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Abstract

Aetiology and pathogenesis of amyotrophic lateral sclerosis (ALS) is still a mystery. Among several hypotheses
autoimmune mechanisms are also taken into account. We report here our investigations of auto-antibodies against
proteins of spinal cord cells in the cerebrospinal fluid (CSF) and serum of ALS patients. The results were correlated
with the severity of disease course. The subjects were 57 ALS patients (29 severe, 28 mild) and 10 normal controls.
The major finding in CSF was the presence of antibodies against a 70 kD protein in the majority of ALS patients.
This protein was identified as neurofilament 68. The second protein of high reactivity and frequency of appearance
was a 82 kD protein, which was identified as a-actinin. Less reactive and less frequent were antibodies directed
against 55 kD and 40 kD proteins. They were immunologically defined to be related to desmin and actin, resp. The
difference between the reactivity of anti-neurofilament and anti-desmin related protein in the severe and mild ALS
groups was significant. More frequent were the anti-neurofilament antibodies in the severe ALS cases as compared
to the milder ones. In normal CSF, antibodies directed against 55 kD, 70 kD and 82 kD proteins were present in traces
and appeared in 5%, 20% and 10% of cases, respectively. In the serum of 30% of severe ALS patients traces of
antibodies against 70 kD protein were detected. The morphological studies in the presence of CSF of ALS patients
revealed pronounced immunoreactivity of spinal cord neurons, mainly within anterior horns.

The significance of the presence of auto-antibodies in CSF of ALS patients against cellular proteins of the spinal
cord is hard to define. It is conceivable that they appear as a secondary immunological consequence of neuronal
death. It is also possible that they may accelerate the course of neuronal degeneration.
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Introduction neurons in the spinal cord anterior horns. The
pathogenesis of these changes is still uncertain.
Different causes of the disease are suggested. The
by degeneration of large pyramidal neurons in the origin may be 1) genetic with mutations of the SOD1
motor cortex, the corticospinal tracts, and the motor gene, 2) environmental, 3) persistent viral and prion

Amyotrophic lateral sclerosis (ALS) is characterized
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infection, 4) excitotoxicity, 5) oxidative damage, 6)
disorganization of neurofilaments, 7) impaired
mitochondrial functions, 8) deficit of neurotrophic
factors and 9) autoimmunity [4, 19]. The right answer to
the question of autoimmune origin, in a subset of ALS
cases, is essential in, at least, efforts of therapeutic
procedures in this disease. The link between the
presence of auto-antibodies in ALS and neuronal injury
is not clear, the more so as the presence of
antigen/antibodies is so far not specific for ALS.
Indications of autoimmune mechanisms are first
derived from experimental models of Engelhardt et al.
[10]. Autoimmune mechanisms in ALS are also
suggested through the high frequency of serum
monoclonal gammopathy, association of thyroid
diseases, and lymphocytic infiltration of spinal cord and
brain. Several antibodies, detected with variable
frequency, are associated with a subset of ALS patients.
These are antibodies to gangliosides [16, 17, 25], calcium
channels [24], neurofilament subunits [6, 26], Fas [22],
tubulin, glial fibrillary acidic protein (GFAP), B-amyloid
peptide, myelin basic protein, heparan sulphate
proteoglycan, S100 and the Tau protein [26],
acetylcholinesterase [5] and unidentified proteins of
150-200, 70, 50 kD [3, 23]. The antibodies against
neuronal antigens in the majority of reports are
detected in serum. No consistent changes of auto-
antibodies in CSF of ALS patients are presented yet [16,
25, 26).

The presence of several antibodies may support the
suggestion of autoimmunity in a subset of ALS
patients. Its role in ALS remains, however, uncertain.
The immune responses evoked by some of the spinal
cord antigens may induce damage to motor neurons,
and/or may be the consequence of neurodegeneration
and neuronal death.

The aim of this study was to characterize the
proteins in the spinal cord which may be targets for
auto-antibodies in the CSF and serum of ALS patients
and also to check whether their presence is related to
the course of this disease.

