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Abstract ooo
Some patients have developed Guillain-Barré syndrome 0000000000000 00000O0O0OOOOOO
after the administration of bovine brain ganglioside. Patientswitho D0 00D 0000000000000 OO0OOO0OO0O0

Guillain-Barré syndrome subsequentGampylobacter jejuni oooOooOoOoDOoO0OO0O00O0OO0OO0OOGMIOOOOOOOO
enteritis frequently have the |gG antibody to GM1 gangliosidg 000 g6 000000000000000000000
Miller Fisher syndrome, a variant of Guillain-Barré syndromqj 0000000000000 00000000000000
is associated with 1gG antlbogly to GQ1b gangho&dq My coh— 00GQIOOOODO0N0000 IgGOO000000 0
leagues and | showed the existence of molecular mimicry be-

. : . J0000000000000000000000D0000DO0
tween GM1 and the lipopolysaccharideXfiejuniisolated from
a patient with Guillain-Barré syndrome, and between GQ1b aIQcF JopbooooobbbbbbogeMiooooon
C. jejunilipopolysaccharides from patients with Miller Fished DUOLUDUDUDUDDUDOOODOOOOOODODOD
syndrome. The glycotope mimicry between infectious agents? 0 00000000 GRbODDOOOOOOODOOO
and gangliosides may function in the production of anti-gaft 0000 000000000000000000000O0
glioside antibodies and the development of Guillain-Barré syp-0 0 00D oooooooooooooooooooon
drome and Miller Fisher syndrome. 00000000000ooooooooooon

A. Introduction A OO0

Guillain-Barré syndrome (GBS) is the most common 0000000000000 000O00DO0OO0OOOOO
cause of acute neuromuscular paralysis in personsin developgd 0 0000 0000000000000 O0D0O0O0OOOO
countries. Two-thirds of GBS patients develop the syndromep ooon030020000000000000000000
following various infections. Infection due to gram-negative; o o oopooooOooo00O0000000000000
bacteriumCampylobacter jejunia leading cause of acute diar o ooooooooooDooO0O00O000C0C00000
rheal illness, commonly precedes the development of GBS (HD 0D000@OIOOO000000000000000000

The hypothesis that gnu-neural antibodies may lfunctlon in tEeD e
development of GBS is supported by the observation that plasma

.. . C_%gl]DDDDDDDDDDDDDDDDDDDDDDDD
exchange elicits a beneficial response. The dependence of
on “molecular mimicry” between infectious agents and surface? D H DO EHOODOO00B000000000000

components of peripheral nerves has been postulated. poooodooooooooooooan
B. Guillain-Barré Syndrome B.OODODODOLDOOOODO
B-1. Autoantibody to GM1 Ganglioside B-1.GM1O0DO0DDODOODOOOOO

Gangliosides are highly expressed in the nervous tissues D0 00U 000000000000 OOOOO0OO00O0
and are considered as cell surface molecules implicated invari~ D00 oooooooooooooooooooooon
ous biological cellular functions. There have been several e D0 0000000000000 OOOOOIgMDOODOO
ports of motor neuron disease and multifocal motor neuropathy] 0000000000000 O (203)0 llyas O (4)0 Inuzuka
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associated with IgM antibody to GM1 ganglioside (2, 3). llyas )0 00D 0000000000000 O0OO0OODOOO0

et al. (4) and Inuzukaet al. (5) reported that several GBS pa gviooo00000000000000000000 0
tients who showed sensory dysfunction had autoantibodies to 00000000000000000000000000

gangliosides except for the GM1 ganglioside.

GBS patients often have sensory impairment; howevel%l,D Hobooboboobbooobboonnooony
patients with GBS subsequent@ojejuni enteritis show no or HEUUOOODOODDUOOODOODODOOOOOOOOUUN
minimal sensory disturbance. My colleagues and | (6) reported] D0 0D OO0 OO00OOOOO0O0OODOOOOO0O0OO
that 2 patients with GBS followin@. jejuniinfection had high D2000000000 IWGGO GMIOOOOOOOODOOO
IgG anti-GM1 antibody titers in the acute phase of the iIInesg.D 00000000000 00D0000D000nonoonon
No ar?t_|—GM1 antibody was detected in patients who@lqdjunl 00oO0O0O0O00O000000eMlOOOO0O00O000000
enteritis that was not followed by GBS. The association of IgG
anti-GM1 antibody with GBS subsequentGojejuni enteritis nopoboonbooboonoooboon igeheMLT

has been established by others (7-9). 000000000000 000000000000(7-90
B-2. Molecular Mimicry between GM1 andC. jejuni Li- B-20000O00ooooboooeMinooooon
popolysaccharide 0000000000000 0000000000000

