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To determine the relationship between susceptibility to atopic myelitis (AM) and polymorphisms of the
human leukocyte antigen (HLA)-DPB1 and -DRB1 alleles, we compared each phenotype frequency between
55 AM patients and 367 unrelated healthy controls in Japan. The HLA-DPB1*0201 allele was significantly
more frequent in AM patients than in healthy controls (54.5% vs. 31.9%, corrected P value =0.0150, odds
ratio=2.564, 95% confidence interval =1.444-4.554). Our result suggests that the immunogenetic back-
ground of AM differs from that of other CNS autoimmune diseases, such as multiple sclerosis and neuromy-

HLA elitis optica, which show distinct HLA class II associations.

Neurogenetics

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

A previous histologic study of biopsied spinal cord specimens of
atopic myelitis (AM) patients showed eosinophilic inflammation
(Osoegawa et al., 2003). In addition, both CCL11/eotaxin, a chemokine
for eosinophils, and interleukin (IL)-9, a cytokine secreted by type 2
helper T cells, were markedly up-regulated in the cerebrospinal fluid
(CSF) of AM patients, and that disease severity increased with the
levels of these molecules (Tanaka et al., 2008). These results indicated
that AM might be an autoimmune disease associated with atopic di-
athesis. Susceptibility to AM is thought to be controlled by the interac-
tion between multiple genetic and environmental factors, as observed
in other atopic disorders. The latter encompass common environmen-
tal antigens, such as pollens, foods, and house dust mites. However,
the genetic background of patients with AM has never been studied.

Human leukocyte antigen (HLA) plays important roles in inducing
both autoimmune and atopic diseases. Therefore, polymorphisms in
the genes encoding HLA molecules confer susceptibility and resistance
to such conditions. We aimed to determine the association between
HLA class I genes and the development of AM in the Japanese, focus-
ing on the HLA-DPB1 and -DRBI alleles.

Abbreviations: AM, atopic myelitis; CSF, cerebrospinal fluid; HCs, healthy controls;
HIA, human leukocyte antigen; IL, interleukin; MRI, magnetic resonance imaging; MEP,
motor evoked potential; MS, multiple sclerosis; SEP, somatosensory evoked potential.

* Corresponding author at: Department of Neurology, Neurological Institute, Gradu-
ate School of Medical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka
812-8582, Japan. Tel.: + 81 92 642 5340; fax: + 81 92 642 5352.

E-mail address: kira@neuro.med.kyushu-u.ac.jp (J. Kira).

0165-5728/% - see front matter © 2012 Elsevier B.V. All rights reserved.
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2. Methods
2.1. Patients

In the present study, AM was defined as myelitis of unknown cause
with either 1) hyperlgEaemia (>240 U/mL) plus allergen-specific IgE
positivity, or 2) coexistent or past atopic diseases, excluding other dis-
eases that may cause myelitis or myelopathy (Tanaka et al., 2008). Atopic
diseases included atopic dermatitis, bronchial asthma, allergic rhinitis,
and allergic conjunctivitis. The levels of specific IgEs against common
allergens, such as Dermatophagoides pteronyssinus, Dermatophagoides
farinae, pollen, and house dusts, were measured. The existence of mye-
litis was confirmed by neurological examination, CSF study, magnetic
resonance imaging (MRI) of the spinal cord, motor-evoked potentials
(MEPs), or somatosensory-evoked potentials (SEPs). Fifty-five consecu-
tive patients, who were diagnosed with AM in the Department of Neu-
rology at Kyushu University Hospital between 1996 and 2011, and
whose DNA was available, were enrolled after informed conserit was
obtained. This study was approved by the Kyushu University Ethics
Committee.

The disability status of patients was evaluated on the basis of func-
tional system scores and the expanded disability status scale (Kurtzke,
1983) at disease onset and latest examination. We also used the Mul-
tiple Sclerosis Severity Score for evaluation of disability progression,
originally assessed in multiple sclerosis (MS) patients (Roxburgh
et al,, 2005). MRI scans, MEPs, SEPs, and nerve conduction studies
were conducted as described previously (Tanaka et al, 2008). The
upper normal limits of serum IgE and blood eosinophil counts were
set at 240 U/mL and 500/ml, respectively. The CSF levels of IL-9 and
CCL11/ectaxin were measured by a fluorescent bead-based immunoas-
say, and the upper limits were 14.0 pg/mL and 2.2 pg/ml, respectively,
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based on a preliminary study of patients with non-inflammatory neuro-
logical disease (Tanaka et al., 2008).

