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with MG132 (Fig. 3G: ~8% of inclusion-positive cells and H: ~12%
of inclusion-positive cells). The inclusions were ~10 pm in diame-
ter, being very similar in size to the neuronal cytoplasmic inclu-
sions found in patients with FTLD-U [2].

3.3. Immunoblot analysis of intracellular inclusions in the cultured cell
models

Cells expressing wild-type or mutant TDP-43 were sequentially
extracted, and the supernatants and pellets were analyzed by
immunoblotting. On analysis of cell lysates using anti-TDP-43 anti-
body, endogenous TDP-43 at 43 kDa was detected in all fractions.
Immunoreactivity of it was the strongest in TX-soluble fraction,
and was the weakest in Sar-insoluble fraction (black-lined arrow-
heads in Fig. 4A and C). A similar band pattern but with stronger
immunoreactivities was detected in cells transfected with wild-
type TDP-43 (WT).

The ANLS mutant TDP-43, which was detected as bands with
slightly lower molecular weight than that of the wild-type, was
also recovered mostly in the TS- and TX-soluble fractions
(Fig. 4A). The intensities of bands in the Sar-soluble and -insoluble
fractions were slightly increased after MG132 treatment (Fig. 4C).
Interestingly, these were positive for anti-pS409/410 (a black
arrowhead in Fig. 4D), suggesting that inhibition of proteasome
activity induces the aggregation of phosphorylated ANLS.

In contrast, expression of A187-192 mutant TDP-43, which was
detected as a band with almost the same molecular weight as that
of endogenous TDP-43, resulted in significant increases in the Sar-
soluble and -insoluble (ppt) fractions as compared with those in
cells transfected with wild-type TDP-43 (Fig. 4A). Smeared and
higher-molecular-weight bands were also detected in the
Sar-soluble and -insoluble fractions (Fig. 4A). We also observed
pS409/410-positive bands in the Sar-soluble and -insoluble frac-
tions in the absence or presence of MG132 (white arrowheads in
Fig. 4B and D).

183bp

Finally, immunoblots of lysates from cells expressing
ANLS&1B87-192 mutant TDP-43 (~41 kDa bands marked with grey
arrowheads in Fig. 4A and C) showed high-molecular-weight bands
of ~45 kDa (black arrowheads in Fig. 4A and C) and smears in the
Sar-soluble and -insoluble fractions. The bands of ~45 kDa, smears,
and C-terminal fragments at 25-37 kDa were highly immunoreac-
tive with anti-pS409/410 antibody independently of MG132 treat-
ment (black-lined arrowheads in Fig. 4B and D). These were similar
characteristic band patterns to those found in immunoblot analy-
ses of brain lysates of FTLD-U and ALS as previously reported [6].

3.4. Deletion mutants of TDP-43 lost the exon skipping activity

To evaluate the functional significance of the deletion mutants
of TDP-43 used in this study, we performed CFTR exon 9 skipping
assay. As shown in Fig. 5B, mRNA from cells transfected with
empty vector pcDNA3 gave only one RT-PCR band of 360 bp, while
that from cells transfected with pcDNA3-TDP-43 wild-type gave
two RT-PCR bands, 360 and 177 bp, showing that skipping of CFTR
exon 9 was increased by expression of wild-type TDP-43. In con-
trast, only one RT-PCR band of 360 bp was observed from cells
co-transfected with ANLS, A187-192, or ANLS&187-192, indicat-
ing that these mutants do not have skipping activity of CFTR exon
9, which is one of known physiological functions of TDP-43.

