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Figure 6. Thin-layer chromatography of the lipid fraction
from rat dorsal root ganglion (DRG) and roots immunostained
with rabbit 1gG anti-GaiNAc-GD1a antibodies followed by
anti-rabbit IgG. The immunoreactive band was visualized by
diaminobenzidine staining. Lane 1, GM1 ganglioside and
GalNAc-GD1a markers. Lane 2, DRG. No bands are present.
Lane 3, DRG and root mixture. The band has migrated to the
position of GalNAc-GD1a (large arrow).

changes such as small vacuoles in neurons, or detach-
ment. We suspect that IgG anti-GD1b and anti-GM1
antibodies, as well as IgG anti-GalNAc-GD1a antibo-
dies, are harmful to Schwann cells, but assume that
the effects seen on the myelin and Schwann cells
were mainly caused by TNF-o. lgG anti-GD1a and
anti-GM1 antibodies, however, are also involved in
neuronal preservation and the inhibition of neurite elon-
gation. As GM1 is located on the surface of neurons
(Tettamanti and Riboni, 1994) and functions in the
regulation of cell (Spoerri et al., 1988) and axonal
(Doherty et al., 1992) growth, GalNAc-GD1a may func-
tion, in part, like GM1.

Rabbit IgG anti-GalNAc-GD1a antibodies had
fewer effects than purified human 1gG anti-
GalNAc-GD1a antibodies, inhibiting only neurite
elongation and Schwann cell proliferation in the
embedded DRG culture system. The damage
caused by patient sera containing IgG anti-GalNAc-
GD1a antibodies to proliferated, mature Schwann
cells or myelin therefore was most likely primarily
due to the high TNF-a titer. This is because purified
1gG anti-GalNAc-GD1a antibodies and rabbit serum
contained little TNF-a, the former having been
obtained after adsorption and the latter obtained
after a long time after immunization. Although
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immunized rabbits had a very high 1gG anti-
GalNAc-GD1a antibody titer, no neuropathy devel-
oped, indicating that rabbit 1gG anti-GalNAc-GD1a
antibodies may not be pathogenic. '

In conclusion, in the early stage of GBS, an
increased TNF-o. titer seems to play a major role
in the destruction of myelin in the proximal and
most distal regions of the nerve, with increased
numbers of IgG anti-GalNAc-GD1a antibodies having
a secondary role in neuronal or axonal membrane
destruction. Such a pathogenesis would be likely to
severely damage axonal function. In the later stages
of the disorder, an increased 1gG anti-GalNAc-GD1a
antibody titer inhibits both the recovery of myelin
sheath tissue and the axonal elongation. |n addition,
IgG anti-GalNAc-GD1a antibodies may negatively
affect neuronal preservation. Most of our patients
underwent repeated plasmapheresis 10-14 days
after the onset of illness, and high titers of IgG
anti-GalNAc-GD1a antibodies and TNF-o  were
adsorbed on the plasmapheresis columns. In those
days, no patient received intravenous y-globulin
treatment. Early treatment is important for the
recovery of GBS patients.

Acknowledgements

This study was supported by Health Sciences
Research Grants (Research on Brain Science) from the
Ministry of Health, Labour, and Welfare of Japan.
Complement-fixation tests for anti-Campylobacter jejuni
antibody and stool cultures for C. jejuni were performed
by Dr. Masaki Takahashi of the Department of Micro-
biology, Metropolitan Tokyo Research Laboratory of
Public Health.

References

Ang CW, Yuki N, Jacobs BC, Koga M, Van Doorn PA, Schmitz Pl
Van Der Meche FG (1999). Rapidly progressive, predom-
inantly motor Guillain-Barré syndrome with anti-GalNAc-
GD1a antibodies. Neurology 53:2122-2127,

Chandross KJ, Spray DC, Cohen Rl, Kumar NM, Kremer M,
Dermietzel R, Kessler JA (1996). TNF alpha inhibits
Schwann cell proliferation, connexind6 expression, and gap
junctional communication. Mol Cell Neurosci 7:479-500.

Doherty P, Ashton SV, Skaper SD, Leon A, Walsh FS {1992).
Ganglioside modulation of neural cell adhesion molecule and
N-cadherin-dependent neurite outgrowth. J Cell Biol
117:1093-1099.

