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we plan to elucidate the interactions between the redox
status of coenzyme Q-10 in plasma and other tissues in ALS
animal models to confirm our results obtained.

In summary, we demonstrated a significant increase of
plasma %CoQ-10 in SALS patients, suggesting systemic
oxidative stress in the pathogenesis of the disease.
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A Case of Serogroup A Meningococcal
Meningitis: A Case Possibly Imported from
China

Key words: meningitis, Neisseria meningitides, multilocus
sequence typing (MLST), China

A 47-year-old man was hospitalized with high fever,
headache, vomiting, and agitated state in March 2003. He
had returned home from a brief trip to Beijing, China seven
days earlier. Physical examination revealed his peripheral
temperature to be 40.4°C, heart rate 105 beats per minute
and blood pressure 105/55 mmHg. Purpuric lesions were
noticed and his neck was extremely stiff. The laboratory
investigations included white-cell count 15,600/ul and C-
reactive protein 21.8 mg/dl. The cerebrospinal-fluid (CSF)
was turbid yellowish white, and cerebrospinal pressure was
more than 400 nunH:O. The cell count was 1,450 cells per
mm’ with 83% lymphocytes and 17% polymorphonuciear
leukocytes. CSF protein was 463 mg/dl, and glucose was 0
mg/dl (blood glucose 224 mg/dl). Under the clinical diagno-
sis of meningococcal meningitis, aggressive treatment was
started with glycerol, steroid, dopamine hydrochloride and
gabexate mesilate. At the same time, 8 g per day of ampicil-
lin, 4 g per day of ceftriaxon and gamma globulin were ad-
ministered. The culture showed Neisseria meningitides,
proven to be group A by a serological study. His family and
all of the contact medical staff took prophylactic ciprofloxa-
cin and remained healthy. His general condition and mental
status improved: He could obey simple commands on the
fourth hospital day, and his consciousness level was almost
clear in a week. He was discharged hospital 6 weeks later.

Neisseria meningitides is classified into serogroups, such
as A, B, C, Y, and W-135, by their polysaccharide coat.
Most of the isolates in Japan are groups B and Y (1), and we
could find only one report on group A (2), which is regarded
as highly pathogenic. The more detailed analysis by multi-
locus sequence typing (MLST) (3) revealed that the strain
was Sequence Type 7 (ST-7), which belongs to Subgroup 1L
ST-7 is one of the virulent clones and has caused large epi-
demics in Africa (4). Subgroup III strains caused three pan-
demic waves originating from China; the first in the mid-
1960s, the second in the early-1980s, and the last in the late-

1990s (&). This one would be imported from Beijing, China,
where no epidemic has been reported since 1993.

Recently, few epidemics have occurred in Asia, and
Japanese tourists are not vaccinated against meningococcal
disease. The development of rapid and cheap transportation
has enabled short stays abroad, and increasing numbers of
ordinary people may fall ill after they return home, and visit
hospitals with infectious diseases that have been rare in their
homeland.
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Identification of nitrated proteins in the
normal rat brain using a proteomics approach
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Background: The nitration of tyrosine has been suggested to play a role in the pathogenesis of
neurodegenerative disorders such as amyotrophic lateral sclerosis (ALS), Parkinson’s disease
(PD) an§ Alzheimer’s disease (AD).

Methods: In the present study, we identified four targets of protein nitration, T-complex
polypeptide To subunit (TCP-1), neurofilament L (NFL), glial fibrillary acidic protein (GFAP) and
clathrin heavy chain (CHC), in the normal rat cortex using a proteomics approach.
Conclusions: There have been no reports on these proteins being identified by proteomics as
nitrated forms in the brain. For further study, we have to investigate alterations in these nitrated
proteins during aging and in neurodegenerative disorders. [Neurol Res 2005; 27: 630-633]

Keywords: Clathrin heavy chain; nitrated protein; proteomics; rat brain; T-complex polypeptide

1o subunit

INTRODUCTION

The oxidative alteration of proteins by reactive nitrogen
species (RNS) has been implicated in normal aging' and
age-related neurodegenerative disorders such as amyo-
trophic lateral sclerosis (ALS)*?, Parkinson’s disease (PD)*
and Alzheimer’s disease (AD)®. The nitration of protein
may lead to several events such as the loss of specific
protein function, abnormal protein clearance, depletion
of the cellular redox-balance and interference with
the cell cycle, ultimately resulting in neuronal cell death.
The chemistry and effects of nitration on protein func-
tion have been studied extensively”®. Previous reports
suggest a role for protein nitration in the pathogenesis of
normal aging and neurodegenerative disorders. However,
studies on specific targets of protein nitration are
scarce™?,

The identification of nitrated proteins in the normal
brain provides evidence regarding the importance of
RNS-related protein modification in normal as well as
pathological conditions. Additionally, it is essential to
identify targets of protein nitration in the normal brain
before studying alterations in neurodegenerative dis-
orders. In the present study, we determined four specific
targets of protein nitration in the normal rat brain using a
proteomics approach.

Correspondence and reprint requests to: Yoko Suzuki, Department of
Neurology, Gunma University Graduate School of Medicine, 3-39-22
Showa-machi, Maebashi, Gunma 371-8511, Japan. [suzuyoko@
showa.gunma-u.ac.jp] Accepted for publication December 2004.
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MATERIALS AND METHODS

Sample preparation

After the whole brain was removed rapidly from a male
Wistar rat (24 months old), the cerebral cortex was
dissected, frozen immediately in liquid nitrogen and
stored at —80°C until use. The tissues were homo-
genized with 20 volumes (v/w) of lysis buffer {7 M urea,
2 M thiourea, 40 mM dithiothreitol:DTT, 2% CHAPS,
2% Pharmalyte (pH 3-10) and one tablet of Complete
mini EDTA (=) in 10 mi] using a teflon homogenizer
with 20 strokes on ice. After the residual material had
been removed by centrifugation at 16,000 rpm for
20 minutes at 4°C, the supernatant was subjected to
first-dimensional isoelectric focusing of 2D-GE. Urea
(Plusone) and Pharmalyte were purchased from
Amersham Pharmacia Biotech (Piscataway, NJ, USA),
DTT and CHAPS were purchased from Nacalai Tesque
(Kyoto, Japan), thiourea was purchased from Wako Pure
Chemical Industries (Osaka, Japan), and Complete mini
EDTA (=) was purchased from Roche Diagnostics
(Mannheim, Germany).

Two-dimensional gel electrophoresis (2D-GE)

For first-dimensional isoelectric focusing, 125 ul of the
sample was - applied to rehydrated immobilized pH
gradient gel (IPG gel, Amersham Pharmacia, pH 4-7
linear gradient, 180 mm) and for the second-dimensional
gel electrophoresis (SDS-PAGE), IPG gels after the iso-
electric focusing were equilibrated in a solution consisting
of 7 M urea, 25% glycerol, 50 mM Tris-HCl (pH 6.8), 2%
SDS and 33 mM DTT with 0.001% bromophenol blue
for 30 minutes. Second-dimensional electrophoresis was

© 2005 W, S, Maney & Son Ltd
10.1179/016164105X22039
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Figure 1: 2D-GE profiles of proteins from the rat cerebral cortex
(20x20 cm, pH 4-7) After second-dimensional SDS—PAGE, the
gel was stained with Coomassie Brilliant Blue

performed with laboratory-cast SDS gel (10% T and 3% C,
20x20 cm with 1 mm thickness) with running buffer
(25 mM Tris base, 192 mM glycine, 0.1% SDS) at 25 mA
for 15 minutes followed by 35 mA for 5 h.

