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Polyneuropathies associated with high titre
antisulphatide antibodies: characteristics of
patients with and without serum monoclonal
proteins
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Gerlyn M Friesenhahn, Alan Pestronk

Abstract
Objectives-Previous studies of small
numbers ofpatients have shown that anti-
sulphatide autoantibodies are associated
with polyneuropathies having a promi-
nent sensory component. However, clini-
cal and electrodiagnostic features are
variable. The range of clinical and elec-
trodiagnostic findings in 19 patients with
polyneuropathies and high titre (> 4500)
serum IgM antisulphatide antibodies is
described, together with testing for serum
monoclonal (M) proteins.
Methods-About 20 000 serum samples
that were referred to the clinical labora-
tory from 1990 to the end of 1994 were
screened by enzyme linked inimunosor-
bent assay (ELISA) for specific high titre
antisulphatide antibodies. The clinical
and electrodiagnostic data in 23 patients
with positive results were reviewed. IgM
binding to peripheral nerve structures
was also evaluated in these patients.
Results-Nineteen patients had predomi-
nantly distal, symmetric pansensory loss.
Patients with IgM antisulphatide antibod-
ies and no serum M protein usually had
clinical syndromes that included: (1) neu-
ropathic pain or dysaesthesiae, (2) no
functionally significant weakness, and (3)
an axonal neuropathy on electrodiagnos-
tic testing. On inmmunocytochemical
studies serum IgM from the patients
without M proteins usually (nine of 10;
90%) bound to peripheral nerve axons,
but never to myelin. Patients with anti-
sulphatide antibodies and a serumM pro-
tein, usually IgM, were more likely than
patients without a serum M protein, to
have syndromes with: (1) no pain or
dysaesthesiae, (2) motor abnormalities,
and (3) a demyelinating polyneuropathy
by electrodiagnostic criteria. In immuno-
cytochemical studies serum IgM most
often bound to either peripheral nerve
myelin or endoneurial structures.
Conclusion-Patients with polyneuropa-
thy and high titre serum IgM antisul-
phatide antibodies can be classified into
subgroups according to the presence or
absence of a serum M protein. Patients
without an M protein are more likely to
have pure sensory syndromes, pain, an
axonal neuropathy, and serum IgM bind-
ing to axons. Patients with a serum M
protein commonly had syndromes with

prominent motor involvement, no pain,
and a demyelinating neuropathy.

(7 Neurol Neurosurg Psychiaty 1997;62:581-585)
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Patients with high titres of serum autoantibod-
ies directed against sulphatide may have
polyneuropathy syndromes with a prominent
sensory component. 1-6 However, previous
studies on a few patients have shown the clini-
cal and electrodiagnostic features of polyneu-
ropathies associated with antisulphatide
antibody to be variable. Motor findings may
be disabling or absent. Electrodiagnostic stud-
ies show predominant axonal loss in some
patients, but mainly demyelinating features in
others.

In this study, we examined the clinical syn-
dromes and electrodiagnostic data in a large
series of 23 patients, collected over five years,
with high enzyme linked immunosorbent assay
(ELISA) titres (> 4500) of serum IgM antisul-
phatide antibodies. In the 19 patients with
polyneuropathies we considered whether the
clinical and electrodiagnostic findings corre-
lated with the results of testing for serum M
proteins. We also used immunocytochemistry
to evaluate the patterns of serum IgM binding
to peripheral nerve.

Methods
PATIENT SELECTION
We reviewed the results of antisulphatide anti-
body ELISAs in about 20 000 serum samples
that were referred to the Neuromuscular
Clinical Laboratory, Washington University,
St Louis from 1990 to the end of 1994. We
found 1 12 serum samples with high titre selec-
tive IgM antibody binding to sulphatide
(> 4500). These serum samples had no bind-
ing to myelin associated glycoprotein (MAG)
by ELISA or western blot analysis, and levels
of IgM binding to GM1, asialo-GM1, and
GDlb gangliosides and to histone H3 that
were less than 25% of the antisulphatide titre.7
Detailed histories and neurological examina-
tions and testing for a serum M protein (by
either immunoelectrophoresis or immunofixa-
tion) were available for 23 of these patients.
Twenty of the 23 patients were evaluated by
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one of us. The three remaining patients were
evaluated as part of one of our previous stud-
* 8ies.8
ELECTROPHYSIOLOGICAL DATA
Patients were studied by standard techniques
with surface temperatures above 30°C in the
legs and 32°C in the arms. Results were classi-
fied as demyelinating, axonal, or normal, using
standard criteria. Demyelinating neuropathies
met three of four criteria including slowed
nerve conduction velocities, prolonged termi-
nal latency, prolonged minimal F wave
latency, or conduction block.9 Electro-
diagnostic studies were classified as axonal if
there were reduced sensory or motor nerve
action potential amplitudes with conduction
velocities > 70% of the lower limit of normal.'0
Studies were also classified as axonal if there
were motor abnormalities suggestive of a neu-
ropathy, but no features of demyelination as
outlined above.