Patients and methods

A total of 57 patients with ALS (34 male, 23
female) aged 52+11, ranging from 26 to 69 years,
were examined. The patients were diagnosed as
classical ALS (29 cases), progressive bulbar palsy (11
cases), primary spinal muscular atrophy (8 cases),
and probable upper motor neuron syndrome (9
cases). The duration was 28+23 months (ranging
from 5 to 192 months). The clinical course of the
disease in 29 patients was severe, in 28 mild. The
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control group comprised 10 age-matched healthy
subjects.

CSF and blood were taken on the same day
after overnight fasting and centrifuged at 3000
rpm for 10 min. The supernatant was frozen at
—72°C until used.

For the morphological analyses spinal cord of a 50-
yr-old non-neurologic subject was taken and
frozen. The sections were incubated first with 0.5%
hydrogen peroxide to block the activity of
endogenous peroxidase, then overnight with ALS
patients’ CSF, followed by antibodies against
human immunoglobulins (Rabbit anti-Human
mmunoglobulins, Dako 1:100), secondary antibodies
labelled streptavidin-biotin (Dako LSAB2+HRP system),
and 1% 3,3-diaminobenzidine used as chromogen.

For immunochemical examination the same spinal
cord was quickly frozen, weighed and homogenized in
50 mM phosphate buffer (pH 7.5) with protease
inhibitor cocktail, consisting of 5 mg leupeptin, 5 mg
pepstatin, 5 mg antipain and phenylmethylsulphonyl
fluoride. 10 pl of 1.7% dimethyl sulphoxide was added
per 1 ml of the buffer. The homogenates were frozen in
small quantities to avoid repeated freezing/thawing.
The concentration of proteins in the spinal cord was
estimated by the method of Peterson [18]. The same
spinal cord homogenate was further used for all sets
of antibody analyses. 100 pug of the proteins were
separated by SDS-polyacrylamide gel electrophoresis
in the Mini-Protean Il system (Bio-Rad) on 4-15%
gradient gels and developed according to Laemmli [13].
Afterwards the proteins were blotted on
nitrocellulose membranes 0.2 pm (LKB) in a Mini
Trans-Blot Electrophoretic Transfer Cell (Bio-Rad). The
nitrocellulose sheets were overlaid with a 3% blocker
in PBST (Bio-Rad), then CSF/serum of patients and
controls at dilutions of 1:50 in 1% BSA-PBST in Mini-
Protean Multi-Screen (Bio-Rad) was applied and
incubated for 1 hr. After washing secondary IgG goat
anti-mouse was used. The nitrocellulose sheets were
further processed by means of the GelDoc 1000/2000
system and imaging densitometer GS-700 (Bio-Rad),
Multi-Analysts/PC version 1.1, Quantity One version 4
and P91 Mitsubishi Video Printer. For identification of
82 kD, 70 kD, 55 kD and 40 kD monoclonal antibodies
against a-actinin, neurofilament 68, desmin and actin
(Sigma) in appropriate dilutions were incubated with
the separated spinal cord proteins. Their Rf values
were calculated and compared to those of the
immunochemically stained bands in the presence of
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CSF. One lane of each blot was loaded with 1% BSA-
-PBST to detect non-specific binding of peroxidase-
-labelled second antibodies. No staining was
observed.

Statistical analysis

The variances and significance analysis by
Wilcoxon’s and Student’s test were calculated.
Fisher's exact test to compare the frequency of
positive results was used in the tested groups.

Results

The immunocytochemical examinations indicated
an evident cytoplasmatic reactivity in neurons of
spinal cord anterior horns (Fig. 1). No reactivity in the
other spinal cord cell and structures was present.

In ALS there was a positive reaction for 82 kD,
70 kD, 55 kD and 40 kD in 80.7%, 80.6%, 59.7%
and 19.2% of patients, respectively. There were
significant differences in reactivity against the 70
kD and 55 kD proteins when the severe and mild
ALS groups were compared (Fig. 2, Table I). The
auto-antibodies against the 70 kDa protein
(neurofilament 68) appeared also to be more
frequent in the severe ALS group than in the
milder cases (Table Il). In control CSF traces of
reactivity against the 55 kD, 70 kD and 82 kD
proteins were present. They appeared in 5%, 20%
and 10% of tested normal CSF samples. In the
serum of 30% of the severe ALS group traces
(0.3+0.2 mm x 10-4 OD) of anti-70 kD protein
antibodies were observed. In control serum no
reactivity was observed.