Western blot analysis

After 2D-GE, proteins were transferred to a polyviny-
lidene diflucide (PVDF) membrane. Following blocking
in skimmed milk, the membrane was incubated with
rabbit anti-nitrotyrosine polyclonal antibody (Upstate
Cell Signaling Solutions, NY, USA) diluted to 0.5 ug/ml
overnight at 4°C. Then, the membranes were washed
with phosphate buffer saline and 0.1% Tween 20 (PBS-T).
A secondary antibody solution (donkey anti-rabbit anti-
body conjugated with horseradish peroxidase, Jackson
ImmunoResearch, PA, US), diluted to 1:10,000, was then
added to the membranes and they were kept for 1 hour at
room temperature. After washing with PBS-T, the blots
were visualized using the chemiluminescence reagent
ECL-PLUS (Amersham Pharmacia).

in-gel digestion of proteins for internal amino acid
sequencing ’

Digestion of protein with peptidase was carried out
as follows'®, A piece of the gel with a spot stained with
Coomassie Brilliant Blue was cut out and equilibrated
with 1 m} of 50% acetonitrile for 15 minutes followed
twice with Tml of 100 mM Tris-HCl (pH 9) for
15 minutes. Gel pieces were then placed in a 1.5 ml
sampling tube containing 50 pl of 100 mM Tris—HCl
(pH 9) and 0.1 pug lysylendpeptidase AP-1 (Lys-C, Wako
Pure Chemical Industries, Osaka, Japan) and manually
homogenized with a plastic pestle. The gel suspension
was added to 50 W of the same buffer and incubated at
37°C overnight with vigorous shaking. It was next
centrifuged at 16,000 rpm for 10 minutes and the
supernatant was saved. The precipitate was suspended
in 100 ul of 100 mM Tris—HC! (pH 9) and the solution
was shaken for 20 minutes at 37°C. Following this,
the suspension was centrifuged at 16,000 rpm for
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Figure 2: Western blotting of proteins from 2D-GE of the rat cortex
extract. After second dimensional SDS—PAGE, the gel was blotted
on a PVDF membrane and stained with anti-nitrotyrosine antibody
for chemiluminescence visualization

10 minutes and the supernatant was saved. The
precipitate was then suspended in 100 ul of 60%
acetonitrile-0.1% TFA and shaken for 20 minutes at
37°C and the suspension was centrifuged at
16,000 rpm for 10 minutes and the supernatant was
saved. The precipitate was suspended in 100 pl of 60%
acetonitrile-0.1% TFA containing 0.01% Tween 20,
again shaken for 20 minutes at 37°C and the super-
natant after centrifugation was obtained. All saved
supernatant solutions were combined and centrifuged
again to remove any fine pieces of gel, and the
supernatant was reduced in volume by vacuum
concentrator for application to HPLC.

Peptides separation by HPLC

Peptides from each spot were purified with a reversed
phase HPLC column [R-300 (C8), 1 x 100 mm] using a
model 172 HPLC apparatus (Applied Biosystems, Foster
City, CA, USA). Elutions were carried out at equilibra-
tion with 0.1% TFA (solvent A) for 20 minutes followed
by a linear grandient from solvent A to 70% acetonitrile
containing 0.1% TFA (solvent B} at 50 pl/minutes in
45 minutes.

Peptide sequencing and database searching

Purified peptides were sequenced with a pulse-liquid
phase protein sequencer Model 492 cLC (Applied
Biosystems)'". The obtained amino acid sequence data
was then searched in the Swiss-Prot protein database.

RESULTS

2D-GE profiles and western blotting of the normal rat
cerebral cortex

To observe the protein profiles of the normal rat cerebral
cortex, 2D-GE was carried out over the range of
pH 4-7, to cover most proteins of the brain, with
18 cm of IPG gel for the first-dimensional isoelectric

Neurological Research, 2005, Volume 27, September
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Figure 3: HPLC profiles of peptides released by the in situ protease
{Lys-C) digestion of protein spots 1, 2, 3 and 4 (A and B). Proteins
on each spot were digested with Lys-C. Extracted peptides were
purified with a reverse-phase column of C8 {Aquapore RP-300,
1% 100 mm). Gradient elution was carried out with 0—70% aceto-
nitrile in 0.1% TFA and the elution profile was monitored at an
absorbance of 215 nm. A control experiment (lowest chari) was
carried out with gel pieces containing no protein. Peaks marked
with an arrow were subjected to amino acid sequence analysis

focusing followed by the second-dimensional SDS-
PAGE (20x20cm). Protein profiles obtained by
Coomassie Brilliant Blue staining are shown in
Figure 1. Western blot analysis and subsequent immu-
nochemical detection of nitrotyrosine was then per-
formed (Figure 2). Many protein spots could be detected
with anti-nitrotyrosine antibody in the smeared profiles
and several spots could be matched to spots on the
Coomassie Brilliant Blue stained gel by comparing both
gel profiles. Among them, four proteins designated as
spots 1, 2, 3 and 4 were then identified.

Protein analyses

To identify the proteins corresponding to spots 1, 2, 3
and 4, they were subjected to in situ proteolytic
cleavage with endopeptidase Lys-C and separated by
HPLC (Figure 3A and B). The peptide peaks marked
with arrows on the HPLC profiles were then analysed for
their amino acid sequences and the sequenced data is
shown in Table 1. The obtained amino acid sequences
were used to search in the database Swiss-Prot, with
NCBI BLAST site (http://www.ncbi.nlm.nih.gow/BLAST/.)
Spots 1, 2, 3 and 4 were identified as T-complex
polypeptide Ta subunit (TCP-1), neurofilament L (NFL),
glial fibritlary acidic protein (GFAP) and clathrin heavy
chain (CHC).

Table 1: Amino acid sequences of peptides obtained by HPLC
shown in Figure 3

Sample AA sequence

Spot1 Q@ A (G vV FE P T 1 V K

Spot2 H S E P S R F R A L Y E
Spot3 E T R A S E R A E M M (B L
Spot4 (A) HB T M T D) O V M F

Neurological Research, 2005, Volume 27, September

DISCUSSION

Several studies have reported on protein nitration of the
brain and the spinal cord in neurodegenerative disorders
such as ALS*®, PD* and AD>®, although studies on
specific targets of protein nitration are scarce®’. In the
present study, we identified four targets of protein nitration
in the normal rat brain by a proteomics approach.

Previous studies showed the existence of nitrated
proteins using immunohistochemistry and immunoblot-
ting techniques. The present study applied a proteomics
approach to identify nitrated proteins. There is only one
other report on the identification of nitrated proteins
involving a proteomics approach® and no studies have
reported TCP-1 and CHC as nitrated forms in any
organs.

The four targets of protein nitration identified in the
present study were TCP-1, NFL, GFAP and CHC. Each
plays a role as a cytoskeletal protein in the central
nervous system (GFAP and NFL), a chaperon necessary
for protein folding (TCP-1) or as a vesicular coating
protein that mediates endocytosis (CHC). NFL and
GFAP are neuronal- and glial-specific intermediate
filaments, respectively. TCP-1 is a selective molecular
chaperon for tubulin and actin biogenesis active during
protein folding'? and neurons rely on clathrin-mediated
endocytosis to retrieve synaptic vesicles from presynaptic
compartmenits after the release of neurotransmitters'>.

NFL is susceptible to nitration because of its large
molar ratio of tyrosine and it accumulates in its nitrated
form in the hippocampus of AD'* and the spinal cord of
ALS'®, Although the role of intraneuronal neurofilamen-
tous aggregates in the pathogenesis of ALS is unknown,
their presence is an important neuropathological hall-
mark of the disease process. NFL and GFAP occur as
nitrated forms in the spinal cord of an ALS model
mouse®. No reports, however, have examined these
proteins regarding their occurrence as nitrated forms in
the brain. Furthermore, CHC and TCP-1 have not been -
reported to occur in their nitrated form in any organs
thus far. Abnormal nitration of TCP-1 leads to the
misfolding of B 1 tubulin molecules that cause their
pathological aggregation. Nitration stress also affects
intracellular vesicular trafficking via the alteration of
clathrin-dependent vesicular trafficking, resulting in the
disturbed release of neurotransmitters in the brain. If
these proteins susceptible to nitration play roles in
mechanisms responsible for normal aging and neuro-
degenerative disease, antioxidants such as NOS (nitric
oxide synthase) inhibitors may prevent neuronal cell
death under these conditions.

