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ABSTRACT: Anti-GM1 immunoglobulin G (IgG) antibodies are frequently
present in sera from patients with Guillain—Barré syndrome (GBS). A previ-
ous report on a patient who had a neuropathy with immunoglobulin M (IgM)
M-protein binding to a conformational epitope formed by phosphatidic acid
(PA) and gangliosides prompted us to investigate the binding of 1gG anti-
bodies in GBS sera to a mixture of GM1 and PA (GM1/PA). Of 121 GBS
patients, 32 had anti-GM1 1gG antibodies. All 32 also had antibody activity
against GM1/PA. Twenty-five (78%) of 32 patients had greater activity
against GM1/PA than against GM1 alone. Twelve patients who had no
anti-GM1 IgG antibodies had IgG antibody activity against GM1/PA. No GBS
patient had IgG antibody against PA alone. In contrast, two rabbit anti-GM1
antisera had greater activity against GM1 alone than against GM1/PA. igG
antibody with greater binding activity against a mixture of GM1 and a
phospholipid than against GM1 alone may have an important role in the
pathogenesis of GBS and has implications for diagnosis.
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Guuillain-Barré syndrome (GBS) is an acute, self-
limited, motor-dominant neuropathy frequently pre-

ceded by an infection. Its pathogenesis has yet to be
clarified, but both cell-mediated and humoral immu-

neuropathy.® Sensitization with GM1 has been re-
ported to cause motor axonal neuropathy in rab-
bits.2!

A patient who had a neuropathy with immuno-

nities have been implicated.1% The frequent pres-
ence of antiganglioside antibodies in sera from GBS
patients has recently been reported, with titers being
highest in the acute phase and decreasing with clin-
ical recovery.!'? Such antibodies should therefore be
good diagnostic markers of acute-phase GBS. Some
also may be pathogenetic factors. Anti-GM1 immu-
noglobulin G (IgG) antibody, one of the most fre-
quently detected,!® has been associated with the
pure motor variant of GBS20 and acute motor axonal

Abbreviations: BSA, bovine serum albumin; ELISA, enzyme-linked immu-
nosorbent assay; GBS, Guillain-Barré syndrome; GM1/PA, a mixture of GM1
and phosphatidic acid; Ig, immunoglobulin; OD, optical density; PA, phos-
phatidic acid; PBS, phosphate-buffered saline
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thy; phospholipid
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globulin M (IgM) M-protein that bound to a confor-
mational epitope formed by phosphatidic acid (PA)
and gangliosides has been reported.® This prompted
us to investigate the binding of IgG antibodies in
GBS sera to a mixture of GM1 and PA.

MATERIALS AND METHODS

Serum samples from 121 patients fulfilling the crite-
ria for GBS proposed by Asbury and Cornblath? were
obtained from several hospitals throughout Japan.
They were all in the acute phase..We also investi-
gated samples from 30 normal and 65 disease con-
trols: 16 patients had chronic inflammatory demyeli-
nating polyradiculoneuropathy; 5 had multifocal
motor neuropathy; 20 had multiple sclerosis; 9 had a
collagen disease; and 15 had other neurodegenera-
tive diseases.

An enzyme-linked immunosorbent assay (ELISA)
was performed as described previously.!* Wells of a
microtiter plate were coated with 0.2 ug of GMI, 0.1
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pg of GM1 mixed with 0.1 ug of PA (GM1/PA), or
with 0.2 pg of PA. An uncoated well served as con-
trol. After incubation with 1% bovine serum albumin
(BSA) in phosphate-buffered saline (PBS), serum
diluted 1:40 with 1% BSA in PBS was added to each
well and the plate was incubated at room tempera-
ture for 1.5 h. Sera from two rabbits sensitized with
GM1, diluted 1:1600 with the same solution, also
were assayed. After each well had been washed with
0.1% BSA in PBS, peroxidase-conjugated goat anti-
human IgG antibody (Cappel, West Chester, PA),
diluted 1:500 with 1% BSA in PBS, or peroxidase-
conjugated goat anti-rabbit IgG antibody (Southern
Biotechnology Associates, Birmingham, AL}, diluted
1:2000 with the same solution, was added to each
well and the plate was incubated at room tempera-
ture for 1.5 h. The wells then were washed with 0.1%
BSA in PBS and a color reaction was obtained by
incubating the wells with 200 ul orthophenylenedia-
mine dihydrochloride (40 mg/dl of phosphate-cit-
rate buffer, pH 5.0) at room temperature for 2 min.
The reaction was stopped by the addition of 8N
H,SO,, after which the optical density (OD, at 492
nm) was read with an ELISA reader (Bio-Rad, Her-
cules, CA). Each OD value was corrected by subtract-
ing the OD of the control well that had been simi-
larly processed. Serum with corrected OD >0.1 was
considered positive. For each patient, anti-GM1 and
anti-GM1/PA assays were performed on neighboring
wells of the same microtiter plate. Antibody activity
of the patient or of the rabbit was expressed as the
mean of corrected ODs of two independent assays.

