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ABSTRACT

Introduction: Relapses of multiple sclerosis (MS) are usually treated
with  high-dose
over 3—10 days. There is no consensus on the optimal duration of
treatment. In this study, we aimed to investigate whether longer
treatment provides additional short-term clinical benefits assessed by

intravenous  methylprednisolone  (IVMP),  given

the change in plasma cytokine levels and EDSS scores in patients with
relapsing—remitting MS (RRMS).

Methods: Forty RRMS patients during relapse were grouped into 3
and treated with | g/day of IVMP for either 5, 7, or |0 consecutive
days.

Results: Levels of IL-10 and IL-12 were analyzed, and EDSS scores
were noted before treatment, after treatment (on days 6, 8, or | ) and

at the 4" week. IVMP treatment significantly induced anti-inflammatory
IL-10 levels but had no effect on IL-12 levels. IVMP treatment for 7 or
|0 consecutive days was not significantly different than that for 5 days

in terms of the change in IL-12, IL-10 levels or clinical outcome.

Conclusion: In conclusion, pulse high-dose IVMP treatment enhances
functional recovery in patients with acute relapses of RRMS. In
addition, IVMP treatment significantly increases the levels of IL-10 but

has no effect on the levels of IL-12 in the short term.

Keywords: Interleukin-10, intravenous methylprednisolone, glucocor-

ticoids, relapsing—remitting multiple sclerosis, treatment duration

INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system (CNS) and relapsing—remitting MS (RRMS) is the most
common clinical type. Relapses in MS are often associated with significant functional impairment in various neurological systems to various
degrees. Importantly, they clearly impair the quality of life and affect future disabilities in MS (1). On rare occasions though, acute attacks of
MS may be permanently and severely disabling (2). Therefore, the effective and adequate treatment of relapses is essential to hasten recovery
and delay the progression of disability in MS.

Inflammation is the hallmark of an active MS lesion. The pathogenesis of MS is highly complex, even though roles of the proinflammatory
cytokine interleukin (IL)-12 and anti-inflammatory cytokine IL-10 have been mentioned in several previous studies (3,4,5). Although the exact
roles of Thl and Th17 cells in the development of MS lesions have not yet been established, both these effector T-cell populations can induce
CNS inflammation and demyelinating lesions in experimental and clinical settings (6,7). IL-12, which is mainly secreted by antigen-presenting
cells during antigen presentation to naive T cells, are known to induce the differentiation of CD4+ T cells toward a Th| phenotype and pro-
mote inflammation through the activation of the JAK/STAT signaling pathways (8,9). On the other hand, IL-10 acts in immunoregulation and
inflammation and has the capability to downregulate the expression of Thl cells and inhibit the synthesis of various pro-inflammatory cytokines.
In two previous studies, lower serum levels of IL-10 have been been shown in patients with MS, and IL-10 levels have been found to increase
during the remission phases of the disease (3,10).

Hence, treating relapses of MS with corticosteroids is a well-accepted approach due to their anti-inflalmmatory and immunosuppressive
properties (I 1,12,13). The efficacy of different doses and routes of administration have been compared in previous studies (14,15,16,17). In
most cases, 500—1000 mg of intravenous methylprednisolone (IVMP) is given for 3-5 days for acute relapses of MS (18).

However, there is no consensus on the optimal duration for treating relapses with IVMP (15,19). Usually, clinicians decide the treatment du-
ration according to the severity of clinical symptoms and personal factors affecting the disease prognosis depending on the patient; in some
practices, 7 or even |0 consecutive days of administration could be the decision. Till date, a study comparing the efficacy of IVMP treatment
for 5,7, or 10 days has not been conducted, and it is unknown if extending the treatment for few more days yields favorable outcomes.
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The aim of this study was to investigate whether treating relapses with
longer durations of IVMP therapy provides additional benefits by assessing
effects on plasma cytokines and EDSS scores in patients with RRMS.

METHODS

Patients

Atotal of 40 patients (all Caucasians) between the ages of 18 and 58 years
treated with a diagnosis of clinically definite RRMS according to McDon-
ald’s criteria at our tertiary care Multiple Sclerosis Clinic were included.
Inclusion criteria were as follows: |) having an acute relapse of MS, which
is defined as a new or worsening neurological deficit lasting for 24 h or
more in the absence of fever or infection; 2) symptoms should have begun
within 5 days prior to admission; and 3) the MRl scan should demonstrate
a related lesion with gadolinium enhancement in neuroimaging. Exclusion
criteria were having another systemic autoimmune disorder; abnormali-
ties in the serum liver, renal or thyroid function tests; and being on med-
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ications other than immunosuppressive or immunomodulatory agents
approved for RRMS treatment.