The search for mechanisms that induce the nitration
of these proteins during aging and neurodegenerative
disorders will be helpful in clarifying the pathology of
these conditions. We still have to investigate alterations
in these nitrated proteins during aging and in neurode-
generative disorders.

CONCLUSION
We identified four targets of protein nitration: TCP-1,
NFL, GFAP and CHC via a proteomics approach in the
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pnormal rat brain. TCP-1 and CHC have not been

7 Beal MF. Oxidatively modified proteins in aging and disease. Free
reported in their nitrated form in the CNS until now.

Radic Biol Med 2002; 32: 797-803
8 Greenacre SA, Ischiropoulos H. Tyrosine nitration: Localisation,
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Abstract Viruses have been suspected to be one of the
causes of IgA nephropathy (IgAN). Recent studies have
detected viruses in renal tissues of patients with IgAN.
Enteroviruses have been reported as pathogenic agents in
some renal diseases. We previously reported that group B
coxsackieviruses cause pathological changes in experi-
mentally infected mouse kidney. The aim of the present
study was to examine the participation of enteroviruses in
the pathogenesis of renal diseases including IgAN. Renal
biopsies of ten patients with IgAN (group 1) and of 19
patients with non-IgAN renal disease(group 2) were an-
alyzed by polymerase chain reaction (PCR) for the pres-
ence of enteroviral RNA. Positive PCR results were ob-
tained for three patients (30%) of group 1. We confirmed
by sequencing that the positive PCR products were de-
rived from strains of enteroviruses. One of these three
patients also had a positive result for lymphocytes from
peripheral blood. In contrast, enteroviral RNA was de-
tected in none of the 19 patients of group 2. The incidence
of enteroviral RNA detection in patients of group 1 was
higher than that in group 2 (P<0.05). Our findings suggest
that enteroviral infection may have the possibility of be-
coming one of the factors involved in the mechanism of
onset or evolution of IgAN.
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Introduction

IgA nephropathy (JgAN) is an idiopathic glomerulone-
phritis characterized by predominant IgA deposition in
the mesangium and is the most common type of glo-
merulonephritis worldwide. However, its pathogenesis is
still unclear. In IgAN, renal signs and symptoms are
frequently preceded by episodes of upper respiratory tract
infection and/or gastrointestinal infection, suggesting vi-
ral infection as the etiology of this disease. Recently, viral
antigens [1, 2] were detected in renal tissues of patients
with IgAN, and in viral DNA, by polymerase chain re-
action or in situ hybridization [3, 4, 5]. Enteroviruses are
established or suspected etiological agents in numerous
diseases. In particular, group B coxsackieviruses (CBs),
which are enteroviruses, have been implicated in several
diseases, including pancreatitis, insulin-dependent diabe-
tes mellitus, myocarditis, and myositis [6]. They have also
been reported to be etiological agents in some renal dis-
eases [7, 8, 9, 10]. For example, experimental nephritis
induced by CB4 was first described by Sun et al. [11], and
subsequent reports indicated relationships of CB4 with
renal disease in humans [7, 8} and experimental animals
[12, 13, 14]. We recently demonstrated glomerular lesions
with IgA deposits induced by intraperitoneal inoculations
of CB4 in mice [13].

in the present study, renal biopsies and lymphocytes
from patients with IgAN or other renal diseases were
investigated for the presence of enteroviral genome se-
quences by polymerase chain reaction (PCR) to determine
whether IgAN is an enteroviral-associated disease.

Patients and methods

Patients

From March to December 2001, renal biopsy was performed in 29
patients. Whole-blood samples were collected simultaneously from
these patients. The patients were divided into two groups based on
histological diagnosis. Group 1 comprised 10 patients diagnosed
with IgAN, while group 2 was composed of 19 patients diagnosed
with non-IgAN renal disease. The non-IgAN patients consisted of 7
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patients with minimal change, 10 with purpura nephritis, and 2 with
membrano-proliferative glomernlonephritis. We attempted to de-
tect enteroviral RNA in renal biopsy tisstes and lymphocytes from
peripheral blood in both groups.

Lymphocyte isolation

Whole blood was collected from 27 of 29 patients into tubes con-
taining anticoagulant (EDTA). The blood was diluted by addition
of an equal volume of 0.9% NaCl. The diluted blood was carefully
layered over Lymphoprep (Nycomed Pharma AS, Oslo, Norway) in
a centrifuge tube and was centrifuged at 800g for 20 min at room
temperature in a swing-out rotor. After centrifugation, the mono-
nuclear cells formed a distinct band at the sample/medium inter-
face. The cells were removed from the interface. The harvested
fraction was diluted with 0.9% NaCl, to reduce the density of the
solution, and the cells were pelieted by centrifugation at 250g for
10 min.

RNA. extraction

Total cellular RNA was extracted from the frozen renal biopsies
and peripheral lymphocytes homogenized in a modified guanidine
thiocyanate buffer (Isogen LS 750, Wako Pure Chemical Industries,
Tokyo, Japan) by an acid phenol-chloroform extraction method.

Detection of enteroviral RNA by PCR

PCR for enteroviral RNA amplification was performed as has been
previously described {15, 16]. After RNA extraction, cDNA was
synthesized from the extracted RNA. Briefly, a reaction mixture,
containing 50 mmol/l KCl, 10 mmol/l Tris-HCl (pH 8.3), 5 mmol/l
MgClz, 0.2 mmol/l each of ANTP, 1 pmol/l of primer F1 (5'-
CAAGCACTTCTGTTTCCCCGG-3') and R1 (5-ATTGTCAC-
CATAAGCAGCCA-3'), 20 U of ribonuclease inhibitor (Toyobo,
Osaka, Japan), 50 U of reverse transcriptase RNaseH Minus
(Toyobo), and RNA, isolated from the samples, was prepared. After
imcubation at 42°C for 60 min, the first PCR mixture, which con-
tained 50 mmol/l KCI, 10 mmol/l Tris-HCl (pH 8.3), 5 mmol/l
MgCl,, 0.2 mmol/l each of dNTP, 0.2 umol/l of primers F1 and R1,
and 2.5 U of Tag DNA polymerase (Perkin-Elmer, Norwalk, Conn.,
USA), was added and the amplification was performed in 40 cycles
consisting of denaturation for 1 min at 93°C, primer annealing for
1 min at 45°C, and elongation for 2 min at 72°C.

The second PCR was performed as above, using the second
primer pair [primer F2 (5-TCCTCCGGCCCCTGAATGCG-3')
and R1} and 2 g of the first PCR ploduct‘ The nested PCR product
was analyzed by electrophoresis in 2% agarose gels. Positive PCR
reaction was expected to yield a 155-bp band. Zoll et al. [17] re-
ported that the primer pairs were general primers of 60 different
enterovirus serotypes (polioviruses 1 to 3; coxsackieviruses Al to
AZ4, except All, Al7, A24;, coxsackieviruses Bl to B6;
echoviruses 1 to 33 except 16, 22, 23).

Sequencing of PCR products

Each PCR product was gel-purified and sub-cloned into pGEM-T
vector (Promega, Madison, Wis., USA). The sequences of the
cloned genes were determined by an automated DNA sequencer
(Perkin-Elmer) and screened for homology with database se-
quences using the BLAST search algorithm.

Pathological examination
The renal biopsy specimens were assessed by light microscopy

(LM) and immunofluorescence (IF) examination. Material for
histological study was fixed in 20% neutral formalin and embedded

in paraffin, sliced at 2-3 pm thickness and stained with hematox-
ylin and eosin or periodic acid-Schiff reagent.

Tissue samples for IF were immediately fixed in ornithine
carbamoyltransferase (OCT) compound and frozen at —80°C until
required. IF examination was performed for IgG, IgA, IgM, Clq,
C3, C4, and fibrinogen. We used fluorescein-conjugated goat an-
tibadies (IgG) to rabbit IgG, IgA, IgM, Clq, C3, C4, and fibrino-
gen. The findings and classification of glomerular abnormalities are
listed in Table 1. Classification was based on the second edition of
the histological classification of glomerular diseases by a com-
mittee of the World Health Organization. [18]. The intensity of
immunofluorescence was graded as (—) = negative, (+) = mild,
(++) = moderate and (+++) = strong.

