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Abstract

Background

Amyotrophic Lateral Sclerosis (ALS) is a devastating neurodegenerative disorder with typi-

cal onset in the 5th- 6th decade of life. The hypothesis of an autoimmune origin of ALS re-

ceives less attention today, but immunological phenomena still seem to be involved and

mechanisms such as protective autoimmunity may be important. Detection of antibodies

against a variety of gangliosides has been repeatedly described in ALS-patients by several

authors, but widely differing frequencies and titres have been reported. Therefore, we inves-

tigated the presence of six common antibodies with a commercially available test panel for

GA1, GM1, GM2, GD1a, GD1b and GQ1b in a large group of clinically well-characterized

ALS patients and compared them to a collective of 200 healthy blood donors.

Methods

IgG and IgM antibodies to the six gangliosides asialoGM1 (GA1), GM1, GM2, GD1a, GD1b,

GQ1b were determined by GanglioCombi ELISA in sera of 84 ALS patients. Results were

expressed as a %-ratio of a highly positive control and categorized as negative (<30%), bor-

derline (30–50%), moderately (50–100%) and strongly positive (>100%). The values ob-

tained from 200 Swiss blood donors served as a reference group.

Results

In twenty-two (26.2%) ALS-patients elevated anti-ganglioside antibodies could be detected:

Taking all subspecific antibodies together, IgG antibodies were found in 9/84 (10.7%) and

IgM in 15/84 (17.9%) patients. There was no correlation between age, gender, site of onset

or survival and anti-ganglioside-positive/-negative titres in ALS-patients. No statistically sig-

nificant difference in the frequency of anti-ganglioside antibodies compared to the group of

healthy blood donors was found.
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Conclusion

Even with this more comprehensive approach, anti-ganglioside antibody frequencies and

patterns in our ALS cohort closely resembled the values measured in healthy controls. In

accordance with other studies, we did not observe any association of a distinct ALS pheno-

type with elevated anti-ganglioside antibodies or an impact on survival.

Introduction
Amyotrophic Lateral Sclerosis (ALS) is a devastating neurodegenerative disorder with typical
onset in the 5th- 6th decade of life. Selective loss of motor neurons in the primary motor cortex,
brainstem and spinal cord results in rapidly progressive paralysis of bulbar, limb and voluntary
muscles. Death usually occurs within 3–5 years after diagnosis, mostly due to respiratory failure
[1–3]. The diagnosis of ALS can be difficult in early disease stages, especially when symptoms
are limited to the lower motor neuron. In these cases, it is crucial to distinguish ALS from mul-
tifocal motor neuropathy (MMN). As opposed to ALS, MMN responds to immunomodulatory
treatment with intravenous immunoglobulins and does in general not decrease life expectancy.
High anti-ganglioside antibody titres, particularly GM1-specific IgM antibodies, can be de-
tected in approximately 50% of patients with MMN [4–6]. The reported prevalence of anti-
GM1 antibodies in MMN varies widely between 20% and 85%, particularly due to methodolog-
ical differences [4;6–9]. However, antibodies against a variety of gangliosides with widely
differing frequencies and titres have also been described in ALS [4;10–16]. It has been hypothe-
sized that anti-ganglioside antibodies may play a pathogenic role in ALS as gangliosides are
known to be involved in neuronal development and regeneration [17]. Gangliosides are glyco-
sphingolipids located on plasma membranes throughout the body. In neural tissues, higher
concentrations can be found [18]. Physiological functions of gangliosides postulated so far in-
clude modulation of membrane proteins, neural development and differentiation, cell-cell in-
teraction and adhesion, neuronal Ca++ homeostasis, temperature adaptation, axonal growth,
(para)node of Ranvier stability and synaptic transmission [19–23]. They also contribute to the
regulation of several receptors, such as neurotrophic factor, neurotransmitter, muscarinic ace-
tylcholine, serotonin, glutaminic acid, and complement regulatory protein receptors [23;24].
Different nervous system structures express different ganglioside expression patterns and lev-
els: GM1-gangliosides occur at higher concentration in ventral compared to dorsal root nerve
myelin [25], bind to the surface of spinal cord neurons but not to sensory ganglia neurons [26]
and are preferentially exposed only on the surface of the myelinated fibers at the paranodal re-
gion [27]. GD1a-ganglioside is more concentrated in motor than in sensory nerves and more
in axons than in the myelin [25;28]. GM1 and GD1a are enriched at paranodal regions of
nodes of Ranvier in myelinated peripheral nerve axons [20;29;30]. GD1b-gangliosides have
been found to be enriched in cranial motor nerves supplying the extraocular muscles [31].
High GQ1b expression is found selectively at paranodal regions in cranial nerves with oculo-
motor function [32;33].

Antibodies against these molecules can be found in a variety of neurological diseases such as
Alzheimer’s disease [34], Parkinson’s disease [35;36], Multiple Sclerosis [37], systemic lupus er-
ythematosus [38], peripheral neuropathy [4], chronic inflammatory demyelinating polyneuro-
pathy [39], Guillain-Barré-syndrome (GBS) [40–43], Miller Fisher syndrome [44] and
multifocal motor neuropathy (MMN) [6;45;46].
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The frequency and pathogenic role of anti-ganglioside antibodies in ALS has been contro-
versially described and discussed in the literature. Some authors have postulated an association
between the presence of anti-ganglioside antibodies and predominant lower motor neuron in-
volvement [10;16;47], whereas others have not found this correlation [11;48;49].

While these studies have mainly tested antibodies against gangliosides GM1, we have now
investigated a much wider spectrum including the most frequent and clinically relevant anti-
bodies against GA1, GM1, GM2, GD1a, GD1b and GQ1b in a large group of clinically well-
characterized ALS patients and their potential correlation with different clinical phenotypes
and survival times and compared them to a group of 200 healthy blood donors.