4. Discussion

In this study, using SH-SY5Y cells and a phosphorylated TDP-43
specific antibody established by ourselves, we examined the effect
of deletion of two candidate sequences for NLS, residues 78-84 and
187-192 of TDP-43, and proteasomal inhibition on inclusion for-
mation. Mislocalization of TDP-43 into cytoplasm caused by dele-
tion of residues 78-84 proves that this sequence indeed
functions as NLS. This result is largely consistent with the previous
report by Winton et al., which showed that residues 82-98 were
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Fig. 5. CFTR exon 9 skipping assay of the deletion mutants of TDP-43. (A) Schematic diagram of the reporter plasmid pSPL3-CFTR exon 9. This plasmid contains the repeat
sequence of TG11T7 in which the TG11 repeat is recognized by TDP-43, causing the CFTR exon 9 to be spliced out. The insert of this plasmid contains two exons of HIV-1 tat
gene (60 and 117 bp, respectively: light grey boxes) flanking CFTR exon 9 (183 bp: a dark grey box). RT-PCR is expected to generate two products with (360 bp) and without
CFTR exon 9 (177 bp). (B) Gel electropharesis of RT-PCR products of RNA from transfected cos-7 cells. The RNAs from cos-7 cells, co-transfected with the reporter plasmid

PSPLI-CFTR exon 9 plus pcDNA3 expression vectors were used as templates for RT-PCR analysis. The products were

yzed by elec is in 1.5% agarose gel.
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required for TDP-43 entry into the nucleus [7]. Formation of intra-
nuclear TDP-43 positive dot-like structures caused by deletion of
residues 187-192 suggests that this sequence does not function
as a NLS but is nonetheless important to maintain a physiological
state of TDP-43 in the nucleus, Loss of the exon skipping activity
of CFTR exon 9 observed in cells transfected with this mutant
may also support such a notion,

The results of the present study suggest that mislocalization of
TDP-43 in cytoplasm is not a sufficient condition for aggregation of
TDP-43, since the treatment of MG132, a proteasomal inhibitor, is
needed to cause the formation of inclusion in cells transfected with
a mutant TDP-43 lacking residues 78-84. Proteasome inhibition
also induced formation of intranuclear inclusions in cells transfec-
ted with a mutant TDP-43 lacking residues 187-192. These results
also suggest that a proteasome activity plays an important role for
degradation of TDP-43, Impairment of the ubiquitin-proteasome
system has recently been suggested to be related to the onset of
neurodegenerative diseases, For instance, Bence et al reported that
intracellular aggregates of a huntingtin fragment containing a
pathogenic polyglutamine repeat directly impaired the function
of the ubiquitin-proteasome system [9]. Keck et al., showed that
proteasome was inhibited by paired helical filament-tau in brains
of patients with Alzheimer's disease [10]. It should be further
investigated whether the proteasome activity is actually decreased
in brains of patients with TDP-43 proteinopathies, as Keller et al.,
reported that a significant decrease in proteasome activity was ob-
served in AD brains [11]. Function of autophagy-lysosome degra-
dation system may be an issue to be investigated as well, since
inhibition of autophagic degradation by depletion of the endo-
somal sorting complexes required for transport (ESCRT) subunits
causes accumulation of TDP-43 in ubiquitinated iru:lusums in cul-
tured cells [12].

In contrast to a mutant lacking residues 78-84 or 187-192,
double-deletion mutant of these sequences caused inclusion for-
mation without proteasomal inhibition in this study. These results
suggest the possibility that the double mutant protein has a higher
propensity to aggregate than each single mutant protein. In this
context, it should be noted that in insoluble fraction from FTLD-
U brains, the amount of C-terminal fragments of TDP-43 is higher
than that of the full-length TDP-43 [6]. These findings suggest that
conformation or modifications of TDP-43 is another important fac-
tor for inclusion formation,

Importantly, intranuclear or cytoplasmic inclusions observed in
this study were immunopositive for both a phosphorylation-
dependent anti-TDP-43 antibody and anti-Ub antibody, suggesting
that those consist of phosphorylated and ubiquitinated TDP-43.
Biochemical analyses also support that abnormal phosphorylation
of TDP-43 takes place in cells with inclusions. These results suggest
that our cellular models recapitulate the phenotypes of TDP-43
proteinopathies both pathologically and biochemically, These

models are expected to be valuable tools for understanding the
pathological process underlying TDP-43 proteinopathies and for
identifying candidate drugs to prevent intracellular aggregation
of TDP-43,
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Introduction

