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Whether patients who have GBS with antibodies to galactocerebroside (Gal-C) and gangliosides (Gal-C-GS-GBS)
more often have demyelinating or axonal neuropathy remains controversial. We assessed the electrophysiolog-
ical data from 16 patients with Gal-C-GS-GBS based on the two established criteria to clarify this issue. In this
largest cohort of Gal-C-GS-GBS, eight patients had demyelinating neuropathy and none exhibited axonal neurop-
athy on either criterion. These data indicated that antibodies to Gal-C, a myelin antigen, might predominantly be
associated with demyelinating neuropathy, even in the presence of concomitant antibodies to gangliosides.

© 2016 Elsevier B.V. All rights reserved.
Keywords:
Ganglioside
Galactocerebroside
Guillain–Barré syndrome
Electrophysiological study
Demyelinating neuropathy
1. Introduction

Antibodies to glycolipids, such as galactocerebroside (Gal-C) and
gangliosides, are frequently detected in acute-phase sera of patients
with Guillain–Barré syndrome (GBS). In rabbits, sensitization with
Gal-Cwas demonstrated to cause demyelinating neuropathy, consistent
with the distribution of Gal-C to myelin (Saida et al., 1979). In addition,
we recently showed that patientswith GBShaving anti-Gal-C antibodies
(Gal-C-GBS) tended to have demyelinating neuropathy (Samukawa et
al., 2014). Importantly, in contrast to a previous report of a GBS patient
with both anti-Gal-C and GM1 antibodies exhibiting axonal neuropathy
(Susuki et al., 2004), none of the nine patients with anti-Gal-C antibody
who also had antibodies to gangliosides (Gal-C-GS-GBS) in our study
had axonal neuropathy (Samukawa et al., 2014). In this retrospective
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ides; ELISA, enzyme-linked
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i).
analysis of patients comprising the largest Gal-C-GS-GBS cohort, we in-
vestigated the electrophysiological features of patients in detail.

2. Materials and methods

2.1. Patients and serum samples

Between June 2006 and December 2013, clinical information and
serum samples were collected from 54 consecutive patients with Gal-
C-GBS at several medical institutions including our own hospitals in re-
sponse to requests to measure anti-glycolipid antibodies. We selected
the patients with antibodies to gangliosides as well as Gal-C (Gal-C-
GS-GBS) and available data of nerve conduction studies (NCS) for fur-
ther analysis. All those patients fulfilled the clinical criteria for GBS
(Asbury and Cornblath, 1990).

2.2. Enzyme-linked immunosorbent assay (ELISA) for detecting antibodies
to Gal-C and gangliosides

Anti-glycolipid antibodies in the sera were examined using ganglio-
sides (GM1, GM2, GM3, GD1a, GD1b, GalNAc-GD1a, GD3, GT1b, GQ1b),
and Gal-C as antigens as previously described (Kusunoki et al., 2001).
According to our previous study (Samukawa et al., 2014), we defined
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the cut-off value for Gal-C antibody titer (corrected optical density:
cOD) as 0.4. Based on a previous report (Kusunoki et al., 2001), the
cut-off values of antibodies to gangliosides were set at 0.1.

2.3. Electrophysiological features of GBS with both Gal-C and ganglioside
antibodies

NCS were performed using conventional procedures. The skin tem-
peraturewasmaintained above 32 °C in this study.MotorNCSwere per-
formed on the median, ulnar, posterior tibial, and deep fibular nerves,
whereas sensory NCS included stimulation of the median, ulnar, and
sural nerves. Compound muscle action potential (CMAP), motor nerve
distal latency (MDL), motor nerve conduction velocity (MCV), sensory
nerve conduction velocity (SCV), and sensory nerve action potential
(SNAP) were also measured. Values outside the normal laboratory
range that were corrected for age were considered abnormal. Patients
were assessed based on previously reported electrodiagnostic criteria
(Hadden et al., 1998 and Ho et al., 1995). Two criteria were described
in detail in the Supplementary Table 1.

2.4. Serological assay for antibody to Mycoplasma pneumoniae

Antibodies to Mycoplasma pneumoniae (MP) were measured in 16
patients with Gal-C-GS-GBS with the use of a particle agglutination
(PA) method (normal b 40), which mainly detects IgM class antibodies
indicative of acute or subacute infection.

2.5. Standard protocol approvals, registration and patient consent

This study was approved by the institutional review board of the
Kindai University. Written informed consent was obtained from all pa-
tients included in this study.