A detailed physical and neurological examination was performed, and the
baseline EDSS score was calculated. Laboratory analysis for the complete
blood count and measuring lipid and serum fasting glucose levels and liver,
renal, and thyroid function tests were performed prior to IVMP treatment.
Patients were hospitalized and grouped into 3, according to the relative se-
verity of their clinical symptoms. Patients in the groups were treated with |
g/day of IVMP for either 5 (n=12), 7 (n=14), or 10 (n=14) consecutive days.
A neurological examination was repeated on the day after the IVMP treat-
ment finished (post-treatment, i.e., day 6 for patients on the 5-day course,
day 8 for patients on the 7-day course, and day | | for patients on the 10-day
course) and at the 4" week to assess the follow-up EDSS scores.

The study protocol was in accordance with the Helsinki declaration of
human rights and was approved by The Regional Committee for Re-

Table 1. Characteristics of RRMS patients; data are presented as n (%) or mean+SD (range)

Total 5-day group 7-day group 10-day group
Age (years) 369+10.0 35.0£831 39.1£99 362+11.6
(18.0-58.0) (26.0-57.0) (27.0-57.0) (18.0-58.0)
Gender (F/M) 28/12 6/6 1212 10/4
Duration of symptoms at admission (days) 2.3£09 2.1£0.8 2.6+0.8 22+1.0
(1.0-5.0) (1.0-3.0) (1.04.0) (1.0-5.0)
Duration of disease (years) 8555 7728 8.1+4.6 9.5+77
(1.0-25.0) (2.0-10.0) (1.0-15.0) (1.0-25.0)
Number of Clinical Relapses
2 20 (50.0) 7 (58.3) 7 (50.0) 6 (42.9)
3-5 18 (45.0) 541.7) 7 (50.0) 6 (42.9)
>5 2 (5.0) 0 0 2(143)
Clinical symptoms
Sensory 12 (30.0) 8 (66.7) 3(214) I (7.1)
Motor 18 (45.0) 2(167) 5(35.7) I'1(78.6)
Optical | (2.5) 0 L (7.1) 0
Cerebellar 4 (10.0) | (8.3) 2(143) I (7.1)
Brain stem 5(125) | (83) 3(21.4) L (7.1)
EDSS
Pre-treatment <20 5(125) | (83) 3(21.4) L (7.1)
2040 28 (70.0) 10 (83.3) 8 (57.1) 10 (71.4)
>4.0 7 (17.5) I (8.3) 3214 3(214)
Post-treatment <20 24 (60.0) 9 (75.0) 8 (57.1) 7 (50.0)
2.0-4.0 I5(37.5) 3 (25.0) 6 (42.9) 6 (42.9)
>4.0 | (2.5) 0 0 L (7.1)
4" week <20 34 (85.0) 10 (83.3) 13 (929) I'1(78.6)
2.0-4.0 6 (15.0) 2(16.7) L (7.1) 3(214)
>4.0 0 0 0 0
RRMS Treatment
Azathiopurine 4 (10.0 | (8.3) I (7.1) 2(143)
IFNB or GA 16 (40.0) 4(333) 6 (42.9) 6 (42.9)
None 20 (50.0) 7 (583) 7 (50.0) 6 (42.9)

RRMS: relapsing—remitting multiple sclerosis; n: number of cases; SD: standard deviation; F: female; M: male; EDSS: Kurtzke Expanded Disability Status Scale; IFNp:

interferon-beta; GA: glatiramer acetate
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search Ethics, and all subjects provided written informed consent to
participate.

IL-12 and IL-10 Analysis

All participants were examined by blood tests for plasma IL-12 and IL-10
levels at baseline (pre-treatment; Day O), post-treatment, and at the 4"
week evaluations. A peripheral venous blood sample for biomarker analysis
was withdrawn in the morning during the resting state for at least 5 min, fol-
lowing the |2-h fasting period. Samples were immediately stored at 4°C for
|0 min and centrifuged at 1500 rpm for |5 min, and the extracted plasma
was stored at —80°C in the dark until they were assayed. The presence of
IL-12 (Bender MedSystems GmbH, Austria) and IL-10 (Bender MedSys-
tems GmbH, Austria) in plasma were detected by commercially available
human-ELISA Kits according to the manufacturers’ instructions.