The neuropathology associated with the clinical entities
frontotemporal dementia (FTD, behavioral variant FTD),
progressive non-fluent aphasia (PNFA) and semantic
dementia (SD), is heterogeneous with the common feature
being a relatively selective degeneration of the frontal and
temporal lobes (frontotemporal lobar degeneration, FTLD).
As in other neurodegenerative conditions, most pathologi-
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cal subtypes of FTLD are characterized by specific kinds of
intracellular protein inclusions. In the past few decades, the
biochemical composition of many of these inclusion bodies
has been determined. There is a growing trend to classify
FTLD based on the presumed molecular defect, in the
belief that this most closely reflects the underlying patho-
genic process and because many of the eponymous and
descriptively named syndromes of the past are now known
to have imperfect clinicopathological correlation.
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A comprehensive consensus paper on the neuropatho-
logic diagnostic and nosologic criteria for FTLD was
recently published in this journal [3]. These criteria incor-
porate several important recent advances in our understand-
ing of the molecular genetics and pathology of FTLD;
specifically, the discovery of several new FTLD-associated
gene abnormalities and the identification of TDP-43 as the
pathological protein in most tau-negative FTLD. The crite-
ria employ a protein-based approach for the neuropatho-
logic diagnosis and classification of FTLD; however, the
nomenclature for individual conditions has not been revised
to reflect this.

Specific problems with current nomenclature

Further advances in our understanding of the disease speci-
ficity and sensitivity of TDP-43 pathology have resulted in
confusion around the use of the term “frontotemporal lobar
degeneration with ubiquitinated inclusions” (FTLD-U).
“FTLD-U" was originally developed for cases in which the
characteristic inclusions are only visible with ubiquitin
immunohistochemistry. It was anticipated that the ubiquiti-
nated protein (or proteins) would eventually be identified
and that this would allow more specific nomenclature and
reclassification. Accordingly, when a small subset of cases
was discovered to have inclusions that were also immuno-
reactive for class TV intermediate filaments, these were
given a new designation (neuronal intermediate filament
inclusion disease, NIFID) and removed from the FTLD-U
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category. However, when TDP-43 was recently identified
as the pathological protein in most of the remaining cases
of FTLD-U (2, 9], this convention was not immediately fol-
lowed. FTLD-U has continued to be used with the assump-
tion that all the remaining genetic and pathologic subtypes
of FTLD-U are TDP-43 proteinopathies. However, recent
studies have demonstrated that this is not the case; at least
one familial subtype [the Danish kindred with autosomal
dominant FTD linked to chromosome 3 (FTD-3), caused by
a CHMP2B mutation] and a significant proportion of spo-
radic FTLD-U cases, do not have signatory pathological
TDP-43 [4, 5, 7, 10]. Therefore, the group currently desig-
nated as FTLD-U appears to include several distinct enti-
ties, the largest of which (TDP-43-positive) no longer
satisfies the original definition of the term.

A second area of uncertainty relates to the disease speci-
ficity of TDP-43 pathology. Although the initial reports
suggested that pathological TDP-43 was specific for FTLD-
U and ALS, several recent studies have found TDP-43-pos-
itive inclusions in a significant proportion of cases with
other neurodegenerative conditions, such as Alzheimer's
disease (AD), Lewy body disease and some primary
tauopathies [1, 8, 12]. This TDP-43 pathology had not been
recognized previously because ubiquitin immunohisto-
chemistry does not distinguish it from the other coexisting
(tau or oc-synuclein) pathology. Although the concomitant
TDP-43 pathology is usually restricted to limbic structures
of the mesial temporal lobe, it sometimes extends into the
neocortex and can closely resemble FTLD-U., It is currently
not known if this represents a coincidental primary patho-
logical process, which contributes to the clinical phenotype,
or a secondary change of little pathogenic significance,
occurring in susceptible neuronal populations. Further-
more, there are currently no neuropathologic criteria for
FTLD-U that define the extent and anatomic distribution of
pathology needed for the diagnosis. Therefore, pending fur-
ther clinicopathological correlative studies, it is uncertain
whether or not a diagnosis of FTLD-U should be made
when TDP-43 pathology is found in conjunction with other
neurodegenerative processes.

The following recommendations are meant 10 serve two
purposes. First, 1o introduce a protein-based nomenclature
for FTLD that is simple, consistent and transparent, and one
that can easily accommodate future discoveries. Second, to
modify existing terminology to address the specific issues
related to FTLD-U and TDP-43 pathology, described
above.

