrosis factor- alpha;

*with Mann-Whitney U test, others with Student’s t test

Eur J Gen Med 2010;7(2):167-173

169



Multiple sclerosis relationships between MR, cytocins and VEP

Table 3. Correlation coefficients (r) between various EDSS scores and total number of MRI lesions or VEP

P100 latencies in patients (n:40)

EDSS score types Total No. MRI lesions VEP-Left
Pyramidal 0.542** -
Cerebellar 0.665*** 0.400*
Brainstem 0.567** -
Intestine-Bladder 0.576***

Visual 0.458**

Cerebral-Mental 0.523*** -

Total EDSS score 0.637*** 0.388*

*p<0.05, **p<0.01, ***p<0.001; VEP visual evoked potentials, EDSS expanded disability status scale, MRl magnetic resonance imaging

Neuropack (Nihon Kohden, Tokyo, Japan). The stimulus
rate was 2 Hz, sweep speed was 200 ms, and 200 repeti-
tions were averaged. The amplitude and latency of the
major positive component (P100) were measured in all
subjects. Each patient provided two data points (left
and right) for each VEP time point. Responses were con-
sidered delayed when the latency of the P100 was more
than 110 ms. A single blinded neurologist read all VEPs.

Cytokines

Cytokines were measured by two-site sequential chemi-
luminescent immunometric assay at the day as the MRI
scans (Immulite, EURO/DPC Ltd, UK). The intra-assay
coefficient of variation was 5.7-6.6% (n=8) at 6.8 pg/ml
and 3.1-4.4% (n=8) at 21.12 pg/ml.

Statistical analysis

The values were expressed as meanostandard devia-
tion. Comparison between MS and control groups were
done by Student’s t test or Mann-Whitney U test based
on the distribution pattern of the data. Differences in
categorical variables were determined by o2- test. The
correlations between various variables were estimated
by Pearson’s or Spearman’s correlation analyses accord-
ing to whether the data normally distributed or not. All
statistical analyses were performed using the Statistical
Package for Social Sciences (SPPS Inc., Ill, version 12.0
for Windows. Statistical significance was defined as a P
value less than 0.05.

RESULTS

The mean age of the patients at the onset of MS was
26.2 years (range, 14.0-37.0) and the mean disease du-
ration at study entry was 6.2 years (Median, 4.7; range,
1.0-20.0) (Table 1). The female/male ratio and the
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mean ages of the patients and the controls were similar
(P>0.05) (Table 1). Although the frequency of fatigue
was significantly higher in MS group compared with con-
trol group (P<0.001), the frequency of cigarette smok-
ing was similar in patients and healthy controls (p>0.05)
(Table 1).

Although the mean serum levels of IL-6, IL-8 and IL-10
were found to be similar in MS patients and the con-
trols (p>0.05); serum levels of IL2-R, IL-13 and TNF-a
were significantly higher in MS patients compared with
control subjects (p<0.05) (Table 2). There were no sig-
nificant differences in cytokine levels between male and
female patients (data not shown) (p>0.05).

In the total patient group of our study, the EDSS score
varied from 1.5 to 8.5 with a mean of 3.6. About 17.1%
(6 patients) were severely impaired, as expressed
through EDSS score >6.0. All 40 had abnormal T2 plaque
burden and the mean total MRI lesion count was 14.6
(range, 5-32) (Table 2). The mean right VEP P100 la-
tency was 125 (range, 83-219) and the mean left VEP
P100 latency was 121 (range, 88-176) in MS patients.
Twenty-six of the 40 patients (65.0%) had delayed VEP
P100 latencies (20 bilateral, 10 unilateral). Both the
mean right and left VEP P100 latencies of MS patients
were significantly longer than those of healthy controls
(p<0.001) (Table 2).

Correlations

We investigated relationships of the entry disability
scores with the VEP P100 latencies and MRI T2 plaque
burdens. The number of T2-weighted total MRI lesion
count significantly correlated with the total EDSS score
(r=0.637, p<0.001) (Figure 1). Total MRI lesion count
also significantly correlated with pyramidal, cerebellar,
brainstem, intestinal-bladder, visual and cerebral-men-
tal EDSS scores (p<0.05) (Table 3). Significant correlation
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Total EDSS score
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Number of MRl lesions

Figure 1. The relationship between total number of
MRI lesions and the total EDSS score (r=0,637; p<0.001)

was also found between the left eye VEP P100 latency
and the total EDSS score (p<0.05) (Table 3). However,
no correlations were found between MRI lesion count
and the VEP P100 latencies (p>0.05). There were signifi-
cant correlations between IL-8 and the total EDSS score
(r=0.590, p<0.001) (Figure 2) and the total MRI lesion
burden (r=0.535, p<0.001) (Figure 3). The serum TNF-a

Num ber of MRI lesions

0 10 20 30

Serum IL-8 (pg/mL)

Figure 3. The relationship between total expanded dis-
ability scale (EDSS) score and serum interleukin-8 levels
(r=0,590; p<0.001)
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Figure 2. The relationship between total number of MRI
lesions and serum interleukin-8 levels (r=0,535; p<0.001)

(r=0.341, P=0.032) and IL-2R (r=0.342, P=0.031) levels
were significantly correlated with the disease duration.
No correlation were found between other cytokines (IL-
6, IL-13 and IL-10) and total EDSS scores, total MRI T2
lesion burden or the VEPs latencies (data nor shown)
(p>0.05).