3. Results

3.1. Results of ELISA

Nineteen of the patients also had antibodies to several gangliosides
and thus, they were diagnosed as Gal-C-GS-GBS cases [13 males; 6
females; age, 55.4 ± 20.6 years (mean ± SD)]. From the 19 patients,
three were removed from further analysis because they lacked detailed
electrophysiological data. Nine of these 16 patients were included in
our previous study (Samukawa et al., 2014). The anti-gangliosides anti-
bodies detected in 16 patients with Gal-C-GS-GBS were shown in Table
1. Of a total of 16 patients, eight had anti-GM1 antibodies; (IgG antibod-
ies in four, IgM antibodies in three and both IgG and IgM antibodies
in one).

3.2. Electrophysiological evaluation

The electrophysiological data were described in Table 1. Eight pa-
tients (50%) had demyelinating disease, whereas seven (44%) were
equivocal and one patient was normal. None of the evaluated patients
with Gal-C-GS-GBS had axonal category based on Hadden's criteria. Ac-
cording toHo's criteria, eight patients (50%) had acute inflammatory de-
myelinating polyneuropathy (AIDP),whereas eight patients (50%)were
unclassified; none were determined as unexcitable or as having acute
motor axonal neuropathy (AMAN). NCS were repeatedly performed in
six cases; the classification did not change to axonal type infive patients,
whereas one patientwas transiently classified as having the axonal type
(case 12 in Table 1). Of these 16 patients, seven patients had IgM or IgG
GM1 antibodies andwere categorized as demyelinating subtype. Four of
these demyelinating subtype patients with anti-GM1 antibodies had
markedly decreased CMAP of b2.0 mV.

Although five of the 8 patients with Gal-C-GS-GBS classified as
equivocal/unclassified had slight or mild demyelinating findings
(prolonged MDL and/or decreased MCV out of normal range), they
were not categorized as demyelinating or AIDP based on either criteria.
Two patients had slightly decreased CMAPs of N60% of lower limit of
normal. In the remaining cases, CMAPswerewithin normal limit. No pa-
tients categorized as equivocal/unclassified had markedly decreased
CMAP b2.0 mV. Results of motor nerve conduction study of 8 patients
with Gal-C-GS-GBS categorized as equivocal/unclassified were shown
in the Supplementary Table 2.

3.3. Mycoplasma pneumoniae infection

We confirmed 320 times ormore of this antibody titer to be positive
as previous report (Yamazaki et al., 2006). In present study, five patients
had positive titer of Mp antibody. There was no important relationship
between Mp infection and electrophysiological findings.

4. Discussion

We recently reported 12 patients with Gal-C-GS-GBS among a co-
hort of 47 patients with Gal-C-GBS (Samukawa et al., 2014). Nine pa-
tients, including four with IgM and/or IgG GM1 antibodies, had
available electrophysiological records, and none were diagnosed as
exhibiting axonal neuropathy based on Hadden's and Ho's criteria
(Hadden et al., 1998 andHoet al., 1995). Thesefindingswere in contrast
to that of a previous case report of GBS wherein the patient exhibited
antibodies to Gal-C and GM1 and axonal neuropathy (Susuki et al.,
2004). Thus, we expanded our previous cohort to include seven newpa-
tients with Gal-C-GS-GBS.We assessed the clinical features and electro-
physiological findings to clarify the demyelinating effect of anti-Gal-C
antibodies. Our findings indicated that none of the 16 patients with
Gal-C-GS-GBS, for whom NCS data were available, were classified as
having the axonal type neuropathy. Even in the patients with repeated
NCS, the classification did not change to axonal type in the majority of
the cases, except for only one case with IgG anti-GD1a and GT1b anti-
bodies exhibiting transient change to axonal type but eventually
exhibiting demyelinating type. These results suggest that anti-Gal-C an-
tibodies act as a demyelinating factor in the pathogenesis of this sub-
type. The absence of AIDP patients in the report from another group
(Susuki et al., 2004) may be due to a small number of patients they in-
vestigated. However, antibodies against gangliosides may also contrib-
ute to pathogenesis as factors involved in axonal disturbance. Signs of
demyelination in two or more nerves are classified as AIDP, even in
the presence of concomitant axonal disturbance. Therefore, the present
study does not exclude the possibility that antibodies against ganglio-
sides may cause axonal disturbances. In fact, among the seven patients
with demyelinating neuropathy and antibodies to both Gal-C and
GM1, four had apparent decreases in CMAP. It suggests the presence
of concomitant axonal damage although this finding could also be relat-
ed to distal conduction block.

In the present study, 8 of 16 patients were categorized as equivocal/
unclassified. The results of NCS suggest that theyweremore close to de-
myelinating/AIDP than to axonal/AMAN because 5 of the 8 patients
showed prolonged MDL or decreased MCV and none showed marked
decrease of CMAP.