Wells of a microtiter plate were coated with a
total of 0.2 ug of a mixture containing varying ratios
of GM1 and PA, and the binding activities of IgGs in
sera from six representative patients in group C (see
later) were determined by ELISA at serum dilutions
of 1:40. The activity was expressed as the mean of
corrected ODs of three independent assays.

The IgG reactivities against GM1 mixed with a
phospholipid other than PA were investigated by
ELISA for sera from three selected GBS patients, one
from each of groups A, B, and C.

RESULTS

Of the 121 patients with GBS, IgG anti-GM1 antibod-
ies were positive in 32. All those positive for anti-
GM1 also were positive for anti-GM1/PA. Antibody
activities against GM1/PA (mean * SD: 0.788 +
0.226) were significantly greater (P < 0.00001, Stu-
dent’s ttest) than those against GM1 (0.511 = 0.284)
(Fig. 1). Only 7 of those 32 patients (22%) had
greater antibody activity against GM1 than GM1/PA
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anti-GM1/PA in GBS sera & GMI
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FIGURE 1. Anti-GM1/PA antibody activities compared with those
against GM1 alone. Left lane: sera of anti-GM1 IgG-positive
patients; right lane: sera of 12 patients with anti-GM1/PA 1gG but
no IgG activity against GM1 alone. Open triangles {left side of
each lane): anti-GM1 activities; filled triangles (right side of each
lane): anti-GM1/PA activities. Bar indicates mean *+ SD.

(group A), whereas 25 (78%) had greater activity
against GM1/PA than GM1 (group B). Twelve pa-
tients with GBS who were negative for anti-GM1 IgG
antibody were positive for anti-GM1/PA IgG anti-
body. We classified them as group C (Fig. 1). No
patient with GBS had IgG antibody activity against
PA alone. None of the normal or disease controls
had IgG antibodies against GM1 or GM1/PA.

The binding activities of serum IgGs at varying
dilution factors were investigated by ELISA for sera
from three selected GBS patients, one from each of
groups A, B, and C. Their data are shown in Figure 2.

Antibody activities of the two rabbits were greater
against GM1 than against GM1/PA (Fig. 3).

Maximal binding activities were observed at a
GM1:PA ratio of 1:1 in three sera and of 1:4 in three
sera from group C patients (Fig. 4). Phospholipids
such as phosphatidyl inositol and phosphatidyl
serine as well as PA had an enhancing effect in the
anti-GM1 IgG antibody assay in group B and C pa-
tients (Fig. 5).

DISCUSSION

The GM1 antigen content per well was 0.1 ug in the
anti-GM1/PA assay. Because this is half the amount
used in the anti-GMI assay, the activity against
GMI1/PA should be less than that against GM1 alone
if the binding of the antibody is not affected by
presence of PA. Rabbit anti-GM1 antisera actually
showed such reactivity. IgG antibody activities
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FIGURE 2. The binding activities of serum igGs from a represen-
tative patient from group A (upper panel), group B (middle panel),
and group C (lower panel) at varying dilution factors. Open cir-
cles: anti-GM1 activities; filled circles: anti-GM1/PA activities;
open squares: anti-PA activities. ’
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FIGURE 3. Antibody activities against GM1 and GM1/PA in sera
from two rabbits sensitized with GM1. Anti-GM1/PA antibody
activity is decreased compared to activity against GM1 alone.