Fukuda J, Aosaki T, Keino K, Yamaguchi T {1991). Age-
associated and cell-type specific changes in NGF requirement
for neurite regeneration from trigeminal ganglion cells of
the shrew (Suncus murinus). J Gerontol 46:B3-B16.

Hao Q, Saida T, Yoshino H, Kuroki S, Nukina M, Saida K (1999).
Anti-GalNAc-GD1a antibody-associated Guillain-Barré  syn-
drome with a predominantly distal weakness without cranial



Kamakura et al.

nerve impairment and sensory disturbance. Ann Neurol
45:758-768.

Kaida K, Kusuncki S, Kamakura K, Motoyoshi K, Kanazawa |
{2000). Guillain-Barré syndrome with antibody to a ganglio-
side, N-acetylgalactosaminyl GD1a. Brain 123:116-124.

Kaida K, Kusunoki S, Kamakura K, Motoyoshi K, Kanazawa |
(2001). Guillain-Barré syndrome with IgM antibody to the
ganglioside GalNAc-GD1a. J Neuroimmunol 113:260-267.

Kaida K, Kusunoki S, Kamakura K, Motoyoshi K, Kanazawa |
(2003). GalNAc-GD1a in human peripheral nerve: target
sites of anti-ganglioside antibody. Neurology 61:465-470.

Kaida K, Morita D, Kanzaki M, Kamakura K, Motoyoshi K,
Hirakawa M, Kusunoki S (2004). Ganglioside complexes as
new target antigens in Guillain-Barré syndrome. Ann Neurol
56:667-571.

Kusunoki S, Chiba A, Kon K, Ando S, Arisawa K, Tate A,
Kanazawa | {1994). N-acetylgalactosaminyl GD1a is a target
molecule for serum antibody in Guillain-Barré syndrome. Ann
Neurol 35:5670-576.

Kusunoki §, Inoue K, iwamori M, Nagai Y, Mannen T, Kanazawa |
(1992). Developmental changes of fucosylated glyco-
conjugates in rabbit dorsal root ganglia. Neurosci Res
15:74-80.

MclLean IW, Nakane PK (1974). Periodate-lysine-paraformalde-
hyde fixative. A new fixation for immunoelectron microscopy.
J Histochem Cytochem 22:1077-1083.

Mithen FA, Colburn S, Birchem R (1990). Human alpha
tumor necrosis factor does not damage cultures containing
rat Schwann cells and sensory neurons. Neurosci Res 9:
59-63.

Peterson ER, Murray MR (1965). Patterns of peripheral demye-
lination in vitro. Ann N'Y Acad Sci 122:39-50.

Journal of the Peripheral Nervous System 10:190-201 (2005)

Selmaj K, Raine CS, Faroog M, Norton WT, Brosnan CF (1991).
Cytokine toxicity against oligodendrocytes. Apoptosis
induced by lymphotoxin. J Immunol 147:1522-1529.

Sivieri S, Ferrarini AM, Lolli F, Mata S, Pinto F, Tavolato B, Gallo P
{1997). Cytokine pattern in the cerebrospinal fluid from patients
with GBS and CIDP. J Neurol Sci 147: 93-95.

van Sorge NM, van der Pol WL, Jansen MD, van den Berg LH
(2004). Pathogenicity of anti-ganglioside antibodies in the
Guillain-Barré syndrome. Autoimmun Rev 3:61-68.

Spoerri PE, Rapport MM, Mahadik SP, Roisen FJ (1988).
Inhibition of conditioned media-mediated neuritogenesis of
sensory ganglia by monoclonal antibodies to GM1 ganglio-
side. Brain Res 469.71-77.

Taguchi K, Ren J, Utsunomiya |, Aoyagi H, Fujita N, Ariga T,
Miyatake T, Yoshino H (2004). Neurophysiological and
immunohistochemical studies on Guillain-Barré syndrome
with 1gG anti-GalNAc-GD1a antibodies-effects on neuromus-
cular transmission. J Neurol Sci 225:91-98.

Tettamanti G, Riboni L {1994). Gangliosides turnover and neural
cells function: a new perspective. Prog Brain Res 101:77-100.

Willison HJ, Yuki N {2002). Peripheral neuropathies and anti-
glycolipid antibodies. Brain 125:2591-2625.

Wood PM (1976). Separation of functional Schwann cells and neu-
rons from normal peripheral nerve tissue. Brain Res 115:361-375.