Recommendations

1. FTLD should be retained as the general terminology for
pathological conditions that are commonly associated
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Table 1 Recc ded for frontotemporal lobar
degenerations
Current terminology ~ Recommended new Major pathological
terminclogy subtypes"
tau-positive FTLD FTLD-tau PiD
CBD
PSP
AGD
MSTD
Unclassifiable
tau-negative FTLD
FTLD-U
TDP-43-positive FTLD-TDP Type 1-4°
Unclassifiable
TDP-43-negative FTLD-UPS aFTLD-U
FTD-3
NIFID FTLD-IF
DLDH FTLD-ni
Other
BIBD BIBD

aFTLD-U atypical frontotemporal lobar degeneration with ubiquitinat-
ed inclusions, AGD argyrophilic grain disease, BIBD basophilic inclu-
sion body di CBD corticobasal degeneration, DLDH dementia
lacking distinctive histopathology, FTD-3 frontotemporal dementia
linked to chrom 3, FTLD fi poral lobar deg
FTLD-U FTLD with ubiguitinated inclusions, [F intermediate fila-
ment, MSTD multiple system tavopathy with dementia, ni no inclu-
sions, NIFID neuronal intermediate filament inclusion disease, PiD
Pick's disease, PSP progressive supranuclear palsy, TDP TDP-43,
U/PS ubiquitin proleosome syslem

* Indicates the characteristic pattern of pathology, not the clinical syn-
drome. Note that FTDP-17 is not listed as a pathological subtype be-
cause cases with different MAPT mutations do not have a consistent
pattern of pathology. These cases would all be FTLD-tau, but further
subtyping would vary

" Must specify which classification system is being used [6, 11]

with the clinical entities of FTD, PNFA and/or SD, and
in which degeneration of the frontal and temporal lobes
is a characteristic feature, It is recognized, however,
that other anatomical regions (especially the parietal
lobes and striatonigral system) may also be involved in
some of these cases.

2. Major subdivisions should be designated by the protein
abnormality that is presumed to be pathogenic or most
characteristic of the condition (i.e. FTLD-protein)
(Table 1).

3. When a new entity is discovered or when the molecular
identity of the major pathological factor in an existing
group is clarified, the appropriate term will be FTLD-
pathological molecule.

4. 'Whenever possible, cases should be further sub-classi-
fied, using current terminology, to define the specific
pattern of pathology [i.e. FTLD-tau (CBD) or FTLD-
TDP (type 2)] (Table 1).

5. Cases with inclusions that can only be demonstrated
with immunohistochemistry against proteins of the
ubiquitin proteosome system (UPS), should be desig-
nated FTLD-UPS. This would include FTD-3 and the
recently described cases of FTLD with ubiquitin-posi-
tive, TDP-43-negative inclusions [4, 5, 7, 10]. This
designation recognizes that the TDP-43-negative inclu-
sions may immunostain for UPS proteins other than
ubiquitin, such as p62. This change should also avoid
confusion with the previous terminology of FTLD-U.

6. Existing terms should be retained for rare causes of
FTLD that have characteristic pathological features of
unknown biochemistry, such as basophilic inclusion
body disease (BIBD).

7. Cases of FTLD with no inclusions visible with special
histochemical stains or the relevant immunohistochem-
istry should be designated FTLD-ni (no inclusions).
This provides consistency in nomenclature and
replaces the term “dementia lacking distinctive histo-
pathology (DLDH), which many feel to be unsatisfac-
tory because it suggests that pathologic changes are
completely absent.

8. A diagnosis of FTLD-TDP should only be made in the
presence of another (non-TDP-43) pathological pro-
cess when the other pathology is considered too minor
to have caused dementia (i.e., senile plaques or neurofi-
brillary tangles at densities below that required for the
diagnosis of AD). When TDP-43 pathology is encoun-
tered in a case that fulfills neuropathologic criteria for
some other neurodegenerative condition (such as AD),
the presence and anatomical distribution of TDP-43
pathology should be indicated in a descriptive fashion
[i.e. AD with limbic (or diffuse) TDP-43 pathology].