We previously described five Gal-C-GBS patients without anti-gan-
glioside antibodies who were classified as having AMAN based on Ho's
criteria (Samukawa et al., 2014). In addition, we reported patients
with acute disseminated encephalomyelitis and antibodies to Gal-C
exhibiting axonal neuropathy (Samukawa et al., 2012). The electro-
physiological subtypes in these patients were not compatible with the
distribution of Gal-C in peripheral nerves and our data described
above. Additional unidentified factors may be contributing to axonal
disturbances in these cases. Antibodies to unknown glycolipids or pro-
teins localized on the axonalmembranemay coexist, and anti-Gal-C an-
tibodies may not be sufficient to cause demyelination in such cases.
Alternatively, anti-Gal-C antibodies may cause demyelination in



Table 1
Summary of clinical and electrophysiological data in Guillain-Barré syndrome with anti-Gal-C antibody and antibodies to other glycolipids and electrophysiological findings.

Case
no.

Age Gender Antecedent
event

Titer of antibody
toMycoplasma
pneumoniae (PA)

IgM
Gal-C
antibody

IgG
Gal-C
antibody

Other antibody Electrophysiological subtype Marked
decrease
of CMAP

IgM IgG Hadden's criteria (day) Ho's criteria (day)

1 64 M
Common
cold

256 − ++ − GM1 3+, GD1b 2+ Demyelinating (8) AIDP (8) −

2 85 M None 160 − +++ − GM1 4+
Demyelinating (14)
Demyelinating (30)

AIDP (14)
AIDP (30)

−

3 46 F
Respiratory
infection

320 − +++ −
GD1a 2+, GT1b 3+, GQ1b
4+, GT1a 3+

Equivocal (2)
Equivocal (23)

Unclassified (2)
Unclassified (23)

−

4 44 M
Respiratory
infection

160 − +++ − GalNAc-GD1a 1+ Equivocal (18) Unclassified (18) −

5 6 M
Mycoplasma
pneumoniae
pneumonia

10,240 +++ − GM1 2+ −

Demyelinating (7)
Demyelinating (14)
Demyelinating (63)
Equivocal (N90)

AIDP (7)
AIDP (14)
AIDP (63)
Unclassified (N90)

+

6 36 M
Respiratory
infection

640 − +++ − GQ1b 1+ Demyelinating (17) AIDP (17) −

7 36 M
Respiratory
infection

b40 − ++ − GD1b 2+, GQ1b 1+, GD3 3+
Equivocal (2)
Equivocal (9)

Unclassified (2)
Unclassified (9)

−

8 72 M
Common
cold

320 − +++ − GM1 3+ Demyelinating (2) AIDP (2) +

9 35 M
Respiratory
infection

20,480 ++ − − GD1a 3+, GT1b 2+
Equivocal (2)
Axonal (7)
Demyelinating (92)

Unclassified (2)
AMAN (7)
AIDP (92)

−

10 69 M Unknown b40 + ++ GM1 2+ − Demyelinating (31) AIDP (31) −

11 68 M
Respiratory
infection

b40 − +++
GD3 1+,
GQ1b 1+

GD1b 1+,GT1b 1+, GQ1b 1+ Equivocal (3) Unclassified (3) −

12 45 F
Respiratory
infection

b40 − ++
GQ1b 2+,
GalNAc-GD1a
1+, GT1a 1+

GM3 1+,GD1a 3+, GD1b 3+,
GD3 3+, GT1b 3+, GQ1b 3+,
GalNAc-GD1a 3+, GT1a 3+

Normal (3)
Equivocal (7)

Unclassified (3)
Unclassified (7)

−

13 78 M
Infection of
the digestive
tract

b40 − ++ GM1 1+
GM1 1+, GD1a 1+, GD1b 3+,
GD3 2+

Demyelinating (12) AIDP (12) +

14 59 F
Respiratory
infection

160 − ++ − GD1b 1+, GT1b 2+, GQ1b 2+ Equivocal (12) Unclassified (12) −

15 30 F
Respiratory
infection

160 − ++

GM1 3+,
GM2 2+,
GalNAc-GD1a
2+

− Demyelinating (18) AIDP (18) +

16 55 M
Respiratory
infection

b40 − ++
GalNAc-GD1a
2+

− Equivocal (30) Unclassified (30) −

Gal-C; galactocerebroside, AIDP; acute inflammatory demyelinating neuropathy, AMAN; acute motor axonal neuropathy, CMAP; compound muscle action potential, n.e.; not examined,
PA; particle agglutination.
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proximal areas of the peripheral nervous system, such as nerve roots,
which may be classified as having axonal disturbance due to secondary
axonal damage by routine NCS.

In conclusion, none of the patients with Gal-C-GS-GBS were catego-
rized as having axonal neuropathy in this study, suggesting that anti-
bodies to Gal-C may predominantly be associated with demyelinating
neuropathy even in the presence of concomitant anti-ganglioside
antibodies.

Supplementary data to this article can be found online at http://dx.
doi:10.1016/j.jneuroim.2016.10.006.
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