
Abstract. – The neural cell adhesion
molecule (NCAM) is a glycoprotein localised in
the plasma membrane of neural and glial cells,
which plays a role in myelination and remyeli-
nation. It increases in the cerebrospinal fluid
(CSF) of acute multiple sclerosis (MS) patients
treated with corticosteroids who are improv-
ing after an attack, but it has not been shown
if it appears in its sialylated (PSA) or unsialy-
lated form. We studied the NCAM and the PSA-
NCAM in serum and CSF samples of 16 acute
and non-acute MS patients and in the sera of
10 non-neurological controls. The NCAM and
the PSA-NCAM were dosed by two different
ELISA previously set-up. 

The NCAM in the serum and in the CSF of
the control group presented mean levels simi-
lar to those shown in previous papers: 1620 ±
216 and 970 ± 210 ng/ml. In the MS patient
group the means were 1700 ± 546 in the sera
and 926 ± 285 in the CSFs. All the sera were
PSA-NCAM-positive: the mean PSA-NCAM
concentration in the control group was 3150 ±
950 ng/ml, while in the MS patient group it was
3570 ± 905 ng/ml. The correlation between
serum levels of NCAM and PSA-NCAM was
highly significant (p<0.001). Student’s “t” test
did not show any significant difference be-
tween serum levels of the two groups, both for
the NCAM and for the PSA-NCAM.

CSF samples did not show any positive re-
sults for the PSA-NCAM, in either controls or in
MS patients.

These results demonstrate that the high lev-
els of NCAM we previously found in the CSF of
improving MS patients treated with steroids
did not contain a quota of PSA-NCAM, but on-
ly the unsialylated soluble form of the mole-
cule.
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Introduction

The neural cell adhesion molecule (NCAM)
is a glycoprotein localised in the plasma mem-
brane of neural and glial cells. It belongs to the
immunoglobulin gene superfamily and pre-
sents different isoforms resulting from alterna-
tive mRNA splicing as the products of a single
gene. These isoforms, of 180, 140 and 120 kD,
are structurally distinct and have different im-
portant roles in the central nervous system
(CNS): interneuronal and glia-neuronal ho-
mophilic adhesion phenomena, cell-cell recog-
nition, development of the nervous system,
synaptic plasticity, memory and learning, post-
injury regeneration1.

The NCAM increases in the cerebrospinal
fluid (CSF) of acute multiple sclerosis (MS)
patients treated with corticosteroids who are
improving after an attack1-2. It has been shown
that this is  a consequence of phenomena
specifically occurring within the CNS, not
linked to high levels of NCAM in sera nor to a
leakage through a disrupted blood-brain barrier
(BBB)3. The inhibition ELISA we previously
used4 was unable to detect whether the NCAM
found in the CSF was the unsialylated form of
the molecule or one of the polysialylated iso-
forms (PSA-NCAM) or their fragments. In or-
der to further elucidate this problem, the CSF
samples of acute MS patients were tested with
a method capable of detecting the sialic acid
portion of the PSA-NCAM. Further, to localize
the possible presence of the PSA antigen with-
in the plaque, we prepared histological sec-
tions of acute plaques from the brain of a pa-
tient dead for MS, immunostaining the slices
with an anti-PSA antibody. 



Figure 1. Correlation: A, PSA-NCAM vs. NCAM in serum of normal controls. B, PSA-NCAM vs. NCAM in serum of MS
patients.
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say. Formalin-fixed and paraffin-embedded sec-
tions of white matter whit acute plaques of de-
myelination were tested with this antibody. The
final staining of the sections was performed by
avidin-biotin complex (ABC) procedure and with
diaminobenzidine.