Patients and Methods
Sera from 84 ALS patients (mean age 58 years, range 28–81 years, 45 men, 39 women) were in-
cluded in the analysis. All patients fulfilled the diagnostic criteria for probable or definite ALS
according to the revised El Escorial criteria of the World Federation of Neurology during the
course of the disease [50] and have been regularly followed for at least 4 times in our ALS-out-
patient-clinic in three to four months intervals. Sera of these patients were collected once when
they were diagnosed with ALS and stored at -70°C until analysis. The amyotrophic lateral scle-
rosis functional rating scale revised (ALSFRS-R) [51] was used to assess the severity and pro-
gression of the disease. Disease progression was calculated by dividing the difference between
ALSFRS-R score at the first visit (time of sample collection) and the ALSFRS-R score at the last
visit by the time (in months) between the two visits. Survival was defined as time from symp-
tom onset until death. The values obtained from 200 healthy blood donors (mean age 52 years,
range 18–70 years, 118 men, 82 women) served as a reference group. Upon admission at Han-
nover Medical School, patients had signed a general informed consent form agreeing to anon-
ymized use of their clinical data and analysis of body fluids for scientific purposes. The data
were analysed anonymously. The ethics committee at Hannover Medical School approved
the study.

Anti-ganglioside antibody examinations
Samples were investigated by enzyme-linked immunosorbent assay (ELISA) technique
(BÜHLMANN GanglioCombi(R) ELISA, BÜHLMANN Laboratories AG, Schönenbuch, Swit-
zerland), for antibodies against GM1, GA1, GM2, GD1a, GD1b and GQ1b. Briefly, the 6 gan-
gliosides are pre-coated onto microtiter plates. Serum samples as well as calibrator and
controls are incubated for two hours at 2–4°C. Unbound antibodies are washed away. An en-
zyme labelled anti-human antibody against either IgG or IgM is added and incubated for an-
other 2 hours at 2–4°C. Unbound secondary antibodies are washed away and a colour
substrate (TMB) is added. After an incubation time of 30 minutes at room temperature, the re-
action is stopped and the OD is measured at 450 nm.

The colour intensity is directly proportional to the amount of bound antibody. Results
(which are expressed as % ratio) are attributed to one of the clinically validated titre categories
(negative (<30%), greyzone (30–50%), positive (50–100%), strongly positive (>100%); cut-
off = 50%). For further statistical analysis, differentiation was limited to negative (<30%) or
positive (>30%) results.

Statistical analysis
Demographic data and antibody positivity rates of the patient and healthy control groups were
compared using Student’s t-test. A p-value<0.05 was considered as statistically significant.
The following parameters and their relation to survival were studied: age, gender, site of onset,
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presence/absence of anti-ganglioside antibodies. The influence of these parameters on survival
was studied using the Kaplan-Meier life table methods, Log rank test was used to assess the sig-
nificance. Statistical analyses were done using the SPSS v. 17 (SPSS, Chicago, IL) program.

Results

Patients
At time of analysis, 65 patients were deceased, 19 were still alive, and no patient was lost to fol-
low-up.

Patients were divided into a group with (n = 22) and without elevated anti-ganglioside anti-
bodies (n = 62) and further analysis regarding age, gender, site of onset (bulbar- or limb-
onset), ALSFRS-R at time of sample-collection, time between symptom-onset and sample-col-
lection (equivalent to time point of diagnosis) and survival was performed (Table 1). There was
no statistically significant difference between the two groups regarding the above mentioned
parameters. Monoclonal proteins were present in 5 out of 84 patients (5.9%; three times IgG,
two times IgM, all in patients without elevated anti-ganglioside antibodies) and thus within the
reported normal range for the age-standardized prevalence in Germany [52].

The 4 patients with strongly positive IgG or IgM anti-ganglioside antibodies showed no par-
ticular clinical phenotype: the mean age was 57.8 years, 2 had bulbar-onset and were women, 2
had limb-onset (one man, one woman). None of these patients showed a lower motor neuron
syndrome. All 4 patients presented with clinical and neurophysiological signs of upper and
lower motor neuron involvement. There was no evidence for abnormalities in nerve conduc-
tion velocities in all 4 patients. They were all treated with Riluzole; one patient additionally re-
ceived 2 cycles of intravenous immunoglobulin, although she had upper motor neuron
involvement, but the disease was progressive under this therapy and it was therefore terminat-
ed. The 2 patients with bulbar onset died after 18 and 21 months, respectively, the 2 patients
with limb-onset were still alive 4 years after symptom-onset; the mean ALSFRS-R of these 4 pa-
tients at time of sample-collection was 43.5.

As previously shown in our cohort [1], gender showed no effect on survival. However, age
at onset and bulbar-onset was an independent prognostic factor in our population (log-rank
p< 0.01).

Table 1. Data regarding age, gender, site of onset, ALSFRS-R at time of sample-collection, disease
progression and survival in ALS-patients with and without elevated anti-ganglioside antibodies.

ALS-patients with elevated anti-
ganglioside antibodies (n = 22)

ALS-patients without anti-
ganglioside antibodies (n = 62)

Age (years) 57.4 (SD = 13.9) 57.9 (SD = 9.8)

Gender (male/female) 12 (54.5%)/10 (45.5%) 33 (53.2%)/29 (46.8%)

Bulbar-onset 6 (27.3%) 16 (25.8%)

Limb-onset 16 (72.7%) 46 (74.2%)

Survival (months) form symptom
onset

46.5 (SD = 31.9) 43.3 (SD = 22.4)

ALSFRS-R at time of sample-
collection

42.5 (SD = 4.0) 42.6 (SD = 3.6)

Disease progression
(ALSFRS-R-ratio)

0.71 (SD = 0.48) 0.77 (SD = 0.52)