The reactive bands of the spinal cord cell
proteins in the presence of CSF of the ALS patients
were identified immunochemically as a-actinin,
neurofilament 68, desmin and actin.

No correlation between age, sex, disease
duration and antibody reactivity and the frequency
of their appearance was present.

Discussion

A number of reports indicate the presence of auto-
antibodies in the serum of ALS patients. Less frequent
are data concerning the appearance of auto-antibodies
in the CSF of these patients. Several questions need to
be answered: 1) Are the antibodies primarily involved
in the disease pathomechanism(s)? 2) Do they appear
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Fig. 1. Immunocytochemical examination of
spinal cord sections in the presence of CSE
Visible cytoplasmatic reactivity of neurons in
the anterior horn, insert — magnification of the
marked area. Arrowhead — central canal
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Fig. 2. Western blots showing antibodies’
reactivity against spinal cord proteins in
cerebrospinal fluid of a severe ALS patient (a), a
mild ALS patient (b) and a control case (c). The
scale on the left indicates relative molecular
mass of the proteins x 10°
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Table 1. Staining intensity of 1gG antibodies in cerebrospinal fluid against spinal cord proteins in amyotrophic lateral sclerosis

patients (mm x 10 OD)

Mol. wt. kD ALS (57) ALS severe (29) ALS mild (28) Controls (10)
82 25.9+3.2 28.6+4.3! 23.2+2.3! 0.2+0.1
70 22.5+2.5 29.9+2.9% 15.1+2,1 0.8+1.8
55 16.5+3.7" 22.3+3.9" 11.6+2.3 0.4+1.0
40 10.2+3.7" 15.1+5.1 5.3+2.2' 0

The values are means + SE. The number of examined patients and controls is given in parentheses. Comparison of ALS patients and controls:

significant at ' P< 0.001.
Comparison of severe ALS vs mild ALS: significant at * P<0.001, ® P<0.02
Mol. wt. — molecular weight

Table II. Frequency (%) of 1gG antibodies in cerebrospinal fluid against spinal cord proteins in amyotrophic lateral sclerosis

patients
Mol. wt. kD ALS (57) ALS severe (29) ALS milder (28) Control (10)
82 80.7 82.8! 78.6' 10
70 80.6° 97.0" 64.3° 20
55 59.7% 58.6" 60.7° 5
40 19.2 27.0 10.7 0

The values are means + SE. The number of examined patients and controls is given in parentheses.
Comparison of the ALS total material, the severe group, and the mild group vs controls: Fisher’s exact test: significant at 'P<0.0001, °P<0.0004,

°P<0.0007, *P< 0.001, °P< 0.0197

Comparison of severe ALS vs mild ALS: Fisher’s exact test: significant at * P<0.0022.

Mol. wt. — molecular weight

as a consequence of the antigen release from
damaged neural tissues? 3) Do the antibodies
accelerate neuronal degeneration? 4) Are the auto-
antibodies in CSF synthesized intrathecally? 5) Do
the examinations of auto-antibody profiles have any
diagnostic or prognostic value?

Circulating 1gG/IgM antibodies against human
spinal cord motor neurons are already reported in
about half of ALS patients [14]. They are, however,
often found also in other diseases of the nervous
system, and even in a small proportion of normal
controls. In about 32% of ALS patients, but also in
27% of other neurological diseases, glial and
axonal reactivity in the presence of ALS serum and
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CSF is described. Staining of endothelial cells by
serum and CSF in 24% of ALS patients is indicated
to be specific for this disease [12].