Statistical Analysis

Statistical analysis was performed using Statistical Package for Social Sci-
ences v.15.0 (SPSS Inc,, Chicago, IL, USA) for Windows. Categorical data
were analyzed by means of the chi-square test. The Kolmogorov—Smirnov
normality test was used for testing the Gaussian distribution of contin-
uous data whenever required. Because the number of patients in each
treatment group was less than 30, non-parametric tests were used. There
were 3 parameters for each of the 3 treatment groups: IL-12, IL-10, and
EDSS. First, changes in these parameters over time within each group
were analyzed with the Friedman test, and differences among the treat-
ment groups were analyzed using the Kruskal-Wallis H test. Then, post hoc
analyses (testing two- samples at a time) for these 3 parameters among
and within the treatment groups were performed as follows for significant
parameters: the Wilcoxon signed ranks test was used for comparisons
within the same group and Mann—Whitney U test was used for compar-
isons among the groups. P-values of <0.05 were considered significant.
Bonferroni correction was applied for the results of post hoc analyses, and
the adjusted significance level for multiple comparisons was calculated.

RESULTS

Demographic and clinical data of the RRMS patients are summarized in
Table |. Although the patients were grouped according to the relative
severity of symptoms, no significant difference was found among the 3
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treatment groups according to age, gender, duration of disease, and du-
ration of symptoms during admission (p>0.05 in Kruskal-Wallis or chi-
square tests, wherever applicable). However, we found that the 3 groups
significantly differed according to the types of clinical symptoms. In the
5-day treatment group, majority of the patients had sensorial symptoms.
On the contrary, patients in the 10-day treatment group had motor symp-
toms. Patients in the 7-day treatment group had relatively well-balanced
according to the symptom types.

The levels of both IL-12 and IL-10 were similar in all groups at the begin-
ning of the treatment. Further, EDSS scores were not significantly differ-
ent (Table 2). In addition, the analysis of cytokine levels and EDSS scores
among the 3 groups revealed no any differences throughout the study
(during the evaluations at post-treatment and at the 4™ week). In other
words, IL-12 and IL- 10 levels were not significantly different among the 3
treatment groups at neither of the follow-up evaluations. In addition, this
was the case for EDSS scores.

The significance levels for the comparisons of the IL-12 and IL-10 levels and
EDSS scores at different time points in each treatment group are listed in
Table 3. There were no significant changes in IL-12 levels within the treat-
ment groups at different time points (Figure I). Conversely, there were im-
mediate and significant increases in IL-10 levels at post-treatment measures
in all 3 groups; however, the levels decreased during evaluation at the 4"
week (Figure 2). The final levels of plasma IL-10 at the 4" week were not
significantly different from the pre-treatment levels. EDSS scores significant-
ly decreased in all 3 groups after IVMP treatments. The final EDSS score was
significantly lower than the previously calculated 2 scores (Figure 3).

Furthermore, we divided the patients in each group into subgroups ac-
cording to the usage of chronic MS therapies, i.e., the patients who were
on immunomodulatory or immunosuppressive therapies and those who
were treatment-naive. Analyses for the effect of RRMS therapies revealed
no significant differences (data not shown).

DISCUSSION
To our knowledge, this is the first study to compare the effects of IVMP
treatments given for different durations in relapses of MS relapses by mea-

Table 2. Comparison of the three treatment groups for the plasma levels of IL-10 and IL-12 and EDSS scores (mean+SD) of RRMS patients

Treatment Duration with IVMP

5-day group (n=12)

IL-12

Pre-treatment 1.36+0.97
Post-treatment [.13£0.97
4t week 1.03+£0.66
IL-10

Pre-treatment 1.76£1.06
Post-treatment 2.55+1.59
4 week 1.80+0.58
EDSS

Pre-treatment 3.1+0.7
Post-treatment 2.1+0.8
4t week 1.5+£0.9

7-day group (n=14) 10-day group (n=14) p*
1.68+2.06 0.94£051 NS
[13£1.23 .03£1.19 NS
[.39£1.52 1.05+0.97 NS
1.51£0.71 2.08+0.87 NS
24440.69 3.80+ 191 NS
2.12+£1.18 2.52+0.82 NS

3311 3.8+0.7 NS
2.1£09 25+08 NS
14405 1.6+0.7 NS

RRMS: relapsing—remitting multiple sclerosis; n: number of cases; SD: standard deviation; p: significance level; NS: not significant; IVMP: intravenous methylprednisolone;

