ZRMUEBILEODHBCRES IV VMILRAETILCRIREEEREFBRERBETLICOAEST S
Anti-glycolipid antibodies are associated with clinical courses
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 Abstract ] Materials & Methods

MS models: We induced EAE by sensitization with the myelin proteolipid protein
(PLP) 439151 peptide in SJL/J mice, myelin oligodendrocyte protein (MOG)g; 156
peptide in SJL/J mice or A.SW mice, or MOG;, 55 peptide in C57BL/6 mice, in which

myelin peptides were emulsified in complete Freund’s adjuvant (CFA).

We also

induced the viral model of MS by intracerebral injection of TMEV. We harvested
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associated with GBS on 96-well plates,
and detected anti-glycolipid antibodies
by anti-mouse F(ab’), antibody.

Lymphoproliferative  response: ~ We
harvested mononuclear cells (MNCs)
from the spleen, cultured and stimulated
MNCs with glycolipid antigens at 5 pg/ml
for 5 days. We quantified glycolipid-
specific proliferative responses by
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[Background] Multiple sclerosis (MS) is an inflammatory demyelinating disease in the
central nervous system (CNS). The clinical courses of MS can differ among patients;
most patients initially develop relapsing-remitting (RR) disease, which is often followed
by continuous disease progression without remission [secondary progressive (SP) MS].
On the other hand, some MS patients develop disease progression with no remission
[primary progressive (PP) MS]. In MS, autoreactive immune effector cells and
including ibodies, have been to attack the myelin sheaths
and axons, resulting in neurological deficits such as motor paralysis and cognitive
disturbance. One of the target f th i ibodies i ipi
that are present erve fibers.

of the is
Although anti-glycolipid antibodies have been

iated with (GBS), peri y
their role in MS is unknown. We hypothesized that induction of anti-glycolipid
antibodies could explain the different clinical courses of MS patients.

[Methods] We induced several MS models in mice which have distinct clinical courses,
depending on induction methods. Using the sera from MS model mice, we conducted
enzyme-linked immunosorbent assays (ELISAs) to quantify antibodies against 11
glycolipids: GM1, GM2, GM3, GM4, GD1a, GD1b, GT1b, GQ1b, GD3, galactocerebroside,
and sulfatide.
[Results and Discussions] We induced the autoimmune models of MS, experimental
i itis (EAE), by itization with the myelin proteolipid
protein (PLP),g,..5; peptide in SJLIJ mice, myelin oligodendrocyte protein (MOG)q;. o5
peptide in SJLIJ mice or A.SW mice, and MOGys; peptide in C57BL/6 mice. We also
induced the viral model of MS by infection of Theiler's murine encephalomyelitis virus
(TMEV). Although all MS models developed inflammatory demyelination in the CNS,
their clinical courses differed among the models: PLP-induced EAE, RR course; MOG,.
106 RR, PP, or SP course; MOGs s;-induced EAE, monophasic course; and TMEV, PP
course. Among the MS models, we detected significant increases in four anti-
glycolipid antibodies, GM1, GM3, GM4, and sulfatide, only in PLP-induced EAE. These
anti-glycolipid antibodies may play either beneficial or detrimental roles associated
with remissions or relapses in PLP-EAE, respectively. Therefore, anti-glycolipid
antibodies may play a role in the pathophysiology of RR-MS.

Introduction

Multiple sclerosis (MS)

* Inflammatory demyelinating disease in the central nervous system (CNS)

+ Anti-CNS and/or viral infections are prop: to
damage nerve fibers, leading to neurological deficits, including motor
paralysis
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Animal models of MS

. model, (EAE) by
sensitization of the myelin peptides: myelin proteolipid protein (PLP),sq.151,
myelin oligodendrocyte glycoprotein (MOG)ss.s5, MOGgy.q05, Which induces
myelin-specific inmune responses

: Theiler's murine encephalomyelitis virus (TMEV) induces

n in the CNS
+ All animal models develop neurological disability
= Each model has a distinct clinical course, similar to various clinical courses

of MS: relapsing-remitting (RR), primary progressive (PP), secondary
progressive (SP), and clinically isolated syndrome (CIS, monophasic)
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Glycolipids. present on nerve fibers,
including myelin and axon

Anti-glycolipid antibodiesY attack the
myelin sheaths and axons, causing
nerve damage

