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Abstract. Autoantibodies against different axonal cy-
toskeletal proteins [the light (NFL) and medium
(NFM) subunit of neurofilament and tubulin (TUB)]
in serum and cerebrospinal fluid may be generated in
response to the release of cytoskeleton from damaged
neurons. We studied the relationships among these
autoantibodies. Paired cerebrospinal fluid (CSF) and
serum samples were obtained from 47 multiple sclero-
sis (MS) patients, 14 patients with neurodegenerative
diseases, 21 patients with various neurological diseases
and 16 normal control subjects. Levels of antibodies
against NFL, NFM and TUB were related to each oth-
er in CSF in all groups, whereas close association of
anti-cytoskeletal antibodies in serum was found in the
MS group only. A concordant spectrum of anti-cyto-
skeletal antibodies is present in serum of MS patients,
unlike in other neurological patients. The synergy be-
tween the spectrum of anti-cytoskeletal antibodies in
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serum and CSF might be one of the immunological
features typical for the MS patients.

Introduction

The neuronal cytoskeleton is composed of neurofila-
ments and microtubules. Three types of neurofilament
proteins are designated as a light (NFL), a medium
(NFM) and a heavy (NFH) subunit according to their
molecular weight. These three different proteins form a
heteropolymer triplet structure. NFL serves as the back-
bone to which NFM and NFH are attached. Neurofila-
ments are found mainly inside the axons of neurons (Al-
Chalabi and Miller, 2003; Petzold, 2005). Microtubules
composed of proteins a- and B-tubulins (TUB) are the
other important components of cellular cytoskeleton.
The structures of cytoskeleton may be released from the
damaged neurons into the extracellular space. The inter-
action of cytoskeletal proteins with immunocompetent
cells can result in the synthesis of autoantibodies ( Zaf-
faroni, 2003; Petzold, 2005).

Various autoantibodies to cytoskeletal proteins have
been reported in several neurological diseases (Kurki et
al., 1986; Sadiq et al., 1991; Couratier et al., 1998; Salih
et al., 1998; Terryberry et al., 1998; Bornstein et al.,
2001; Silber et al., 2002; Eikelenboom et al., 2003; Eh-
ling et al., 2004; Skoda et al., 2006; Bartos et al., 2007a;
b). The elevated intrathecal synthesis of anti-NFL was
described in patients with progressive disease course of
multiple sclerosis (MS) (Silber et al., 2002). The close
relationship between the levels of intrathecal anti-NFL
immunoglobulin G (IgG) antibodies and the markers of
cerebral atrophy was demonstrated in MS patients
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(Eikelenboom et al., 2003). Ehling et al. (Ehling et al.,
2004) found elevated serum antibodies to NFL in the
primary progressive form of MS. In our previous studies
we have observed an elevated intrathecal production of
antibodies to NFM in MS patients (Bartos et al., 2007a)
but not in case of the antibodies to NFL (Bartos et al.,
2007b). Serum anti-neurofilament antibodies were also
elevated in patients following stroke (Bornstein et al.,
2001) and were detected more frequently in patients with
amyotrophic lateral sclerosis (Couratier et al., 1998).
Other anti-cytoskeletal antibodies were reported to be
induced by neuronal damage. Several clinical conditions
(e.g. brain trauma, neurodegenerative diseases) are as-
sociated with the elevated production of anti-tubulin an-
tibodies (Terryberry et al., 1998; Skoda et al., 2006).

So far the correlation between anti-cytoskeletal anti-
bodies has been explored only marginally (Salih et al.,
1998; Silber et al., 2002). In the present study we fo-
cused on antibodies to NFL, NFM and TUB in the pa-
tients with different neurological diseases. We compared
the cerebrospinal fluid (CSF) and serum (S) levels as
well as the intrathecal synthesis (IT) of anti-NFL IgG,
anti-NFM IgG and anti-TUB IgG in the group of pa-
tients with multiple sclerosis and in those with other
neurological diseases.

Material and Methods

Paired CSF and serum samples were obtained from
47 multiple sclerosis (MS) patients (34 women and 13
men, mean age 39 £ 11.2 years), 14 patients with neuro-
degenerative diseases (CDEG) (8 women and 6 men,
mean age 57.6 £ 14.2 years), 21 patients with various
unrelated neurological diseases (control diseased group
— CD) (18 women and 3 men, mean age 47.8 £ 16.8
years) and 16 normal control subjects (CN) (14 women
and 2 men, mean age 36.9 + 10.4 years).

