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The aim of the present study was to investigate the serum and cerebrospinal
fluid (CSF) concentrations of tumor necrosis factor alpha (TNF-alpha) and soluble
vascular cell adhesion molecule-1 (sVCAM-1) in patients with primary progressive
form of multiple sclerosis (MS) and in patients with connective tissue diseases (CTDs)
complicated with central nervous system (CNS) involvement. Stimulation of
sVCAM-1 release by TNF-alpha was demonstrated on endothelial cells of brain ves-
sels. We intended to present the TNF-alpha stimulated elevation of sVCAM-1 in the
serum and CSF in any cases of CNS lesion. Fifty patients with several CTDs compli-
cated with neuropsychiatric symptoms and 25 MS patients with primary chronic pro-
gressive form of the disease were selected. Determinations of TNF-alpha and
sVCAM-1 were performed using ELISA methods. TNF-alpha and sVCAM-1 concen-
trations were elevated in the CSF of all patients, intrathecal synthesis of sVCAM-1
was demonstrated in MS patients. The changes in the TNF-alpha and sVCAM-1 con-
centrations were independent from the clinical manifestations, immunoserological
changes and quality of neuropsychiatric symptoms of the CTDs. The stimulatory ef-
fect of TNF-alpha was more pronounced in the CSF of MS patients.
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Introduction

Connective tissue diseases (CTDs) are frequently complicated with in-
volvement of the central nervous system (CNS). Several symptoms of CNS lesions
are present in as many as 70% of systemic lupus erythematosus (SLE) [1], 20% of
primary Sjogrens syndrome (PSS) [2], and 10% of rheumatoid arthritis (RA) [3]
patients. Coexistence of systemic autoimmune diseases and immune/autoimmune
diseases of the nervous system was described [4, 5, 6, 7]. In several cases a com-
mon genetic background was predisposed [4, 6, 8]. Immunoserological tests are
frequently positive in autoimmune diseases of nervous system [9]. Concentrations
in body fluids of immunoglobulines [10], cytokines [11] and soluble adhesion
molecules [12] showed some similarities in systemic and organ specific diseases.
The pathomechanism of the involvement of CNS is not clarified. In any case,
blood–brain barrier damage is necessary early in the development of lesions in the
CNS because it permits entry of cellular and soluble mediators with pathogenic
potential into the CNS. TNF-alpha seems to stimulate the release of sVCAM-1
from endothelial cell surface [13]. Positive correlation between the serum and
cerebrospinal fluid (CSF) concentrations of TNF-alpha and adhesion molecules
was described in multiple sclerosis (MS) [14]. SLE patients with cerebrovascular
complications were characterized with elevated levels of serum TNF-alpha and
sVCAM-1 [15]. The aim of the present study was to investigate the serum and CSF
concentrations of TNF-alpha and sVCAM-1 in patients with primary progressive
form of the MS and in patients with CTDs complicated with CNS involvement.
We demonstrated the presence of the TNF-alpha stimulated elevation of
sVCAM-1 in the serum and CSF in any cases of CNS lesion.

Materials and methods

Twenty five female patients with primary chronic progressive form of clini-
cally defined MS, according to Poser criteria [16] and 50 female patients with sev-
eral forms of CTDs were selected. Diagnostic criteria of SLE [17], primary
Sjogrens syndrome [18] or rheumatoid arthritis (RA) were not completely present.
25 patients were listed to SLE, 15 patients showed several symptoms characteristic
for primary Sjogren syndrome and in 10 patients symptoms of joint lesions domi-
nated. Patients presented several clinical symptoms, and immunoserological ab-
normalities. Clear-cut nosological classification was, however, impossible during
a two-year observation period. Different symptoms of CNS lesions were presented
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[1]. Twenty five female patients with degenerative disease of spinal column served
as a control group. The study was conducted in compliance with the guidelines set
out in the 1966 Declaration of Helsinki. Basic clinical and laboratory characteris-
tics are presented in Table I. Patients with serious side effects of corticosteroide
treatment, hypertony, nephrosis syndrome, infections or presence of antiphospho-
lipide antibodies were excluded.

Magnetic resonance imaging (MRI) investigations were performed several
days before the lumbar puncture. MRI scans of MS patients showed multifocal
white matter lesions and some newly formed lesions with Gadolinium enhance-
ment. Ten patients with autoimmune diseases had no pathology on the brain MRI
scans. Lesions of the spinal cord were presented. Nine of the CTD patients had
symptoms of slight brain edema. One patient was characterized by a large
ischemic lesion, without perifocal edema. All other patients had small white mat-
ter lesion with or without Gadolinium enhancement.