T
anti-GM1/PA

against GM1/PA, however, were greater than those
against GM1 alone in most of the anti-GM1 IgG-
positive GBS patients. In addition, sera of group C
patients had anti-GM1/PA activity, but no activity
against GM1 alone. These findings were not due to
reactivity against PA because no serum from GBS
patients had reactivity against PA alone. ELISA on six
sera of group C patients using a varying ratio of
GMI1:PA showed that maximal binding activities
were obtained at a GM1:PA ratio of 1:1 in three sera
and of 1:4 in three sera.

0.0.492nm
1.0

0.8 1
0.6
0.4 -

0.2

GM1(%) © 4 20 50 80 96 100
PA(%) 100 96 80 50 20 4 0
FIGURE 4. The binding activities of serum IgGs from six patients

of group C using ELISA with a mixture containing various ratios of
GM1 and PA as antigens.
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FIGURE 5. 1gG antibody activities in sera from three GBS pa-
tients against GM1 mixed with varied phospholipids. Patients A,
B, and C are from groups A, B, and C, respectively. On the
horizontal axis, dash indicates no phospholipid (GM1 alone); PA,
phosphatidic acid; PI,- phosphatidyl inositol; PS, phosphatidyi
serine; SM, sphingomyelin; PC, phosphatidy! choline; LC, lyso-
phosphatidy! choline.

In addition to the report mentioned earlier,’
greater binding activity of serum IgM against a mix-
ture of GM1 and other lipids, such as lecithin/cho-
lesterol'® and galactocerebroside/cholesterol,”
than against GM1 alone has been reported in pa-
tients with amyotrophic lateral sclerosis!® and multi-
focal motor neuropathy.!” Ours is the first report, to
our knowledge, on IgG antibody in GBS sera.

There are two possible interpretations. One is
that a conformational epitope formed by GMI1 and
PA is recognized by IgG antibodies in GBS paiients
in groups B and C. The other is that GM]1 is pre-
sented in a more effective way for serum IgG of these
GBS patients when it is mixed with phospholipids.
We focused on PA because it was the antigen used in
a previous report.5 PA actually had stronger en-
hancement in the anti-GM1 antibody assay than the
other phospholipids tested. However, phospholipids
such as phosphatidyl inositol and phosphatidyl
serine also had an enhancing effect in the anti-GM1
IgG antibody assay in our group B and C patients.
This suggests that the latter possibility is more likely.
Gangliosides present on the cell membrane are sur-
rounded by phospholipids. Serum antibodies with
greater binding activity against a mixture of GMI
and a phospholipid than against GMI1 alone may
have a stronger neuropathological effect on the cell
membrane.

Anti-GM1 IgG antibody has been associated with
antecedent Campylobacter infection®1920 and the

Antibodies in Guillain—Barré Syndrome

pure motor variant of GBS.2° Its association with
acute motor axonal neuropathy® has been reported,
and the clinical features of classic acute inflamma-
tory demyelinating polyradiculoneuropathy are also
frequent in anti-GM1 IgG-positive GBS patients.19
The clinical features of the patients in the three
different groups (A, B, and C) that we described
require further investigations in the future.

GMI is the only ganglioside we investigated in
this study. There are, however, various ganglioside
antigens that are targets for serum antibodies in
GBS. Anti-GQ]1b IgG antibodies are specifically asso-
ciated with ophthalmoplegia and ataxia in the Miller
Fisher variant of GBS.3413 Anti-GalNAc-GDla IgG
antibodies are associated with the pure motor vari-
ant of GBS,1.7!! and anti-GD1a IgG antibodies with
acute motor axonal neuropathy.? GBS patients with
monospecific anti-GD1b IgG antibodies have the
classic acute inflammatory demyelinating polyra-
diculoneuropathy type of neuropathy, with sensory
as well as motor disturbance.'® Whether these anti-
body activities are enhanced by the addition of cer-
tain phospholipids into the antigen requires further
study.