Time (months) between
symptom-onset and sample-
collection

17.1 (SD = 22.9) 16.2 (SD = 15.0)

doi:10.1371/journal.pone.0125339.t001
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Anti-ganglioside antibody examinations
Anti-ganglioside antibodies in ALS-patients. Taking all subspecific antibodies together,

IgG antibodies were found in 9/84 (10.7%) and IgM in 15/84 (17.9%) patients (Table 2). As 2/
84 (2.4%) patients (no. 18 and no. 20) exhibited both isotypes IgG and IgM, the combined fre-
quency is 22/84 (26.2%). Three simultaneous antibodies occurred in 1 patient each for IgG (no.
22, GA1, GD1a, GQ1b) and IgM (no. 13, GM1, GD1a, GD1b). Two simultaneous antibodies
occurred in 1 patient each for IgG (no. 20, GM2 and GD1a) and IgM (no. 19, GA1 and GM1).
Strongly positive values were found in 4 (2 in IgG and 2 in IgM) out of 84 (4.8%). However, the
frequencies for the individual antibodies were rather low, with maximal 7.1% (6/84) for IgG
GD1a and 8.3% (7/84) for IgM GA1.

Anti-ganglioside antibodies in healthy blood donors. IgG antibodies were found in 31/
200 (15.5%) and IgM antibodies in 29/200 (14.5%). In 5 out of 200 (2.5%) controls both iso-
types (IgG and IgM) could be found. Therefore, the combined frequency is 55/200 (27.5%).
Strongly positive values were found in 7 (6 in IgG and 1 in IgM) out of 200 (3.5%) normal
blood donors. Slightly increased IgM-GA1 antibody titres were detected in 8%.

Anti-ganglioside antibody frequencies and patterns in healthy blood donors closely resem-
bled the values observed in ALS-patients. There was no statistically significant difference to the
collective of ALS patients.

Statistical analysis
There was no correlation between age, gender, site of onset, time between symptom-onset and
diagnosis or survival and presence or absence of anti-ganglioside antibodies in ALS-patients.

Table 2. Data of 22 ALS-patients with greyzone (*), positive (#) and strongly positive (§) results (expressed as % ratio of Calibrator).

IgG IgM

GA1 GM1 GM2 GD1a GD1b GQ1b GA1 GM1 GM2 GD1a GD1b GQ1b

1 3 4 3 4 4 4 12 42* 18 4 4 3

2 3 3 2 41* 7 24 5 4 2 6 4 2

3 3 3 3 4 3 4 19 15 14 5 7 36*

4 3 3 2 26 2 24 10 49* 3 10 5 23

5 4 4 3 11 3 3 3 35* 2 5 7 4

6 3 5 2 5 4 6 23 18 8 45* 22 5

7 3 2 2 8 2 17 41* 10 3 5 3 4

8 4 30* 2 8 2 3 3 3 2 3 3 2

9 3 4 2 4 3 3 11 12 10 4 39* 3

10 3 3 2 4 2 3 32* 8 5 6 8 8

11 3 3 3 75# 4 5 6 6 6 4 4 5

12 4 3 2 87# 2 8 11 6 3 6 4 6

13 7 4 9 8 27 8 42* 27 11 31* 71# 5

14 4 3 3 3 3 4 57# 22 5 22 25 6

15 3 3 2 4 2 4 55# 27 10 6 11 8

16 90# 6 4 12 20 8 4 6 2 3 3 7

17 2 2 2 23 70# 6 13 23 3 4 4 3

18 3 3 3 73# 4 6 48* 18 11 7 17 7

19 6 8 5 5 7 4 132§ 51# 26 6 13 13

20 3 4 36* 262§ 16 5 10 14 2 47* 15 3

21 3 3 2 4 3 3 5 107§ 3 4 5 3

22 110§ 3 2 198§ 3 68# 6 5 2 4 3 5

doi:10.1371/journal.pone.0125339.t002
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There was no statistically significant difference in the disease progression between ALS-pa-
tients with (mean: 0.71; SD = 0.48) and without elevated anti-ganglioside antibodies (mean:
0.77; SD = 0.52; p = 0.6). To check if there were any correlations between disease severity or
disease progression with the titres of anti-ganglioside antibodies, we tested the ALSFRS-R-
score at the time of sample collection and its ratio (as described above) against anti-ganglioside
antibodies using regression analysis. There were no significant correlations, neither in the
whole group of ALS-patients nor in ALS-patients with elevated anti-ganglioside antibodies.

Discussion
In this study, we investigated the presence of IgG and IgM antibodies against the 6 most fre-
quent and clinical relevant gangliosides (GM1, GA1, GM2, GD1a, GD1b and GQ1b) in 84 clin-
ically well-characterized ALS-patients. Twenty-two ALS-patients (26.2%) had elevated anti-
ganglioside antibody levels. When we compared these 22 patients with the antibody-negative
group, no differences in age, gender, site of onset, clinical presentation, disease progression or
survival became apparent. Also the four patients with strongly positive IgG or IgM antibodies
showed no particular clinical characteristics regarding disease stage at the time of blood sam-
pling, disease progression, presence, predominance or severity of lower motor neuron signs or
abnormalities in nerve conduction velocities. Furthermore, we did not observe significant dif-
ferences of anti-ganglioside antibody patterns in our ALS cohort in comparison to a control
group of 200 healthy blood donors.

To the best of our knowledge, this wide variety of subspecifities of anti-ganglioside antibod-
ies has not been investigated in ALS patients to date in such a big sample size (n = 84) and in
comparison to healthy controls using the same diagnostic kit.