Relapsing-remitting MS vs. secondary progressive MS

While MS patients were divided into two subgroups
based on clinical MS course as relapsing-remitting MS
(RRMS, n:27) and secondary- progressive MS (SPMS, n:8);
it was foun that patients with SPMS had higher mean
total EDSS score (6.4+1.6 vs. 2.3+0.8, respectively,
P<0.001) and mean total MRI lesion count (206 vs.
1315, respectively, P<0.001) compared with RRMS pa-
tients. There were no significant differences in cytokine
levels and the VEPs latencies between RRMS and SPMS
patients (data not shown) (p>0.05).

DISCUSSION

Multiple sclerosis is a chronic demyelinating disease
of the CNS that supposed to be the result of chronic
autoimmune reactions directed against mainly myelin
(13). Cytokines are critical components of the immune
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inflammatory process and are implicated in oligoden-
drocyte cell death, axonal degeneration and neuronal
dysfunction which are the main characteristics of MS
pathology (14). In this study we found higher serum lev-
els of TNF-a and IL2-R, and similar IL-6, IL-8 and IL-10
levels in MS patients compared with healthy controls
(Table 2). MS is postulated to be a Th1 type cell-me-
diated autoimmune disease. Some pro-inflammatory
cytokines such as IL-1, TNF-a, IL-2, IFN-y are believed
to contribute to the tissue injury in MS, while anti-
inflammatory cytokines produced by Th2 cells (IL-4,
IL-10) have been shown to down regulate the immune
response (13, 14). It has been reported that increased
levels of TNF-a were associated with the clinical activ-
ity in RRMS and the development of chronic progressive
disease (15). Despite clinically inactive disease and im-
munomodulator therapy, higher TNF-a, IL-18 and IL2-R
of our patients suggested a continuous subclinical im-
mune activity that could not be suppressed by treat-
ment. Similar IL-10 levels in our patient and control
groups also pointed out that these patients were not in
full remission, since increased levels of IL-10 have been
reported during remission phases of MS patients (16).
Although, increased IL-6 production has been reported
in relapse MS patients compared with in remission or
control subjects (17), similarity of IL-6 and IL-8 levels
of our patients and controls and even lower IL-1f3 levels
of MS patients may be due to the differential effects
of immunomodulator therapy. It is possible that immu-
nomodulator medication may be effective on different
cytokine productions with distinct strength. Our results
showed no difference between cytokine levels of male
and female patients similar to results of Eikelenboom
et al. (8). Unilaterally or, more frequently, bilaterally
prolonged VEP P100 latencies were present in 65.0% of
our patients, which was similar to results of previous
studies (1,4,5). Evoked potentials are frequently used
to confirm the diagnosis of MS. Measurement of VEP is
the recording of the pattern reversal visual evoked po-
tential and is used to evaluate nerve conduction which
is often abnormal in MS (11). In this study, MS patients
had significantly increased VEP P100 latencies compared
with healthy controls.

Magnetic resonance imaging has been suggested as a
sensitive measure of the pathological processes in MS
that plays a pivotal role in the diagnosis of MS and is
being increasingly used as a paraclinical measure (18).
Serial MRI studies have shown that asymptomatic dis-

172

ease activity occurs as evidenced by a much higher
number of active lesions as revealed by MRI scans than
clinical relapses (19). None of our patients had normal
brain MRI. Normal brain MRI findings were suggested to
be unusual in MS patients, so that nearly 90% of patients
with MS have abnormal MRI scans (20,21).

Currently MRI is superior to all other clinical and
paraclinical tests for assessing disease activity in MS.
Conventional MRI (T2-weighted and gadolinium-en-
hanced T1-weighted images) is currently used as the
single most sensitive test for MS (20,22) and it also al-
lows the exclusion of possible differential diagnoses.
The change in the total lesion load, observed serially
using T2-weighted MRI, is commonly used for monitoring
disease progression. However the clinical significance of
this measurement is not clear because T2 lesion load
shows only a weak correlation with clinical disability
scores (20). We found significant correlations between
number of T2 lesions and total EDSS score (p<0.001) in
our patient group. Previously, a more strong correla-
tion was established between the extent of T1 lesions
and the EDSS score, but only in patients with secondary
progressive course (23). However, it has been reported
that, the correlation between T2-lesion load and disabil-
ity becomes modest while the diagnosis of MS has been
established for over 5 years (24,25). The median dis-
ease duration of 4.75 years in our patients may explain
the correlation between MRI lesion burden and the EDSS
scores. Both MRI and evoked potantials provide valuable
information that can not be obtained by clinical evalu-
ation, especially for assessing disease activity (20,26).
While evoked potentials can test the function of only
a very limited number of central tracts, MRI examines
the whole cerebrum at once (18). Despite, significant
correlations of total EDSS score with the T2 lesion num-
ber in our study, we found no correlation between T2
plague number and VEP P100 latencies (p>0.05). Fuhr et
al. also found no correlation between VEPs and MRI T2
plaque burden (27).

In conclusion, in this study we investigated cytokine
levels, MRI T2 lesion burden, EDSS scores and VEP laten-
cies in clinically inactive phase MS patients. We found
increased serum TNF-a and IL2-R levels and similar IL-6
and IL-10 levels in MS patients compared with healthy
controls. Significant relationships were found between
IL-8 and disability scores, and between IL-8 and T2 le-
sion burden. Total EDSS score was significantly correlat-
ed with the MRI lesion count and the VEP P100 latencies.
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Our data indicate that the production of the different
pro-inflammatory cytokines were not uniformly affected
by the immunomodulator medication. New therapeutic
strategies correcting cytokine balance may be useful in
the treatment of MS patients. Further studies with more
patients in their active phases are needed in order to
verify relationships of cytokine levels with MRI lesions
or VEP latencies in MS.
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