Ganglioside extracted from bovine brain tissue has beell D 000000000 0OOOO0O0OOO0OOOOOOOOO
widely given for several neurologic disorders throughoutWestt D0 D0 0000000000000 OODOOOOOOOO

ern Europe and South America. Since my colleagues and | firsh o n oo D) DD DDDODODDODDOODODODODOOO0

_reported pn _amyotrophlc lateral scler05|s-llke_ dlsordgr fO||0V\ﬁ 000000000000000000@MM2000000
ing ganglioside therapy (1@here has been an increasing num-

. . 000000000000 00000000bO000booog
ber of reports of patients who developed GBS after receiving
bovine brain ganglioside (11, 12)his development suggestsD oooboobobooobooboooboooboon
an antecedent infectious agent with a ganglioside-like structlte! 000000 Penner 00 0000000000000 OO

as a cause of GBS. By Penner’s metldgjuniseemstobe 000 000000000000 O0O00OOOOOOOOOO

serotyped on the difference in the lipopolysaccharide (LPS).0 0000 Kuroki o (13000000@40000000 PEN
Kuroki et al. (13) and my colleagues and | (14) showed that @ - noooooooooooooooo0o0O00o0o0000

specific Penner’s serotype (PEN), PENwl&s frequently iso-
. . 0000000000 PENIODDOODODD GMIODODOOOO
lated from GBS patients. Thus, the current study included an

investigation into whether GM1 epitope is present in the LP$H D 0D OOOODOOOOOM

from PEN 19C. jejuni goooobooobooboobooboPENIODOOO
LPS was extracted from PEN @ jejunithathad been 000 0000000000000 O0O0OOOOOOOOOO

isolated from a GBS patient by use of the hot phenol-water te¢hr o oo oDoOoOoDO0DOOO0OO0OO0O GMIOOOOOOOO0O

nique. Thin-layer chromatography with immunostaining showed - 1 oo ooooooooooooo0O00o0oC0O0000
that cholera toxin which specifically recognizes the GMl-oIi-D 10000000000 GMLOOOOOO0000000
gosaccharide reacted with the LPS fraction (15), indicating that

the LPS has the GM1 epitope. The LPS showing the bindinD bo@Es)uoooooooooboooooooooooo
activity of the cholera toxin was purified by a silica-bead col D0 00O DOO0OOOOOOODOOOOOOOOOO0ON0
umn chromatography. Gas-liquid chromatography-mass spet D000 0000000000000 GM1 0000000
trometric analysis showed that the purified LPS contained ga0 0000000000000 (Ga)IN-000000000
lactose (Gal)N-acetylgalactosamine (GalNAc), amt (GalNAG) N-01 0 0 010 0 0 01 0 0 (NeuAQ) 01 01 01 01 01 00

acetylneuram!nlg ac,;|d (NeuAc), whlch.are sugar componerEsD 0000000000 NMROOOO0000 (Galpl-3
of GM1 gangliosidelH nuclear magnetic resonance methods

revealed that the oligosaccharide structure (3a8 GalNAc ~CANACBL-4 [NevAcaz-3]Galp 000D ODOODOOD
B1-4 [NeuAca2-3] Galp) protruded from the LPS core. My HE DU OODDODDUOOODOODODODOOOOOOOUUDO
colleagues and | showed that this terminal structure @&& O (Galp1-3 GalNAcB1-4 [NeuAca2-3] GalB)d GM1 O 00O O 40
GalNAcB-4 [NeuAca2-3] Galp) is identical to the terminal oo OO OODO0O0OO0O0O0D0O0O0O00O0ODOL10(16)0

tetrasaccharide of the GM1 ganglioside (Fig. 1) (16), and theq oo poooooooooO0o000000000000
study was the first to demonstrate the existence of molecu NooooooooooooooOoOOoooOOooooO