Definitions and diagnostic criteria

Hematuria was considered present if microscopic examination re-
vealed five or more red blood cells per high-power field, and
macro-hematuria if blood was visible with the naked eye [19].
Proteinuria was evaluated by 24-h quantitative measurement.

Diagnosis of IgAN was based on the presence of IgA as the sole
or predominant Ig in the glomerular mesangium without systemic
disease such as Henoch~Schénlein purpura (HSP) or systemic lupus
erythematosus. Diagnosis of HSP was made if the major manifes-
tations of disease were purpuric rash and abdominal pain without
thrombocytopenia. Additional features, including arthritis and ne-
phritis, were accepted as consistent with the diagnosis. Membra-
noproliferative glomerulonephritis (MPGN) was diagnosed by light
microscopy based on findings of enlarged and lobular glomeruli, an
increase in mesangial cells and matrix, and double contour of the
capillary loop. In this stady, MPGN was considered a primary
disease itself, apart from systemic diseases such as monoclonal
nephropathy, anti-phospholipid antibody syndrome, lupus nephritis,
other autoimmune diseases, and hepatitis B or C viral infection.

The clinical status of each patient at the most recent observation
was classified as follows: Normal the patient was healthy on
physical examination, with normal urinalysis results and normal
renal function. Miner urinary abnormalities the patient was healthy
on physical exammatlon with microscopic hematuria or proteinuria
less than 40 mg/m* pet hour. Active renal disease the patient had
proteinuria of 40 mg/m?* per hour, or greater, or hypertension, and a
24-h creatinine clearance (Cer) of 60 m/min per 1.73 m? or greater.
Renal failure the patient had a 24-h Cer of less than 60 ml/min per
1.73 m” (including cases of dialysis/transplantation or death).

Acute exacerbation was defined as exacerbation of the clinical
condition by at least one status level.

Statistics

Values are means + SEM. Statistical analysis was performed on a
Macintosh computer with a software package for statistical analysis
(StatView, Abacus Concepts, Berkeley, Calif., USA). Differences
among group values were assessed by the ’thn—Whlmey rank-sum
test. Fisher's test was used to evaluate correlations. Findings of
P<0.05 were considered significant.

Results

Comparison of baseline characteristics between groups

The baseline characteristics of the groups are shown in
Tables 1 and 2. Age at onset, and mean duration of fol-
low-up, were 11.2x3.2 years and 5.5:£3.9 years, respec-
tively, in group 1 and 8.4+3.5 years and 6.8+3.8 years,
respectively, in group 2. Male-to-female ratios were 4/6
and 5/14, respectively.
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Table 2 Comparison of baseline characteristics between both

groups
Characteristic Group 1 Group 2
Age at onset (years) 11.223.2% 8.443.5%
Mean follow-up (years) 5.5+3.9 6.8+3.8
Male:female 4:6 5:14
Mean urinary (g/day) 0.5+0.5 1.8+2.7
protein excretion v .
Hematuria (case %) 10 (1007™) 14 (737
Sernm creatinine (mg/dl) 0.6x0.2 0.7x0.5
Serum total protein  (g/dI) 6.6x0.3 6.5+1.2
24 h Cer (m/min 143.6230.1 103.1£51.7
per 1.73 m?%)

*P<0.05

M 1 2 3 4 6 7 8 9 10 1w P

Fig. 1 Gel electrophoresis of PCR products of enteroviral ampli-
fication. Lane M length marker. Lanes I to 10 are renal biopsies:
lane I case 1, lane 2 case 2, lane 3 case 3, lane 4 case 4, lane 5
case 3, lane 6 case 8, lane 7 case 10, lane 8 case 9, lane 9 case 6,
lane 10 case 7. Lane p is the positive control (echovirus 7 cDNA
clone). Lane 10 is case 7 lymphocytes

Mean urinary protein excretion ranged from 0.05 g/day to
1.5 g/day (mean 0.5£0.5 g/day) in group 1 and 0.1 g/day
to 10.0 g/day (mean [.8+2.7 g/day) in group 2. Hematuria
was found in 100% of patients in group 1 and in 73% of
patients in group 2. Serum creatinine, total protein, and
24-h Cer concentrations were similar in the two groups.

Cage 7 --mwemm—mwe e

44 6bp
Human coxsackievirus Bl ggctaatcot  aactgeggag
Human echovirus 26 **%aceceve cocmcecne.
Human enterovirus 71 —-s=---wwn  cemameoooo
Echovirus 6 -~-----= Eo  emmmmmm——
Case 6 ~—@-=—mme- e
Cagse 7  wmmmmmm——e e

506bp
Human coxsackievirus Bl aactccgecag cggaacogac
Human echovirus 26 ----- Emmme e
Human enterovirug 71 ----- Lo e
Echovirus 6 ---~-- Comme mecemam—

Detection of enteroviral RNA

Detection of enteroviral RNA is illustrated in Figs. 1 and
2). Positive PCR results were found in three of ten (30%)
frozen renal biopsies from the patients of group 1 (Fig-
ure 1). One of these three patients also had a positive
result for lymphocytes obtained from peripheral blood. In
contrast, enteroviral RNA was detected in none of the 19
frozen renal biopsies from patients in group 2. The inci-
dence of enteroviral detection was higher in group 1 than
in group 2 (P<0.05). To confirm that the PCR products
represented enteroviral genome sequences, the sequences
of the cloned genes from renal biopsy specimens of cas-
es 6 and 7 were screened for homology with a database
using the BLAST search algorithm (Fig. 2). The se-
quences of the PCR products from cases 6 and 7 were
most strongly homologous with a part of human cox-
sackievirus B1. However, the sequence deviated from that
of human coxsackie B1 virus at one base in case 7, and at
three bases in case 6. In group I, none of the clinical
manifestations, the degree of exacerbation after onset,
pathological findings, and prognosis differed between
patients with and without detection of enteroviral RNA
(Table 1).

Discussion

There have been many reports on the relationship between
viral infection and renal injury [1, 2, 3, 4,5, 7, 8, 9, 10,
11, 12, 13, 14). Clinically, it has been noted that viral
infection often provokes transient proteinuria, hematuria,
and renal dysfunction in patients who develop IgAN.
Although IgAN is a very common form of glomerular
disease, its pathogenesis has yet to be elucidated. Previous
studies have revealed that human cytomegalovirus
(HCMYV) participated in the pathogenesis of IgAN [2, 3].
Recently, Twama et al. [5] reported that Epstein-Barr

505bp

caggcaatca caatccagtg gygtggectgt cgtaacggge
—————— CC=~  =~mgmm———=  —=0@-m-mem  mmme——meae
===—EgOC-- mem@mmmmme e e
el = o e L e T
_________ * [PPSR - - e o o
---------------- L. - o o -

561bp
tactttgggt gtecegtgttt cttittatte ttacat
________________ gmmo  ememmmm—me mmman
________________ geom=  wOrmm—m—mn mw

Fig. 2 Comparison of sequences of PCR products and RNA sequences of enteroviruses
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virus (EBV)-specific DNA in renal biopsies was detected
by PCR in seven (58%) of 12 patients with IgAN, three
(50%) of six patients with membranous nephropathy.
none {0%) of ten patients with minor glomerular abnor-
malities, and two (100%) of two patients with focal seg-
mental lesions. EBV genome detection did not yield
findings specific for [gAN.

