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ganglioside complex

key words Guillain-Barré syndrome, Fisher syndrome, autoimmune neuropathy, ganglioside,
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GSC: ganglioside complex, GBS: Guillain-Barré syndrome, FS: Fisher syndrome
AMCBN: acute motor conduction block neuropathy

OP: ophthalmoplegia

GQ1b/GM1 B X VB § 5 GSCs: GQ1b/GMI1, GQ1b/GD1b, GTla/GMI, GT1a/GD1b
GQ1b/GDla B k 'BHE T % GSCs: GQlb/GDla, GTla/GD1a, GQlb/GT1b, GT1a/GT1b
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Abstract IgG anti-GQlb antibodies are a powerful
serological marker for the diagnosis of Fisher syndrome
(FS), but little is known regarding serological markers in
FS patients that do not have the autoantibodies. The
authors analyzed IgG antibodies against gangliosides other
than GQ1b, ganglioside complexes, and ganglioside-like
lipo-oligosaccharide (ILOS) of Campylobacter jejuni iso-
lates from FS patients. We identified 24 (12%) patients
with GQlb-seronegative FS among 207 ES patients who
had been referred to our laboratory for anti-ganglioside
antibody testing. Patients with GQ1b-seronegative FS were
male and had a history of antecedent gastrointestinal illness
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more frequently than FS patients with IgG anti-GQlb
antibodies. Other clinical features during the illness were
not distinguishing for GQ1b-seronegative FS. Four (17%)
of 24 patients with GQ1b-seronegative FS had IgG anti-
bodies against single gangliosides such as GM1b, GD1a, or
GTla. Antibodies against GM1 and GTla complex were
detected in four GQlb-seronegative FS patients, three of
whom did not have antibodies against single gangliosides.
Mass spectrometry analysis showed that C. jejuni isolates
from FS patients had GD1c-, GalNAc-GM1b-, or GalNAc-
GDIc-like LOS, and not GQ1b-like LOS, highlighting the
utility of examining serum antibodies against these gan-
glioside mimics in GQ1b-seronegative FS patients. Seven
(29%) had IgG antibodies against the LOS from C. jejuni
strains expressing GDlc-, GalNAc-GM1b-, or GalNAc-
GD1Ic-like LOS. These findings suggest that IgG antibodies
against GM1b, GDlc, GalNAc-GM1b, and ganglioside
complexes are serological markers for GQ1b-seronegative
Fisher syndrome.

Keywords Fisher syndrome - Anti-GQ1b antibody -
Campylobacter jejuni - Ganglioside complex - Lipo-
oligosaccharide

Introduction

Fisher syndrome (FS) is the most common clinical variant
of Guillain—Barré syndrome (GBS) characterized by acute
onset of ophthalmoplegia, ataxia, and areflexia. A land-
mark study identified IgG autoantibodies against GQl1b
ganglioside as a serological marker in FS [1], and sub-
sequent studies estimated the highly frequent detection of
the antibodies between 83 and 100% of FS patients [2-4].
From a serological point of view, FS is much more uniform
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than the axonal subtype of GBS associated with IgG
autoantibodies to GM1, GM1b, GDla, or GalNAc-GDla
[5, 6]. It has been found that a mixture of two gangliosides
(ganglioside complex) can generate new epitopes that dif-
fer from those of the constituents and may be targeted by
serum autoantibodies from FS patients [7]. However, little
effort has been made to identify novel autoantibodies in the
minority of FS patients that are negative for anti-GQ1b
antibodies.

Our prospective case—control study has shown that
Campylobacter jejuni is the most frequently identified
antecedent agent in FS [8]. A GQIlb-mimicking structure
on the bacteria is hypothesized to be the key trigger for the
generation of anti-GQ1b antibodies in C. jejuni-related FS.
Unexpectedly, however, several C. jejuni isolates from FS
patients did not express GQIlb-like lipo-oligosaccharide
(LOS), and instead expressed GTla-, GD3-, or GDl1c-like
LOS (Fig. 1) [8-11]. These findings led us to hypothesize
that ganglioside-like I.LOS other than GQ1b-like LOS could
trigger the production of unidentified pathogenic autoanti-
bodies in GQlb-seronegative patients and induce the
development of FS.