mimicry between nerve tissue and the infectious agent isolated
from a GBS patient. Moreover, its findings supported the proE—D Hoonoon _D D_D e
ability of there being an adverse reaction after ganglioside dd} ' 0 0 0 0 0 Wirguin U (17)0 O IigMU eM 1000000
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Fig. 1. Molecular mimicry between GM1 ganglioside an€Campylobacter jejunlipopolysaccharide.
Terminal tetrasaccharide occupies the nonreducing end of GM1 and the lipopolysaccharide. Cer, Cer@aidetose;
0, N-acetylgalacosamine;, Glucosey , N-acetylneuraminic acid.

ministration. Wirguinet al (17) reported that IgM anti-GM1 000000000000 0000000O00O0O00O00O00OO
monoclonal antibody reacted with LPS®f16junl Oomeset OO0Oomes 0(18)001gG 0 GM1 OO OOODODODOOODDOO
al. -(1.8)s.howed that IgG anti-GM1 antibody was absorbed b% Siaiaiaiaiaiaiaiainials
C. jejuni

Willison and Veitch (19) showed that the IgG subclass
distribution of anti-GM1 antibodies is limited mainly to IgGlD DoOlIgGl0 pesuuononouoooooooooon
and 1gG3 in GBS. Because IgG antibodies to bacterial polysa¢! D D D00 lgc 000000 booono ge200onn
charide generally are restricted to the IgG2 subclass, they ass 00 000000000000 OO0OOOOOOOOOO
sumed that either the general rules for the immune response\te oo oooooo0000000000000000
LPS were bro_ken m the GBS patlents or an alternatlve_ gntlgﬁr‘b 0000000000000 160 6MLOOO0000 0
had yet to be identified. To clarify whether the LPS participates
in the production of IgG anti-GM1 antibody, we investigate
the subclasses of IgG antibody to the LPS that bears GM1-likg? 196 000D UOODODUOOODUOOIgELN 1gG3 U
structure (20). They were predominantly restricted to IgGl and0 D 000 ()0 0O0O00O0GMIO0O00O00000O0O
lgG3. Therefore, the GM1-like LPS may be an immunogenthatigc 0 cM10 000 000000000000000000
functions in the production of IgG anti-GM1 antibody. Subry 5 7 o 19610 1963 0TO0 0000000000000
classes IgG1 and IgG3 are characteristic of a T-cell dependent
antibody response, and helper T-cells may be associated WDItIQ HEHOOToOH G eMIoD oo nonon
the production of IgG anti-GM1 antibody. noooooo

B-3. Association of PEN 1&C. jejuni with IgG Anti-GM1 ~ B-3-PEN 19U DD ODUDIOODIgGHGMIODT D DD

Antibody Aspinall 0 (21)0OPEN40 0000000 DO0DOOOO

Aspinall et al. (21) reported that LPS from PEN 4 hag5Dla0 0D ODOPEN1D, 230,360 000000000000
GD1a-like structure, and that LPSs from PENs 1, 23, and 360 cGM20 000 0000000000000 OOOOOOO
have GM2-like structures. They concluded that these difference$ o o pooooooooooooo0O0O0o000000 00

in sugar sequences and linkage types are sufficient to accoHrE 00 GM100 GDla00 00000000 PEN 10 . 40

for the serological differences. In contrast, my colleagues and |
(22) showed that monoclonal anti-GM1 and anti-GD1a ang?0 000000000000 0000DPener 00O
bodies reacted with PENs 1, 4, andCl$ejuniLPSs. We there- DU 00D ODDUDODODOOOOOODUOODOOOOOOO

fore proposed that Penner’s serotyping system is not dependént U 0 0 0 0 0000 (22)0 0 0 O Aspinalld (23)0 O PEN 4

Willison O VeitchO (19)0IlgG 0 cM1O 00000000

goboooobooobooboooobeMibooboOong
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on differences in the ganglioside-like oligosaccharide structures] 1990 0000000000000 000000000OO
of the LPSsAspinallet al (23) reached the same conclusionas OO o030 0 PEN1OO OO OO0O0OO0OOOOOOO
they noted that the LPSs of PEN 4 and 19 have the same gqamrooooOoo0O00O0O0000O00O00O00O00O00O00
glioside-like structure and that there is structural variability, ;0o

among the low-molecular-weight LPSs from 3 PEN 19 strains. oki eH000000000000000000020