Summary

These recommendations provide a simple system of
nomenclature that reflects our current understanding of the
molecular pathology of FTLD and that can easily accom-
modate future discoveries. The terminology will allow neu-
ropathologists to communicate their findings in a concise
and unambiguous fashion. Terms that have become obso-
lete (i.e., FTLD-U) have been eliminated, while other tradi-
tional names for specific patterns of pathology within these
broad protein-based categories can still be used without
contradiction. This also provides a neuropathologic nosol-
ogy that can be correlated with molecular genetic and clini-
cal features. The next logical step will be to convene a
meeting of international experts to update the clinical and
pathological diagnostic criteria for FTLD and to develop an
integrated classification scheme that reflects the many
recent advances in the field.

@) Springer
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Abstract

Experimental autoimmune sensory ataxic neuropathy was induced in three of six rabbits sensitized with GD1b ganglioside (GD1b-SAN).
TUNEL assay was performed on sections of dorsal root ganglia in the cauda equina. The results showed the presence of TUNEL-positive neurons in
all three rabbits affected with GD1b-SAN. In contrast, no such neurons were observed in any of the sections from the unaffected rabbits that had been
inoculated with GD1b, rabbits inoculated with adjuvant alone or those without inoculation. These data support that an apoptotic mechanism is

involved in the pathogenesis of GD1b-SAN.
© 2007 Elsevier Inc. All rights reserved.
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Introduction

Antiganglioside antibodies are frequently present in sera
from patients with autoimmune neuropathies, such as Guillain—
Barré syndrome and IgM paraproteinemic neuropathy (Kusu-
noki, 2000; Willison and Yuki, 2002). Immunohistochemical
studies have demonstrated that some gangliosides exhibit a
unique localization in the nervous system (Kusunoki etal., 1993;
Chiba et al., 1993; Kaida et al., 2003). The antibodies to these
gangliosides may therefore be associated with unique clinical
features by binding to regions in which the target antigen gan-
gliosides are localized.

Immunohistochemistry using a monoclonal antibody against
GDI1b ganglioside has shown that GD1b is densely localized in
the large neurons in the dorsal root ganglia (DRGs) of rabbits as
well as humans (Kusunoki et al., 1993, 1996). These large
neurons are known to mediate proprioception. IgM M-proteins
that recognize a disialosyl residue of GDIb are specifically
present in sera from patients with sensory ataxic neuropathy

* Comresponding author. Fax: +81 72 168 4546,
E-mail address: kusunoki-tky@umin.sc jp (S. Kusunoki).

00144886/ - see front matter © 2007 Elsevier Inc. All rights reserved
doi:10.1016.expreural 2007.09.010

(Willison et al,, 2001). We have previously reported that sensi-
tization of rabbits with GD1b induces sensory ataxic neurop-
athy (GDIb-SAN) (Kusunoki et al., 1996), in which IgG
antibodies monospecific to GD1b is essential to the pathogen-
esis of the disease (Kusunoki et al., 1999a). GD1b-SAN is the
first established animal model of autoimmune neuropathy
mediated by antiganglioside antibodies. Passive transfer of anti-
GD1b antisera from rabbits affected with GD1b-SAN-induced
degeneration of rabbit sensory neurons, indicating that anti-
GDIb antibody is directly involved in the pathogenesis of
GDI1b-SAN (Kusunoki et al., 1999b). The precise mechanism
by which the anti-GD1b antibody causes the discase remains to
be elucidated.