In the present study, we retrospectively selected FS
patients negative for IgG anti-GQ1b antibodies and
investigated their clinical features. We analyzed IgG anti-
bodies against other single gangliosides, ganglioside
complexes, and ganglioside-like LOS of several C. jejuni
isolates from FS patients in order to identify serological
markers for anti-GQ1b antibody-negative FS patients.
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1~ Cer Cer

. Cer Cer

Glucose

Cer
l:] N-Acetylgalactosamine

N-Acetylneuraminic acid

Fig. 1 Carbohydrate sequence of the gangliosides, Cer ceramide
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Methods
Patients

We received requests to test serum anti-ganglioside anti-
bodies from 207 patients presenting with FS from February
2000 to July 2002. All patients fulfilled the clinical criteria,
which included (1) progressive, relatively symmetric oph-
thalmoplegia and ataxia for 4 weeks, (2) hyporeflexia or
areflexia, (3) preserved limb strength (five or four on the
Medical Research Council scale), and (4) features that rule
out the other diagnoses such as vascular disease involving
the brainstem, Wernicke encephalopathy, botulism, myas-
thenia gravis, brainstem tumor, pituitary apoplexy, acute
disseminated encephalomyelitis, multiple sclerosis, neuro-
Behcet disease, vasculitis, lymphoma, and Creutzfeldt—Ja-
kob disease [4]. One of the authors (M.K.) reviewed the
patients’ medical records to ascertain diagnoses and neu-
rological findings. Pretreatment serum samples were
obtained during the acute phase of the illness. Sera from 40
healthy individuals were used as healthy controls (HC) and
sera from 34 patients with neurodegenerative, metabolic, or
vertebral diseases as disease controls (DC). Informed
consent was provided by all participants for serological
analyses. The study protocol was approved by the local
Ethic Committee at Dokkyo Medical University.

Anti-ganglioside antibody testing and infectious
serology

Serum IgG antibodies against isolated gangliosides (GM2,
GM1, GM1b, GD1a, GalNAc-GD1a, GD1b, GT1a, GT1b,
or GQI1b; 10 pmol/well) were measured by ELISA as
previously described [12]. Sera were considered positive if
the optical density (OD) was 0.5 or more at a serum dilu-
tion of 1:500. IgG antibodies to GM1 and GT1a complex
(GM1/GT1a) were similarly tested using a mixture of GM1
and GTla (each 5 pmol/well) as the target antigen. Anti-
GM1/GT1a antibodies were judged positive if the OD of
anti-GM1/GT1a antibodies was 0.5 greater than the sum of
ODs of GM1 and GTla assayed individually. Antibodies
against other combinations of gangliosides (GM1/GDla,
GM1/GQlb, GD1a/GT1la, GD1a/GQlb, or GT1a/GQ1b)
were similarly analyzed. By these criteria, none of the sera
from 40 HC and 34 DC were positive for anti-ganglioside
complex antibodies. Antecedent C. jejuni and Haemophilus
influenzae infections were serologically examined as
described [8].

Mass spectrometry analysis of C. jejuni isolates

Four C. jejuni strains (GC033, GC068, GC149, and
GC219) isolated from patients with FS with or without
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overlapping GBS were used for LOS antibody analysis.
Three patients were positive for IgG anti-GQ1b antibodies,
and one (with strain GC149) was negative. These strains
were used for anti-LOS antibody testing because they have
defined ganglioside mimics in their LOS outer cores. All of
these strains were included in our previous study [13], and
the LOS outer core structures have been reported for two
of them: GC149 [14-16] and GCO033 [10, 17, 18]. The
LOS outer core structures of GC068 and GC219 were
determined in this work. Overnight growth of the strains on
an agar plate was done as described [19], except that we
used 60 pg/ml proteinase K, 200 pg/mL RNase A, and
100 pg/mL. DNase I. The O-deacylated LOS sample
was analyzed by capillary electrophoresis-electrospray
ionization mass spectrometry (CE-ESI-MS), as described
[20]. Classification of the LOS biosynthesis gene locus and
est-II genotype (Thr/Asn 51) were performed as described
[13, 15].