At least one of the following three treatments was administered to
36 patients after obtaining informed consent (Murai et al., 2004).
First, corticosteroids were administered by intravenous injection of
methylprednisolone at 1,000 mg/day for 3 days followed by oral
prednisolone with gradual tapering. Second, intravenous immuno-
globulin therapy was administered via drip infusion of gamma globu-
lin at a dose of 400 mg/kg/day for five consecutive days. Third, plasma
exchange was performed three times at 2-3-day intervals. Therapeu-
tic efficacies were evaluated based on neurological examination, MRI,
MEPs, and SEPs (Murai et al., 2004). Neurological examination was
performed before and 2-4 weeks after each treatment, and improve-
ment in any neurological symptom or sign was considered to indicate
effectiveness. MRI was performed before and after the treatments, and
the effects were evaluated by expert neuroradiologists without
knowledge of the treatment modality. MEPs and SEPs were performed
as described previously, and on follow-up studies, the evoked poten-
tials were considered improved when unevoked potentials became
evoked, or when a delayed peak shifted forward to fall within the nor-
mal limits.

2.2. HLA-DPB1 and -DRB1 genotyping

Genomic DNA was extracted from peripheral white blood cells. The
HLA-DRBI1 and -DPB1 alleles were determined by hybridization of the
products of PCR amplification of the HLA-DPB1 or -DRB1 genes with
sequence-specific oligonucleotide probes, as described previously. As
controls, 367 unrelated healthy Japanese adults were enrolled.

2.3. Statistical analysis

Differences between the two groups were analyzed by the
chi-squared test or Fisher's exact probability test if the numbers
were small. Values that were not normally distributed were compared
using the Mann-Whitney U test. Corrected P values were obtained by
multiplying uncorrected P values by the number of comparisons indi-
cated in the footnote of each table (Bonferroni-Dunn's correction).
The threshold for statistical significance was set at P<0.05. Odds ratios
were calculated according to the method of Woolf. Statistical analyses
were conducted using JMP® 8.0 software (SAS Institute, Cary, NC).

3. Results
3.1. HLA-DPB1 and -DRB1 alleles

The phenotype frequencies of the HLA-DPB1 and -DRBT alleles of
AM patients and those of healthy controls (HCs) were compared.
We observed 15 DPB1 alleles and 29 DRBT alleles (Tables 1, 2). The
DPB1*0201 allele occurred more frequently in AM patients than in
HCs, even after correction was made (54.5% vs. 31.9%, uncorrected
P value =0.0010, corrected P value=0.0150), and only this allele was
associated with a significantly increased risk for AM (odds ratio=
2.564, 95% confidence interval = 1.444~4.554). By contrast, no statisti-
cally significant differences in phenotype frequencies were found for
the other DPB1 alleles or any of the DRBI alleles between AM patients
and HCs. In the present study, protective alleles were not seen in AM
patients.

3.2. Comparison of clinical characteristics of AM patients with and
without the HLA-DPB1*0201 allele

To investigate the relationship between the DPB1*0201 allele and
the clinical characteristics (of ?), AM patients were stratified according
to DPB170201 allele positivity; then, the clinical features were compared
between the two groups. There were no significant differences in sex,

Table 1

Phenotype frequencies of HLA-DPB1 alleles.
DPB1* AM patients n=155 (%) HCs n=367 (%) prncor apeor
0201 30 (54.5) 117 (31.9) 0.0010 0.0150
0202 5(9.1) 19 (5.2) 0.2425 NS
0301 4(7.3) 16 (4.4) 03430 NS
0401 6(10.9) 46 (12.5) 0.7324 NS
0402 9 (16.4) 64 (17.4) 0.8441 NS
0501 32 (58.2) 240 (65.4) 0.2973 NS
0601 0(0.0) 6(1.6) 0.3395 NS
0901 8(14.5) 80 (21.8) 0.2169 NS
1301 1(1.8) 19 (5.2) 0.2743 NS
1401 2 (3.6) 10 (2.7) 0.7045 NS
1601 0(0.0) 2(0.5) 0.5832 NS
1701 0 (0.0) 2(0.5) 05832 NS
1901 0 (0.0) 3(1.8) 05010 NS
2201 0 (0.0) 1(0.3) 0.6983 NS
4101 0(0.0) 1(0.3) 0.6983 NS