Antibodies against a variety of gangliosides have been reported to occur in ALS
[4;14;15;45;53;54] in a wide frequency, ranging from 0% to 78% [10–12;47–49;55–58]. The de-
tection of elevated IgM anti-ganglioside antibodies in 17.9% of the patients (5.58% anti-GM1
IgM) in our cohort therefore is in the lower range of the previously reported data. It is contro-
versially discussed if the presence of anti-ganglioside antibodies is associated with a distinct
clinical presentation/ phenotype or longer or shorter survival:

Niebroj-Dobosz and colleagues [48] found neither a correlation between the titre of anti-
neural antibodies and the course of ALS, nor age, sex, site of onset, duration time and severity
of the disease. They concluded that the elevated antibodies in some ALS patients occurred as
manifestation of an autoimmune response of low activity, but that this was rather an epiphe-
nomenon of neuronal degeneration.

Lamb and colleagues [11] found no significant correlations between anti-GM1 titre and the
following variables: age, sex, presence of bulbar muscle involvement, onset of symptoms longer
or shorter than 3 years prior to obtaining the anti-GM1 titre.

In a cohort of 43 cases with progressive lower motor neuron syndromes including motor
neuropathy with conduction block, and 103 ALS-patients, no correlation between elevated ti-
tres of IgM anti-GM1 ganglioside antibodies and age, sex or disease duration was found either
[49].

On the other hand, Pestronk reported that IgM anti-GM1 antibodies were more frequent in
ALS-patients presenting with prominent lower motor neuron signs [10]. Other correlations
with other parameters such as age or survival were not described in this study. The results were
replicated in a further study of the same group one year later [47]. In this study, antibodies to
GD1a gangliosides were investigated additionally to GM1 gangliosides, which led to a percent-
age of 78% of elevated antibodies in ALS-patients, who had mainly prominent lower motor
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neuron signs. The investigation of 24 normal controls (patients or volunteers without systemic
disease) found only 8% of patients with elevated antibodies.

Yuki and co-workers found high titres of IgG anti-GM1 antibodies, but no IgM anti-GM1
antibodies in three out of 655 patients with suspected ALS. These patients had no upper motor
neuron signs and were therefore diagnosed as lower motor neuron syndrome. The authors stat-
ed that “. . . both IgM and IgG antibodies should be tested in patients with lower motor neuron
syndrome to discover treatable patients” [16].

Other groups [7;12;54;58–60] who investigated anti-ganglioside antibodies in ALS did not
focus on the correlation of titres and clinical presentation or survival but only described per-
centages of antibodies in different diseases, ranging from 2% in myasthenia gravis to 90% in pa-
tients presenting with a motor neuropathy [12].

Initial investigations were limited to anti-GM1 ganglioside antibodies and showed widely
differing proportions from 21% [49] to 78% [10] of ALS patients with positive antibodies. Pos-
sible explanations for the discrepant findings include purity of ganglioside preparations, incu-
bation temperature, use of detergent, solid phase material and different cut-off values. Former
in-house assays have now been largely replaced by better standardized commercial tests. In-
stead of serial serum dilutions, only one dilution (1:50) is applied in the assay used here. This
approach is deemed appropriate for routine evaluation and helps to keep costs down. The OD
(optical density) values obtained from the ELISA are converted to %-ratios by relating the OD
of the respective ganglioside antibody to the OD of a calibrator and multiplied by factor 100.
For example: patient no. 21 in Table 2 with a measured OD of 2.061 yielded a 107% ratio for
GM1 IgM after division by 1.926, the OD of the calibrator. Results are expressed in four catego-
ries in relation to the highly reactive calibrator as negative:< 30%, grey zone: 30%- 50%, posi-
tive:> 50%- 100% and strongly positive:> 100%. For GM1 IgM antibodies OD values< 0.58
would therefore be categorized as negative, although a distinct signal is still present. However,
the decision limits of the 4 categories were defined by the manufacturer after an extended
multi-center study with clinically well-defined probes and due consideration of an apparently
healthy control group. Titration is a semi-quantitative method and the definition of the final
dilution in terms of OD is arbitrary and depends on the chosen cut-off. A direct conversion of
%-ratios to titres is therefore difficult, but a rough estimation with a background OD value of
0.100 would result in a titre of approximately 1:1000 for the above case. A recent comparative
evaluation of four commercially available ganglioside antibody tests (1) Immunoline Generic
Assays, Dahlewitz, Germany, (2) Immunodot Dotzen-Zentec, Angleur Belgium, (3) Immuno-
line ganglio profile, Euroimmun, Lübeck, Germany, (4) BÜHLMANN GanglioCombi ELISA,
BÜHLMANN Laboratories AG, Schönenbuch, Switzerland) still revealed considerable differ-
ences in sensitivity and reactivity [61]. The ELISA test (4) is frequently used in Europe and
provides a panel of 6 different ganglioside specificities of human origin. Concordance with
negative and highly positive samples was good compared to the in-house (blotting) method
defined as the reference method by Caudie [61]. Comparison of antibody levels between differ-
ent assays is hampered by the lack of internationally available and recognized autoantibody
standards.

The present study was not intended to elucidate potential pathogenetic roles of anti-ganglio-
side antibodies. Although highly interesting and important such studies would have to be car-
ried out on individual cases with high autoantibody levels. Ideally such patients should be
followed longitudinally to find out whether the development of new clinical signs could be re-
lated to changes in antibody expression and distinctive patterns. The specificity of a certain
anti-ganglioside antibody in vivo is far from clear and epitope sharing between glycolipids and
glycoproteins may occur. In this regard the claim made by Caudie [61] that blotting mem-
branes (PVDF) offer a superior solid phase, because the lipophilic parts of the ganglioside
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molecules are buried inside, whereas the antigenic carbohydrate moieties are exposed on the
surface, may not reflect the actual situation in nervous tissue. Indeed, it has been shown that si-
multaneous presentation of two different gangliosides (ganglioside complexes) result in differ-
ent antibody binding compared to single gangliosides alone [62]. Gangliosides are part of lipid
rafts and adjacent molecules may form new conformational epitopes which do not exist when
single antigens are coated to an artificial membrane.