Kuroki et al. (24) reported that 10 of 12 isolates (83%}1 1 oo pENIOD OO0 OOOOOOCCOO00000

from GBS patients belonged to PEN 19, while this serotype U o000000ooo 1200100 (83%)000000000
counts for fewer than 2% @f. jejunistrains in Japan. The asso- 000O0D0OOOOOOPEN 19000000000000

ciation of PEN 19 with GBS, however, had been controversial

(1, 24).Therefore, my colleagues and | (25) seroty@egkejuni e
isolates from GBS and enteritis patients: PEN 19 was more f%@24)5 Hoonoononoonooooniononoon
guently isolated from the GBS patients (16/31 isolates, 52"/%')D noooooooooooooooooooono ()0
than from the enteritis patients (11/215 isolates, 5%) sy, FPEN190UOOODDOOUOOOOOOOOOOOOODOSL
we investigated whether PEN 9 jejuniis associated with DU 160 (20000000000 21500 1100000
IgG anti-GM1 antibody. The frequency of IgG anti-GM1 antid D000 0000000000000 00000000O0
body titers of 500 or more among GBS patients with PER.19 U U PEN1SD DD OO0O0O0O0000 geb eMiooooog
jejuniwas significantly higher than that among GBS and Milen 0O OOOOPEN190 000000000000 0O0O0OO
Fisher syndrome patients with non-PENCS9ejuni The sta- 00000000000 PEN1OOOOODOOOOOOOOOO
tistical association of PEN 19 with GBS exists (25). Aspieidll D oD o000 0D0000D0000000O0O0000000
al. (26) reported that a hyaluronic acid-like repeat unitof LPSisg1gc 0 eM100000000000000000000
an antigenic determinant of PEN 19. Glycosaminoglycans, ipeN 1900000000 00000000000000 (25)0
cluding hyaluronic acid, may play an important role in the d%pina” 0@e0000000000000000000000

velopment of autoimmune diseases (27). | speculate that ﬁ% OPENIOOOOOOOOOOCOOOOOOO0OOOODN
hyaluronic acid-like structure helps the GM1-like LPS to in-D 0000000000000 00000000000000
duce the production of the IgG anti-GM1 antibody and the suB-D 00000@EHN000000000000000 GML
SequemdevelqpmemOfGBS. . . goboooobowcoeMiOOoOooboooooooooboo
B-4. Pathogenic Role for Anti-GM1 Antibodies 0OoOoOooooOOOOooooo

GM1 epitope is present at the neuromuscular junction
(28) and the nodes of Ranvier (29). Immunization of rabbit§'4' HeMiouoooon .
with GM1 resulted in elevated serum anti-GM1 antibody titers eMiopoobobobobobon Renvier DD OO D
and induced a neuropathy with conduction block and immung-" 0 H (28.290eMIO DD 000000000000000
globulin deposits at the nodes of Ranvier (30). IgM ant-gmEMiDDOonoooooooouooooooooooood
positive sera from patients with multifocal motor neuropathy H U Ranvier D00 ooooooonooooE)Lnooon
induced block of conduction when injected, either with or withd 000000000000 IgMO eM1O00000000
out additional complement, intraneurally into rat sciatic or tibiad DU 0000 ooouoooooooooooooooon
nerve (31, 32)Partial conduction block was induced by antid 0000 000000000O0@102)0000000000
GM1 antibody-positive human and rabbit sera inmavitrorat GM1OO0OO0000O0000000O00O0O00OOOOOOO
sciatic nerve preparation (33). Sera from patients with multifg 0 (33)0IgMO0 GM1O0 0000000000000 000O0
cal motor neuropathy and IgM anti-GM1 antibody blocked dissppooooooOoOO0OO0OOO0OO0O0O0OOOOOOOOOO
tal motor nerve conduction in mice (34). Rabbit anti-GMl ants o oo @40 0000 GMIOOO0OO00OC0O0O0000O000
body alters the kinetics of‘kchannels and suppresses voltage o o oooooo0000000 000000 Ranvier O 0 O
sensitive Nacurrents, thereby interfering with the function of 1 oo oooooooooooooo @s000000
the Nd channels at the nodes of Ranvier (35). In our co—cultu&aD 0000000000 0000000000 eMLOO0
system of rat motoneurons and human muscle cells, mouse I%l\ﬁ 0000(GMBI0 00 Ig60 GMLOO000000 0
anti-GM1 MAb (GMB16) as well as human IgG anti-GM1 an- 0000O000000000000000000000@6)0
tibody rapidly suppressed spontaneous firing, end-plate poteDn-D 10000000000000000 GMLOOODOD
tials, and muscle contraction (36). Their rapid recovery when
the anti-GM1 antibodies were removed is evidence that this an 0 000000000000 ODOOO00 GM1OO0D
tibody has the ability to inhibit motoneuron excitability without? D 0 00D U0 0OOODDUOOOOODO0000000