Anti-C. jejuni L.OS antibody testing

Serum IgG antibodies against C. jejuni LOS were
examined by ELISA using crude LOS fractions [21].
Briefly, C. jejuni was grown at 37°C for 48 h on blood
agar plates in a 5% oxygen, 10% carbon dioxide atmo-
sphere. The bacterium then was suspended in sterile PBS
and adjusted to an OD of 0.4 at 650 nm. A 1.5 ml aliquot
of the suspension was centrifuged at 14,000 g for 1.5 min,
and the pellets were resuspended in 300 pl of distilled
water. This suspension was boiled for 10 min, cooled,
100 pg of proteinase K (Roche Diagnostics Corporation,
Indianapolis, IN, USA) was added, and the suspension
was incubated at 60°C for 60 min. Thereafter, 0.5 ul of
this lysate was mixed with 50 pl methanol and then dried
in a microtiter plate. Patient sera were diluted 1:500 with
PBS containing 0.5% casein then added to the wells, after
which the plate was incubated overnight at 4°C. After
washing (0.05% Tween 20 in PBS), peroxidase-conju-
gated anti-human IgG (Dako, Glostrup, Denmark;
1:1,000) was added. Plates were kept at 20°C for 2 h
prior to developing. Serum was considered positive when
antibody OD was 1.0 or more.

Statistical analyses

Differences in frequency between the groups were ana-
lyzed using the Fisher exact test. Differences in medians
were examined by the Mann—Whitney U test. Differences
were considered significant for two-sided P values < 0.05.
Statistical calculations were made with SPSS 19 software
(IBM Japan Ltd, Tokyo, Japan).

Resuits
FS patients negative for anti-GQ1b IgG antibodies

Among the 207 FS patients, 24 (12%) were negative for
IgG anti-GQ1b antibodies [GQ1b-seronegative FS; median
age, 56 years (range, 6-74); male/female, 22/2] (Table 1).
None of the 24 patients had IgM anti-GQ1b antibodies.
Twenty-three (96%) patients reported antecedent infectious
symptoms indicative of respiratory tract infection [N = 15
(63%)] or gastroenteritis [N = 7 (29%)]. Serological evi-
dence of recent C. jejuni infection was found in three
(13%) GQlb-seronegative FS patients, and none had evi-
dence of H. influenzae infection. The most frequent initial
symptom was diplopia (N = 13 [54%]), followed by gait
disturbance [N = 8 (33%)]. As in typical FS with anti-
GQI1b antibodies, external ophthalmoparesis was abduc-
tion-predominate [9/20 (45%)], and frequently accompa-
nied neurological deficits seen during the acute phase of
illness were objective sensory disturbance [13/23 (54%)],
mydriasis [6/14 (43%)], bulbar palsy [7/23 (29%)], and
facial palsy [6/24 (25%)]. CSF albuminocytological dis-
sociation was seen in 70% (14/20) of the GQ1b-seroneg-
ative FS patients.

Due to the difficulty of retroactively obtaining data from
the patients included in this study, clinical features of the
patients with GQlb-seronegative FS were compared to
those of GQIb-positive FS patients included in our previ-
ous study [22]. Statistical analysis showed that patients
with GQlb-seronegative FS more frequently were male
[P = 0.002, odds ratio (OR) 7.3, 95% confidence interval
(CI) 2.0-27] and had a history of antecedent gastrointes-
tinal symptoms (P = 0.02, OR 3.7, 95% CI 1.3-10.3)
(Table 1). A history of antecedent upper respiratory
infectious symptoms (P = 0.02, OR 0.26, 95% CI
0.10-0.71) and the onset of diplopia (P = 0.046, OR 0.38,
95% CI 0.15-0.96) were rarer in GQlb-seronegative FS,
but the frequencies of neurological features during the ill-
ness did not differ between the groups.