The diagnosis and the course of MS at the time of
lumbar puncture (LP) were determined using established
criteria (Poser et al., 1983; Lublin and Reingold, 1996).
Twenty-nine patients had the relapsing-remitting form,
13 patients had the secondary progressive course and 5
patients had the primary progressive form of MS. The
median of disease duration at the time of LP was 5.6
years in MS patients (range 0.58-41 years). The Ex-
panded Disability Status Scale (EDSS) used for the as-
sessment of the level of disability at LP and the Multiple
Sclerosis Severity Score (MSSS) used for determination
of disease severity were 3.0 (0-6.5) and 5.6 (0.2-9.7)
[median (range)], respectively (Kurtzke, 1983; Roxburgh
et al., 2005). The therapy in 32 patients included immu-
nosuppressive therapy alone or combination of immu-
nosuppressive therapy with immunomodulatory agents;
others had received no treatment prior to their LP.

The patients in the group with neurodegenerative dis-
orders (CDEG) included these diagnoses: amyotrophic
lateral sclerosis (N = 10), frontotemporal dementia (N =
1), multiple system atrophy (N = 1), progressive su-
praventricular palsy (N = 1) and undetermined neurode-

generation (N = 1). The diseased control (CD) group
consisted of patients with miscellaneous diseases (e.g.
polyneuropathy, meningitis, and stroke). Normal control
(CN) subjects presented mostly with vertigo or head-
ache (vertebrogenic, migraine) or with neurotic or fa-
tigue syndromes, but their detailed assessment revealed
no abnormalities.

All subjects gave written informed consents to par-
ticipating in the study. The Ethics Committee of the
Third Faculty of Medicine of Charles University in
Prague approved the study. Specimens were stored at
—20 °C until analysis. Biochemists performing assays
were blinded to the diagnosis.

Cerebrospinal fluid and serum IgG anti-neurocy-
toskeletal autoantibodies were analysed by enzyme-
linked immunosorbent assay (ELISA) using modified
methods according to Silber et al. ( 2002). The anti-NFL
and anti-NFM were examined in the patients of all
groups. The antibodies to tubulin were not measured in
CDEQG patients and in several patients of other groups
because of the lack of biological material.

The 68-kD light bovine neurofilament (Progen, Heidel-
berg, Germany), 160-kD bovine neurofilament subunit
(Progen, Heidelberg, Germany) or bovine tubulin (Cyto-
skeleton, Denver, CO) were used as antigens for coating
the wells. Bovine neurofilaments and tubulin were purified
from bovine spinal cord and bovine brain, respectively. We
used serial dilutions of the stock pooled human serum as a
standard in all of the analytical series and the absorbances
of the standards were used for the construction of a stand-
ard curve. The highest standard concentration was defined
to be 100 arbitrary concentration units (AU). The results of
autoantibody concentrations were expressed in arbitrary
units (AU). The inter-assay and intra-assay variations for
all ELISA methods did not exceed 10 %.

The CSF and serum albumin were determined by im-
munonephelometry. To assess intrathecal synthesis of
anti-NFL, anti-NFM and anti-TUB IgG antibodies, the
anti-NFL/NFM/TUB index was calculated: (CSF anti-
neurocytoskeletal IgG/serum anti-neurocytoskeletal
IgG)/(CSF albumin/serum albumin).

The data were checked for their distribution by kurto-
sis and skew test and nonparametric statistics was used
because of the non-normal distribution. Relationships
between variables were studied using the Spearman’s
correlation coefficient. The significance level for all
tests was 0.05. Analyses were made with Statistica, ver-
sion 7 (StatSoft, Tulsa, OK).

Results

The main results are summarized in Tables 1-3. Cor-
relations between anti-NFL IgG and anti-NFM IgG levels
in CSF were statistically significant in all groups. Levels
of anti-NFL and anti-NFM IgG antibodies in serum cor-
relate significantly only in the MS and less closely in the
CD group. Intrathecal (IT) synthesis of anti-NFL IgG an-
tibodies was significantly related to intrathecal synthesis
of anti-NFM IgG antibodies in each group (Table 1).
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Table 1. Relationships between levels of anti-NFL IgG and anti-NFM IgG antibodies in patients and controls

Patient groups Serum CSF IT

r P r P r P
MS (N =47) 0.7 <0.0001 0.9 <0.0001 0.8 <0.0001
CDEG (N=14) 0.1 n.s. 0.8 <0.0005 0.8 <0.005
CD (N=21) 0.5 <0.05 0.7 <0.001 0.7 <0.001
CN (N=16) 0.5 ns. 0.8 <0.0001 0.8 <0.0001

N = number of subjects; r = Spearman’s correlation coefficient; n.s. = not significant; P = value of significance

Table 2. Relationships between levels of anti-NFL IgG and anti-tubulin IgG antibodies in patients and controls

Patient groups Serum CSF IT

r P r P r P
MS (N =139) 0.6 <0.0001 0.6 < 0.0005 0.5 <0.005
CD (N=13) 0.3 n.s. 0.4 n.s. 0.21 n.s.
CN (N =15) 0.2 n.s. 0.7 <0.005 0.60 <0.05

Abbreviations are explained in Table 1.