Zhu J, Bai XF, Mix E, Link H {1997). Cytokines dichotomy in the
peripheral nervous system influences the outcome of experi-
mental allergic neuritis: dynamics of mRNA expression for
IL-1 beta, IL-6, IL-10, IL-12, TNF-alpha, TFN-beta, and cytoly-
sin. Clin immunol Immunopathol 84:85-94.

Zhu J, Mix E, Link H (1998). Cytokine production and the
pathogenesis of experimental autoimmune neuritis- and
Guillain-Barré syndrome. J Neuroimmunol 84:40-52.



U CASE REPORT O

Behcet Disease Presenting with Neurological
Complications Immediately after Conversion
from Conventional Cyclosporin A to
Microemulsion Formulation
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Abstract

A 53-year-old man with Behget disease was treated
with conventional cyclosporin A (CyA), because of re-
fractory bilateral uveitis. Immediately following the con-
version from conventional CyA to a microemulsion for-
mulation, he presented with neurological complications.
The neurological findings, pleocytosis of the cerebrospi-
nal fluid (CSF) and brainstem lesions revealed by brain
magnetic resonance imaging (MRI) suggested neuro-
Behcet disease. After discontinuing CyA and introducing
oral prednisolone, the neurological symptoms, pleocytosis
of CSF and brainstem lesions on MRI improved. Al-
though the microemulsion formulation, which can main-
tain a stable level of blood CyA, is a useful agent for the
control of ocular lesions in Behcet disease, the resulting
abrupt increase in blood CyA level may have induced
neuro-Behget disease.

(Internal Medicine 44: 149-152, 2005)

Key words: Behget disease, cyclosporin A, microemulsion
formulation

Introduction

Cyclosporin A (CyA) is a potent immunosuppressive
agent that is widely used not only for the prevention of graft-
vs-host disease after organ transplantation, but also for vari-
ous autoimmune diseases. Refractory uveitis in Behget
disease is one of the main therapeutic targets of CyA, how-
ever its neurotoxicity is also a serious problem (1, 2). Intesti-

nal absorption of CyA is also another problem. The intraindi-
vidual variations in CyA blood level resulting mainly from
the influence of diet may cause an insufficient control of the
disease. To resolve this problem, a new microemulsion for-
mulation of CyA (cyclosporin A MEPC, as MEPC hereafier)
was developed. MEPC has been demonstrated to maintain a
stable level of blood CyA in various diseases because of an
improved intestinal absorption. Initially, the efficacy of
MEPC was established in transplant patients (3). Further-
more, MEPC has also been introduced for the treatment of
refractory uveitis with Behget disease (4). Here we describe
a case of Behget disease presenting with neurological com-
plications immediately after the conversion from conven-
tional CyA to MEPC.

Case Report

A 53-year-old man was admitted to our hospital present-
ing with headache, nausea and dysarthria in October 2000.
He had manifested four major symptoms (aphtha, genital
ulcer, nodular erythema of the skin and uveitis) of Behget
disease since 1995. As the ocular symptom was serious, he
was first treated with colchicine. Because the control of ocu-
lar symptoms with colchicine was poor, CyA was introduced
in 1999. When the trough blood CyA level was maintained
within the therapeutic range, the ocular symptoms improved.
Although CyA seemed to be more effective than colchicine,
the control of the ocular symptoms remained unstable proba-
bly because of the fluctuations of blood CyA level. One
week before the onset of neurological symptoms, the oph-
thalmologist in charge of this patient changed the conven-
tional CyA to MEPC to stabilize the blood CyA level.

On admission, a few aphthae were observed in the oral
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cavity but no genital ulcers or skin lesions were detected.
Bilateral uveitis was also observed, predominantly on the left
side. On neurological examination, dysarthria and swallow-
ing difficulty with a weak pharyngeal reflex were detected.
Although muscle strength was generally in the full range
with normal muscle stretch reflexes, plantar reflex was flexor
bilaterally. No sensory deficits were observed. Laboratory
tests demonstrated mild leukocytosis and anemia (WBC
8,200/mm’; Hb, 10.5 g/dl) with an increased erythrocyte
sedimentation rate (80 mm in 1 hour). The trough blood CyA
level was 109 ng/ml. HLA typing showed the presence of
A26, A29, B61, B70, Cw3, and Cw7. CSF analysis revealed
pleocytosis (113/mm’; poly 18, mono 95) with a slight in-
crease in total protein level. T2-weighted MRI showed high-
intensity lesions in the brainstem with marked contrast
enhancement by Gd-DTPA on T1-weighted images (Fig. 1).
These clinical and laboratory findings supported the diagno-
sis of neuro-Behget disease. MEPC was discontinued and
oral prednisolone was administered. The initial dose of pred-
nisolone was 60 mg/day, which was tapered with the im-
provement of clinical symptoms (Fig. 2). Oral prednisolone
is maintained at a dose of 15-20 mg/day and he has re-
mained free from a recurrence of neuro-Behget disease.