Abbreviations: AM = atopic myelitis; P°" = corrected P values; HCs = healthy controls;
HLA = human leukocyte antigen; NS = not significant; P**®™ = uncorrected P values.
2 P was corrected by multiplying the value by 15 to calculate P,

age of onset, prevalence of atopic diseases, clinical course, disease sever-
ity, laboratory findings, MRI findings, electrophysiological findings, or
efficacy of treatment between the two groups (Table 3).

4. Discussion

The present study is the first to demonstrate an association between
HIA polymorphisms and AM: specifically, the HLA-DPB1*0201 allele
was significantly associated with susceptibility to AM in the Japanese.
However, there were no significant differences in clinical features be-
tween AM patients carrying or not carrying the HLA-DPB1*0201 allele.

Table 2
Phenotype frequencies of HLA-DRBT alleles.
DRB1* AM patients HCs puncorr apeorr
n=>55 (%) n=367 (%)
0101 8 (14.5) 51(13.9) 0.8970 NS
0201 1(1.8) 0 (0.0) 0.1303 NS
0301 0 (0.0) 2(0.5) 0.5832 NS
0401 3 (5.5) 4(1.1) 0.0501 NS
0403 2 (3.6) 18 (4.9) 0.6797 NS
0405 20 (364) 98 (26.7) 0.1366 NS
0406 3(5.5) 23 (6.3) 0.8152 NS
0407 0(0.0) 2 (0.5) 0.5832 NS
0410 1(1.8) 4(1.1) 0.6416 NS
0701 0 (0.0) 2 (0.5) 0.5832 NS
0802 3(5.5) 26 (7.1) 0.6559 NS
0803 6(10.9) 58 (15.8) 0.3453 NS
0901 12 (21.8) 101 (27.5) 03731 NS
1001 0 (0.0) 4 (1.1) 0.4366 NS
1101 0(0.0) 16 (44) 0.1144 NS
1106 0(0.0) 1(03) 0.6983 NS
1201 6 (10.9) 33 (9.0) 0.1947 NS
1202 0 (0.0) 13 (3.5) 0.1563 NS
1301 0(0.0) 1(03) 0.6983 NS
1302 7(12.7) 49 (134) 0.8987 NS
1402 1(1.8) 0(0.0) 0.1303 NS
1403 4(7.3) 8(2.2) 0.0575 NS
1405 1(1.8) 14 (3.8) 0.4558 NS
1406 1(1.8) 8(22) 0.8626 NS
1454 2(36) 19(5.2) 0.6241 NS
1501 7(12.7) 60 (16.3) 0.4931 NS
1502 9 (164) 80 (21.8) 0.3569 NS
1601 0(0.0) 1(0.3) 0.6983 NS
1602 0(0.0) 3(0.8) 0.5010 NS

Abbreviations: AM = atopic myelitis; F°" = corrected P values; HCs = healthy controls;
HLA = human leukocyte antigen; NS == not significant; P*"*°" = uncorrected P values.
3 P49 was corrected by muitiplying the value by 29 to calculate P7.
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Table 3
Demographic features of enrolled AM patients with and without the HLA-DPB1*0201
allele.