producing morphological changes. ooooooooo
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Fig. 2. Pathogenesis of Guillain-Barré syndrome associated with IgG anti-GM1 antibody subse-
quent to Campylobacter jejunenteritis. (1) Infection byC. jejunithat bears the GM1-like lipopolysaccharide
associated with the serotypic determinant of PEN 19 (a hyaluronic acid-like repeat unit of lipopolysaccharide)
induces high production of IgG anti-GM1 antibodies with help of T cells. (2) IgG anti-GM1 antibodies bind to motor
nerve terminal axons, inhibits motoneuron excitability, and produces the development of muscular weakness.

B-5. Pathogenesis of GBS Associated with IgG Anti-GM1 B-5.1gG 0 GM1 0 0000000000000 O00OOOO0O
Antibody 000000000000 1ge0 GMIO D000 00000
| speculate the pathogenesis of GBS associated with I%D 00000000000 00000D0D0O000@7)0G6ML
antl—G_Ml annbpd_y gfteC. jejunienteritis t.o be as f_oIIows (37_): SIelaiatatslaiatatalalatatalalaiatatalaiatatatclaiatats
Infection byC. jejunithat bears a GM1-like LPS induces high
production of IgG1 and IgG3 anti-GM1 antibodies with the help 0 D B 00000000 OOTOOOOODOOOO0
of T cells in patients who have a particular immunogenetic badigG10 19G3 0 GM1 0O 00 O000000020019G0 GM10O
ground (Fig. 2). IgG anti-GM1 antibody binds to the motornene 00 00000000000 0000D00D0O00O0O0OOO
terminal axons, inhibits motoneuron excitability, and produce$ o oooooooooo 19610 1gG30 0000000
muscular weakness. IgG1 and IgG3 arg mu_ch more effectv% 010000000000000000000000 Igei0
than the other two 1gG subclasses for triggering effector fung-
tions. Binding of the IgG1 and IgG3 anti-GM1 antibodies readilﬂ?G?’ oeMioooooooouooooooooooood
causes degeneration of the motor axon from its terminals. Uil D 0000000 GML1O OO Ranvier 000 00O OO0
addition, the anti-GM1 antibody, which can bind at nodes of oD OoDoDOoOOoDOOOOO
Ranvier, might produce failure of conduction. B-6. 0000000 OCOOOOOOOOOOOOOD
B-6. Molecular Mimicry betweenC. jejuni LPSs and Minor (GalNAc-GD1all GM1b)0 0 0 01 (1 0

Gangliosides (GalNAC_GDla and GM1b) . Kusunoki 00 (38)0 GalNAc-GDlaO OO OO OOodooon
Kusunokiet al.(38)suggested thBkacetylgalactosaminyl
godooooooobobooooooooboboooooa

GD1la (GalNAc-GD1a) is a target molecule for serum antibod&
. . . L -, gobooboboboboboboooboooboobooobg
in some patients with GBS subsequenttgejunienteritis. My