Conclusion
In the present study, we describe for the first time the utilization of a state of the art-ELISA
assay to obtain reliable data on the occurrence of IgG and IgM antibodies to GA1, GM1, GM2,
GD1 a, GD1b, GQ1b gangliosides in a well characterized group of 84 ALS patients.

The more comprehensive assessment did not reveal a higher percentage of ALS-patients
positive for anti-ganglioside antibodies as compared to healthy controls. In accordance with
previous studies, no specific ALS phenotype associated with the presence of anti-ganglioside
antibodies was observed nor an influence disease progression or on survival. Anti-ganglioside
antibodies are therefore not suitable as diagnostic or prognostic markers in ALS. Detection of
anti-GM1 antibodies can however, in the context of corresponding clinical presentation and
electrophysiological data, be helpful to support the diagnosis of MMN, an important and treat-
able differential-diagnosis of ALS.

Acknowledgments
IgG and IgM antibodies to the six gangliosides asialoGM1 (GA1), GM1, GM2, GD1a, GD1b,
GQ1b were determined by BÜHLMANN GanglioCombi-GM ELISA (BÜHLMANN Laborato-
ries, Switzerland). We thank Dr. Bernhard Mani for performing the tests.

Author Contributions
Conceived and designed the experiments: KK UW SK BM SP. Performed the experiments: KK
UW TS. Analyzed the data: KK UW TS SK BM SP. Contributed reagents/materials/analysis
tools: UW RD SP. Wrote the paper: KK UW TS SK RD BM SP.

References
1. Kollewe K, Mauss U, Krampfl K, Petri S, Dengler R, Mohammadi B. ALSFRS-R score and its ratio: a

useful predictor for ALS-progression. J Neurol Sci 2008 Dec 15; 275(1–2):69–73. doi: 10.1016/j.jns.
2008.08.003 PMID: 18822434

2. Czaplinski A, Yen AA, Simpson EP, Appel SH. Predictability of disease progression in amyotrophic lat-
eral sclerosis. Muscle Nerve 2006 Dec; 34(6):702–8. PMID: 16967489

3. Czaplinski A, Yen AA, Appel SH. Amyotrophic lateral sclerosis: early predictors of prolonged survival. J
Neurol 2006 Nov; 253(11):1428–36.

4. van Schaik IN, Bossuyt PM, Brand A, Vermeulen M. Diagnostic value of GM1 antibodies in motor neu-
ron disorders and neuropathies: a meta-analysis. Neurology 1995 Aug; 45(8):1570–7. PMID: 7644057

5. Meuth SG, Kleinschnitz C. Multifocal motor neuropathy: update on clinical characteristics, pathophysio-
logical concepts and therapeutic options. Eur Neurol 2010; 63(4):193–204. doi: 10.1159/000282734
PMID: 20150737

6. Vlam L, van der Pol WL, Cats EA, Straver DC, Piepers S, Franssen H, et al. Multifocal motor neuropa-
thy: diagnosis, pathogenesis and treatment strategies. Nat Rev Neurol 2012 Jan; 8(1):48–58.

7. Taylor BV, Gross L, Windebank AJ. The sensitivity and specificity of anti-GM1 antibody testing. Neurol-
ogy 1996 Oct; 47(4):951–5. PMID: 8857725

8. Cats EA, Jacobs BC, Yuki N, Tio-Gillen AP, Piepers S, Franssen H, et al. Multifocal motor neuropathy:
association of anti-GM1 IgM antibodies with clinical features. Neurology 2010 Nov 30; 75(22):1961–7.
doi: 10.1212/WNL.0b013e3181ff94c2 PMID: 20962291

Anti-Ganglioside Antibodies in Amyotrophic Lateral Sclerosis

PLOS ONE | DOI:10.1371/journal.pone.0125339 April 14, 2015 8 / 11

http://dx.doi.org/10.1016/j.jns.2008.08.003
http://dx.doi.org/10.1016/j.jns.2008.08.003
http://www.ncbi.nlm.nih.gov/pubmed/18822434
http://www.ncbi.nlm.nih.gov/pubmed/16967489
http://www.ncbi.nlm.nih.gov/pubmed/7644057
http://dx.doi.org/10.1159/000282734
http://www.ncbi.nlm.nih.gov/pubmed/20150737
http://www.ncbi.nlm.nih.gov/pubmed/8857725
http://dx.doi.org/10.1212/WNL.0b013e3181ff94c2
http://www.ncbi.nlm.nih.gov/pubmed/20962291


9. Willison HJ, Yuki N. Peripheral neuropathies and anti-glycolipid antibodies. Brain 2002 Dec; 125(Pt
12):2591–625. PMID: 12429589

10. Pestronk A, Adams RN, Clawson L, Cornblath D, Kuncl RW, Griffin D, et al. Serum antibodies to GM1
ganglioside in amyotrophic lateral sclerosis. Neurology 1988 Sep; 38(9):1457–61. PMID: 3412595

11. Lamb NL, Patten BM. Clinical correlations of anti-GM1 antibodies in amyotrophic lateral sclerosis and
neuropathies. Muscle Nerve 1991 Oct; 14(10):1021–7. PMID: 1944401

12. Adams D, Kuntzer T, Burger D, Chofflon M, Magistris MR, Regli F, et al. Predictive value of anti-GM1
ganglioside antibodies in neuromuscular diseases: a study of 180 sera. J Neuroimmunol 1991 Jun; 32
(3):223–30. PMID: 2033117

13. Kornberg AJ. Anti-GM1 ganglioside antibodies: their role in the diagnosis and pathogenesis of immune-
mediated motor neuropathies. J Clin Neurosci 2000 May; 7(3):191–4. PMID: 10833614

14. Wolfgram F, Myers L. Amyotrophic lateral sclerosis: effect of serum on anterior horn cells in tissue cul-
ture. Science 1973 Feb 9; 179(4073):579–80. PMID: 4119685