DPB1*0201 (+)*  DPB1*0201 (-)" P value
Number of patients 30 25 NA
Sex (male/female) 16/14 16/9 0.4246
Age at onset 36.4:413.3 35.1:15.3 04751
Disease duration 94450 98437 0.4919
Atopic diseases 27/30 (90.0) 21/25 (84.0) 0.5062
Atopic dermatitis 9/30 (30.0) 9/25 (36.0) 0.6368
Bronchial asthma 11/30 (36.7) 10/25 (40.0) 0.8000
Allergic rhinitis 15/30 (50.0) 12/25 (48.0) 0.8826
Allergic conjunctivitis 4/30 (13.3) 2/25 (8.0) 0.5276
Other allergies 8/30 (26.7) 6/25 (24.0) 0.8212
Disease onset
Acute 7/30 (23.3) 9/25 (36.0) 0.3031
Subacute 9/30 (30.0) 6/25 (24.0) 0.6188
Chronic 14/30 (46.7) 10/25 (40.0) 0.6196
Disease course
Monophasic 7/30 (23.3) 7/25 (28.0) 0.6924
Chronic/fluctuating 18/30 (60.0) 12/25 (48.0) 03735
Progressive 5/30 (16.7) 6/25 (24.0) 0.4984
Initial EDSS score 20414 23416 0.3048
Final FS scores
Pyramidal 21412 24417 0.4207
Sensory 21413 24415 0.3248
Final EDSS score 31415 36418 0.2362
MSSS 4294223 4.85--2.47 0.4268
Laboratory findings”
Blood eosinophil count (/mL) 3774453 288249 0.8525
Serum total IgE (U/mL) 107141205 196642868 0.4570
IL-9 in CSF (pg/mL) 15.9::4.2 13.043.5 0.1967
CCL11/eotaxin in CSF (pg/mL) 4.140.8 3.8405 0.3017
OCB (+) 1/28 (3.6) 1/24 (12.5) 0.8053
MRI findings
Brain [esion 1/20 (5.0) 1/19 (5.3) 0.9703
Cervical cord lesion 8/28 (28.6) 12/23 (52.2) 0.0858
Thoracic cord lesion 6/28 (21.4) 4/23 (17.4) 0.7178
Lumbosacral cord lesion 0/28 (0.0) 0/24 (0.0) NA
Electrophysiological findings
MEP central abnormalities 11/30 (36.7) 10/25 (40.0) 0.8000
MEP peripheral abnormalities  3/30 (10.0) 3/25 (12.0) 0.8127
SEP central abnormalities 12/30 (40.0) 5/25 (20.0) 0.1100
SEP peripheral abnormalities 1/30 (3.3) 2/25 (8.0) 0.4479
NCS abnormalities 8/23 (34.8) 4/22 (18.2) 0.2081
Treatment
mPSL pulse therapy 18/29 (62.1) 15/23 (65.2) 0.8149
Effective 15/18 (83.3) 11/15 (73.3) 0.4841
PE 13/29 (44.8) 9/23 (39.1) 0.6796
Effective 10/13 (76.9) 8/9 (88.9) 0.4743
IVIG 6/29 (20.7) 5/23 (21.7) 0.9267
Effective 1/6 (16.7) 3/5 (60.0) 0.1368

Abbreviations: AM = atopic myelitis; CSF = cerebrospinal fluid; EDSS = Expanded
Disability Status Scale of Kurtzke; FS = functional system; HCs = healthy controls;
HLA = human leukocyte antigen; IgE = immunoglobulin E; IgG = immunoglobulin
G; IL-9 = interleukin-9; IVIG = intravenous immunoglobulin therapy; MRI = magnetic
resonance imaging; MEP = motor evoked potential; mPSL = methylprednisolone;
MSSS = Multiple Sclerosis Severity Score; NCS = nerve conduction study; NA = not
applicable; OCB = oligoclonal bands; PE = plasma exchange; SEP = somatosensory
evoked potential.

2 Percentages are shown in parentheses.

® Upper normal limits: 240 U/mL for serum IgE; 500/mL for blood eosinophil count;
14.0 pg/mL for IL-9 in CSF; 2.2 pg/mL for CCL11/eotaxin in CSF.

Our results indicate that this allele is a genetic risk factor for AM, partic-
ularly in Japan, although its presence does not affect the phenotype.
Our study is, inevitably, limited in two ways. First, the numbers of
enrolled AM patients were not large owing to the rarity of the disease.
Second, this was a single-center study, thus limiting the extrapolation
of our results. However, this is the first HLA association study of
well-characterized cases to be undertaken. In addition, the association
of HLA-DPB1*0201 with AM remained statistically significant after the
appropriate corrections for multiple comparisons were made. We
hope this will provide a basis for future studies and that this asso-
ciation will be confirmed in a larger scale study in which we can

investigate cohorts from multiple-centers including different geo-
graphic areas within Japan, or even internationally.