Enteroviruses have been implicated in a wide variety
of clinical disorders [6] and have been suggested to be
pathogenic agents in renal diseases such as hemolytic
uremic syndrome (HUS) and glomerulonephritis [9, 10].
By using pure cultures of human glomerular and tubular
cells, Conaldi et al. demonstrated that the infection of six
CBs led to cytolysis in proximal tubular epithelial cells
and glomerular podocytes [20]. Previously, we reported
that CB4 caused pathological changes in experimentally
infected mouse kidney [12, 13, 14}, We recently observed
lesions similar to those of human IgA nephropathy in
mice intravenously inoculated with CB4 once a month
from 1 to 5 months of age, and we detected CB4 viral
RNA in the mesangial lesions, using in situ hybridization
[13]. We therefore attempted to detect enteroviral RNA in
renal biopsies from patients with IgAN, using PCR. The
PCR method we used could detect almost all prevalent
enteroviruses in Japan, with a sensitivity a thousand times
that of the virus isolation method [15].

In the present study, we detected enteroviral RNA in
frozen renal biopsies from three (30%) of ten patients
with IgAN, one of whom also had an enteroviral genome
in peripheral lymphocytes. In contrast, enteroviral RNA
was detected in none of the frozen renal biopsies from
patients with non-IgAN renal disease. Our findings sug-
gest that the detection of enteroviral RNA in renal tissue
may be specific for IgAN. No specific findings are
available regarding the ability of enterovirus persistently
to infect human renal tissue in vivo. However, it has
become apparent that CBs are associated with persistent
infections in vitro [21, 22, 23]. It thus appears possible
that persistent enteroviral infection might be involved in
the pathogenesis of IgAN.

In conclusion, our findings suggest that enteroviral
infection may have the possibility of becoming one of the
factors involved in the mechanism of onset or evolution
of IgAN. However, further studies will be needed to de-
termine whether enteroviral RNA can be detected in renal
biopsies in other patient populations and whether en-
teroviral infection plays an important role in the patho-
genesis of IgAN.
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Summary: Purpose: To evaluate antibody-mediated and cyto-
toxic T cell-mediated pathogenicity that has been implicated as
the autoimmune pathophysiological mechanism in Rasmussen’s
encephalitis.

Methods: We examined autoantibodies against the N-methyl-
D-aspartate glutamate receptor (NMDA-type GluR) £2 subunit
and its epitopes in serum and CSF samples from 20 patients
[five histologically proven (definitive) Rasmussen’s encephali-
tis with epilepsia partialis continua (EPC), four definitive Ras-
mussen’s encephalitis without EPC, and 11 clinical Rasmussen's
encephalitis with EPC]. We examined *H-thymidine uptake into
lymphocytes after stimulation by GluRs.

Results: All nine definitive patients (five patients with EPC
and four without EPC), and 10 of 11 clinical Rasmussen’s en-
cephalitis patients had the autoantibodies. In four patients, the
autoantibodies were absent in early stage when epileptic seizures
had already become frequent. and appeared subsequently. In two
patients, the autoantibodies persisted in the serum after frontal
lobe resection or functional hemispherectomy, although epilep-

tic seizures were completely controlled. Autoantibodies to the
C2 epitope predominated, while autoantibodies to the extracel-
lular N epitope were rare. The mean *H-thymidine uptake ratios
(stimulation by GluRe2-containing homogenates/stimulation by
PHA) were significantly higher in definitive and clinical Ras-
mussen encephalitis patients than in controls, The mean *H-
thymidine uptake ratios (relative to PHA) were significantly
higher for GluRe2-containing homogenate than for control ho-
mogenate or GluR42-containing homogenate.

Conclusions: Autoantibodies against GluRe2 may be one
of the diagnostic markers for Rasmussen’s encephalitis with
and without EPC. Patients have activated T cells stimulated by
GluRe2 in peripheral blood circulation. We speculate that cel-
lular antoimmunity and the subsequent humoral autoimmunity
against GluRe2 may contribute to the pathophysiological pro-
cesses in Rasmussen’s encephalitis. Key Words: Rasmussen
syndrome—EPC—GluRe2— autoantibodies — Cell-mediated
autoimmunity.

Epilepsia partialis continua (EPC) is characterized by
continuous myoclonic jerks of the extremities and/or the
face, usually without impairment of consciousness. In pa-
tients with chronic EPC, myoclonic jerks continue for pe-
riods of days, weeks, or months, and are usually localized
in one part of the body, except in serious cases (1). The
clinical evolution of EPC is variable, depending on the pa-
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tient’s age and underlying brain diseases (1,2). Bancaud
(3) classified EPC into two groups: a group with stable
neurological deficit, and another group with slowly pro-
gressive neurological deficit. The laiter cases are classified
as chronic progressive EPC of childhood in the revised
classification of epileptic syndromes (4), which may be
diagnosed as Rasmussen’s syndrome (3) after histologi-
cal confirmation. However, biopsy of brain lesion is not
generally accepted in Japan, and surgery for patients with
a tentative diagnosis of Rasmussen’s encephalitis is rare.
Therefore, Japanese patients are generally diagnosed as
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chronic progressive EPC, even though they may have the
pathology of Rasmussen’s encephalitis.

Rogers et al. (6) reported glutamate receptor 3 (GluR3)
as an autoantigen in Rasmussen’s encephalitis, specu-
lated to be one cause of Rasmussen’s encephalitis. Af-
ter their report, epilepsies causally related to autoanti-
bodies against GluRs were highlighted. GluRs in the
central nervous system (CNS) play important roles in
brain function, and they are divided into ionotropic and
metabotropic receptors. The ionotropic GluRs are subdi-
vided into three major subtypes: the N-methyl-D-aspartate
(NMDA), @-amino-3-hydroxy-5-methyl-4-isoxazole pro-
pionate (AMPA), and kainate receptors. The NMDA-
GluRs are heterodimers composed of GluRe (g1-¢4)
(NMDAR2A-2D), GIuRZ{(NMDART1) subunits, and NR3
subunits (7,8). The molecular diversity of NMDA-GluRs
contributes not only to their important physiological roles
in development, synaptic plasticity, learning, and memory,
but also to the pathological processes in ischemic brain in-
jury, neurodegenerative diseases, and epilepsy (7-11).

GluRe?2 is the essential molecule for synaptic plastic-
ity and development (12). In Rasmussen’s encephalitis,
not only epileptic seizures, but also impairment of higher
brain function, such as mental retardation and visual dis-
turbance, occur frequently. Therefore, we examined au-
toantibodies against NMDA-GluRe?2 and their epitopes
in the serum and cerebrospinal fluid (CSF) in patients
with chronic EPC (13). We detected NMDA-type GluRe2
autoantibodies in histologically proven Rasmussen’s en-
cephalitis (3/3 patients), clinical Rasmussen’s encephalitis
{6/7 patients), acute encephalitis/fencephalopathy (2/3 pa-
tients), and nonprogressive EPC (2/2 patients). The pres-
ence of autoantibodies against NMDA-GluRe2 might sug-
zest autoimmune pathological mechanisms, but is not
a hallmark of Rasmussen’s encephalitis. Epitope analy-
ses showed that the autoantibodies were predominantly
against C-terminal epitopes and rarely against N-terminal
epitope, with inconsistency in the profile during the course
of the disease. The epitope recognition spectrum of au-
toantibodies was broader in CSF than in serum, and the
serum or CSF profile showed an increase in number of
epitopes as the disease progressed in some patients. There-
fore, we speculated that the autoantibodies are produced
in the CNS after cytotoxic T cell-mediated neuronal dam-
ages (13).

In this study, as an extension to our previous study in
Rasmussen’s encephalitis patients with EPC (13), we ex-
amined autoantibodies against NMDA-GluRe2 in 10 new
Rasmussen’s encephalitis patients. These new patients in-
cluded four histologically proven Rasmussen’s encephali-
tis patients without EPC (this category of Rasmussen’s en-
cephalitis was not reported in our previous paper), two his-
tologically proven Rasmussen’s encephalitis patients with
EPC, and four clinical Rasmussen’s encephalitis patients
with EPC. Consequently. we could evaluate the autoanti-
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bodies in 20 patients with Rasmussen’s encephalitis. Fur-
thermore, as an original study, we examined lymphocyte
stimulation by GluRs to estimate the cellular autoimmune
pathophysiology of Rasmussen’s encephalitis.

