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Abstract:

In order to elucidate the mechanism of intravenous methylprednisolone (IVMP) therapy of relapses in multiple sclerosis (MS)

patients, we have undertaken a study on the expression of the chemokines: soluble platelet endothelial cell adhesion molecule

(sPECAM-1) and interferon �-inducible protein (CXCL10), before and after treatment. As more becomes known about the

mechanism of methylprednisolone (MP) action, it may be possible to find a more specific treatment as well for the individual

patients as the phase of the disease.

The mean level of sPECAM-1 in our material was almost identical in either the MS and control subjects. After a 5-day therapy with

IVMP, no changes were found in comparison with the starting value. The serum concentration of CXCL10 in MS patients was found

to be higher compared to that in sera from control subjects. After therapy with IVMP the mean level of CXCL10 was diminished to

the initial value and occasionally was even lower than in the control group.

The findings established in our present study indicate that IVMP diminished significantly the elevated expression of CXCL10,

which seems to be an important factor in the mechanism of this drug action on MS relapses. It is important to stress that the reaction is

not a general one because there was no effect on the expression of sPECAM-1.
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CXCR3 – chemokine receptor, EAE – autoimmune encephalo-

myelitis, IVMP – intravenous methylprednisolone, MP – me-

thylprednisolone, MS – multiple sclerosis, sPECAM-1 – solu-

ble platelet endothelial cell adhesion molecule

Introduction

Multiple sclerosis (MS) is a chronic inflammatory de-

myelinating disease with presumably autoimmune eti-

ology, mediated by blood-derived immune cells in-

vading the central nervous system. Methylpredniso-

lone (MP) plays a significant role in the current

treatment of the acute phase of relapse in patients with

MS, and this is due to its significant anti-inflammatory

and immunosupressive effects [3, 18]. However, the

specific target affected by this therapy remains obscure.

Inflammatory mediators play an outstanding role in

the development of inflammation and demyelination

leading to neurological symptoms [2, 5].

PECAM-1 (platelet endothelial cell adhesion

molecule-1; also called CD 31) is an adhesion mole-
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cule that belongs to the immunoglobulin superfamily

that is involved in transendothelial migration of leu-

kocytes. It functions as a scaffolding molecule capable

of liberating a modulatory cellular signaling pathway

[4]. Soluble PECAM-1 is increased in serum of MS pa-

tients with gadolinium positive enhancing lesions, but

not in those without enhancing lesions [8]. PECAM-1

is also overexpressed on lymphocytes in patients with

acute MRI lesions [14]. Therefore, it seems that it

plays an important role in MS relapses [7, 12, 15].

In multiple sclerosis and its experimental model

autoimmune encephalomyelitis (EAE), autoaggres-

sive T-cells traffic into the central nervous system and

induce the disease [7]. Infiltration of these T-cells has

been correlated with the expression of the chemokine

IFN�-inducible protein (CXCL10, also called IP-10),

a chemoattractant for activated T-cells, and with its

receptor CXCR3 [6]. Sörensen et al., [17–20] have

found the elevated CSF levels of chemokines, including

CXCL10 that act on T cells and mononuclear phago-

cytes during MS relapses.

In order to elucidate the mechanism of intravenous

methylprednisolone therapy of relapses in MS pa-

tients, we have undertaken a study on the expression

of the chemokines: sPECAM-1 and CXCL10, both of

crucial significance in immunopathology of relapses

in MS, before and after treatment. For ethical reason,

we could evaluate the effect of steroids in MS popula-

tion in a phase of exacerbation only and not in the

control group. As more becomes known about the

mechanisms of MP action, it may be possible to find

a more specific treatment as well for the individual

patients as the phase of the disease.

Material and Methods

Patients and procedure

Peripheral blood was obtained from 30 patients (23

females and 7 males) with clinically definite MS, ful-

filling the criteria of Mc Donald et al. [13], a day be-

fore and a day after methylprednisolone treatment,

and from 20 control healthy persons. The blood was col-

lected at 9.00 a.m. ± 10 min. The patients had not been

under the effect of alcohol or had not been smoking

on the day of the blood collection. Intravenous ad-

ministration of methylprednisolone (Solu – Medrol,

Pharmacia Corporation, Belgium) at a dose of 1.0 g

for 5 days was used to treat the new relapse of the dis-

ease. Mainly the pyramidal system was affected. The

MS patients were in the relapsing-remitting phase of

the disease. None of the patients was in the secondary

progressive course of MS and none had other con-

comitant diseases nor was treated with other drugs.