) . . ; . J00000000000D00D00000 GalNAc-GDla OO
colleagues and | confirmed this relationship. An absorption test
indicated the presence of the GalNAc-GD1a epitofz jejuni Doooooooo00nE9)nGaNAc-GDlad 000 o
LPS (39). We assume th@t jejuni which bears the GalNAc- D HHHHHEDO0D000000000DDDDGalNAc-GD1a
GD1a epitope, is also the immunogen and that these gangﬁbD vbootodouooobooooouodoooooo
sides are target molecules for the autoantibody in certain pall 0 0 U U
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tients with GBS. 0000000000 GMIDODODDOODODD0OO0D0D0O00
Some patients have developed GBS after being administj o 000000 00 0O (40)0 Hirabayashi 0 (41)0 0 0 0 O
tered the GM1 fraction isolated from bovine brain (40)sv1 oo 000000000 GM1bO OO0 O O Kusunoki
Hirabayashet al (41) purified a minor ganglioside GM1b from
the bovine brain GM1 fraction. Kusunaki al. (42) proposed
GM1b to be a new antigen for serum antibody in GBS. My co?— e
leagues and | showed that anti-GM1b IgG antibody is associn DO HEHOOOOOOOOOOOO0D00000000
ated with GBS afte€. jejunienteritis (43)To evaluate the hy- DH@3)0cMlbOD OO DOoooouooooononooooo
pothesis that GM1b is an immunogen, we determined whethéfGM1b OO 000000000 0000000000000O
the GM1b epitope was present@n jejuniisolatedfromapa- 0000000000 GMlbOOOOOOOOOOOODOO
tient with GBS associated with anti-GM1b antibodyO OO GM1bOOOOOOOOO NA6OOODOOOOODOO
Immunostaining with anti-GM1b MAb NA-6 indicated thatthen oo oo oD oo oOO0DD0DOD0OD GMWLL O OO OO OO0 0
LPS of theC. jejunistrain does have the GM1b epitope. We; o poooooeMib 000000 6ML OO0 GM1b O O
speculate that an injection of bovine GM1 fraction that contailﬁsD 00000O000000000 GMbOOOOOOO00
GM1b, as well as infection by an agent that bears the GM
epitope, induces production of the anti-GM1b antibody whic
functions in the development of GBS in some patients.

O@ocMbOOOOOOoOoOoOooooOooooooooo

gbobobooboboboboboobo

cobooooogono
C. Miller Fisher Syndrome gbooooooboobobooooobooboobooooog

Miller Fisher syndrome is characterized by the acute onget” BB 00O Uuooooouooooouuooooy
of ophthalmoplegia, ataxia, and areflexia. It is considered avadd D000 0ooooooooooooooooooood
ant of GBS because some patients who present with Miller Fishel 0 0 00000000000000000O0O0O0OO0OO
syndrome then progress to GBS. This suggests thatan autainmz OO0 0D 0000000000000 000000000
mune mechanism similar to that of GBS is involved in the pathe-g n oo o oo chibaD 440 00000000000 IgG O

genesis of Miller Fisher syndrome. Chibizal. (44)found that GQb 00000000000 Willison 0 (450 0 0 0 0 (46)01
Miller Flsher syn_drome is associated with 1gG anti-GQ1b ants 5 00000000 Chibal @n000000 GOl 000
body, which Willisoret al. and my colleagues and | later con-D 000000000000000000000 Ranvierd O
firmed (45, 46)Chibaet al. (47) then showed that anti-GQ1b
monoclonal antibody strongly stains the paranodal regions g oo Eoononiioiiiiiiiiiiuoun
the extramedullary portion of the oculomotor, trochlear, and 000D OOOOOODOOODOOOOOOO0OOOO0O0O
abducens nerves, and weakly stains the deep cerebellar nudlel 000D (480 00000000000 GQlbOOOO0O
Some patients develop Miller Fisher syndrome subser0 0 0000000002000 0000000000000
quent toC. jejuniinfection (48). My colleagues and | isolated oy n oD DD D000 000000000000000

C. jejunistrains from patients who had anti-GQ1b antibody ia 000000000000000000 GOlbOOOO0D
the acute phase of Miller Fisher syndrome (49). To clarify the