Ganglioside mimics of FS-related C. jejuni LOS

As mentioned above, GTla-, GD3-, or GDIlc-like LOS
have been indentified in C. jejuni isolates from FS patients
(Fig. 1) [8-11], whereas GQIlb-like LOS has not been
identified. We used four FS-related C. jejuni strains with
defined LOS outer core structures for the serological
analyses described below. C. jejuni GC033 was reported to
display a GD1c mimic [10]. C. jejuni GC149 was shown to
express a mixture of ganglioside mimics through phase
variation [16], and GC149 can display mimics of GD3,
GT3, GQ3, GT1a, and Gal-GM1a in its LOS outer core

@ Springer

._.51__



J Neurol

Table 1 Comparison of clinical features between Fisher syndrome patients with and without IgG anti-GQ1b antibodies

IgG anti-GQ1b antibodies

Negative Positive Two-sided
N=24 N = 110* P value
Age: median (range) 56 (6-74) 41 (2-78) NS
Sex: male/female 22/2 66/44 0.002
Prior symptoms
Any 23/24 (96%) - -
URTI 15/24 (63%) 95/110 (86%) 0.02
GI 7/24 (29%) 11/110 (10%) 0.02
Initial symptoms
Diplopia 13/24 (54%) 83/110 (75%) 0.046
Gait disturbance 8/24 (33%) 36/110 (32%) NS
Dysarthria 2/24 (8.3%) 4/110 (3.6%) NS
Blepharoptosis 1/24 (4.2%) 3/110 (2.7%) NS
Neurological features during the illness
Abduction-predominance of EOP 9/20 (45%) ND -
0P 6/14 (43%) 41/110 (37%) NS
Nystagmus 4/10 (40%) 16/110 (16%) NS
Facial palsy 6/24 (25%) 25/110 (23%) NS
Bulbar palsy 7124 (29%) 20/100 (20%) NS
Sensory disturbance 13/23 (54%) 55/99 (56%) NS
Autonomic disturbance 1/23 (4.3%) ND -
Campylobacter jejuni serology 3/24 (13%) ND -
Haemophilus influenzae serology 0724 ND -
Albuminocytologic dissociation in CSF 14/20 (70%) 62/94 (66%) NS

NS not significant, URTI upper respiratory tract infectious symptoms, G/ gastrointestinal infectious symptoms, EOP external ophthalmoparesis,
ND not described, IOP internal ophthalmoparesis, CSF cerebrospinal fluid

* Reported previously [22]

(Table 2). Mass spectrometric analysis of O-deacylated
samples was used to propose LOS outer core structures for
strains GCO068 and GC219 (Table 2). The mass species
observed for strain GCO68 are consistent with mixed GD1c-,
GalNAc-GM1b-, and GalNAc-GDlc-like structures in the
LOS outer core (Supplemental Table 1). The mass species
observed for strain GC219 are consistent with an LOS outer
core displaying a GalNAc-GM1b-like structure (Supple-
mental Table 1). LOS from these four FS-related C. jejuni
strains (GC033, GC068, GC149, and GC219) were used as
antigens for the following serological analyses of GQI1b-
seronegative FS patients and control groups.

Serological analyses

IgG antibodies against single gangliosides other than GQ1b
were detected in 4 (17%) of the 24 patients with GQ1b-
seronegative FS (Table 3). Anti-GTla and anti-GMI1b
antibodies were detected in two patients, each one of whom
showed isolated elevation of the antibodies (Nos. 3 and 4 in
Table 4). Antibodies against ganglioside complexes were
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positive in four (17%) of the GQIlb-seronegative FS
patients, three of whom were negative for antibodies
against all single gangliosides examined. Among anti-
ganglioside complex antibodies, anti-GM1/GT1a antibod-
ies were detected in all four patients positive for anti-
ganglioside complex antibodies.

IgG antibodies against C. jejuni LOS from the four
strains with defined structures were positive in seven (29%)
of the 24 GQIlb-seronegative FS patients, and slightly
above that of HC (5/40 [13%]; P = 0.11) (Table 3). Three
of the seven patients with anti-LOS antibodies were neg-
ative for antibodies against all single gangliosides and
ganglioside complexes. Patient IgG reacted with a variety
of GalNAc-GM1b-like structures (six [25%] of 24 patients
with GQ1b-seronegative FS versus 5/40 [13%] in HCs;
P = 0.30), mixed GDlc- and GalNAc-GMI1b-like struc-
tures (four [17%] versus two [5%]; P = 0.19), mixed GD3-
, GTla-, GT3-, GQ3-, Gal-GM1la-like structures (four
[17%] versus zero [0%]; P = 0.02; OR, 17.8; 95% (I,
2.1-147), and GDlc-like structures (three [13%] versus
one [2.5%]; P = 0.14). Four (12%) DC sera were scored
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Table 2 Lipo-polysaccharide structures of Campylobacter jejuni isolates from patients