The female patients were not using hormonal contra-

ceptives. They were aged from 23 to 56 years (mean

39.2 years). The mean duration of MS was 5.8 years

(ranging from 1 to 20 years). Mean EDSS on the time

before treatment was 3.5 (1.5 to 7.0). The control

group comprised 20 healthy adults (14 females and 6

males), aged from 25 to 46 year (mean 36.4 years).

The study was approved by the Ethics Committee of

the University of Medical Sciences in Poznañ.

The levels of sPECAM-1 and CXCL10 in blood

serum were measured in duplicate by the ELISA im-

munoassay test using human sPECAM-1 test (Bender

Med System) or Quantikine human CXCL10 kit

(R&D Systems, USA).

For statistical comparison of differences between

MS and control subjects, the t-test and the nonpara-

metric U-Mann-Whitney test for two independent

samples was used. Data from the MS group before

and after intravenous methylprednisolone /IVMP/

therapy were evaluated by the Wilcoxon test for

paired variables.

Results

The mean level of sPECAM-1 in our material was almost

identical in either the MS group and control subjects. Af-

ter a 5-day therapy with IVMP, no changes were found in

comparison with the starting value (Tab. 1).

The serum concentration of CXCL10 in MS pa-

tients was found to be higher, but not significantly,

compared to that in sera from control subjects. After

therapy with IVMP the mean level of CXCL10 was

diminished to the initial value and occasionally was

even lower than in the control group (Tab. 2).

Discussion

Multiple sclerosis relapses are treated with short

courses of intravenous methylprednisolone which in

the majority of cases speeds the recovery from exac-
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erbation. IVMP treatment is followed by a prompt in-

crease in conduction properties of the central motor

neurons, which parallels an improvement of muscle

strength. This is assumed to reflect a partial resolution

of the central conduction block [4]. Despite similar

bioavailability of IV methylprednisolone and oral

prednisone [11], the intravenous route is better toler-

ated and, therefore, is assumed to be the method of

choice. That is why the detailed mechanism of action

should be thoroughly studied. A general mechanism

of action of methylprednisolone in the treatment of

MS relapses may be found in the review by Sloka and

Stefanelli [16]. The authors have emphasized that it

acts by decreasing the inflammatory cytokine cas-

cade, by inhibiting the T cell activation, and this re-

sults in partial inhibition of extravasation of immune

cells from the periphery to the central nervous system.

If IVMP also facilitates the apoptosis of activated im-

mune cells and decreases the cytotoxic effect of nitric

oxide remains a hypothesis only. The possibility of

suppression of expression of genes associated with T-

cell differentiation and antigen-specific T-cell activa-

tion is also under discussion [1].

An imbalance in cytokine homeostasis plays an im-

portant role in the pathomechanism of multiple scle-

rosis and seems to be a significant factor in exacerba-

tions and improvements in the relapsing-remitting

phase of the disease [10]. In our present studies, we

have found a normal expression of sPECAM-1 and an

elevated level of CXCL10 in our group of MS pa-

tients (in extreme cases by 5-fold the normal value).

The differences were not significant, because of great

variability between the individual cases (min 5.4 max

500.8) and without a clear-cut relation to the clinical

status. CXCL10 is a pleiotropic molecule, capable of

eliciting potent biological effects in vitro and in vivo,

including stimulation of monocytes, natural killer cells

and T-cell migration, regulation of T cells, as well as

modulation of adhesion molecule expression [13].

The findings established in our present study indi-

cate that IVMP diminished significantly the elevated

expression of CXCL10, which seems to be an impor-

tant factor in the mechanism of this drug action in MS

relapses. Steroid treatment of MS relapses is consid-

ered to be a gold standard and no other medication is

used in the course of this phase of the disease. It is im-

portant to stress that the reaction is not a general one

because there was no effect on the expression of

sPECAM-1. However, the question whether there are

other medications than glucocorticosteroid drugs in-

fluencing more specifically the expression of CXCL10

in the course of MS remains open. The other open

question is how CXCL10 neutralizing agents or

CXCR3 receptor antagonist might be applied to treat

human autoimmune diseases, including MS [7].
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