Plasmapheresis and intravenous immunoglobu-
lin therapy are the standard treatments for GBS.18
Early diagnosis and an early start of therapy are the
most important factors for successful treatment of
GBS. An assay of antiganglioside antibodies in pa-
tients’ sera is useful for early diagnosis. We showed
that a positive ratio increases by the addition of PA to
the antigen. This method should therefore make the
antiganglioside antibody assay more useful for the
diagnosis of GBS.

This research was supported in part by a Grant-in-Aid for Scien-
tific Research (12670595) from the Ministry of Education, Cul-
ture, Sports, Science and Technology of Japan, and a Research
Grant for Neuroimmunological Diseases and a Health Sciences
Research Grant (Research on Brain Science) from the Ministry of
Health, Labour, and Welfare of Japan.

REFERENCES

1. Ang CW, Yuki N, Jacobs BC, Koga M, Van Doorn PA, Schmitz
PI, Van Der Meche FG. Rapidly progressive, predominantly
motor Guillain-Barré syndrome with anti-GalNAc-GD1a anti-
bodies. Neurology 1999;53:2122-2127.

2. Asbury AK, Cornblath DR. Assessment of current diagnostic
criteria for Guillain-Barré syndrome. Ann Neurol 1990;
27(Suppl):521-524.

3. Chiba A, Kusunoki S, Obata H, Machinami R, Kanazawa L.
Serum anti-GQIb IgG antibody is associated with ophthalmo-
plegia in Miller Fisher syndrome and Guillain~Barré syn-
drome: clinical and immunohistochemical studies. Neurology
1993;43:1911-1917.

4. Chiba A, Kusunoki S, Shimizu T, Kanazawa 1. Serum 1gG
antibody to ganglioside GQ1b is a possible marker of Miller
Fisher syndrome. Ann Neurol 1992;31:677-679.

MUSCLE & NERVE ~ March 2003 305



10.

1l

12.

13.

306

. Freddo L, Hays AP, Nickerson KG, Spatz L, McGinnis S,

Lieberson R, Vedeler CA, Shy ME, Autilio-Gambetti L, Grauss
FC, Petito F, Chess L, Latov N. Monoclonal anti-DNA IgMx in
neuropathy binds to myelin and to a conformational epitope

formed by phosphatidic acid and gangliosides. ] Immunol
1986;137:3821-3825.

. Hafer-Macko D, Hsieh ST, Li CY, Ho TW, Sheikh X, Cornb-

lath DR, McKhann GM, Asbury AK, Griffin JW. Acute motor
axonal neuropathy: an antibody-mediated attack on axo-
lemma. Ann Neurol 1996;40:635-644.

. Hao Q, Saida T, Yoshino H, Kuroki S, Nukina M, Saida K.

Anti-GalNAc-GDla antibody-associated Guillain-Barré syn-
drome with a predominantly distal weakness without cranial

nerve impairment and sensory disturbance. Ann Neurol 1999;
45:758-768.

. Hartung HP, Pollard JD, Harvey GK, Toyka KV. Immuno-

pathogenesis and treatment of the Guillain-Barré syndrome
— part 1. Muscle Nerve 1995;18:137-153.

. Ho TW, Willison HJ, Nachamkin I, Li CY, Veitch J, Ung H,

Wang GR, Liu RC, Cornblath DR, Asbury AK, Griffin JW,
McKhann GM. Anti-GD1a antibody is associated with axonal
but not demyelinating forms of Guillain-Barré syndrome.
Ann Neurol 1999;45:168-173.

Hughes RAC, Hadden RDM, Gregson NA, Smith KJ. Patho-
genesis of Guillain-Barré syndrome. J Neuroimmunol 1999;
100:74-97.

Kaida K, Kusunoki S, Kamakura K, Motoyoshi K, Kanazawa 1.
Guillain-Barré syndrome with antibody to a ganglioside, N-
acetylgalactosaminyl GD1a. Brain 2000;123:116-124.
Kusunoki S. Antiglycolipid antibodies in Guillain-Barré syn-
drome and autoimmune neuropathies. Am J Med Sci 2000;
319:234-239.