Guillain-Barré syndrome

with Fisher syndrome with or without overlapping

C. jejuni  Serogroup  LOS cst-11 Ganglionside-mimic of LOS Patient’s IgG anti-gangloside Ab

(serotype)  biosynthesis  genotype diagnosis titers” in patients

class®
GQlb Others
GCO033 D¢ A Asn51 GDlc FS 32,000  GTla (32,000)
GC219 HS:2 B Asn51 GalNAc-GM1b ES 8,000  GTla (16,000)
GC068 HS:2 Unclassified - GDlc, GalNAc-GM1b, and FS/GBS 32,000 GDI1a/GT1a/GTlb
GalNAc-GDl1c (8,000)

Ge149 HS:1 R Asn51 GD3, GT3, GT1a, GQ3, and Gal-GMla FS =) ()

LOS lipo-oligosaccharide, Ab antibody, FS Fisher syndrome; GBS Guillain—-Barré syndrome; NT not tested

* Classified based on the organization of gene content in LOS biosynthesis locus

5 Tested antigens were GM2, GM1, GM1b, GD1a, GalNAc-GD1a, GD1b, GT1a, and GT1b gangliosides (cut-off < titer less than 500)

¢ HS:4, HS:13, HS:16, HS:43, HS:50

Table 3 Summary of serological findings

IgG antibodies against Fisher syndrome IgG anti-GQIb DC HC Two-sided P value
antibodies N=34 N=40
Negative Positive GQIlb-seronegative ~ GQlb-seronegative
N=24 N = 30¢ vs DC vs HC
Isolated ganglioside (non-GQ1b)* 4 (17%) 29 (97%) 0 0 0.03° 0.02"
Ganglioside complex® 4 (17%) 15 (50%) 0 0 0.03 0.02!
Campylobacter lipo-oligosaccharide® 7 (29%) 29 (97%) 4 (12%) 5 (13%) NS NS
Any 10 (42%) 30 (100%) 4 (12%) 5 (13%) 0.01*8 0.01

DC disease control, HC healthy control, NS not significant

* Tested antigens were GM2, GM1, GM1b, GD1a, GalNAc-GD1a, GD1b, GTla, and GT1b gangliosides
® Tested antigens were GM1/GD1a, GM1/GT1a, GM1/GQ1b, GD1a/GT1a, GD1a/GQ1b, and GT1a/GQ1b complexes

¢ Tested antigens were GDlc-, GalNAc-GM1b-, mixed GD1c/GalNAc-GM1b-, and mixed GD3/GT1a/GT3/GQ3-mimicking lipo-oligosac-
charides of Campylobacter jejuni isolates (GC033, GC219, GC068, and GC149, respectively) from patients with Fisher syndrome with or

without overlapping Guillain—Barré syndrome

4 Selected at random from 183 patients with GQIb-seropositive Fisher syndrome

¢ Odds ratio (OR) 15.1, 95% confidence interval (CI) 1.7-130.3
Y OR 15.1, 95% CI 1.7-130.3

OR 5.4, 95% CI 1.4-20.0

" OR 17.8, 95% CI 2.1-147.7

! OR 17.8, 95% CI 2.1-147.7

i OR 5.0, 95% CI 1.4-17.3

e

positive for antibodies against GC068 LOS [mixed-GDl1c/
GalNAc-GM1b/GalNAc-GD1c-mimics], and none of the
DC sera for the other LOS.