According to our results among different proteins
of the spinal cord only some of them became targets
for auto-antibodies. Neurofilament 68, a-actinin,
desmin and actin responded immunologically to the
CSF of ALS patients. Reactivity against neurofilament
68 subunit was higher in the ALS severe cases than in
the milder ALS group. Also the frequency of their
appearance was higher in the severe ALS group than
in the milder one (97% vs 64%). In serum only traces
of anti-70 kD antibodies in a subset of severe ALS
cases were present.
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Neurofilaments have been a subject of interest
for several years. Neurofilaments are intermediate
filaments of neurons and are composed of three
subunits (200, 150 and 68 kD). The 68 kD protein
forms the backbone of the protein, while the other
subunits are located more peripherally. In
morphological examinations of ALS cases an
accumulation of phosphorylated neurofilaments and
focal-GFAP positive astrocytosis in the precentral
cortex is reported [27]. The role of intraneuronal
aggregates of neurofilaments in the pathogenesis of
ALS is, however, not yet settled. Antibodies against
the low molecular weight neurofilament cross-react
with the neuronal surface protein [20]. It is also
indicated that the anti-neurofilament antibodies,
which are present in 25% of ALS patients’ sera, react
with axons, are directed against different subunits of
neurofilaments and are involved in an autoimmune
process in a subgroup of ALS patients [6]. There are
also data of antibodies directed against the
neurofilament heavy subunit in 15% of ALS patients
[26]. No relation between antibodies’ presence and
the age, sex or clinical form of ALS is present;
however, their correlation with slow evolution of the
disease has been demonstrated [6]. The presence of
auto-antibodies against spinal cord 70 kD protein in
ALS serum is also indicated in other reports [3, 23].
No data on the presence of anti-neurofilament
68 antibodies in the CSF of ALS patients are
available. These two reports also indicate the
presence of antibodies in serum directed against
spinal cord proteins of other molecular weights.
Except for the 70 kD protein, also antibodies against
proteins of 150-200 kD and 52 kD in the brain,
cerebellum, liver and spinal cord are presented. They
react more frequently with ALS sera than that of
controls [3, 23].

We also present data showing that a-actinin (82
kD), desmin (55 kD) and actin (40 kD) also become
targets for auto-antibodies in the CSF of ALS
patients.

No reports on a-actinin antibodies in CSF and
serum of ALS patients have been presented yet. In
our material the auto-antibodies in CSF directed
against this protein were nearly of equal intensity
and frequency in both tested groups of ALS patients.

Alpha-actinin links the N-methyl-D-aspartate
glutamate receptors to actin cytoskeleton in NMDA
subunits [9] and determines the localization of NMDA
receptors and their modulation by Ca2+ [28]. In
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conjunction with other components of the contractile
and relaxing system it plays a role in the release of
neurotransmitters from synaptic vesicles [21].

The antibodies directed against a 55-kD desmin-
related protein were present in equal frequency in the
CSF in both groups of ALS, but their reactivity was
higher in the severe ALS group. No antibodies in the
CSF and serum of ALS patients against this protein
have been described yet. In two reports, however, in
the ALS sera antibodies against an unidentified 52 kD
or 50 kD protein are presented [3, 23]. There is a
possibility that these proteins are desmin-related. The
significance of this finding is uncertain as desmin in
the spinal cord is not present. It is suggested, however,
that immunostaining of astrocytes in the presence of
anti-desmin  antibodies is due to proteins
immunologically related to desmin [7].

The reactivity presented here at 40 kD, more
intense and frequent although not significant, in the
severe ALS group probably belongs to an actin-
related protein. No auto-antibodies against this
protein and/or its degradation fragments in the
body fluids of ALS patients have been described yet.
Actin, a 42 kD protein, is a major cytoskeletal protein
which takes part in axonal transport. When cleaved
by proteases two fragments result (33 kD and 9 kD)
[2]. An abnormal protein (32.5 kD), which resembles
the larger actin degradation fragment, is detected in
Lewy body-like inclusions in the anterior horn cells
of ALS patients. It has been suggested that it is an
abnormal protein related to actin or to some
epitopes common to actin, which are associated
with neuronal death in ALS [15].

The presence of several antibodies predominantly
in CSF may indicate their intrathecal synthesis.
Generally intrathecal IgG synthesis is known to be
present in about 60% [8], according to others in 16%
[1], of ALS patients. Chronic, compartmental
intrathecal immune response of IgM type of low
activity is also indicated by the fact that no correlation
between the anti-ganglioside titer in serum and CSF is
present [16,25]. The occurrence of anti-neurofilament
antibodies in the serum in a small number of severe
ALS patients may be a consequence of increased
blood-CSF permeability, which is present in about 20%
of ALS cases [8].

The presence of auto-antibodies is of uncertain
pathogenetic significance and may not be of
primary aetiological importance. They appear rather
as a secondary consequence of neuronal death. It is
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possible, however, that the auto-antibodies,
although unspecific for ALS and unlikely to be the
major cause of this disease, may accelerate the
course of neuronal degeneration.
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