Kusunoki S, Chiba A, Kanazawa I. Anti-GQ1b IgG antibody is
associated with ataxia as well as ophthalmoplegia. Muscle
Nerve 1999;22:1071-1074.

Antibodies in Guillain-Barré Syndrome

14.

15.

16.

18.

19.

20.

21.

Kusunoki S, Chiba A, Kon K, Ando S, Arisawa K, Tate A,
Kanazawa I. N-acetylgalactosaminyl GD1a is a target molecule
for serum antibody in Guillain~Barré syndrome. Ann Neurol
1994;35:570-576.

Li F, Pestronk A. Autoantibodies to GM1 ganglioside: differ-
ent reactivity to GMI-liposomes in amyotrophic lateral scle-
rosis and lower motor neuron disorders. ] Neurol Sci 1991,
104:209-214.

Miyazaki T, Kusunoki S, Kaida K, Shiina M, Kanazawa I.
Guillain-Barré syndrome associated with IgG monospecific to
ganglioside GD1b. Neurology 2001;56:1227-1229.

. Pestronk A, Choksi R, Blume G, Lopate G. Multifocal motor

neuropathy: serum IgM binding to a GM1 ganglioside-con-
taining lipid mixture but not to GM1 alone. Neurology 1997;
48:1104-1106.

Plasma exchange/Sandoglobulin Guillain-Barré syndrome
trial group. Randomised trial of plasma exchange, intrave-
nous immunoglobulin, and combined treatments in Guillain—
Barré syndrome. Lancet 1997;349:225-230.

Rees JH, Gregson NA, Hughes RAC. Anti-ganglioside GM1
antibodies in Guillain-Barré syndrome and their relationship
to Campylobacter jejuni infection. Ann Neurol 1995;38:809~
816.

Visser LH, van der Meché FG, van Doorn PA, Meulstee J,
Jacobs BC, Oomes PG, Kleyweg RP, Meulstee J. Guillain—
Barré syndrome without sensory loss (acute motor neuropa-
thy). A subgroup with specific clinical, electrodiagnostic and
laboratory features. Brain 1995;118:841-847.

Yuki N, Yamada M, Koga M, Odaka M, Susuki K, Tagawa Y,
Ueda S, Kasama T, Ohnishi A, Hayashi S, Takahashi H, Ka-
mijo M, Hirata K. Animal model of axonal Guillain—Barré
syndrome induced by sensitization with GM1 ganglioside.
Ann Neurol 2001;49:712-720.

MUSCLE & NERVE  March 2003



[0 CASE REPORT [

Amyotrophic Lateral Sclerosis with IgM Antibody against
Gangliosides GM2 and GD2

Kotaro MIZUTANI, Nobuyuki OKA*, Susumu KUSUNOKI**, Ryuji KaJr##*,
Masutaro KANDA**** Ichiro AKIGUCHI and Hiroshi SHIBASAKI

Abstract

We report a case of amyotrophic lateral sclerosis
(ALS) with IgM antibody against gangliosides GM2 and
GD2. A 57-year-old woman presented with slowly pro-
gressive muscular weakness of the upper extremities and
dysarthria. She fulfilled the clinical and electrophysio-
logical criteria of ALS, and died from sudden suffocation
about 3 years after the onset of illness. The patient’s
serum IgM antibody was shown to recognize the struc-
ture shared by GM2 and GD2. Since anti-GM2 antibod-
ies have been implicated in motor neuropathy or motor
neuron syndrome, this rare case might contribute to the
understanding of the immunological aspects of ALS.
(Internal Medicine 42: 277-280, 2003)

Key words: anti-GM?2 antibodies, antiganglioside antibod-
ies, motor neuron disease

Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal neuro-
degenerative disorder characterized by loss of motor neurons
in the central nervous system. The etiology of sporadic ALS
remains unclear, although abnormalities of the Cu/Zn
superoxide dismutase gene have been detected in some fa-
milial cases (1, 2). Several reports have shown that immuno-
inflammatory processes are involved in the pathology of
ALS (3-5). In addition, a variety of immunological abnor-
malities have been reported in some patients with ALS (6—
9). Gangliosides (sialic acid-containing glycosphingolipids)
are abundant in the nervous system, and serum antiganglio-

side antibodies are occasionally detected in some immune-
mediated neurological disorders (10-13). We encountered a
sporadic ALS patient with serum IgM antibody against
gangliosides GM2 and GD2.