Clinical features of FS patients negative for IgG
antibodies to GQ1b, but positive for antibodies against
other gangliosides and C. jejuni LOS

All seven GQlb-seronegative but anti-ganglioside (single
ganglioside or ganglioside complex) IgG-positive patients

were male, although other clinical features, including
antecedent infectious symptoms and neurological deficits,
were unremarkable (Tables 4 and 5). Similar unremark-
able clinical findings were common in the GQIlb-sero-
negative, C. jejuni ganglioside-like L.OS-seropositive FS
patients. These findings suggest that clinical features are
not helpful in identifying GQ1lb-seronegative FS patients
with other anti-ganglioside antibodies. It is noteworthy
that histories of antecedent gastrointestinal symptoms
were available for only two of seven ganglioside-like
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Table 4 Patients with GQ1b-seronegative Fisher syndrome who showed seropositive results for other antibodies

No  Age/ Accident Infectious  IgG antibodies against

sex symptom serology — — T

Isolated ganglioside Ganglioside complex Ganglioside-like LOS®

1 19/M Gl (=) GTla, GM1b (=) GC033, GCO068, and GC149
2 28IM (=) C. jejuni GDla, GalNAc-GDla  (—) GC033, GC219, GCO68 and GC149
3 60/M  Fever (=) GTla GM1/GTla, GM1/GQlb  GC219, and GC149
4 63/M  Chill (-) GM1b (=) (=)
5 15/ M GI, URT], fever C. jejuni (=) GM1/GT1a, GM1/GQlb  (—)
6 24/M  GI, URTL fever  (—) (=) GM1/GT1a, GM1/GQlb  GC219
7 54/M  URTI, fever (-) (=) GM1/GT1a (=)
8 22/M URTI, fever C. jejuni (=) (=) GC033, GC219, and GC149
9 48/F Fever, joint pain ~ (—) (=) (=) GC219, GC068
10 28/M URTI () () (-) GC068

GI gastrointestinal infection, URTI upper respiratory tract infection, LOS lipo-oligosaccharide
* Tested antigens were GM2, GM1, GM1b, GD1a, GalNAc-GD1la, GD1b, GT1a, and GT1b gangliosides
> Tested antigens were GM1/GD1a, GM1/GT1a, GM1/GQ1b, GD1a/GT1a, GD1a/GQ1b, and GT1a/GQlb complexes

¢ Tested antigens were LOSs from Campylobacter jejuni isolates GC033 (GDlc-like), GC219(GalNAc-GM1b-like), GC068 (mixed GD1c/
GalNAc-GM1b/GalNAc-GD1c-like), and GC149 (mixed GD3/GT1a/GT3/GQ3/Gal-GM1a-like) from patients with Fisher syndrome with or
without overlapping Guillain-Barré syndrome

Table 5 Neurological features of the patients described in Table 4

No Initial symptom  Ophthalmoparesis Ptosis FP BP Sensory Ataxia Others
disturbance
External Internal
1 Nasal voice Only obduction +) ND (=) (+) Vibration] Truncal -
disturbance
2 Gait disturbance Only obduction ND ND = =) = Truncal Good recover
disturbance (without treatment)
3 Double vision Total (—) (-+) (+) (<) Vibration] Unknown in detail Neurological onset
after lung cancer
operation
4 Double vision Obduction and upgaze ND ND (=) (=) (=) Limb, truncal -
disturbance
5 Double vision, Obduction-dominant +) ND =) +) ) Limb, truncal Good recovery
Gait after IAT
disturbance
6 Double vision Only obduction ND ND (=) (=) Distal dysesthesia Unknown in detail Relapse (first onset,
disturbance 14 years old),
good recovery
after IVIg
Double vision Unknown in detail ND ND =) (=) () Truncal -
Gait disturbance Obduction-dominant (=). ND (—) (+) Distal Truncal -
hypesthesia
9  Ptosis, Gait Unknown in detail (+) ) (+) (=) Distal Truncal Good recovery
disturbance hypesthesia (without treatment)
10 Gait disturbance Obduction-dominant ND ND (=) (—) Distal paresthesia Truncal -

FP facial palsy, BP bulbar palsy, ND not described, JAT immunoadsorption therapy, /VIg intravenous immunoglobulin

LOS-reactive patients, and that serological evidence of  antibodies was not due to cross-reaction with C. jejuni
recent C. jejuni infection was also shown in other two  protein, which was used as antigen in serological assays
patients. This indicates that detecting anti-C. jejuni LOS  for this infection, and that GD1c and GalNAc-GM1b-like
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