Discussion

CyA is a potent immunosuppressive agent which is
widely used for patients with graft-vs-host disease and vari-
ous autoimmune diseases. CyA use is associated with numer-
ous side effects; nephrotoxicity and hypertension are the
most common, but neurotoxicity is also known to occur (5).
In recognizing its side effects, neurological side effects were
reported in up to 40% of patients receiving CyA. The most
common neurological complication is postural tremor, which
is often mild and does not require dose reduction. In addition
to postural tremor, posterior leucoencephalopathy and gener-
alized seizure are occasionally serious and require the imme-
diate cessation of CyA (5). These side effects involving the
central nervous system (CNS) are generally called CyA
encephalopathy. The mechanism underlying the neurotoxic-
ity of CyA remains unclarified. Endothelial impairment by
CyA with the consequent occlusion of small vessels may
cause some degree of ischemic damage and subsequent sei-
zure or leucoencephalopathy.

CyA also induces neurological complications in patients
with Behget disease (2). Its neurotoxicity, occurring in 20—
30% of patients with Behget disease receiving CyA, seems
different from that causing general CyA encephalopathy.
The neurological complications in patients receiving CyA
are difficult to distinguish from typical neuro-Behget disease.
That is, CyA seems to induce neuro-Behget disease. Al-
though many neurological deficits may occur in Behget dis-
ease, brainstem lesions, motor deficit and psychiatric symp-
toms are the common clinical manifestations (6, 7). Most
patients with Behget disease who suffer from the side effects
of CyA present with brainstem lesions or pleocytosis of CSF.
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Figure 1. MR-images on the day of admission. High signal
spots were scattered in the brainstem on T2-weighted image.
After administration of Gd-DTPA, these lesions were markedly
enhanced (arrow).

Similar to other reported cases, the present patient developed
bulbar palsy associated with severe headache. The marked
pleocytosis of CSF and typical brainstem lesions revealed by
brain MRI confirmed the diagnosis of neuro-Behget disease.
Although permeability of the CNS to CyA remains contro-
versial (8-10), vasculitis in Behget disease might enhance
CyA penetration to the CNS and induce nerological compli-
cations. Whether the permeability of the CNS to CyA in-
creases or not in the presence of vasculitis, the reason for the
similarity between neurological complications in patients
with CyA induced neuro-Behget disease and the symptoms
of typical neuro-Behget disease remain unclarified.
Compared with previously reported cases of neuro-Behget
disease, which developed during CyA therapy, the most
prominent feature of the present patient is that he developed
neurological symptoms immediately after the conversion
from conventional CyA to MEPC. Recently, MEPC has been
substituted for conventional CyA, because conventional CyA
shows limited absorption from the intestinal tract mainly due
to the influence of a fat-rich diet (11). This problem results
in an unstable blood CyA level and an insufficient clinical
control of a disease. To overcome this problem, MEPC was
developed. MEPC is pharmaceutically designed to become
microemulsified when it comes in contact with body fluids

Internal Medicine Vol. 44, No. 2 (February 2005)
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_ Figure 2. Clinical course. CyA: cyclosporine A, PSL: prednisolone, CyA-MEPC: cyclosporine A-microemulsion formula-
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such as gastric juices. The trough blood CyA level in the pre-
sent patient did not increase after switching to MEPC.
Similar to our patient, Kotake et al pointed out that most pa-
tients presenting with symptoms of neuro-Behget disease
while receiving CyA exhibit a normal trough blood CyA
level (2). These results suggest that another factor in addition
to trough blood CyA level is likely related to neurotoxicity.
Takahara et al performed a detailed pharmacokinetic study
of MEPC on patients showing a poor absorption of conven-
tional CyA among stable renal transplant recipients (12).
Interestingly, while trough blood CyA levels in both CyA-
treated and MEPC-treated groups were similar, the peak
blood CyA level measured 2 hours after oral administration
was very high in the MEPC-treated group. If similar pharma-
cokinetics occurs in patients with Behget disease, an abrupt
elevation of blood CyA level and a fragile blood-brain bar-
rier due to occult vascular lesions in Behget disease may en-
hance the neurotoxicity of CyA, resulting in the onset of
neuro-Behget disease. Presently, this theory remains a specu-
lation; however, further investigations of the peak blood
CyA level in Behget disease may clarify this phenomenon.
Despite the potential for severe adverse effects, CyA re-
mains an indispensable drug for preventing blindness due to