PATIENTS AND METHODS

Patients

We examined the samiples from 11 clinical Rasmussen’s
encephalitis patients with chronic progressive EPC (Pa-
tients 1-4, 11-16, and 18), and nine histologically proven
Rasmussen’s encephalitis patients with EPC (Patients 3,
and 7—-10) or without EPC (6,17,19, and 20) (Table 1).
Eleven clinical patients with chronic progressive EPC
manifested intractable EPC for >1 month, and all showed
neuropsychological impairment. They had progressive
EPC, neuroimage findings characteristic of Rasmussen’s
encephalitis (14), and neuropsychological impairment
(clinical Rasmussen type). Detailed clinical manifesta-
tions of Patients 1-3, 13, 14, 16, and 18 were reported in
our previous article (13), and those of Patient 10 were also
reported (13). Patient {4 had negative tests for anti-GluR3
autoantibodies in another hospital. Nine patients were his-
tologically diagnosed as Rasmussen’s encephalitis {(defini-
tive Rasmussen type) after functional hemispherectomy
(Patient 7—-10) and focal resection surgeries (Patients 5, 6,
17, 19, and 20).

Informed consent was obtained from each patient or
guardian after oral or written explanation, according to
the ethical principle of Declaration of Helsinki.

Establishment of stable transformant cells expressing
TluRe2

Using the tetracycline-induction system (16), cDNA of
GluRe2 (17), pSTneoB (18), and G418 selection (19), we
established stable NTH3T3 transformant cell lines express-
ing full-length GluRe2 (B18) and GluR4$2 subunits (D33)
(13). Al is a control cell line without GluR expression,
B18 is a cell line expressing recombinant GluRe2, and
D33 is a cell line expressing recombinant GluR§2.

Detection of autoantibodies against GluRe2 in sera
and CSF

Supernatants of cell extracts prepared from B18 and
Al cultured for 48 h with doxycycline (1 pg/ml) were
subjected to SDS-PAGE, and the gels were transferred to
nitrocellulose membranes. Each membrane was cut into
20 strips after overnight blocking with the blocking buffer
(0.02 M Tris HCl, 0.16 M NaCl, 0.05% bovine serum
albumin). The strips of B18 and Al were reacted with
patients’ sera (diluted 20-fold with blocking buffer) or
CSF (diluted 15-fold with blocking buffer) for48 h at 4°C,
and were stained by alkaline phosphatase-labeled second
antibodies (IgG, IgA, or IgM) (Jackson ImmunoResearch,
West Grove, Philadelphia, PA, U.S.A.). The presence of
autoantibodies against GluRe2 was judged by a positively
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TABLE 1. Clinical characteristics of patients

Onset age - . Ope Outcome
e Causative or underlying
Patient  Epilepsy EPC Sex factors Seizure type Age Neurological Mental Seizure At age
{ 2 days Llyr M DPT vaccination, status CPS.EPC QP MR-+ Daily 4.5 yr
2 2 mo 7 mo M Viral meningitis CPS. EPC QP MR++++ Daily 4 yr
3 2mo 4 mo M Polio vaccination, status CPS, EPC QP MR+++  Disappeared 8 yr
4 8 mo & mo M Respiratory infection CPS.EPC HP MR+ Daily 4yr
5 2yr 9yr M CPS. EPC 8 yr - MR++ Daily 9yr
6 2.6yr - M CPS 14 yr - Nonmal Disappeared 15 yr
7 3.6 yr 3.7 yr M Infection CPS, EPC 4yr HP, HA Normal Disappeared Syr
8 38 vr 3.8 yr M Head trauma EPC. CPS 9yr HP, HA MR+ Disappeared 11 yr
9 3.9 yr 53yr M Influenza CPS, EPC 5.8 yr HP Normal Disappeared 5.9 yr
10 52yr 6.1 yr F Status CPS, EPC 6 yr HP, HA Normal Daily 6 yr
11 58 yr 6 yr F CPS, EPC MP Normat Daily 20 yr
12 39 yr Gyr F CPS, EPC HP MR-+ Daily 6.2 yr
13 6.1yr 6.9 yr M EPC, CPS HP MR- Daily 10 yr
14 8.9 yr 9.5 yr F Infection, status CPS, EPC HP MR+ Daily 15yr
15 12 yr 1S yr M CPS. EPC QP MR+++ Daily 16 yr
16 12.5 yr 129yr M CPS, EPC QP MR-++ Weekly 20 yr
17 16 yr - M Head trauma CPS 34 yr MP MR++ Weekly 34 yr
18 23 yr 3lyr F EPC, CPS Normal MR-+ Daily 38yr
19 25 yr — F - CPS 29 vr Normal Normal Weekly 3lyr
20 28 yr - F - CPS 3yr HP MR+ Weekly 38yr

EPC, epilepsia partialis continua: M, male; F, female; NMD, neuronal migration disorder; DPT, diphtheria-pertussis-tetanas; Status, status epilepticus;
SPS, simple partial seizare; CPS, complex partial seizure; QP, quadriplegia; HP, hemiplegia; MP, monoplegia; HA, hemianopsia; MR, mental retardation.

stained band with molecular size ~180 kDa, which was
found only on the B18 strip and not on the A1 strip (13).

Preparation of bacterial fusion proteins containing
peptides from the GluRe2 subunit

DNA fragments encoding amino acid residues 148
(an amino-terminal peptide; N), 998-1074 (a carboxyl-
terminal peptide; C1), 1053-1153 (a carboxyl-terminal
peptide; C2), and 1353-1432 (a carboxyl-terminal pep-
tide; C3) (17) were amplified by PCR using appropriate
synthetic oligonucleotides. The positions of candidate
epitopes were determined considering molecular inter-
actions. The fragments were cloned to the bacterial fu-
sion protein expression plasmid vector pPGEX-4T-2 (Phar-
macia Biotech AB, Uppsala, Sweden) or pMAL (New
England Biolabs, MA, U.S.A)) for the production of fu-
sion protein with glutathione S-transferase (GST) or mal-
tose binding protein (MBP) (13,20). The expression plas-
mids were transformed into Escherichia coli (BL21 or
TB1), and subsequent induction with isopropyl-beta-D-
thiogalactopyranoside (IPTG) was performed by routine
methods (21). The transformed Escherichia coli were
sonicated to obtain supernatants of the bacterial ho-
mogenates.

Epitope analyses of auntoantibodies against GluRe2 in
sera and CSF

Supernatants of bacterial homogenates containing in-
duced GluRe2 polypeptide fusion proteins synthesized by
the methods described previously were subjected to SDS-
PAGE, and the proteins in gels were transferred to nitro-
cellulose membranes. Each membrane was reacted with
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serurn or CSF (diluted 20- or 15-fold with blocking buffer)
for 48 h at 4°C, and stained by alkaline phosphatase-
labeled second antibodies (IgG or IgM). A positive re-
action with an epitope was judged by obtaining a stained
band at the appropriate molecular weight (13).

Lymphocyte stimulation test by GluRs

Peripheral venous blood was collected in heparinized
sterile vacutainer tubes (Becton Dickinson, Oxford, U.K.).
Blood cells and serum were separated by centrifugation at
1,800 rpm for 5 min. Blood cells were diluted with PBS (-)
and applied on Ficoll-Conray (d = 1.077), and centrifuged
at 1800 rpm for 20 min to separate the lymphocytes. The
lymphocytes were washed twice in PBS by centrifugation
at 2,000 rpm for 5 min. Then lymphocytes were diluted
to 1x10° cells/ml in complete RPMI-1640 supplemented
with 20% autologous serum. These cells were cultured in
triplicate in 96-well microplates for 3 days with the cor-
responding antigens. Then *H-thymidine (0.25uCi/well)
was added to each well. After incubation for 16 h, the cells
were harvested using an automatic cell harvester and the
incorporated radioactivity was measured by liquid scin-
tillation counter. The supernatants of homogenates from
Al, D33, and B18, and phytohemagglutinin (PHA) were
used as antigens.