+ Guillain-Barré syndrome (GBS) is
peripheral neuropathy with
symmetrical weakness of the limbs,
and areflexia
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+ The induction of anti-glycolipid

antibodies results in distinct cli |

signs in GBS f::l':'a""
* The role of glycolipid antibodies in MS

is unknown

Hypothesis

“Anti-glycolipid antibody
induction explains the distinct
clinical courses of MS”

(optical density, 0.D.)
measured using the CCK-8 reagents at
450 nm.
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+ Anti-GM1, GM3, and GM4 antibody titers were lower in EAE mice with

high disease severity

+ Anti-sulfatide antibody titers were higher than any other anti-glycolipid
antibodies regardless of disease severity
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* Control cultures were stimulated with vehicle.

Mechanisms of anti-glycolipid

antibody induction

1. Molecular mimicry between PLP and glycolipids

Anti-PLP antibody recognizes glycolipid antigens on nerve fibers by
molecular mimicry between the PLP peptide (@) and glycolipids (=},
leading to neuronal damage b N
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2. Epitope spreading from PLP to glycolipid antigen
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Future experiment: Kinetic study to associate between clinical signs and
anti-glycolipid antibody titers

Limitation of the study

+ Isotype of anti: several
have been reported to be IgM, not IgG, in GBS
h i

- Serum ion by eacl - ipid ELISA; the epitope can
be common between glycolipid antibodies
. ion of hybri ing the ipid antibody = adoptive
transfer of the antibody to naive or EAE mice to determine whether the
ipid play a p ive or detri role

Conclusions

+ PLP-induced EAE mice had a relapsing-remitting (RR) disease; the other MS
models had a monophasic or progressive disease course

Among MS models, only PLP-induced EAE mice with RR disease course
mounted antibodies against four glycolipids: GM1, GM3, GM4, and sulfatide.
Anti-glycolipid antibodies may play either beneficial or detrimental roles,
which are associated with remissions or relapses in PLP-EAE, respectively
Anti-glycolipid antibodies may play a role in the pathophysiology of RR-MS
+ Molecular mimicry and/or epitope spreading will be explored as possible

It by which anti: id antibody is in RR-EAE

References

- AT, FMEM, MEARE. (2020). BRIERLEDLRAETINICEITIER IgA B
AT LORL:FBIOFHANAIHF > MIEADK . 51 BIO Clinica 25: 98-102.
« Morikawa M, Kuwahara M, Ueno R, Samukawa M, Hamada Y and Kusunoki S. (2016) .
ical study using for detecting antibodies to ipi
>Ing y tor oy

and
i 301: 35-40.
Animal models for multiple

glycolipid

« Sato F, Omura S, Martinez NE and Tsunoda I. (2018).
sclerosis. In: Neuroinflammation (2nd edition). Minagar A (Ed), Elsevier, Burlington,
MA. pp. 37-72.

+ Minac K and Bognar S. (2010). Role of gangliosides in brain aging and

. 1: 300-307.
© AEEBE (2021). VALRBR-TIFURRICESREHHMRESR: HEREE- IR
EOQIMHS HPV DIFL DR BRKAE 39: 20-27, 2021
#. (2013). Guillan-Barré SE#RBF (GBS) & Fisher SEWRE. HEAEHRIK MRMIERHAREM/
YFID FiIk R B pp128-145.
FEBE. (2018). MSOMMETNICOLNTHATIESL. HRE—ER <U—-X>H
#&M# Clinical Questions & PearlsI hiERBIMESS Ishs B4 WX B2 pp115-120.

Acknowledgments

Grants

- The Japan Society for the Promotion of Science Grants-in-Aid for Scientific
Research-KAKENHI, JP19K08569 (SO), JP20K07455 (IT), JP21K07287 (AMP)

+ All-Kindai University support project against COVID-19 (AMP, IT)

+ Health and Labour Sciences Research Grants on neuroimmunological diseases (SK)

Discussion and technical assistance

- Kota Moriguchi, MD, PhD, Japan Self-Defense Forces (JSDS) Hanshin Hospital
+ Ms. Namie Sakiyama, Dept. of Microbiology, Kindai Univ.

+ Ms. Rie Tanaka and Ms. Yukiko Watanabe, Dept. of Neurology, Kindai Univ.