Pathological investigation of GD1b-SAN demonstrated that
there was no lymphocytic infiltration in the affected regions.
Degeneration of the axons was evident in the dorsal root and
dorsal column with macrophage infiltration (Kusunoki et al.,
1996). In contrast, in spite of the looseness of the blood—
nerve barrier in the DRG, there was no significant finding in
the DRG except for few Nageotte nodules (Kusunoki et al.,
1996). This prompted us to investigate the possibility that the
anti-GD1b antibody induces apoptosis of the large sensory
neurons.
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Through the use of terminal deoxynucleotidyl tranferase  Materials and methods
(TdT)-mediated dUTP-biotin nick end-labeling (TUNEL ) assay,
we found evidence of apoptosis in the DRGs from GD1b-SAN- Immunization with GD1b was performed as described
affected rabbits. previously (Kusunoki et al., 1996). Six rabbits were immunized

(a)

(e)

8 8 3 8 8

16-20 21-30 31-40 41-50 51-80 §1-70 71-80
Diameter{ it m)

Fig. 1. (a=d) TUNEL assay of sections from rabbits affected with GD1b-SAN. Primary sensory i leatides that react positively (arrows), Scale
bar = 50 . (¢) The histogram of the diameters of TUNEL-paositive and TUNEL-ncgative neurons. The TUNEL -pus.m\ ¢ ncurons were of large ones. (f~h) TUNEL
assay of sections from unaffected rabbits inoculated with GD b (f), inoculsted with adjuvant alone () and without any inoculation (h). No TUNEL-positive cells were
observed. Scale bar=50 um

— 163 —




Short Communication 281

with GDI1b, and two were given the same inoculum without
GDI1b. Two rabbits without inoculation were also kept in the
same room of the animal center. Serum samples were taken
by ear vein puncture at 1- or 2-week intervals. The rabbits
were checked daily for clinical signs and weighed twice per
week.

Serum anti-GD1b antibodies were investigated by the use of
enzyme-linked immunosorbent assay, as described previously
(Kusunoki et al, 1996). Microtiter wells were coated with
200 ng of GD1b, with an uncoated well serving as the control.
Peroxidase-conjugated antibody to rabbit IgM (mu-chain
specific; Cappel, West Chester, PA; diluted 1:400) or rabbit
IgG (gamma-chain specific; Southem Biotechnology Associ-
ates Inc., Birmingham, USA; diluted 1:2000) was used as the
secondary antibody. The optical density (OD; 492 nm) was
corrected by subtracting the OD of the control well that had
been processed in the same manner. A reaction with a corrected
OD of more than 0.1 was considered positive,

The rabbits affected with GD1b-SAN were sacrificed 2 or
3 days after the neurological onset (namely, 35, 42 and 90 days
after the first inoculation, respectively). The rabbits that had
been immunized with GD1b but did not exhibit any neurological
problems were sacrificed 121, 136 and 156 days after the first
inoculation. The rabbits inoculated with adjuvant alone were
sacrificed on day 35 and 42 after the first inoculation and those
without any inoculation were sacrificed after 14 and 21 days of
observation.

The lumbar spinal cord and the DRGs in the cauda equina
were removed from all of the rabbits except for the two
unaffected GDI1b-sensitized mabbits (sacrificed on 121 and

¢

136 days after first inoculation). Specimens were fixed either in
4% formaldehyde in phosphate-buffered saline for 48 h or in
2.5% glutaraldehyde and 2% paraformaldehyde buffered with
0.1 M sodium cacodylate (half Karovsky solution) for 12 h.
The formaldehyde-fixed specimens were embedded in
paraffin and senial sections, 10 pm in thickness, were prepared.
TUNEL assay was performed using a kit (Wako Pure Chemical
Industrics, Osaka, Japan) according to the manufacturer’s
instructions. Briefly, the sections underwent protein digestion
at 37 °C for 5 min, after deparaffinization and hydration. After
washing, they were incubated with 50 pl of TdT reaction
solution for 10 min in a moist chamber at 37 °C. After
inactivation of intrinsic peroxidase, sections were incubated
with 100 pl of peroxidase-conjugated antibody solution for
10 min in a moist chamber at 37 °C. After removing the antibody
solutions, they were incubated with 100 pl of diaminobenzidine
solution for 5 min at room temperature. After washing, sections
were dehydrated and covered with a cover glass. The sections of
DRGs in the cauda equina obtained from each of the three rabbits
affected with GD1b-SAN, each of the two adjuvant controls, one
unaffected rabbit sensitized with GD1b, and two rabbits without
inoculation were examined with TUNEL assay. Seventy sections
from each rabbit were examined. In the DRGs from the affected
rabbits, the diameters of the TUNEL-positive and TUNEL-
negative neurons containing a nucleus were measured. Immu-
nohistochemistry with anti-caspase 3 antibody also was per-
formed on deparaffinized sections as described by Gown and
Willingham (Gown and Willingham, 2002). Mouse monoclonal
anti-caspase 3 (3G2, 1:40 diluted, Abcam, Cambridge, UK) was
used as the primary antibody, and peroxidase-conjugated goat