15. Gurney ME, Belton AC, Cashman N, Antel JP. Inhibition of terminal axonal sprouting by serum from pa-
tients with amyotrophic lateral sclerosis. N Engl J Med 1984 Oct 11; 311(15):933–9. PMID: 6472419

16. Yuki N, Yanaka C, Sudo M, Funakoshi M, Ishida H, Mori M, et al. Lower motor neuron syndrome associ-
ated with IgG anti-GM1 antibodies revisited. J Neuroimmunol 2014 Jul 15; 272(1–2):62–6. doi: 10.
1016/j.jneuroim.2014.05.002 PMID: 24864013

17. Yu RK. Development regulation of ganglioside metabolism. Prog Brain Res 1994; 101:31–44. PMID:
8029460

18. Hamberger A, Svennerholm L. Composition of gangliosides and phospholipids of neuronal and glial
cell enriched fractions. J Neurochem 1971 Oct; 18(10):1821–9. PMID: 5118336

19. Ledeen RW,Wu G. GM1 ganglioside: another nuclear lipid that modulates nuclear calcium. GM1 po-
tentiates the nuclear sodium-calcium exchanger. Can J Physiol Pharmacol 2006 Mar; 84(3–4):393–
402.

20. Susuki K, Baba H, Tohyama K, Kanai K, Kuwabara S, Hirata K, et al. Gangliosides contribute to stability
of paranodal junctions and ion channel clusters in myelinated nerve fibers. Glia 2007 May; 55(7):746–
57. PMID: 17352383

21. Lloyd KO, Furukawa K. Biosynthesis and functions of gangliosides: recent advances. Glycoconj J 1998
Jul; 15(7):627–36. PMID: 9881769

22. Yu RK, Nakatani Y, Yanagisawa M. The role of glycosphingolipid metabolism in the developing brain. J
Lipid Res 2009 Apr; 50 Suppl:S440–S445. doi: 10.1194/jlr.R800028-JLR200 PMID: 18845618

23. Ariga T. Pathogenic role of ganglioside metabolism in neurodegenerative diseases. J Neurosci Res
2014 Oct; 92(10):1227–42. doi: 10.1002/jnr.23411 PMID: 24903509

24. Furukawa K, Ohmi Y, Ohkawa Y, Tokuda N, Kondo Y, Tajima O, et al. Regulatory mechanisms of ner-
vous systems with glycosphingolipids. Neurochem Res 2011 Sep; 36(9):1578–86. doi: 10.1007/
s11064-011-0494-2 PMID: 21562747

25. Ogawa-Goto K, Funamoto N, Ohta Y, Abe T, Nagashima K. Myelin gangliosides of human peripheral
nervous system: an enrichment of GM1 in the motor nerve myelin isolated from cauda equina. J Neuro-
chem 1992 Nov; 59(5):1844–9. PMID: 1402926

26. Corbo M, Quattrini A, Lugaresi A, Santoro M, Latov N, Hays AP. Patterns of reactivity of human anti-
GM1 antibodies with spinal cord and motor neurons. Ann Neurol 1992 Oct; 32(4):487–93.

27. CorboM, Quattrini A, Latov N, Hays AP. Localization of GM1 and Gal(beta 1–3)GalNAc antigenic deter-
minants in peripheral nerve. Neurology 1993 Apr; 43(4):809–14.

28. Ogawa-Goto K, Funamoto N, Abe T, Nagashima K. Different ceramide compositions of gangliosides
between humanmotor and sensory nerves. J Neurochem 1990 Nov; 55(5):1486–93.

29. Plomp JJ, Willison HJ. Pathophysiological actions of neuropathy-related anti-ganglioside antibodies at
the neuromuscular junction. J Physiol 2009 Aug 15; 587(Pt 16):3979–99.

30. Willison HJ, O'Hanlon GM. The immunopathogenesis of Miller Fisher syndrome. J Neuroimmunol 1999
Dec; 100(1–2):3–12. PMID: 10695735

31. Liu JX, Willison HJ, Pedrosa-Domellof F. Immunolocalization of GQ1b and related gangliosides in
human extraocular neuromuscular junctions and muscle spindles. Invest Ophthalmol Vis Sci 2009 Jul;
50(7):3226–32. doi: 10.1167/iovs.08-3333 PMID: 19255160

32. Chiba A, Kusunoki S, Obata H, Machinami R, Kanazawa I. Serum anti-GQ1b IgG antibody is associat-
ed with ophthalmoplegia in Miller Fisher syndrome and Guillain-Barre syndrome: clinical and immuno-
histochemical studies. Neurology 1993 Oct; 43(10):1911–7. PMID: 8413947

Anti-Ganglioside Antibodies in Amyotrophic Lateral Sclerosis

PLOS ONE | DOI:10.1371/journal.pone.0125339 April 14, 2015 9 / 11

http://www.ncbi.nlm.nih.gov/pubmed/12429589
http://www.ncbi.nlm.nih.gov/pubmed/3412595
http://www.ncbi.nlm.nih.gov/pubmed/1944401
http://www.ncbi.nlm.nih.gov/pubmed/2033117
http://www.ncbi.nlm.nih.gov/pubmed/10833614
http://www.ncbi.nlm.nih.gov/pubmed/4119685
http://www.ncbi.nlm.nih.gov/pubmed/6472419
http://dx.doi.org/10.1016/j.jneuroim.2014.05.002
http://dx.doi.org/10.1016/j.jneuroim.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/24864013
http://www.ncbi.nlm.nih.gov/pubmed/8029460
http://www.ncbi.nlm.nih.gov/pubmed/5118336
http://www.ncbi.nlm.nih.gov/pubmed/17352383
http://www.ncbi.nlm.nih.gov/pubmed/9881769
http://dx.doi.org/10.1194/jlr.R800028-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/18845618
http://dx.doi.org/10.1002/jnr.23411
http://www.ncbi.nlm.nih.gov/pubmed/24903509
http://dx.doi.org/10.1007/s11064-011-0494-2
http://dx.doi.org/10.1007/s11064-011-0494-2
http://www.ncbi.nlm.nih.gov/pubmed/21562747
http://www.ncbi.nlm.nih.gov/pubmed/1402926
http://www.ncbi.nlm.nih.gov/pubmed/10695735
http://dx.doi.org/10.1167/iovs.08-3333
http://www.ncbi.nlm.nih.gov/pubmed/19255160
http://www.ncbi.nlm.nih.gov/pubmed/8413947


33. Chiba A, Kusunoki S, Obata H, Machinami R, Kanazawa I. Ganglioside composition of the human cra-
nial nerves, with special reference to pathophysiology of Miller Fisher syndrome. Brain Res 1997 Jan
16; 745(1–2):32–6.