For editorial comment, see p 220.

Case Report

Patient

The patient was a 57-year-old woman who was hospital-
ized with a 5-month history of slowly progressive muscular
weakness of the upper extremities and dysarthria. On exami-
nation, weakness was prominent in the right forearm and
small hand muscles (2-3/5 on the Medical Research Council
scale), but lower extremity strength was preserved. Muscular
atrophy was noted in the right and left thenars. Deep tendon
reflexes were exaggerated in the extremities with bilateral
Babinski sign. Fasciculations were observed in the tongue.
There were no sensory deficits. She had no skin lesions sug-
gesting malignant melanoma, which is occasionally associ-
ated with chronic inflammatory demyelinating polyneurop-
athy and IgM anti-GM2 antibodies (14).

The level of fasting blood sugar was within the normal
range. Thyroid function was normal. M-protein was not de-
tected by serum immunoelectrophoresis. Hepatitis B surface
antigen was positive with mild liver dysfunction. IgM anti-
cytomegalovirus antibody was negative. The antibody test
for human T-lymphotropic virus type I (HTLV-I) was nega-
tive, which ruled out the possibility of a pseudo-ALS form of
HTLV-I-associated myelopathy (15). Examination of cere-
brospinal fluid revealed a cell count of 1/ul and protein level
of 36 mg/dl. Motor nerve conduction studies showed mark-
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Figure 1. TLC-immunostaining with IgM in the patient’s
serum, diluted 1:80. The binding activity of the IgM anti-
body of the patient’s serum to GM2 and GD2 is demon-
strated (arrowheads). GN-GD1a: GalNAc-GDla.

edly reduced compound muscle action potential amplitudes
in the left median and the right median and ulnar nerves
without slowed conduction velocity or conduction block.
Needle electrode examination revealed evidence of active
denervation in all extremities (first dorsal interosseous, ex-
tensor digitorum communis, and gastrocnemius muscles).
The patient did not respond to high-dose intravenous
immunoglobulin treatment, which was administered consid-
ering the possibility of a treatable neuroimmunological disor-
der (13, 16, 17). She was clinically and electrophysiological-
ly diagnosed as having ALS. After discharge, she developed
dysphagia and muscular weakness of the lower extremities,
and then became wheelchair bound. She died from sudden
suffocation about 3 years after the onset of illness.

Methods
Serum antiganglioside antibodies (IgM and IgG) were in-

vestigated by enzyme-linked immunosorbent assay (ELISA)
as described previously (12). Tested ganglioside antigens
were GM1, GM2, GM3, GDla, GD1b, GD3, GT1b, and
GQ1b obtained from Funakoshi (Tokyo, Japan) and N-
acetylgalactosaminyl GDla (GalNAc-GD1a) obtained as de-
scribed previously (12). Antibody titer was expressed as the
maximal dilution factor which gave a corrected optical den-
sity of more than 0.1 (normal, less than 1:40). The results of
ELISA were confirmed using thin-layer chromatogram
(TLC)-immunostaining performed as described previously
(12). ELISA using peroxidase-conjugated rabbit anti-human
kappa or lambda light chain antibodies (DAKO, Glostrup,
Denmark) as second antibodies was also performed to assess
polyclonality or monoclonality of the patient’s serum anti-
body.

The absorption test was performed as follows. Each well
of a 96-well microtiter plate was coated with 0.4 g of each
ganglioside. The wells were filled with 1% bovine serum al-
bumin in phosphate-buffered saline for 30 minutes and emp-
tied. The plate was incubated with the patient’s serum
diluted 1:200 for 2 hours at room temperature then left over-
night at 4°C. After absorption, the antiganglioside antibody
titer of each sample was measured by ELISA.