IMMUNOCYTOCHEMISTRY
Serum IgM binding to human peripheral
nerve was evaluated using rapidly frozen sural
nerve biopsies and tissue obtained at necropsy.
When 10 initial comparisons showed that pat-
terns of IgM binding to both preparations
were identical, we used necropsied nerve for
the remainder of the study. Frozen sections of
nerve (8 Mm) were placed on glass slides, dried
overnight, fixed with acetone (- 20°C for 20
minutes), and blocked with 100% normal goat
serum (NGS) for one to two hours. To evaluate
IgM binding, tissues were incubated with
patient serum (diluted 1:100 in 10% NGS;
final volume 100 Ml) at 4°C overnight in a
humidity chamber, washed in phosphate
buffered saline (PBS), pH 7-2 x 3, incubated
with peroxidase conjugated goat antihuman
IgM (1:200) for four hours at room tempera-
ture, washed again with PBS x 3, and devel-
oped with 0 05% diaminobenzidine and
0-01% H202 in PBS. Patterns of IgM binding
were evaluated by a blinded observer without
prior knowledge of the results of serum test-
ing. Light microscopic images were captured
digitally using PAX-it! (Midwest Information
Systems) computer software and then printed
directly on to glossy paper.

ELISA ANTIBODY ASSAY
Serum was assayed for K or A light chain bind-
ing to sulphatide by ELISA methodology as
previously described.3 Briefly, 500 ng sul-
phatide, dissolved in 15 MI methanol was
added to wells and evaporated to dryness.
Remaining binding sites were blocked with
100 M1 1% human serum albumin in PBS for
four hours at room temperature. Plates were
then washed three times with 1% bovine
serum albumin (BSA) in PBS. Subsequent
steps were performed at 4°C. Between steps,
washing ( x 3) was performed using PBS with
1% BSA. Serum samples were tested by
adding dilutions (1:3000 to 1:300 000 in PBS
with 1% BSA) to wells overnight. The binding
of light chains was measured using four hour
exposure to goat antihuman K or A light chains

linked to horseradish peroxidase (Organon
Teknika-Cappel, West Chester, PA) in PBS
with 1% BSA (1:20 000). Colour was devel-
oped with 100 Ml substrate buffer (0 1 M cit-
rate buffer, pH 4-5, with 0 004% H2O2 and
0 1% phenylenediamine) for 30 minutes.
Optical density (OD) was determined at
450 nm. A serum antibody with a titre of x
was detectable (> 0.05 OD units over con-
trols) up to a dilution of at least 1/x.

STATISTICS
Comparisons between groups were made
using Fisher's exact or rank sum tests.

Results
CLINICAL CHARACTERISTICS
Nineteen of the 23 patients (83%) with high
titres (> 4500) of serum IgM binding to sul-
phatide had clinical syndromes consistent with
chronic sensory, or sensory-motor neu-
ropathies. Eight of these 19 patients had no
other historical or laboratory findings to sug-
gest an aetiology for the polyneuropathy. Nine
patients had serum M proteins, eight of the
IgM isotype, and one IgA detected by
immunofixation or immunoelectrophoresis.
Only two patients had other disorders that
commonly cause polyneuropathy: diabetes
(one) and a history of alcohol misuse (one).
Patients with an M protein were not signifi-
cantly older than those without an M protein
at the time of onset of symptoms or at presen-
tation to a neurologist (table 1). There was
also no significant difference in the sex distrib-
ution between the two groups. The four
patients without chronic sensory neuropathy
had Guillain-Barre syndrome (one), lower
motor neuron syndromes (weakness was
asymmetric and predominantly distal; two),
and dermatomyositis (one).

All 19 patients with polyneuropathies had
sensory symptoms and signs in distal limbs
(table 2). Many (79%) noted symptoms of
numbness or paraesthesiae. Pain and dysaes-
thesiae were more common (P = 0 006) in
patients without (80%) than in those with
(1 1%) an M protein. Most patients (89%) had
loss of both small and large fibre sensory
modalities. Reduced or absent deep tendon
reflexes tended to be more common (P =
0 06) in patients with (89%) than in those
without (40%) an M protein. Weakness was
found in 53% of the patients. It was more
common in those with (78%) than in those
without (30%) a serumM protein, but the dif-
ference did not quite reach significance (P =
0 07). Gait disorders, due to sensory ataxia or
weakness, were present in 53% of patients.