Table 3. Relationships between levels of anti-NFM IgG and anti-TUB IgG antibodies in patients and controls

Patient groups Serum CSF IT

r P r P r P
MS (N =39) 0.6 <0.0005 0.6 <0.0001 0.6 <0.0001
CD (N=13) 0.1 ns. 0.6 <0.05 0 ns.
CN (N =15) 0 n.s. 0.7 <0.005 0.7 <0.001

Abbreviations are explained in Table 1.

Anti-TUB antibody responses were significantly as-
sociated with the levels of both anti-NFL and NFM anti-
bodies in CSF in the MS, CD and the CN groups except
for no correlation with anti-NFL antibodies in the CD
group. Anti-TUB antibodies significantly corresponded to
anti-NFL and anti-NFM antibodies in serum only in MS
patients. IT synthesis of antibodies to tubulin positively
correlated with IT synthesis of both anti-neurofilament
antibodies in the MS and CN groups (Tables 2 and 3).

Anti-cytoskeletal antibodies were not related to clini-
cal parameters of the disease. The only exceptions were
correlations between intrathecal synthesis of anti-NFM
or anti-NFL with EDSS and anti-NFL with MSSS (Bar-
tos et al., 2007a; b; Svarcova et al., 2008).

Levels of autoantibodies in different patient groups
and follow-up data on the level of antibodies can be
found in our previous studies (Bartos et al., 2007a; b;
Svarcova et al., 2008).

Discussion

In the present study we found significant relation-
ships between selected anti-cytoskeletal antibodies in the
serum and cerebrospinal fluid. In MS patients, all exami-
ned anti-cytoskeletal antibodies correlated with each
other in the CSF and in the serum as well as those calcu-
lated as IT synthesis. We also found significant correla-
tions between anti-NFL and anti-NFM antibodies in
CSF and intrathecally in the patients with neurodegen-
erative disorders and in the heterogenic group of patients
with various neurological diseases. The close associa-
tion was found not only in the diseased groups, but also

in the normal controls. It seems that the close relation-
ship between anti-NFL and anti-NFM is a general phe-
nomenon. The highest correlation between anti-NFM and
anti-NFL found in the MS group may suggest that the
release of neurofilament subunits during axonal damage
and the immune response to both of the neurofilament
subunits proceed in a similar way. The possibility of the
cross-reactivity may contribute to the high correlation be-
tween the anti-NF antibodies. A certain structural similar-
ity exists between subunits of neurofilaments. The central
a-helical rod domains of both NFL and NFM contain
highly conserved motifs (Al-Chalabi and Miller, 2003;
Petzold, 2005). The antibodies to certain common
epitopes may explain the cross-reactivity between anti-
NFL and anti-NFM. Cross-reactivity experiments of IgG
antibodies with different neurofilament polypeptides
demonstrated the evidence of the cross-reaction only in
some serum samples (Salih et al., 1998).

In contrast to CSF antibodies, the levels of anti-cy-
toskeletal antibodies in the serum correlated only in the
group consisting of MS patients and not in the other
groups. It is intriguing that antibodies against neuron-
specific and otherwise hidden neurocytoskeletal anti-
gens are present in the serum. We hypothesize that this
is possible by the transfer of cytoskeletal fragments
from the CNS compartment to the periphery. Cytoskel-
etal and myelin debris, released by neurons, are removed
by macrophages which may be able to reach the periph-
ery, e.g. the cervical lymph nodes (Fabriek et al., 2005).
Anti-NFM antibodies could reflect not only antigen re-
lease, but may also be triggered by the process of mo-
lecular mimicry. According to this concept antibodies
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are induced from exposure to exogenous agents, possi-
bly virus-derived peptides. Such antibodies developed
within the systemic compartment may cross-react with
neuronal antigens (Prat and Antel, 2005).

In the present study we observed that a concordant
spectrum of antibodies against cytoskeletal proteins is
present in the serum of MS patients, unlike in other neu-
rological patients. This is probably caused by the con-
tinuous breakdown of neurons and axons associated
with dysregulated immunity in MS. Anti-neurocytoskel-
etal antibody synergy in the serum may reflect the re-
sponse of dysregulated immune system to the release of
neurocytoskeletal components to extracellular space
and even to the serum. Myelin debris was found in the
cervical lymph nodes (Fabriek et al., 2005). It may be a
similar principle to MRZ reaction (simultaneous occur-
rence of antibodies to measles, rubella and varicella
zoster (Reiber et al., 1998). This new finding should be
verified in other MS patients and control groups. The
synergy between the spectrum of anti-cytoskeletal anti-
bodies in the serum and CSF might be one of the im-
munological features specific for the MS patients.
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