Intrathecal synthesis of IgG was presented in 92% of MS and 96% of CTD
patients. Oligoclonal IgG bands were presented in all MS and in 30% of CTD pa-
tients. Neither intrathecal synthesis of immunoglobulines, nor oligoclonal IgG
bands were demonstrated in the control patients (Table I).
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Table I

Clinical and laboratory characteristics of the patients groups

Control (25) MS (25) CTD (50)

Age [years] 38±4.5 39±1.5 43±3.5
Duration of illness [years] 4.52±0.7 6.8±4.3
Duration of neuropsychiatric

symptoms [years] 1.8±0.5
Therapy azathioprine low doses of steroid 20,

cytostatics 10,
combined 20

Intrathecal IgG synthesis 23/25 48/50
ESR 0/25 50/50
Anti-dsDNA 1/25 40/50
Anti-SSA/Ro 1/25 5/50
Anti-SSB/La 0/25 8/50
Rheuma factor 0/50 14/50
Neuropsychiatric symptoms

cranial nerves 25/25 8/50
brainstem 20/25 12/50
pyramidal 10/25 25/50
cerebellar 5/25 3/50
spinal cord 15/25 10/50
psychiatric disturbances 15/25 40/50

MS = multiple sclerosis, CTD = connective tissue disease



Concentrations of anti-dsDNA, -SSA/Ro, -SSB/La, -Sm, -Sm/RNP and
anticardiolipin antibodies were determined using commercial ELISA assays.

The investigations of the CSF were performed at the time of exacerbation of
the neuropsychiatric symptoms. CSF and serum samples were taken simulta-
neously. Lumbar puncture was performed after 24-hour bed rest in sitting position.
The first 2 mls of the CSF were used for the determinations of cell count, proteins
and immunoglobulines. The 3rd–5th mls of the CSF and the sera were frozen at
–70 °C. Concentrations of TNF-alpha and sVCAM-1 were determined using an
ELISA assay of R&D systems for quantitative determination of TNF-alpha and of
sVCAM-1 in cell culture, supernate, serum and plasma. CSF samples were exam-
ined without dilution.

The significance of differences was tested using the t-test (2 samples as-
suming unequal variances) and the Wilcoxon’s test. Correlation between variables
was analyzed using Spearman rank coefficient, and the Pearson correlation. Intra-
thecal synthesis of the TNF-alpha and sVCAM-1 was calculated using the formula
serum albumin/CSF albumin × CSF TNF-alpha (sVCAM-1)/serum TNF-alpha
(sVCAM-1) [19].

Results

The age and the duration of illness did not differ between the patient groups
investigated. In 23% of CTD patients the neuropsychiatric symptoms developed
relatively early (within less than 1 year) after the beginning of the autoimmune dis-
ease. Intrathecal IgG synthesis was presented in the majority of the MS and CTD
patients. CTD patients showed elevated erythrocyte sedimentation rates (ESR).
Elevated anti-dsDNA and anti-SSA/Ro antibody concentrations were present in
two different MS patients and in several CTD patients. Rheuma factor was detect-
able only in CTD patient group (Table I). Anti-Sm, -Sm/RNP and NCA antibodies
were present in 1–10% of CTD patients (data not shown).

An increased level of serum TNF-alpha relative to control and MS patients
was present in patients with CTD. TNF-alpha concentrations in the CSF were ele-
vated in both patient groups. No differences were found between the MS ad CTD
groups. Intrathecal synthesis of TNF-alpha was not detectable (Table II). How-
ever, most of the patients showed elevated indices (Figure 1). Differences between
the groups of CTD patients closed to several diagnostic categories were not pre-
sented. TNF-alpha concentrations in CSF and serum in patients with several neu-
ropsychiatric symptoms were not different (data not shown). Weak correlations
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between the CSF and serum concentrations of TNF-alpha were demonstrated in
control (r = 0.30, p < 0.1), MS (r = 0.27, p < 0.1) and AI (r = 0.25, p < 0.1) patients.

Significant elevation of sVCAM-1 concentrations in serum and CSF was
present in MS patients. Concentrations of sVCAM-1 were elevated in serum and
CSF in CTD patients. This difference was not significant relative to the control
values. Differences between the MS and CTD patients were not demonstrated.
Intrathecal synthesis of sVCAM-1 was demonstrated in MS patients (Table III).
Several patients of both groups showed elevated indices (Figure 2). sVCAM-1
concentrations did not differ in CTD patients closed to several nosological catego-
ries or with different neuropsychiatric symptoms (data not shown). CTD group of
patients (r = 0.28, p < 0.1) and control patients (r = 0.25, p < 0.1) showed weak cor-
relations between the CSF and serum concentrations of sVCAM-1. Correlation be-
tween the CSF and serum concentrations of sVCAM-1 in MS patient groups was
not detected (r = 0.06, NS.).
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Table II

TNF-alpha concentrations

TNF-alpha CSF [pg/ml] Se [pg/ml] Index [<200]

Control (25) 0.37±0.03 1.68±0.19 142± 42
MS (25) 1.88±0.62* 1.54±0.33 306±118
CTD (50) 2.56±1.05* 3.48±1.22* 328±108