. . . 000000000000 GQR1bODDDDODOOO(GMRI1S,
pathogenesis of Miller Fisher syndrome and to test the molecu-
lar mimicry hypothesis, we investigated whether the GQ1755)D poooooouoooouoooodooooonod
epitope is present i6. jejuniLPSs. Anti-GQ1b monoclonal D00 GQbOODOODOOODOOOOOOGoOLOOON
antibodies (GMR13 and 7F5) reacted with both LPS fractions,0 000 0000000000000 0 GQRlbOOOOOO
indicating that the LPSs extracted fr@njejunibear the GQlb goooooO0O0O000O0O0O0Jacobsd ()0 00000000
epitope (50). This was the first report of molecular mimicrybe1 1 o o nooooooooooooooooon 19G0 GQ1b
tween GQ1b and an antecedent infectious agent. of Miller F@m’j 0Oo0O00oOoOO0OO00OooooooOooaono
syndrome. Jacolet al.(51) reported that IgG anti-GQ1b anti-
body recognized surface epitope@njejunifrom patients with nooooooooooeRinoooooon lgetoH
Miller Fisher syndrome. The subclasses of IgG antibodies to” U U U0 1gG1 0 lgc3bnboooooooooooon
the GQ1b-like LPS were restricted to IgG1 and IgG3 in Millep D0 0O cMioooooooooooooooooonon
Fisher syndrome patients, as were the antibodies to GM1-likg20)0 000000000000 00O0D700000000
LPS in GBS patients (20) My colleagues and | showed thatﬁ] 0000000500 PEN2000DOD(/)IOCODODOO
out of 7 isolates from patients with Miller Fisher syndrome P& oooo0oooo200000000000000000
tients belonged to PEN 2 (25); moreover, PEGI. Zejuniwas
isolated from 2 GBS patients, both of whom initially had pre2- nobbooobboooobboooonbbooonn
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Fig.3. Pathogenesis of Miller Fisher syndrome associated with 1IgG anti-GQ1b antibody sub-
sequent toCampylobacter jejunienteritis. (1) Infection byC. jejunithat bear GQ1b-like lipopolysac-
charide associated with the serotypic determinant of PEN 2 induces high production of IgG anti-GQ1b anti-
bodies with the help of T cells. (2) IgG anti-GQ1b antibodies bind to the oculomotor, trochlear, and abducens
nerves, and to deep cerebellar nuclei causing external ophthalmoplegia and cerebellar ataxia.

sented as having Miller Fisher syndrome. The frequency of Ig60 o poooooDooooDO0DOO0O0O0OO0DOO0OOO0 196 O
anti-GQ1b antibody in PEN 2-isolated GBS and Miller Fisheéle 00O0O00O0OPEN20000000O000O02000

syndrome was significantly higher than that in non-PEN 2-iso-
lated GBS and Miller Fisher syndrome. The serotypic determi-H 0B OOOOOOOOOOM
nant of PEN 2 may help the GQ1b-like LPS to produce the IgG PEN20 0000000 GQbOOOOOOO0OOOOOO

anti-GQ1b antibody. 000000000TODOO0OO0OO0000 1g60 GQlbODO

' [ speculqte that.mfectlon hy. Jgjumthat 'bears'Gle- D00000IgE 0 GO OOODOONO00000000
like LPS associated with the serotypic determinant induces ex-

cessive production of IgG anti-GQ1b antibody with the help gtibooooboobooboooooboooooonoo
T cells; moreover, that this autoantibody binds to the oculomg-C O

tor, trochlear, and abducens nerves, and to the deep cerebellar

nuclei causing external ophthalmoplegia and cerebellar ataig.aD 00

in patients with Miller Fisher syndrome (Fig. 3) (37)
goboobooboooboobuooboobbooo

D. Conclusion gbooooboobobooobobooobooboooobo

Molecular mimicry betwee@. jejuniLPSs and ganglio- D0 0O0O0O0LOG)OOO000000000000000
sides was shown in GBS and its variant Miller Fisher syndronreN 190 0000 0000000000000 0O0OOO0O
Li et al. (52) reported that numerous chickens infected With @ o oo oo waller D000 000000000000
PEN 19C. jejuniisolate from a GBS patient developed paraly-
sis, and that in their nerves Wallerian-like degeneration similgr
to seen in the human form of GBS subseque6t fejuniinfec- COOOOODOGMIOOOOOOOOOOOOO0OO0O0OO0O
tion (53). My colleagues and | are trying to make the animalo D0 o0OoO0O0DO00DO0O0OOO0OO0O0O
model by sensitization with the GM1-like LPS.

goooOooODObOOoOoOoOoOooooooGyooooooo
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