34. Chapman J, Sela BA, Wertman E, Michaelson DM. Antibodies to ganglioside GM1 in patients with Alz-
heimer's disease. Neurosci Lett 1988 Mar 31; 86(2):235–40. PMID: 3368123

35. Zappia M, Crescibene L, Bosco D, Arabia G, Nicoletti G, Bagala A, et al. Anti-GM1 ganglioside antibod-
ies in Parkinson's disease. Acta Neurol Scand 2002 Jul; 106(1):54–7. PMID: 12067330

36. Benkler M, Agmon-Levin N, Shoenfeld Y. Parkinson's disease, autoimmunity, and olfaction. Int J Neu-
rosci 2009; 119(12):2133–43. doi: 10.3109/00207450903178786 PMID: 19916845

37. Marconi S, Acler M, Lovato L, De TL, Tedeschi E, Anghileri E, et al. Anti-GD2-like IgM autoreactivity in
multiple sclerosis patients. Mult Scler 2006 Jun; 12(3):302–8. PMID: 16764343

38. Endo T, Scott DD, Stewart SS, Kundu SK, Marcus DM. Antibodies to glycosphingolipids in patients with
multiple sclerosis and SLE. J Immunol 1984 Apr; 132(4):1793–7.

39. Simone IL, Annunziata P, Maimone D, Liguori M, Leante R, Livrea P. Serum and CSF anti-GM1 anti-
bodies in patients with Guillain-Barre syndrome and chronic inflammatory demyelinating polyneuropa-
thy. J Neurol Sci 1993 Jan; 114(1):49–55. PMID: 8433097

40. Ilyas AA, Mithen FA, Dalakas MC, Chen ZW, Cook SD. Antibodies to acidic glycolipids in Guillain-Barre
syndrome and chronic inflammatory demyelinating polyneuropathy. J Neurol Sci 1992 Jan; 107
(1):111–21. PMID: 1578228

41. Ilyas AA, Mithen FA, Chen ZW, Cook SD. Anti-GM1 IgA antibodies in Guillain-Barre syndrome. J Neu-
roimmunol 1992 Jan; 36(1):69–76. PMID: 1735770

42. Nobile-Orazio E, Carpo M, Meucci N, Grassi MP, Capitani E, Sciacco M, et al. Guillain-Barre syndrome
associated with high titers of anti-GM1 antibodies. J Neurol Sci 1992 Jun; 109(2):200–6. PMID:
1634903

43. van Doorn PA, Ruts L, Jacobs BC. Clinical features, pathogenesis, and treatment of Guillain-Barre syn-
drome. Lancet Neurol 2008 Oct; 7(10):939–50. doi: 10.1016/S1474-4422(08)70215-1 PMID:
18848313

44. Kornberg AJ, Pestronk A, Blume GM, Lopate G, Yue J, Hahn A. Selective staining of the cerebellar mo-
lecular layer by serum IgG in Miller-Fisher and related syndromes. Neurology 1996 Nov; 47(5):1317–
20. PMID: 8909449

45. Kornberg AJ, Pestronk A. The clinical and diagnostic role of anti-GM1 antibody testing. Muscle Nerve
1994 Jan; 17(1):100–4. PMID: 8264687

46. Biessels GJ, Franssen H, van den Berg LH, Gibson A, Kappelle LJ, Venables GS, et al. Multifocal
motor neuropathy. J Neurol 1997 Mar; 244(3):143–52. PMID: 9050954

47. Pestronk A, Adams RN, Cornblath D, Kuncl RW, Drachman DB, Clawson L. Patterns of serum IgM anti-
bodies to GM1 and GD1a gangliosides in amyotrophic lateral sclerosis. Ann Neurol 1989 Jan; 25
(1):98–102. PMID: 2913936

48. Niebroj-Dobosz I, Jamrozik Z, Janik P, Hausmanowa-Petrusewicz I, Kwiecinski H. Anti-neural antibod-
ies in serum and cerebrospinal fluid of amyotrophic lateral sclerosis (ALS) patients. Acta Neurol Scand
1999 Oct; 100(4):238–43. PMID: 10694928

49. Niebroj-Dobosz I, Janik P, Kwiecinski H. Serum IgM anti-GM1 ganglioside antibodies in lower motor
neuron syndromes. Eur J Neurol 2004 Jan; 11(1):13–6. PMID: 14692882

50. Brooks BR, Miller RG, Swash M, Munsat TL. El Escorial revisited: revised criteria for the diagnosis of
amyotrophic lateral sclerosis. Amyotroph Lateral Scler Other Motor Neuron Disord 2000 Dec; 1
(5):293–9. PMID: 11464847

51. Cedarbaum JM, Stambler N, Malta E, Fuller C, Hilt D, Thurmond B, et al. The ALSFRS-R: a revised
ALS functional rating scale that incorporates assessments of respiratory function. BDNF ALS Study
Group (Phase III). J Neurol Sci 1999 Oct 31; 169(1–2):13–21. PMID: 10540026