Results

The patient’s serum IgM was reactive with GM2 (anti-
body titer of 1:640), but not with GM1, GM3, GD1a, GD1b,
GD3, GalNAc-GDl1a, GT1b, or GQ1b (less than 1:40). The
binding activity of the antibody to GM2 was detected with
both anti-human kappa and lambda light chain antibodies as
second antibodies, suggesting that the antibody was poly-
clonal (data not shown). There were no IgG antibodies
against any of the antigens tested. The anti-GM2 antibody
titer remained high throughout the course of the illness.
Since the IgM anti-GM2 antibody of the patient was not
cross-reactive with GM1 or GalNAc-GD1a, cross-reactivity
with GD2 was additionally examined. The patient’s serum
IgM was also reactive with GD2 (1:320). Reactivities with
GM2 and GD2 were confirmed by TLC-immunostaining
(Fig. 1). Absorption with GM2 or GD2, but not with GM1 or
GalNAc-GDla, reduced the antibody activities (Table 1).
Thirty other patients with ALS were also tested for serum
anti-GM2 and anti-GD2 antibodies (IgM and IgG), and the

Table 1. Absorption Test

IgM anti-GM2 antibody

IgM anti-GD?2 antibody

Not absorbed

Absorbed with GM2
Absorbed with GM1
Absorbed with GalNAc¢-GD1a
Absorbed with GD2

0.464 0.21
<0.1 <0.1
0.385 0.259
0.366 0.218
<0.1 <0.1

Absorption of the patient’s serum was performed with 0.4 pg of each ganglioside. Data

are optical density values.
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results were all negative {data not shown). In addition, we
present previous cases with [gM anti-GM2 antibodies in our
laboratory: one patient with multifocal motor neuropathy
(antibody titer of 1:2,560) (13) and five with Guillain-Barré
syndrome (GBS) subsequent to cytomegalovirus infection
(1:40 to 1:640).

Discussion

Cavanna et al (18) measured IgM anti-GM2 antibodies in
the sera of 224 patients with different neuropathies and
motor neuron disease (MND), and found high titers of the
antibodies in eight patients with dysimmune neuropathies.
All of those patients had a concomitant IgM reactivity with

“either GM1 or GalNAc-GD1a, the latter sharing the terminal
trisaccharide with GM2 (Fig. 2). However, the present
patient’s serum IgM was not reactive with GM1 or GalNAc-
GD1a, but with GD2. The absorption test revealed that the
IgM antibody mainly recognizes the moiety shared by GM2
and GD2 (Fig. 2). Similar reactivities with GM2 and GD2
have been observed in the serum antiganglioside antibodies
of patients with GBS subsequent to cytomegalovirus infec-
tion (19, 20). Yuki et al (21) measured IgM and IgG anti-
GD2 antibodies in the sera of 257 patients with various
neurological disorders, and found high titers of the antibod-
ies in seven patients including five with GBS. One of these
GBS patients had IgM antibody against GD2, GM2, and
GalNAc-GDla.

GM2 may be an immunologically unique gangtioside. Tai
et al (22) reported that GM2 appears to be the most immuno-
genic among gangliosides found on human melanoma cells.
We recently reported that GM2 markedly enhances the pro-
duction of tumor necrosis factor-a in peripheral blood mono-
nuclear cell culture (23). In addition, GM2 is thought to be
a possible major component of motor neuron gangliosides
(24, 25).

Antibodies against several kinds of gangliosides other
than GM2 have been detected in MND (26-28). O’Hanlon et
al (29) recently reported three MND patients with IgM anti-
GM2 antibodies whose cross-reactivity with GD2 was not
described. Interestingly, high-titer IgM antibody against
GM?2 was detected in a patient who developed an ALS-like
disorder after intramuscular treatment with bovine brain
gangliosides for diabetic neuropathy (30). The IgM anti-
GM2 antibody in that patient was cross-reactive with
GalNAc-GD1a (31), but not with GD2 (30). In addition,
Nakao et al (32) found two novel GM2-epitope containing
gangliosides in bovine brain with that patient’s serum IgM.
Similarly, there might be unknown gangliosides in the cen-
tral nervous system that react with our patient’s serum IgM.