Statistical analysis

For the comparison of L.ST data, we used Mann—
Whitney’s U test or Wilcoxon signed-ranks test, using stat-
cel software. The numbers indicate mean &+ SD (standard
deviation).
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TABLE 2. Auwtoantibodies against glutamate receptors

EPC Whole GluRe2 Epitope analysis
Pl Age at exam Latency Ext Face CPS Sample 1gG TeM IeA N Cl C2 C3
1 0.8 yr 0.8 yr - — D Serum - -
09 yr 0.9yr - - D Serum + - - - - + -
2 1.tyr 0.9 yr + - D Serum + + - — - - -
Liyr 0.9 yr + - D CSF + + - + -+ + +
4.0yr 38 yr + - W Serum + — — - - + -
3 38yr 3.7yr - - C Serum — — — — — — —
4 3.5yr 28 yr + + - CSF - -
4.0 yr 33yr -+ + - CSF + -
) 9vr Tyr - -+ D CSF + -
6 Hoyr 7yr — - D Seram + + - - + -
15 yr 12Y - — C Serum + +
7 39yr 0.2vr + - M Serum + - - 4+ + -+
39vr 0.2 yr -+ - M CSF -+ — — -+ 4+ +
§ 39yr 0.1 yr + - M Serum - - -
4.7 yr 0.9 yr + — M Serum =+ -+ - - - -~
52yr L.4yr - - Y Serum — -
8.1 yr 43 yr + + M Serum + — — — - —
10yr 6.2 yr — — C Serum + +
) S4yr 2.5yr + - W Serum + -
54 yr 235yr + — W CSF + -
0 6.1 yr 09 yr + - w Serum + - - + - -+
6.7 yr 1.3yr + - D Serum + - - + - +
11 20 yr 14 yr + - C Serum + -+
12 6.1 yr 02yr - + D Seram + -
6.1 yr 0.2 yr - + D CSF + -
{3 7.lyr I vr + + C Serum - - - - + -
T.1yr Tyr + + C CSF - + - - + -
1.3 yr 3.2 yr - + Y Serum + +
14 12 yr 3yr + - D Serum -+ - - — + -
13 15yr 3yr -+ - D Serum + +
16 yr 4yr + - D Serum - —
16 18.5 yr 6 yr — — W Serum + — 4 — 4 +
19.5 yr 7yr - — W CSF +
17 3 yr 18 yr — - W Serum -+ +
is 38 yr - - D Serum + + - + - +
19 29 yr 4yr . — D Serum + -+ + + - +
2 36 yr 8 yr - - W Serum - —
38yr 10 yr — - W Serum + +

Latency, latency from onset to examination; EPC, epilepsia partialis continva; Age ar exam, age at examination of autoantibodies; Ext, EPC involving

remities; Face, EPC involving facial muscles, tongue, or throat; CSF, cerebrospinal fluid; GluR, glutamate receptor; NT, not tested. In the column of

°PS, D indicates daily frequency of CPS, W indicates weekly, M indicates monthly, Y indicates yearly, C indicates controlled. In the column of whole
GluRe?2 and epitope analysis, + indicates presence of antoantibodies, and — indicates absence of autoantibodies.

RESULTS

Autoantibodies against GluRe2 molecules in sera and
CSF

Autoantibodies against full-length GluRs2 molecule
were studied in the sera and or CSF of 20 patients with
definitive or clinical Rasmussen encephalitis (Table 2).
All nine patients with definitive Rasmussen’s encephali-
tis (five with EPC and four without EPC), and 10 of 11
patients (except Patient 3) with clinical Rasmussen’s en-
cephalitis had the autoantibodies in serum or CSE. Al-
though Patient 3 had no autoantibodies against GluRs2,
the test was done at the residual stage (22) when EPC
and CPS had both remitted. Nineteen patients had IgG
autoantibodies against the GluRs2 molecule during the
course of disease, and 11 patients had IgM autoantibod-
les. None of the patients we examined had IgA autoan-

tibodies against GluRe2. In Patients 1, 4, 8, and 13, the
IgG and IgM autoantibodies against GluRe2 were absent
in the early stage when epileptic seizures already became
frequent, and appeared subsequently. In Patient 8, after
intravenous high-dose gamma-globulin infusion therapy
(200 mg/kg weight, 5 days), EPC remitted and CPSs de-
creased to a yearly occurrence, accompanied by negative
autoantibodies at the age of 5.2 years. At age 7.3 years,
EPC recurred and the autoantibodies again became posi-
tive. Thus, Patient 8 showed fluctuation of autoantibodies
in relation to the severity of clinical symptoms modulated
by immunotherapy. In Patient 15, the autoantibodies be-
came negative after steroid pulse therapy, but epileptic
seizures persisted, In Patients 6 and 8, the autoantibodies
persisted in the serum after frontal lIobe resection or func-
tional hemispherectomy, although epileptic seizures were
controlled.

Epilepsia, Vol. 46, Suppl. 3, 2005
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FIG. 1. A:Mean 3H-thymidine ratios of uptake stimulated by GluRe2 relative to PHA in tymphocyte stimulation test (LST) using lymphocytes
from patients with Rasmussen syndrome and healthy controls. GluRe2-LST and PHA-LST were conducted using supernatants of cell
culture homogenates containing recombinant GluRe2 (B18) and PHA. Vertical axis indicates ratios of uptake stimulated by supernatant
of B18 homogenate containing recombinant GluRe2 to that stimulated by PHA (GluRs2/PHA »1000). B: Ratios of uptake stimulated by
GluRe2 refative to PHA, those stimulated by GIuRs2 relative to PHA, and those stimulated by control homogenate [GIUR (-)] relative to PHA
for each patient. GIuR (-): Uptake stimulated by control homogenates (A1)/uptake stimulated by PHA «1000. GluRe2: Uptake stimulated
by B18 homogenate containing recombinant GluRe2/uptake stimulated by PHA x1000. GIuRs2: Uptake stimulated by D33 homogenate

containing recombinant GluRs2/uptake stimulated by x 1000 PHA.

Epitope analyses of autoantibodies against GluRe2 in
sera and CSF

IgG autoantibodies against the putative epitopes (N, CI,
C2, and C3) of the GluRe2 molecule were examined us-
ing bacterial fusion proteins containing the corresponding
GluRe2 polypeptides (13). Of 12 patients with IgG au-
toantibodies against the GluRe2 molecule, three patients
had serum autoantibodies to N epitope, four had autoan-
tibodies to Cl, seven had antoantibodies to C2, and six
had autoantibodies to C3 (Table 2). Autoantibodies to C2
epitope predominated, while autoantibodies to the extra-
cellular N epitope were rare. The epitope pattern in pa-
tients without EPC was not different from that in patients
with EPC. The spectra of epitope recognition of the au-
toantibodies were broader in the CSF than in the serum in
almost all patients, judging from simultaneously collected
samples.

Lymphocyte stimulation by GluRs

In a preliminary study, we examined *H-thymidine up-
take after stimulation with B18 homogenates at differ-
ent profein concenfrations in six definitive patients, and
the uptake was highest at the concentration of 40 11g/ml.
Subsequently, we conducted lymphocyte stimulation tests
(LSTs) using homogenates of D33 (cell line expressing
GluR4$2 subunits), B18 (cell line expressing GluRs2), and
Al (control cell line without GluR expression) at pro-
tein concentrations of 40 and 400 ug/ml. The mean *H-
thymidine uptake ratios for B18 stimulation (uptake stim-
ulated by B18 divided by uptake stimulated by PHA x

Epilepsia, Vol. 46, Suppl. 5, 2003

1000) were 69.3 = 60.7 (n = 23) in patients with definitive
and clinical Rasmussen encephalitis and 23.1 & 19.7 (n
= 7) in controls (p < 0.05, Mann—Whitney's U test) (Fig.
LA). In patients with definitive Rasmussen encephalitis,
the mean *H-thymidine uptake ratios were 69.3 4 82.8 (n
= 9) for Al stimulation (uptake stimulated by Al divided
by uptake stimulated by PHA x1000),87.6 £89.4 (n=9)
for B18 stimulation (uptake stimulated by B18 stimulation
divided by uptake stimulated by PHA x1000), and 29.0
£ 19.7 (n =7) for D33 stimulation (uptake stimulated by
D33 divided by uptake stimulated by PHA x 1000). The
uptake ratios for B18 stimulation were significantly higher
than those for Al (p < 0.05, Wilcoxon signed-ranks test)
and D33 stmulation (p < 0.05, Wilcoxon signed-ranks
test). The uptake ratios of GluRe2 to PHA were relatively
low in Patients 6 and 8, after seizures were controlled after
epilepsy surgeries, comparing with those in patients with
seizures.