SERUM ANTIBODY TESTING
Serum samples with an M protein detected
during the clinical evaluation had significantly
higher titres (P = 0-01) ofIgM binding to sul-
phatide (mean = 193 400), than did those
without an M protein (mean = 19 030; table
1). Testing by ELISA for light chain reactivity
disclosed that the antisulphatide antibodies
were monoclonal in six of the nine serum sam-
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Table 1 Clinical and laboratory features in individual patients with polyneuropathy and
serum IgM anti-sulphatide antibodies with and without anM protein

EMGINCS Titre ofIgM
Patient Age*/sex Mprotetn Pattern Immunocytochemistryt v sulphatide

1 76/F IgMK NAj Myelin 651 200
2 56/M IgMK Dem Axons 74 600
3 50/M IgMK Dem Negative 6 210
4 71/M IgAX NAt Myelin, axons 17 280
5 70/M IgMK NAt Myelin 300 500
6 60/M IgMK Dem Negative 505 000
7 82/F IgMK Dem Endoneunum 37 890
8 64/M IgMK NAt Endoneurial 48 000

macrophages
9 67/F IgMK N¶ Endoneurial 100 000

macrophages
10 66/F - Ax Axons 5 790
11 40/F - Ax Axons, endoneurial 4 570

macrophages
12 58/M - Ax Axons, endoneurial 5 150

macrophages
13 65/F - NA§ Axons 56 420
14 66/M - Ax Axons 6 870
15 58/F - Ax Axons 9 450
16 63/F - N Axons 10 050
17 67/F - Ax Axons, endoneurial 38 000

macrophages
18 63/M - Ax Negative 36 000
19 43/F - N Axons 18 000

*Age at time of symptom onset.
tImmunocytochemistry refers to the major structures stained by patient serum IgM. Note that
serum IgM from some patients stained two structures.
*Detailed electrodiagnostic information was not available, but information from the chart review
suggested a demyelinating neuropathy.
§Detailed electrodiagnostic information was not available, but information from the chart review
suggested an axonal neuropathy.
¶Abnormal quantitative sensory testing.
NA = not available, Dem = demyelinating, Ax = axonal, N = normal.

ples with an M protein. In five, antisulphatide
antibodies were of the K light chain class and
in one of the A class. In one serum sample,
antisulphatide antibody binding was predomi-
nantly composed of K light chains, but a low
titre ofA chain binding was also present. In the
two remaining samples, one of which had an
IgA M protein, antisulphatide antibody bind-
ing was equal for K and A light chains. The
type of antisulphatide antibody light chain
detected by ELISA was identical to the
reported M protein light chain detected on
immunofixation or immunoelectrophoresis in
those serum samples in which light chain
binding was predominantly one class. In the
10 serum samples with no M protein, titres of
antisulphatide binding were generally similar
for K and A light chain classes. No serum had
IgM binding to MAG when tested by ELISA
or western blot. Two of the serum samples
with immunocytochemical binding to myelin
(see below) were tested for, and had no binding
to, sulphated glucuronyl paragloboside.

Table 2 Summary offeatures in patients with polyneuropaty and serum IgM anti-
sulphatide antibodies with and without anM protein

NoM protein M protein
(n (%)) (n (%))

Clinical characteristics: (n = 10) (n = 9)
Paraesthesiae 4 (40) 5 (55)
Numbness 8 (80) 7 (78)
Dysaesthesiae and pain* 8 (80) 1 (11)
Distal sensory loss

Large fibre 9 (90) 9 (100)
Small fibre 9 (90) 8 (80)

Reflexes decreased or absentt 4 (40) 8 (89)
Gait ataxia 4 (40) 6 (67)
Weaknesst 3 (30) 7 (78)

Electrodiagnostic features (n = 9) (n = 5)
DemyelinationS 0 (0) 4 (80)
Small CMAP amplitudes¶ 1 (11) 4 (80)

Immunocytochemistry (n = 10) (n = 9)
Serum IgM binding to axonsS 9 (90) 2 (22)
Serum IgM binding to myelin 0 (0) 3 (33)

*P= 0-006; tP = 0-06; tP = 0 07; SP =0005; 11P= 0-02; patients serum samples with v with-
out an M protein.
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Figure 1 Results of electrodiagnostic studies on patients
with antisulphatide antibodies and polyneuropathy
syndromes. Open circles represent patients with anM
protein and closed circles represent patients without anM
protein. Not aUlnerves were studied in all 14 patients.
Compound muscle action potential amplitudes < 0 1 mV
were not included in the analysis. Error bars are mean
(SD).