In Japan, susceptibility to conventional MS is associated with the
HILA-DRB1*1501 allele, as seen in Caucasian patients with MS (Kira et al,
1996). By contrast, neuromyelitis optica and anti-aquaporin 4 antibody-
positive opticospinal MS are associated with the HLA-DPB1*0501 allele
(Matsushita et al.,, 2009). Furthermore, the HLA-DRB1*0901 allele con-
fers marked resistance to MS in the Japanese (Matsushita et al,, 2009)
and Chinese (Qiu et al, 2010), while such an association was not
found in AM patients. Therefore, AM is considered to have a distinct ge-
netic background from either MS or neuromyelitis optica, suggesting
different mechanisms underlying their pathogenesis or the involve-
ment of auto-antigens in AM, despite the fact that all these diseases in-
volve spinal cord lesions.

The HLA-DPB1*0201 allele has been shown to be associated with
chronic beryllium disease (Dai et al., 2010), childhood-onset type 1 dia-
betes in Japan (Nishimaki et al., 2000), a certain type of rheumatoid ar-
thritis (Carthy et al., 1995), and childhood common acute lymphoblastic
leukemia (Taylor et al, 2002). In beryllium disease, an inflammatory
CD4™" T cell-mediated lung disease induced by hypersensitivity to beryl-
lium, the way in which HLA-DP molecules present beryllium to T cells
has been demonstrated by crystal structure analysis of the HLA-DP mol-
ecule (Dai et al.,, 2010). Although the molecular mechanisms by which
the HLA-DPB1*0201 allele confers susceptibility to AM remain unclear,
environmental allergens, including Dermatophagoides pteronyssinus
and Dermatophagoides farinae, may bind to an HLA-DPB1*0201 molecule
within a specific peptide-binding groove on dendritic cells, and the re-
sultant complex may induce type 2 T helper cells to secrete soluble me-
diators, such as IL-4, IL-5, IL-9, IL-13, and CCL11/eotaxin, which drive
allergic inflammation. In addition, some cross-reactivity between envi-
ronmental allergens and CNS antigens may lead to spinal cord inflam-
mation. Additional analysis is required to investigate these possibilities.
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We aimed to clarify the disability progression and platelet aggregative function in atopic myelitis (AM). Sev-
enteen AM patients and 35 healthy controls were subjected to clinico-allergological evaluations and glyco-
protein [Ib/llla (GP Ilb/llla) measurements using a VerifyNow assay system. In AM patients, the disease
duration had significant positive correlations with the Kurtzke Expanded Disability Status Scale scores and
Sensory Functional Scale scores. The GP lIb/lla values were significantly higher in AM patients than in con-
trols as well as in females compared with males. AM is essentially a progressive disease affecting the sensory
system, and involves an increased platelet aggregative function.
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1. Introduction

We first reported the emergence of myelitis in patients with atopic
disorders, and named it atopic myelitis (AM) (Kira et al., 1997, 1998,
1999, 2001). Repeated nationwide surveys of this condition have
revealed a widespread occurrence of AM in Japan (Osoegawa et al.,
2003a; Isobe et al., 2009). Similar cases have recently been reported in
Europe (Zoli et al, 2005; Constantinescu et al, 2006), including a
biopsy-proven case showing marked eosinophil infiltration (Gregoire
et al.,, 2006), as well as in East Asia, including a relatively large series
from Korea (Yoon et al.,, 2009). In AM patients, we found that CCL2, a
chemokine for eosinophils, and interleukin-9, a T helper 9 cytokine,
were both markedly upregulated in the cerebrospinal fluid, and that
the levels of these molecules showed strong positive correlations with
the disease severity (Tanaka et al., 2008), collectively suggesting that
atopy-related inflammation is operative. A histological study of biopsied
spinal cord specimens revealed eosinophilic inflammation and simulta-
neous loss of both axons and myelin (Kikuchi et al., 2001; Osoegawa
et al,, 2003b). The condition showed a poor response to corticosteroids
but responded to plasma exchanges (Murai et al., 2004). However, the
disability progression over the clinical course is still ill-defined.
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A recent nationwide survey investigating both AM and atopy-
related peripheral neuritis (APN), such as Churg-Strauss syndrome
(CSS), revealed a considerable overlap between AM and APN (Isobe
et al., 2009). In CSS, ischemia of peripheral nerves caused by inflam-
mation is supposed to be the dominant mechanism for neural dam-
age, and even the optic nerve is affected by the ischemic process in
this condition (Liou et al., 1994; Giorgi et al., 1997). Atopic disorders
have been reported to be associated with cardiovascular diseases
(Brunekreef et al., 2000), and platelet activation in allergy is assumed
to play a significant role in these situations (Masini et al,, 1994).
Platelet aggregation is mediated by interactions of fibrinogen with
glycoprotein receptors on platelets, such as glycoprotein Ilb/Illa (GP
IIb/llla) («allbP3 integrin), which is the central receptor for platelet
aggregation (Kasperska-Zajac and Rogala, 2007; Pitchford, 2007).
Therefore, in the present study, we aimed first to clarify the relation-
ship between the disease duration and disability progression in AM,
and second to reveal any platelet aggregative function abnormalities
by measuring the GP IIb/Illa contents.