As one of the autoimmune hypotheses in ALS, autoreac-
tive antibodies might be taken up at the nerve ending and
transported within the axons (33). It was reported that
immunoglobulins from ALS patients enhance spontaneous
transmitter release from motor nerve terminals (7). IgM
monoclonal antibody against terminal moiety of GM2 and
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GM2 GalNAc-Gal-Glc-Cer
.............................. o

NeuAc

GalNAc-GD1a GalNAc-Gal-GalNAc-Gal-Glc-Cer
| J

NeuAc NeuAc

GM1 Gal-GalNAc-Gal-Gle-Cer
|
NeuAc

GD2

Figure 2. Structures of gangliosides GM2, GalNAc-
GD1a, GM1 and GD2. GalNAc: N-acetylgalactosamine,
Gal: galactose, Glc: glucose, Cer: ceramide, NeuAc: N-
acetylneuraminic acid. GM2 and GD2 have a GalNAc-
Gal-Gle-moiety in common (dotted line).

GalNAc-GD1a has recently been shown to have effects on
neurotransmitier release (34). These pathophysiological
mechanisms involving motor nerve terminals may account
for selective damage to motor nerves or motor neurons.
Although the pathogenic significance of IgM anti-GM2 anti-
bodies in MND is still undetermined (29), the present rare
case might contribute to the understanding of the immuno-
logical aspects of ALS.
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A family with Cempylobacter enteritis:
Anti-GD1a antibody with/without
Guillain-Barré syndrome

M. Hirano, MD, PhD; S. Kusunoki, MD, PhD; H. Asai, MD:;
Y. Tonomura, MD; D. Morita, MD; and Satoshi Ueno, MD, PhD

Guillain-Barré syndrome (GBS) is characterized by acute, motor-
predominant neuropathy frequently preceded by infection.
Campylobacter jejuni enteritis is involved in about one-third of
patients.! Molecular mimicry between C. jejuni and gangliosides
can lead to the production of serum anti-ganglioside antibodies,
which may cause neuropathies.

A literature search revealed only one report describing a fam-
ily with C. jejuni enteritis, in which GBS developed in one of three
affected members. That report implicated anti-ganglioside anti-
body as the cause of GBS.2 We now describe a second such family
in which additional factors as well as anti-ganglioside antibodies
may have contributed to the GBS onset.

Two brothers, 16 and 19 years old, had diarrhea of 3-days’
duration. A week after the onset, the younger brother had severe
tetraparesis. Neurologic and electrophysiologic findings were con-
sistent with a diagnosis of axonal GBS. Blood specimens were
obtained from the two brothers on the fourth day after the GBS

onset. The brothers were sero-positive for anti-C. jejuni antibody.
Anti-ganglioside antibodies were examined as described previ-
ously, using GM1, GM2, GM3, GD1a, GD1b, GalNAc-GD1a, GD3,
GT1b, and GQ1b as antigens.® The brother with GBS had anti-
GM1 IgM (1:320) and IgG (1:160) and anti-GD1a IgG (1:80) anti-
bodies (normal <1:40 for both IgM and IgG). IV immunoglobulin
therapy produced prompt marked improvement in the patient’s
condition. The elder brother had no signs or symptoms suggestive
of GBS. The serum was strongly positive for anti-GD1a IgG anti-
body (1:320), confirmed to react with GD1a on thin-layer chroma-
tography (figure). Anti-ganglioside antibody titers for both
brothers decreased to <1:40 3 months after the disease onset.
Our study showed that GBS developed in only one of the two
siblings with anti-ganglioside antibodies. One explanation is that
anti-GM1 antibody was involved in the pathogenesis of the dis-
ease, whereas anti-GD1a antibody was not. The pathogenicity of
anti-GM1 antibody is experimentally evidenced in GM1-
immunized animals. However, anti-GD1a IgG antibody is more
closely associated with acute motor axonal neuropathy than anti-
GM1 IgG antibody.* Among 600 patients with definite or probable
GBS, 4 were positive for only anti-GD1a IgG antibody, with titers
ranging from 1:160 to 1:320 (S. Kusunoki, unpublished observa-
tion). The antibody titer in the patient without GBS was therefore
comparable with that in patients with GBS. In addition, the
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