ELECTROPHYSIOLOGY
Detailed electrodiagnostic examinations, per-
formed by one of the authors, including at least
two motor and two sensory nerves were avail-
able on 14 of the 19 patients with polyneuropa-
thy and clinical and serum data. Eleven of the
14 patients had definite evidence of polyneu-
ropathies on electrodiagnostic studies (tables 1
and 2). Four were classified as demyelinating
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Figure 2 Typical patterns
ofperipheral nerve
immunostaining by serum
IgM (diluted 1:100). (A)
IgMfrom patient No 19
(NoM protein;
antisulphatide titre:
18 000) stained axons
(arrow) in peripheral
nerve. This pattern of
staining was seen in nine
out of 10 patients without
an M protein ( x 1000).
(B) IgMfrom patient No
1 (IgM M protein;
antisulphatide titre: 651
200) stained peripheral
nerve myelin, primarily the
inner and outer lamellae
(arrows). This was the
most common pattern of
serum bindingfrom those
serum samples with an M
protein, seen in three out of
seven serum samples that
stained peripheral nerve
(x 1000). (C) IgMfrom
a control patient (IgMM
protein; no sulphatide
binding) did not stain
axons or myelin ( x 1000).

and seven axonal. Three patients had normal
routine electrodiagnostic studies, but one had
abnormal results on quantitative sensory test-
ing. The four patients with a demyelinating
neuropathy all had a serum M protein detected
during the clinical evaluation. Four other
patients, with characterisation of their neuropa-
thy as demyelinating on summaries of electrodi-
agnostic testing, but without available primary
data, also all had a serum M protein. By con-

trast, only one of 10 patients with no electrodi-
agnostic evidence of demyelination had an M
protein (P = 0 005 v the demyelinating
group).

Quantitative analysis of the electrodiagnostic
data showed similar results (fig 1). In all nerves,
mean motor conduction velocities were slower
in patients with than in those without an M
protein. For example, velocities were 27 (SD
7) m/s compared with 53 (SD 2) m/s for the
median nerve (P = 0-006) and 33 (SD 10) m/s
compared with 55 (SD 7) m/s for the ulnar
nerve (P = 0 029). Similarly, mean distal
motor latencies were longer in patients with an

M protein, with significance for the median,
ulnar, and deep peroneal nerves.

Measurements of compound muscle action

potential (CMAP) amplitudes correlated with
the trend toward more weakness in patients
with a serum M protein (fig 1). In the median
nerve the average CMAP amplitude was 2-5
(SD 09) mV in patients with an M protein,
only 26% of the 9 7 (SD 2 0) mV value in
patients without M-proteins (P = 0-006). In
the ulnar nerve, the average CMAP amplitude
was only 4 0 (SD 3 5) mV in patients with an
M protein, 31% of the 12-8 (SD 4 8) mV value
in those without an M protein (P = 0 06).

IMMUNOCYTOCHEMISTRY OF PERIPHERAL NERVE
(TABLES 1 AND 2, FIG 2)
Serum IgM from patients without an M protein
consistently stained peripheral nerve axons
(nine of 10; 90%; Fig 2A). One serum sample
showed no IgM binding to peripheral nerve
structures. Three of the nine serum samples
also stained endoneurial macrophages.
Serum IgM from patients with an M protein

less commonly stained axons (two of nine;
22%; P = 0 005). Serum IgM from six patients
with an M protein stained other neural struc-
tures, including myelin (three; fig 2B), endo-
neurial macrophages (two), and endoneurial
connective tissue (one). One serum sample
stained both myelin and axons. Two samples
had no IgM binding to peripheral nerve. Serum
IgM from nine control samples from patients
without peripheral neuropathy, including four
with IgM M proteins but no binding to sul-
phatide, showed no significant peripheral nerve
staining (fig 2C).