Fig. 2. Immunohistochemistry using anti-caspase 3 antibody. (a and b) Some DRG neurons from rabbits affected with GD1b-5AN were immunostained with anli-
caspase 3 antibody (arrows). (c} No such staining was observed in DRG from a mbbit inoculated with adjuvant alone. Scale bar=50 pm.
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anti-mouse 1gG (1:250 diluted, MP Biomedicals, Ohio, USA)
was the secondary antibody.

The Karnovsky-fixed specimens were postfixed in 2% os-
mium tetroxide for 2 h, dehydrated with ethanol and embedded
in epoxy resin. Semi-thin sections, 1.0 pm in thickness, were cut
from the Epon block and were stained with toluidine blue.

The experiments involving animals were approved by the
local ethics committee in Kinki University.

Results

Anti-GD1b IgM antibody was detected 2 weeks after the first
inoculation and reached a maximum at 4 weeks. IgG anti-GD1b
antibody was elevated later, after the elevation of IgM.

Three of the six rabbits immunized with GD1b developed
SAN 33, 40 and 88 days after the first inoculation, respectively.

In the sections stained with toluidine blue, axonal degener-
ation of the dorsal column of the spinal cord was evident, as
described previously.

A few TUNEL-positive cells were observed in the formal-
dehyde-fixed sections from all three rabbits affected with GD1b-
induced SAN (Figs. la—d). Two sections were mounted on each
glass slide, in which approximately one TUNEL-positive cell
was observed. In contrast, no TUNEL-positive cells were
observed in any section from the unaffected rabbits that had been
immunized with GD1b (Fig. 1f), the rabbits inoculated with
adjuvant alone (Fig. lg) or the rabbits without inoculation
(Fig. 1h).

Of the 300 neurons of DRGs from the affected rabbits, 13
were TUNEL-positive and 287 were TUNEL-negative. The
histogram was shown in Fig. le.

A few neurons per section of DRG from the affected rabbits
were immunostained with anti-caspase 3 antibody, whereas no
such staining was seen in DRG from control rabbits (Fig. 2).

Discussion

Anti-GD1b antibodies were detected in all six rabbits
sensitized with GDIb. Three of those six rabbits developed
SAN. This finding is compatible with the previous results that
about half of the rabbits sensitized with GD1b developed SAN
(Kusunoki et al., 1996, 1999a).

‘We previously reported that downregulation of trkC occurs in
the dorsal root ganglia from rabbits in the acute phase of GD1b-
SAN (Hitoshi et al,, 1999). TrkC serves as a receptor for
neurotrophin-3 (NT3). Itis known that the large primary sensory
neurons in the dorsal root ganglia, which mediate propriocep-
tion, depend mainly on neurotrophin-3-mediated trkC signaling.
It has been reported that mice defective for wkC exhibit
abnormal movement due to lack of proprioception (Klein et al.,
1994). Our above result of rkC downregulation therefore sug-
gests that anti-GD1b antibody-mediated trkC downregulation
and subsequent apoptosis of the large neurons of DRG con-
tribute to the pathogenesis of GD1b-SAN,

The present investigation provides clear evidence that an
apoptotic mechanism is involved in the pathogenesis of GD1b-
SAN. Positive immunostaining of some DRG neurons from

affected rabbits with anti-caspase 3 antibody also indicates the
involvement of an apoptotic mechanism in GD1b-SAN. Al-
though the number of neurons with apoptotic changes appears to
be small, approximately 4% of neurons were TUNEL-positive,
indicating that quite a few sensory neurons could be affected in
each animal. An apoptotic neuron should not remain in situ fora
long time but would soon disappear. Therefore, we were not able
to identify many apoptotic neurons at the same time in the path-
ological specimens.