DISCUSSION

Rasmussen’s encephalitis is divided into two clinical
subtypes by the existence of EPC. In our previous arti-
cle (13), we reposted that autoantibodies against NMDA-
type GluRe2 were detected in Rasmussen’s encephali-
tis patients with BEPC (definitive Rasmussen’s encephali-
tis patients, 3/3 patients, and clinical Rasmussen’s en-
cephalitis patients, 6/7 patients). Subsequently, the present
study demonstrated the autoantibodies also in patients
with definitive Rasmussen’s encephalitis without EPC
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(4/4 patients). This suggests that autoantibodies against
GluRe?2 are important for the diagnosis of both subtypes of
Rasmussen’s encephalitis, independent of EPC. Because
EP(isatypical clinical diagnostic marker of Rasmussen’s
encephalitis, presurgical diagnoses of Rasmussen’s en-
ephalitis are usually difficult in patients without EPC,
zompared with those with EPC. Detection of autoanti-
nodies against GluRe2 can contribute to the presurgical
diagnosis and may facilitate immunological treatment in
patients with dominant side involvement.

i these 19 patients with Rasmussen’s encephalitis and
autcantibodies against the NMDA GluRs2 subunit, the
epitope pattern in patients with EPC was not different from
that in patients without EPC. Clinical subtypes might be
determined by some factors other than difference of epi-
topes of the autoantibodies. We need to investige further
into the distribution of immunological lesions to decide
the factors.

In this study, we could reveal the existence of periph-
¢ral lymphocytes selectively stimulated by GluRe2 in pa-
rients with Rasmussen’s encephalitis using LST. SD in
patients’ data of the mean *H-thymidine uptake ratios is
slightly large. This might be attributed to the effect of treat-
ments and the stage of Rasmussen’s encephalitis. The H-
thymidine uptake ratios were lower mainly in patients with
steroid therapy, and the ratios tended to become lower in
the progressed stage (data not shown). Lymphocytes stim-
alated by LST are usually T cells. Although we could not
confirm a subset of stimulated T cells (CD4* or CD8%)
by GluRe2, activated etfector T cells that could imvade the
CNS beyond the blood brain barrier definitively exist in
peripheral blood circulation. We estimate that these acti-
vated T cells are produced by cross-reaction using molec-
ular mimicry after an infection and play an important role
in the subsequent onset of Rasmussen’s encephalitis.

In previous reports, lymphocytic infiltration contain-
ing predominantly T cells and sparsely B cells were re-
ported in resected tissues from Rasmussen’s encephalitis
patients (23), and local CNS immune responses in Ras-
mussen’s encephalitis included local clonal expansion of
T cells responding to discrete antigen epitopes (24). Our
proof about the existence of peripheral lymphocytes stim-
ulated by GluR&2 can explain the infiltration of T cells in
the CNS. CD8T T cell cytotoxicity was reported to con-
tribute to the pathogenesis of Rasmussen’s encephalitis,
and neuronal loss resulting from cytotoxic T cell attack
and concomitant release of antigens such as GIuR3 were
speculated to generate secondary antibody-mediated dam-
age (25,26). The probable heterogeneity of autoantibodies
in Rasmussen’s encephalitis, epitope spreading and au-
toantibodies directed predominantly against intraceilular
epitopes of NMDA GluRe2, also suggests an important
role of T cell-mediated autoimmunity (13). Mice immu-
nized with the GluR3B peptide produced autoantibodies
but exhibited no epilepsy, even by facilitated entry of the

antoantibodies into the brain (27). These data have sug-
gested that the primary cause of Rasmussen’s encephalitis
is not autoantibodies, but T cell-mediated autoimmunity.
In four patients, the antoantibodies against GluRe2 were
absent in the early stage, even when epileptic seizures had
already become frequent, and appeared later. This delayed
appearance of autoantibodies against GluRe2 also sup-
ports the hypothesis about primary cause of Rasmussen’s
encephalitis.

After epilepsy surgeries, Patients 6 and 8 became
seizure free, but the autoantibodies persisted in the serum.
However, the uptake ratios for GluRe2 to PHA in LST
were relatively low in Patients 6 and 8, when seizures were
controlled after epilepsy surgeries. These data suggest that
autoantibodies against the GluRe2 in sera are not causally
related to active pathophysiological processes, and is nota
marker of activity of Rasmussen’s encephalitis, while the
uptake ratio of GluRe2 to PHA in LST might be a marker
of disease activity.

International collaborating studies on the contribu-
tion of multiple autoantibodies and cellular immunity to
the pathophysiology of Rasmussen’s encephalitis are ex-
pected to elucidate the pathophysiological mechanisms
mediated by autoimmunity in Rasmussen’s encephalitis
and other neurological diseases.
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Vaccination and infection as causative factors in Japanese patients
with Rasmussen syndrome: Molecular mimicry and HLA class 1
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Abstract

Rasmussen syndrome is an intractable epilepsy with a putative causal relation with cellular and humoral autoimmunity,
Almost half of the patients have some preceding causative factors, with infections found in 38.2%, vaccinations in 5.9% and
head trauma in 8.9% of Japanese patients. In a patient with seizure onset after influenza A infections, cross-reaction of the
parient’s lymphocytes with GluRe2 and influenza vaccine components was demonstrated by lymphocyte stimulation test.
Database analyses revealed that influenza A virus hemagglutinin and GluRe2 molecules contain peptides with the patient’s
HILA class I binding motif (HLA — A*x0201). The relative risks of HLA class I genotypes for Rasmussen syndrome are 6.1
(A*2402), 6.4 (A*0201), 6.3 (A*2601) and 11.4 (B*4601). The relative risks of HLA class I-A and B haplotypes are infinity
(A*x2601 + B*5401), 21.1 (A*2402 + B*1501), 13.3 (A*2402 + B*4801) and 5.1 (A*2402 + B*5201). Some alleles and
haplotypes of HLA class I may be the risk factors in Japanese patients. Cross-reactivity of cytotoxic T lymphocytes may
contribute to the processes leading from infection to the involvement of CNS.

Keywords: Rasmussen syndrome, HLA, cytotoxic T cells, influenza, vaccination, epilepsy

Introduction epilepsia partialis continua (EPC) (56%). Patients
begin to manifest EPC 1.8 years after the onset of
epilepsy, but the seizure frequency decreases markedly
in the residual stage (Andermann 1991, Bien et al.
2002b) (Figure 1). Patients in the residual stage are
affected by hemiplegia (96%), mental deterioration
(85%), visual field defect (49%), and cortical sensory
defect (29%) (Andermann 1991). Histological exam-
ination reveals infiltration of T lymphocytes

and microglia cells, astrocytosis, and neuronal loss in

Rasmussen’s encephalitis is a slowly progressive,
autoimmune-mediared chronic inflammatory disease
of the CNS. The mean age of onset is 7.4 years, The
disease may be preceded by some causative factors
including infection, and the initial seizure episode
manifests various forms such as partial onset
generalized tonic-clinic (pGTC) seizures (30%),
focal motor seizures (26%) and complex partial
seizures (CPS) (26%) (Andermann 1991). One third

of the patients have preceding infections within 1
month before onset. Patients with typical Rasmussen’s
encephalitis manifest frequent intractable partial
motor seizures in the acute phase, characteristically

the lesion (Aguilar and Rasmussen 1960, Andermann
1991, Farrell et al. 1995). Functional hemispherectomy
is the only reliable therapy when the non-dominant
side is involved, but hemiparesis and hemianopsia are
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