2. Subjects and methods
2.1. Subjects and clinico-allergological evaluation
AM was defined as myelitis of unknown cause with either

(1) hyperlgEemia (>240 U/ml) and antigen-specific IgE positivity or
(2) coexistent or past atopic diseases following the diagnostic criteria,
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excluding other diseases (Osoegawa et al.,, 2003a). Bronchial asthma,
atopic dermatitis, allergic rhinitis, food allergy and allergic conjunc-
tivitis were regarded as atopic diseases in the present study. The
existence of myelitis was confirmed by spinal cord MRI, motor-
evoked potentials, somatosensory-evoked potentials or neurological
findings of either exaggerated deep tendon reflexes or sensory levels.
Detailed clinical information on individual patients, including symp-
tomatology, disability scores including the Kurtzke Expanded Disabil-
ity Status Scale (EDSS) score (Kurtzke, 1983), Pyramidal Functional
Scale (FS) score (Kurtzke, 1983) and Sensory FS score (Kurtzke,
1983), Progression Index (Sanders et al., 1986; Chapman et al,
2001), and allergological, neuroimaging and electrophysiological
data, were retrospectively evaluated. All 17 AM patients who visited
the Department of Neurology, Kyushu University Hospital, from 1
March 2010 to 31 May 2011 were enrolled in the present study,
with no medications within 1 week prior to measurement. The AM
patients comprised 6 males and 11 females, with a mean (4 SD) age
at examination of 43.44 13.2 years, mean age at onset of 36.3+
12.2 years and disease duration of 7.0+ 5.0 years. In addition, 35
healthy controls with no medication were evaluated in this study.
The control subjects comprised 16 males and 19 females, with a
mean age at examination of 31.644.8 years. The sex ratios did not
differ significantly between the two groups, while the age at
examination was significantly higher in the AM patients than in the
controls (p<0.01). All the AM patients and controls were subjected
to a questionnaire survey for past and present history of the above-
mentioned atopic diseases, and underwent routine laboratory tests
including blood cell counts (white blood cells, platelets, eosinophils,
neutrophils and lymphocytes), hemoglobin, total IgE and common
allergen-specific IgE for Dermatophagoides pteronyssinus (Dp) and
Dermatophagoides farinae (Df). Dp was measured in all 17 AM pa-
tients, while Df was examined in 16 AM patients. This study was ap-
proved by the ethical committee of Kyushu University Hospital.
Written informed consent was obtained from all subjects.

2.2. Measurement of GP IIb/llla

GP 1Ib/Illa was assayed as an index of platelet aggregative function
using a VerifyNow GP IIb/Illa assay system (Accumetrics, San Diego,
CA; Van Werkum et al., 2008). This spectrophotometric assay system
is comparable to other well-established methods for platelet aggrega-
tion and produces rapid results with small amounts of whole blood
(Matzdorff et al., 2001; Wheeler et al., 2002; White et al.,, 2004).
Fresh venous blood was drawn from the patients and healthy con-
trols, who had received no medications affecting platelet aggregation
at least for 1 week prior to the blood drawing, and immediately sub-
jected to the assay according to the manufacturer's recommendations
(Accumetrics; Michelson, 2009). The results were expressed as plate-
let aggregation units (PAU).