Gangliosides are known to form microdomains called lipid
rafts (Simons and Toomre, 2000). Within the rafts, gangliosides
are believed to interact with important transmembrane receptors
or signal transducers (Kasahara et al., 2000). Treatment of rat
cerebellar cultures with a monoclonal anti-ganglioside GD3
antibody induced the activation of the Src family kinase Lyn
and rapid tyrosine phosphorylation of some proteins (Kasahara
et al., 1997). Thus, antiganglioside antibodies may alter the
function of neurons through binding to target gangliosides in the
raft. The mechanism(s) by which antibody binding causes
apoptosis and whether the downregulation of trkC is involved in
the process need to be clanified in future investigations.

Neuropathy with IgM M-protein binding to a disialosyl resi-
due of several gangliosides, including GD1b, GT1b and GQIb,
is a human counterpart of GD1b-SAN (Willison et al,, 2001).
There has been one reported autopsy case of this kind of neu-
ropathy, demonstrating a reduction in the number of sensory
neurons in the DRG and pallor of the dorsal column in the spinal
cord (Obi et al., 1999). In addition to the IgM paraproteinemic
neuropathy, GBS with a monospecific anti-GD1b IgG antibody
has been associated with ataxia due to disturbance in deep
sensation (Wicklein etal., 1997). It has been reported that human
IgM monoclonal antibody recognizing GD2, GD1b, GT1b and
GQIb resulted in death of rat dorsal root ganglion neurons
(Ohsawa et al., 1993). However, the precise mechanism was not
elucidated. Our present findings strongly suggest that apoptosis
of the large primary sensory neurons contributes to the patho-
genesis of human neuropathies with antibodies recognizing
gangliosides with disialosyl residue, in particular GD1b.
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< Abstract >

A case of neuro Behget disease presenting
with ring enhancement in the pontine base
by MR imaging. A long-term follow-up
study with autopsy.
by
Yoshio SAKIYAMA, M.D., *Takahiro SAITO, M.ID,,
*Masatoshi YOSHINO, M.D., **Yuko SAITO, M.D.,
Ph.D. & Shigeo MURAYAMA, M.D., Ph.D.
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from
Department of Neuropathology, Tokyo Metropolitan
Institute of Gerontology, Itabashi, Tokyo 173-0015,
Japan, and Departments of *Neurology and **Ana-
tomical Pathology, Tokyo Metropolitan Geriatric
Medical Center, Tokyo, Japan.

We report an autopsy case of acute neuro-Behget dis-
ease in remission after long-term follow up. At the age
of 65 years, the patient first presented with multiple aph-
thous ulcers in the mouth and painful erythema
nodosum on the legs. At the age of 70, he was admitted
because of headache, character change and gait distur-
bance, He had a bruise-like rash on the face, folliculitis
on the arms, and old ulcers on the scrotum, in addition
to painful erythema nodosum on the legs. Neurological
examination disclosed euphoric and childish character
with right hemiparesis. MRI showed ring enhancement
in the left pontine base. Pleocytosis and elevated IL6
level were detected in the cerebrospinal fluid. He
showed a good response to high-dose prednisolone
therapy. He had not experienced overt relapse until he
died of aspiration pneumonia at the age of 80. The au-
topsy was performed with a postmortem interval of 8
hours, The brain weighed 1086g before fixation. Mac-
roscopically, multiple brownish atrophic lesions in-
volved the left base of the pons, midbrain, hypothala-
mus, internal segment of globus pallidus and occipital
cortex. Histologically, the lesions presented with rar-
efaction of the tissue with peripheral demyelination, and
central deposition of hemosiderin, but there was little
lymphocytic cuffing around the small vessels. Rare and
sparse lymphocytic cuffing around small vessels sug-
gested that this case maintained remission after single
acute attack and was clearly different from chronic pro-
gressive subtype of neuro Behcet disease. Our study
confirmed previous speculation (Momose et.al, 1994)
that the ring enhancement in MR imaging at the onset
reflected focal inflammatory changes accompanying
internal venous-type hemorrhage. To our knowledge,
this is the first autopsy case representing the remission
stage of acute neuro-Behget disease.
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