Internal Medicine Vol. 44, No. 2 (February 2005)

refractory uveitis in Behget disease. From our experience in
treating the present patient, the blood CyA level should be
monitored not only at the trough but also at the peak. To es-
tablish the safety protocol for CyA therapy of patients with
Behget  disease, further detailed investigations of the
pharmacokinetics of CyA are necessary.
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A case of Miller Fisher syndrome with marked mydriasis

Masami SADA, M.D., Hikaru SAKAMOTO, M.D., Yoshiyuki MITSUI, M.D.
and Susumu KUSUNOKI, M.D.

Department of Neurology, Kinki University School of Medicine

A 44-year-old-man was admitted to our hospital because of paresthesia of the upper and
lower extremities, diplopia, and gait disturbance. On neurologic examination, marked bilateral
mydriasis and bilateral abducens nerve palsy were observed, with no evident abnormalities
in other cranial nerves. Although muscle strength was generally in the normal range, tendon
reflexes in all limbs were reduced. Truncal ataxia was also notable especially during walking.
While cranial MRI and CSF analysis showed no abnormal findings, anti-GQ1b antibody was
detected in the patient’s serum. Considering neurologic findings and the presence of anti-
GQ1b antibody, we diagnosed the patient as having Miller Fisher syndrome (MFS). A striking
and unusual feature of this case was marked paralysis of internal ocular muscles, mydriasis,
compared with external ocular muscles. Papilloconstriction paresis is caused by the disturbance
of parasympathetic nerves that consist of unmyelinated fibers. As GQ1b has been localized to
paranodal regions of the oculomotor, trochlear and abducens nerves, external ocular muscles
are ordinarily vulnerable to GQ1b antibody. The reason for the predominant involvement of
parasympathetic nerves that innervate pupil sphincter muscles in this patient remains unclear,
but it may hold clues to the pathogenesis of MFS.

Key Words: Miller Fisher syndrome, pupil, internal ophthalmoplegia, external ophthalmoplegia,
anti-GQ1b antibody
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< Abstract>

A case of Bickerstaff's brainstem encephalitis, in
which early diagnosis was possible using
somatosensory evoked potenitals (SEPs).

by
Hiroshi TSUKAMOTO, M.D., Masahiro SONOO,
M.D., Yuki HATANAKA, M.D., Teruo SHIMIZU,
M.D. & *Susumu KUSUNOKI, M.D.
from

Department of Neurology, Teikyo University School
of Medicine, Tokyo 173-8605, Japan and *Department

of Neurology, Kinki University School of Medicine,

Osaka-Sayama, Osaka, Japan.

Bickerstaff's brainstem encephalitis (BBE) is char-

acterized by diverse symptoms, and early diagnosis is
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often difficult. Diagnostic role of anti-GQ1b antibody has
been established, although its result is usually known
late behind. We here demonstrate the usefulness of
somatosensory evoked potentials (SEP) in the early
diagnosis of BBE. The patient was a 27-year-old woman.
She presented with common cold-like symptoms, fol-
lowed by ophthalmoplegia, dysarthria, inability to walk,
consciousness disturbance, and positive Babinski's
signs. Brain MRI revealed no abnormality. ABRs were
completely normal. Blink reflexes were abnormal.
Median nerve SEPs registered normal P13/14 and N18,
whereas N20 was lost. We first suspected meningo-
encephalitis with cranial nerve involvements, but the
SEP findings clearly indicated intraaxial lesion, and thus
led us to the diagnosis of BBE. Anti-GQ1b antibody later
proved to be positive. This is the first report of a BBE
case with normal ABRs and abnormal SEPs. SEPs were
useful in documenting intraaxial lesion which was not '
evident by MRI, and thus contributed to the early diag-
nosis of BBE in this case.
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