52. Eisele L, Durig J, Huttmann A, Duhrsen U, Assert R, Bokhof B, et al. Prevalence and progression of
monoclonal gammopathy of undetermined significance and light-chain MGUS in Germany. Ann Hema-
tol 2012 Feb; 91(2):243–8. doi: 10.1007/s00277-011-1293-1 PMID: 21789623

53. Younes-Chennoufi AB, Leger JM, Hauw JJ, Preud'homme JL, Bouche P, Aucouturier P, et al. Ganglio-
side GD1b is the target antigen for a biclonal IgM in a case of sensory-motor axonal polyneuropathy: in-
volvement of N-acetylneuraminic acid in the epitope. Ann Neurol 1992 Jul; 32(1):18–23. PMID:
1379422

54. Ben Younes-Chennoufi A, Meininger V, Leger JM, Bouche P, Jauberteau MO, Baumann N. Antigan-
glioside antibodies in motor-neuron diseases and peripheral neuropathies: study by ELISA technique
and immunodetection on thin-layer chromatography. Neurochem Int 1992 Apr; 20(3):353–7. PMID:
1338972

Anti-Ganglioside Antibodies in Amyotrophic Lateral Sclerosis

PLOS ONE | DOI:10.1371/journal.pone.0125339 April 14, 2015 10 / 11

http://www.ncbi.nlm.nih.gov/pubmed/3368123
http://www.ncbi.nlm.nih.gov/pubmed/12067330
http://dx.doi.org/10.3109/00207450903178786
http://www.ncbi.nlm.nih.gov/pubmed/19916845
http://www.ncbi.nlm.nih.gov/pubmed/16764343
http://www.ncbi.nlm.nih.gov/pubmed/8433097
http://www.ncbi.nlm.nih.gov/pubmed/1578228
http://www.ncbi.nlm.nih.gov/pubmed/1735770
http://www.ncbi.nlm.nih.gov/pubmed/1634903
http://dx.doi.org/10.1016/S1474-4422(08)70215-1
http://www.ncbi.nlm.nih.gov/pubmed/18848313
http://www.ncbi.nlm.nih.gov/pubmed/8909449
http://www.ncbi.nlm.nih.gov/pubmed/8264687
http://www.ncbi.nlm.nih.gov/pubmed/9050954
http://www.ncbi.nlm.nih.gov/pubmed/2913936
http://www.ncbi.nlm.nih.gov/pubmed/10694928
http://www.ncbi.nlm.nih.gov/pubmed/14692882
http://www.ncbi.nlm.nih.gov/pubmed/11464847
http://www.ncbi.nlm.nih.gov/pubmed/10540026
http://dx.doi.org/10.1007/s00277-011-1293-1
http://www.ncbi.nlm.nih.gov/pubmed/21789623
http://www.ncbi.nlm.nih.gov/pubmed/1379422
http://www.ncbi.nlm.nih.gov/pubmed/1338972


55. Sadiq SA, Thomas FP, Kilidireas K, Protopsaltis S, Hays AP, Lee KW, et al. The spectrum of neurologic
disease associated with anti-GM1 antibodies. Neurology 1990 Jul; 40(7):1067–72. PMID: 2162499

56. Latov N, Hays AP, Donofrio PD, Liao J, Ito H, McGinnis S, et al. Monoclonal IgM with unique specificity
to gangliosides GM1 and GD1b and to lacto-N-tetraose associated with human motor neuron disease.
Neurology 1988 May; 38(5):763–8. PMID: 2452383

57. Nobile-Orazio E, Carpo M, Legname G, Meucci N, Sonnino S, Scarlato G. Anti-GM1 IgM antibodies in
motor neuron disease and neuropathy. Neurology 1990 Nov; 40(11):1747–50. PMID: 2234431

58. Khandelwal D, Bhatia M, Vivekanandan S, Singh S, Shukla G, Goyal V, et al. IgM anti-GM1 antibody ti-
ters in patients with monomelic amyotrophy. Neurol India 2006 Dec; 54(4):399–401. PMID: 17114851

59. Carpo M, Nobile-Orazio E, Meucci N, GambaM, Barbieri S, Allaria S, et al. Anti-GD1a ganglioside anti-
bodies in peripheral motor syndromes. Ann Neurol 1996 Apr; 39(4):539–43. PMID: 8619533

60. Farbu E, Rekand T, Tysnes OB, Aarli JA, Gilhus NE, Vedeler CA. GM1 antibodies in post-polio syn-
drome and previous paralytic polio. J Neuroimmunol 2003 Jun; 139(1–2):141–4. PMID: 12799033

61. Caudie C, Quittard PA, Bouhour F, Vial C, Garnier L, Fabien N. Comparison of commercial tests for de-
tecting multiple anti-ganglioside autoantibodies in patients with well-characterized immune-mediated
peripheral neuropathies. Clin Lab 2013; 59(11–12):1277–87.

62. Kusunoki S, Kaida K. Antibodies against ganglioside complexes in Guillain-Barre syndrome and related
disorders. J Neurochem 2011 Mar; 116(5):828–32. doi: 10.1111/j.1471-4159.2010.07029.x PMID:
21214559

Anti-Ganglioside Antibodies in Amyotrophic Lateral Sclerosis

PLOS ONE | DOI:10.1371/journal.pone.0125339 April 14, 2015 11 / 11

http://www.ncbi.nlm.nih.gov/pubmed/2162499
http://www.ncbi.nlm.nih.gov/pubmed/2452383
http://www.ncbi.nlm.nih.gov/pubmed/2234431
http://www.ncbi.nlm.nih.gov/pubmed/17114851
http://www.ncbi.nlm.nih.gov/pubmed/8619533
http://www.ncbi.nlm.nih.gov/pubmed/12799033
http://dx.doi.org/10.1111/j.1471-4159.2010.07029.x
http://www.ncbi.nlm.nih.gov/pubmed/21214559


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