Results

The NCAM in the serum and in the CSF of the
control group presented mean levels similar to
those shown in previous papers: 1620 ± 216 and
970 ± 210 ng/ml3. In the MS patients group the
means were 1700 ± 546 in the sera and 926 ±
285 in the CSFs. All the sera were PSA-NCAM-
positive: the mean PSA-NCAM concentration in
the control group was 3150 ± 950 ng/ml, while in
the MS patients group it was 3570 ± 905 ng/ml.
The correlation between serum levels of NCAM
and PSA-NCAM was highly significant
(p<0.001) (Figure 1). Student’s “t” test did not
show any significant difference between serum
levels of the two groups, both for the NCAM and
for the PSA-NCAM.

CSF samples did not show any positive results
for the PSA-NCAM, in either controls or in MS
patients. At the microscopic examination, the ap-
parently normal white matter resulted negative
for the PSA-NCAM antigen, while the astrocytes
within the plaque were PSA-NCAM-positive
(Figure 2). The macrophages were PSA-NCAM-
negative. Few smaller PSA-NCAM-positive reac-
tive astrocytes were detected in the not yet de-
myelinated white matter surrounding the plaque.

Patients and Methods

Serum and CSF samples of 7 acute and 9 non-
acute MS patients and the sera of 10 non-neuro-
logical controls were studied. Specimens of acute
MS patients were collected before and after
steroid treatment, while specimens from non-
neurological controls (patients who received a
lumbar puncture for surgical reasons) and from
non-acute MS patients were collected only once.
NCAM was tested according to the method pre-
viously set up and described2,4: an inhibition
ELISA which uses solubilized human brain
membranes adsorbed to polystirene microtest
plates. The anti-NCAM antibodies were pro-
duced by the Protein Laboratory of the Universi-
ty of Copenhagen, Denmark, and were raised
against the whole NCAM molecule. PSA-NCAM
was tested by an ELISA assay previously de-
scribed by Figarella-Branger et al5. In this
method the immunocapture of PSA-bearing mol-
ecules is first effected by means of a monoclonal
antibody (anti-MenB)6, directed against sialic
acid polymers, which is adsorbed into plastic
wells. Linked PSA-NCAM is then revealed by
means of a secondary antibody, directed against
an aminoacidic sequence of NCAM, labelled
with peroxydase5. The anti-MenB antibody was
purchased from AbCys SA (Paris, France), and
produced according to Rougon et al6. It is a
mouse monoclonal IgM raised against the capsu-
la of Meningococcus-B, which contains the poly-
mer PSA6. The immunostaining for detecting the
PSA portion of the NCAM on MS plaques was
done using the same anti-MenB antibody, specif-
ic for the PSA portion6, used for the ELISA as-
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Figure 2. Acute plaque: PSA-NCAM-posi-
tive astrocytes; counterstaining with haema-
toxilin (× 1000).

Conclusions

Re-expression of the PSA-NCAM on reactive
astrocytes in the brain of animals experimentally
injured by kainic acid was reported by other in-
vestigators7. This could indicate that the presence
of NCAM in the cytosol of reactive astrocytes
might be a general feature of astrocyte response
to various injuries to the CNS, not necessarily
linked to demyelination or to reparative mecha-
nisms which follow demyelination. On the other
hand, this possibility cannot be completely ex-
cluded, and a possible release in the CSF of a
sialylated form of NCAM could be expected.
The data of the present study show that PSA-
NCAM is not present in the CSF of MS patients,
independently of whether in the acute or non-
acute phase, if treated or non-treated. This im-
plies that the high levels of NCAM we previous-
ly found in the CSF of improving MS patients
treated with steroids1,2,8 did not contain a quota of
PSA-NCAM, but only the unsialylated soluble
form of the molecule. We could speculate about
the origin of such unsialylated molecule: a possi-
ble catabolic process through the macrophages
has been excluded, being these cells clearly PSA-
NCAM-negative in our immunohistologic study.

The release by the reactive astrocytes present
in the acute plaques remains an open possibility,
but in this case a mechanism of desialylation of
the molecule within the astrocytes, preceding the
release, has to be hypothesized.
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