EDSS: Kurtzke Expanded Disability Status Scale; IL: interleukin
*#Kruskal-Wallis test with significance level of <0.05.
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Table 3. The significance levels of differences between the pre-treatment,
post-treatment, and 4" week values of IL-10 and IL-12 levels and EDSS
scores of RRMS patients in all treatment groups

p*
Pre- vs. Post- Pre-
post- treatment treatment
treatment | vs. 4" week | vs. 4" week
5-days (n=12)
IL-12 0.347 0.456 0.695
IL-10 0.008 0.028 0.099
EDSS 0.002 0.006 0.002
7-days (n=14)
IL-12 0.173 0.249 0.345
IL-10 0.001 0.035 0.055
EDSS 0.001 0.007 0.001
10-days (n=14)
IL-12 0.778 0.925 0.638
IL-10 0.001 0.001 0.035
EDSS 0.001 0.001 0.001

RRMS: relapsing—remitting multiple sclerosis; p: significance level; EDSS: Kurtz-
ke Expanded Disability Status Scale; IL: interleukin

*p-value of <0.017 was considered as significant after correction for multiple
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Figure 1. The change in the plasma levels of IL-12 before and after treatment
with [VMP in all groups

suring changes in serum IL-10 and IL- 12 levels. The exact mechanisms re-
sponsible for the beneficial effects of IVMP in the relapses of MS have not
been clearly identified; however, Rentzos et al. (20) have investigated the
effects of IVMP treatment for 5 days on IL-12 and IL-10 levels and CCL2
chemokine expressions. They found no significant influence of the IVMP
treatment on IL-12 levels. Similarly, we did not find any significant changes
in IL-12 levels with the initiation of IVMP. Moreover, treatment duration
did not influence the final results. However, this does not eliminate the
potential effects of methylprednisolone on pro-inflammatory cytokines.
One explanation could be the intricate cross-talk between various pro-
and anti-inflammatory cytokines in the highly complex mechanisms in the
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Figure 2. The change in plasma levels of IL-10 before and after treatment with

IVMP in all groups
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Figure 3. The change in EDSS scores before and after IVMP treatment in all groups

pathogenesis of MS. The inhibitory effects of glucocorticoids on pro-in-
flammatory cytokines in ameliorating the inflammation have been previ-
ously mentioned (21,22). On the other hand, in accordance with the study
by Rentzos et al. (20), we demonstrated that IVMP significantly induces
IL-10 levels. This effect was immediate and significant on the day after the
treatment had finished, but it was temporary because this significance was
lost at the 4™ week.

We found that the EDSS scores substantially and continuously decreased,
starting immediately after the treatment, suggesting that the damaged tis-
sue was provided a favorable environment for repair and remyelination to
take place. The amelioration of inflammation might be due to the induced
levels of anti-inflammatory cytokines to some extent.

Besides the numerous beneficial effects of corticosteroids in treating
relapses, a number of side-effects (complications), some of which are
dose-dependent, have been reported, including gastrointestinal distur-
bances, hypertension, palpitations and cardiac arrhythmia, diabetes, mood
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alterations, insomnia, psychosis, memory impairment, hot flashes, myop-
athy, osteoporosis/osteopenia, cataract, and endocrine disturbances (12).
Although many of the common side-effects are not severe and could eas-
ily be manipulated by appropriate precautions, some rare, but serious,
ones could be life-threatening. None of our patients suffered from a seri-
ous complication related to [IVMP treatment during the study.

There are several limitations to this study. First and most importantly, pa-
tient selection bias could be an issue as patients were not randomized into
the treatment groups. They were grouped according to the severity of
their symptoms, which was decided by the treating clinician, at the begin-
ning of the study. Motor symptoms were regarded as more severe due to
the disability they cause, than the sensorial symptoms. The lesion sites and
lesion loads were not considered during selection. As shown in Table I,
majority of the patients in the 5-day treatment group mainly suffered sen-
sorial symptoms, whereas the patients in 10-day treatment group mostly
had motor symptoms. Nevertheless and interestingly, groups were not
statistically different according to baseline cytokine levels and EDSS scores,
most probably due to the nature of the EDSS scoring system. Second,
the effects of treatment duration in a single relapse were assessed; thus,
effects on long-term parameters such as time to the next relapse, dis-
ability, and disease progression could not have been examined. Even so,
the cytokine levels and EDSS scores at the 4™ week provided substantial
information. Finally, the number of patients in each treatment group was
small. Randomized multi-center studies with larger patient groups could
provide more credible results.

In conclusion, pulse high-dose IVMP treatment enhances functional re-
covery in patients with acute relapses of MS. In addition, IVMP treatment
significantly increases IL-10 levels, but has no effect on IL-12 levels in the
short term. More studies are needed to clarify the exact mechanisms of
action of [IVMP in treating relapses of MS.
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