Discussion and conclusions
Our results show that high titres (> 4500) of
serum IgM antisulphatide antibodies are com-
monly associated with polyneuropathy syn-
dromes having a prominent sensory
component. Nineteen of 23 patients (83%) had
sensory or sensory-motor neuropathy syn-
dromes. Our data allow a rough estimate of the
frequency of specific high titre IgM antisul-
phatide antibodies in patients with polyneu-
ropathy. In our overall series we found 112
serum samples with high titre selective IgM
antibody binding to sulphatide (> 4500). Using
the data from this study, an 83% specificity
estimates that 93 serum samples were from
patients with sensory or sensory-motor neu-
ropathies. Of the 20 000 samples tested, about
13 000 were referred for evaluation of sensory
neuropathy related antigens. Thus the fre-
quency of IgM antisulphatide antibodies at
titres that have specificity for patients with sen-
sory or sensory-motor polyneuropathies
(> 4500) is likely to be about 0-7% (93/13
000). We previously estimated that titres of
antisulphatide antibodies (> 1500) that are out
of the range of normal might occur in up to
20% to 30% of patients with sensory or sen-
sory-motor neuropathies.3 The current figure is
lower because: (1) only antibody titres greater
than 4500 were considered in this study, (2)
this survey evaluated the clinical correlations of
IgM but not IgG antisulphatide antibodies, and
(3) polyreactive antisulphatide serum samples
(those with IgM binding to a range of glycol-
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ipids in addition to sulphatide) were excluded
from consideration.
The clinical and pathological features of anti-

sulphatide antibody associated neuropathies fell
into two subgroups according to whether or not
a serum M protein was present. Patients with
antisulphatide antibodies but no serum M pro-
tein typically had axonal, predominantly sen-
sory, syndromes with dysaesthesiae. The pain
was disabling in several patients. It could be dif-
fuse or proximal, as well as distal. Weakness
was never severe, and only present in a minority
of patients. Sensory loss usually involved both
large and small fibre modalities, including pain
and vibration. Deep tendon reflexes were often
preserved even at the ankles. Electrodiagnostic
studies showed normal nerve conduction veloc-
ities. Reduced amplitudes of sensory nerve
action potentials were the predominant abnor-
mality in most studies.
The axonal features of the neuropathy on

electrodiagnostic testing correlated with the
presence of serum antibodies directed against
axons in peripheral nerve. Serum samples from
nine of the 10 patients without an M protein
showed IgM binding to axons. Blocking experi-
ments suggest that the antisulphatide antibod-
ies are responsible for the binding to axons (G
Lopate, unpublished data). However, it is
unclear whether the antigenic target on axons is
sulphatide, or a structurally similar molecule
such as another sulphated glycolipid or glyco-
protein.'l 2 11
The second group of patients, with both

antisulphatide antibodies and serum IgM M
proteins, had prominent motor involvement
with significantly smaller CMAP amplitudes on
electrodiagnostic testing, and a trend toward
more frequent weakness on examination.
Weakness was predominantly distal, but in
severe cases involved proximal muscles as well.
Sensory loss involved both large and small fibre
modalities, but, by contrast with patients with-
out an M protein, pain was rarely a prominent
complaint. Deep tendon reflexes were often
absent, even at proximal sites.

Demyelinating features were common on
electrodiagnostic studies of patients with both
antisulphatide antibodies and serum IgM M
proteins. They were present in 80% of those
tested. Prolonged distal latencies and slowed
nerve conduction velocities that did not vary
greatly from nerve to nerve were the most strik-
ing demyelinating feature on electrodiagnostic
studies. Conduction block was rarely present.
This pattern of electrodiagnostic abnormalities,
prolonged distal latencies, and slow conduction
velocities without conduction block, is more
similar to that found in anti-MAG neu-
ropathies, than to abnormalities in chronic
immune demyelinating polyneuropathy.12-15
The electrodiagnostic studies of patients with
antisulphatide antibodies but no serum M pro-
teins were significantly different, with no
demyelinating features in any of the nine (table
2).
Some patients with demyelinating features

on electrodiagnostic testing had serum IgM
binding to peripheral nerve myelin and

Schwann cell cytoplasm. However, in several
others, serum IgM bound predominantly to
endoneurial cells, endoneurium, or axons. The
antigenic targets for the IgM in antisulphatide
serum samples, that predispose to axonal loss
or demyelination in peripheral nerve, remain to
be defined. The different patterns of immunos-
taining of peripheral nerve by serum samples
with antisulphatide antibodies suggest that tis-
sue binding of these antibodies is likely to be
determined by cross reactivity with other anti-
gens or subfractions of sulphatide. Both axons
and myelin contain sulphatide and various
other glycoproteins and glycolipids with sul-
phated sugar moieties." 1617 Other results from
our laboratory show that IgM antisulphatide
autoantibodies vary greatly in their ability to
bind to sulphatide subfractions that vary in the
structure and degree of hydroxylation of their
lipid moiety. Differences in the range of bind-
ing of IgM to such antigenic targets could
determine whether the primary focus of an anti-
sulphatide antibody related polyneuropathy is
axonal or demyelinating.
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