MS = multiple sclerosis, CTD = connective tissue disease, CSF = cerebrospinal fluid, Se = serum
Elevated serum levels of TNF-alpha were observed only in the CTD patient group. Concentrations of
TNF-alpha in the CSF were elevated in patients with MS and CTD. Difference between the MS and CTD
patients was observed only in serum concentrations. *p < 0.01
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Figure 1. The number of patients is figured on the x axis. The values of the calculated indices are
presented on the y axis. 76% of the MS and 84% of the CTD patients showed elevated indices –

intrathecal TNF-alpha synthesis



Concentrations of TNF-alpha and sVCAM-1 in the serum and in the CSF
did not correlate in control patients (data not shown). Significant correlation was
found between TNF-alpha and sVCAM-1 concentrations in the serum of MS
(r = 0.58, p < 0.01) and CTD (r = 0.68, p < 0.01) patients. Concentrations of
TNF-alpha and sVCAM-1 in the CSF did not correlate (MS: r = 0.27, p < 0.1,
CTD: r = 0.35, p < 0.1).

Discussion

The aim of the study was to investigate the TNF-alpha stimulated elevation
of sVCAM-1 in the CSF and serum in CTDs in cases with CNS involvement. We
compared patients with autoimmune disease of the CNS (MS) and patients with a
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Figure 2. The number of patients is figured on the x axis. The values of the calculated indices are
presented on the y axis. 72% of the MS and 50% of the CTD patients showed elevated indices –

intrathecal sVCAM-1 synthesis

Table III

sVCAM-1 concentrations

sVCAM-1 CSF [ng/ml] Se [ng/ml] Index [<2]

Control (25) 2.26±0.26 250±84 1.02±0.30
MS (25) 5.80±1.63* 784±56* 2.59±0.10*
CTD (50) 3.81±1.10 783±234 2.26±0.83

MS = multiple sclerosis, CTD = connective tissue disease, CSF = cerebrospinal fluid, Se = serum
Statistically significant elevation of serum and CSF levels and intrathecal synthesis of sVCAM-1 were
demonstrated in MS patients. Elevation in CSF and serum concentrations and intrathecal synthesis of
sVCAM-1 were demonstrated in CTD patients. Statistical significant differences between the MS and CTD
patients were not present. *p < 0.01



systemic disorder. Diagnostic criteria for each nosological entities in CTDs were
not taken into account, however previous studies described several differences
concerning the TNF-alpha and sVCAM-1 serum concentrations [15]. Selection of
patients with primary chronic form of MS was based on the immunological differ-
ences between the several clinical forms of the disease [20].

Increased levels of TNF-alpha [14, 21] and sVCAM-1 [12, 20, 22] in MS
patients, at the time of exacerbation of clinical symptoms were described previ-
ously. Data confirming our findings on increased TNF-alpha and sVCAM-1 in the
CSF of connective tissue diseases were not available. Increases of TNF-alpha [15,
23] and sVCAM-1 [15, 23, 24] concentrations in serum were described.

Lack of correlation between the TNF-alpha and sVCAM-1 concentrations
in serum and CSF and presence of intrathecal synthesis in majority of patients sug-
gest the possibility of an immunological process occurring in the CNS, in addition
to the blood-brain barrier damage. The more pronounced elevation of TNF-alpha
concentrations in sera of patients with connective tissue diseases can be explained
as an ongoing immunological process first on the periphery. The moderate eleva-
tion of sVCAM-1 concentrations in the CSF of patients with systemic diseases can
be a consequence of the time-dependent stimulation of the excretion of sVCAM-1
by TNF-alpha [13]. At the time of the investigation the stimulatory effect was in a
progressive phase.

Correlation between the symptoms of clinical exacerbation and inflamma-
tory markers in MS patients is widely discussed [25, 26]. The data presented sug-
gest simultaneous elevation of TNF-alpha and sVCAM-1 concentrations in the
CSF at the time of clinical impairment. An elevation of TNF-alpha concentrations
in serum was not demonstrated, in contrast to previous reports [27]. The discrep-
ancy can be explained as a consequence of chronic cytostatic treatment, suppress-
ing the immunological processes mainly on the periphery. Another possible expla-
nation is, that the immunological process started before the examination was per-
formed.

The stimulation of sVCAM-1 excretion by TNF-alpha was more pro-
nounced in the CSF of MS patients. Stimulatory role of CSF cytokines on myeloid
dendritic cells was described [28]. The data presented can be explained by the
dominance of T cell dependent immunological processes in the CNS. Nonetheless
the direct effect of TNF-alpha on the brain endothelial cells [29] cannot be ex-
cluded.

The data presented suggest that the TNF-alpha stimulated sVCAM-1 excre-
tion is present in the CSF in connective tissue diseases complicated with CNS in-
volvement. The changes in the TNF-alpha and sVCAM-1 levels were independent
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from the clinical symptoms and immunoserological changes in the patients with
connective tissue disease. They were independent from the character of the neuro-
psychiatric symptoms. The stimulatory effect of TNF-alpha was more pronounced
in the CSF of MS patients. Following the blood–brain barrier damage (TNF-alpha
stimulated excretion of sVCAM-1) the same type of immunological processes
seems to be generated in the CNS. Differences can be suspected concerning the
type of predominantly activated cells and in the order of activation.
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