2.3. Statistical analysis

First, we examined whether all of the clinical and laboratory data
showed normal distributions. Student's t-test and Welch's test were
used to evaluate the significance of differences between the laborato-
ry and demographic features between the AM patients and controls.
When comparing the frequencies of atopic disorders between the
AM patients and controls, Fisher's exact probability test was used.
Since the GP IIb/llla values showed a normal distribution in the sub-
jects, a two-way ANOVA was used to compare the GP 1Ib/llla values
by sex and disease. Pearson's r correlation test was used to measure
the degrees of the relationships between the GP IIb/llla values and
clinical and laboratory parameters. The level of statistical significance
was set at p<0.05. All analyses were performed using SPSS software
(SPSS Inc., Chicago, IL).

3. Results
3.1. Demographic features of the AM patients

The AM patients showed EDSS scores of 3.2+ 1.8 (mean - SD),
Pyramidal FS scores of 2.24-1.3, Sensory FS scores of 1.9+ 1.5 and
Progression Indexes of 1.3 4-1.7. The disease duration showed signif-
icant positive correlations with the EDSS scores (r=0.61, p<0.01)
and Sensory FS scores (r=0.64, p<0.01), but not the Pyramidal FS
scores (Fig. 1A, B). There were no sex differences in any of the clinical
parameters (data not shown).

3.2. Comparisons of hematological and allergological findings between
the AM patients and healthy controls

Compared with the controls, the AM patients had significantly
higher frequencies of bronchial asthma (p<0.001), allergic rhinitis
(p<0.05), food allergy (p<0.05) and allergic conjunctivitis (p<0.05)
(Table 1). The IgE levels and neutrophil counts were significantly
higher in the AM patients than in the controls (p<0.05 for both).
The allergen-specific IgE levels did not differ significantly between
the AM patients and controls in the present study, including those
against Dp and Df, which probably reflects the small sample size.
There were no other significant differences in the routine hematolog-
ical tests between the two groups. The hemoglobin levels were
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Fig. 1. (A) Correlation between the disease duration and the EDSS scores in the AM pa-
tients. (B) Correlation between the disease duration and the Sensory FS scores in the
AM patients. (C) Two-way ANOVA of the GP lIb/llla values by sex and disease. The
GP IIb/llla levels are significantly higher in females than in males and in the AM pa-
tients compared with the controls. AM: atopic myelitis; EDSS: Expanded Disability Sta-
tus Scale of Kurtzke’s score; FS: Functional Scale; GP IIb/Illa: glycoprotein lib/llla.
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Table 1
Comparisons of the hematological and allergological findings between the AM patients and healthy controls.
AM patients Healthy controls p value?
(n=17) (n=35)
Bronchial asthma 7 (41.2%) 1(2.9%) <0.001
Atopic dermatitis 5 (29.4%) 5 (14.3%) NS
Allergic rhinitis 10 (58.8%) 8 (22.9%) <0.05
Food allergy 6 (35.3%) 3 (8.6%) <0.05
Allergic conjunctivitis 5(29.4%) 2(5.7%) <0.05
‘White blood cells (/ul) 7174.7 422121 6122.9+967.7 NS
Neutrophils (/) 4570.7 +:1881.7 3417.54+8194 <0.05
Lymphocytes (/ul) 2010247471 20883 +358.4 NS
Eosinophils (/ul) 235.0::173.6 156.7 +£129.8 NS
Platelets (x10,000/ul) 248453 233464 NS
Hemoglobin (g/dl) 13.0+£15 13.9+15 NS
Total IgE (IU/ml) 996.5:1619.2 143.24-188.0 <0.05
Allergen specific IgE to Dermatophagoides pteronyssinus (UA/ml) 2464370 944154 NS
Allergen specific IgE to Dermatophagoides farinae (UA/ml) 23.6::346 814133 NS

Data are shown as means - SD.
AM: atopic myelitis; NS: not significant.

significantly higher in males than in females (1494 1.1 vs. 12.7+
1.1 g/dl, p<0.01 for all subjects).

3.3. GP lib/llla values and their relationships with clinical parameters

The GP llb/llla values tended to be higher in the AM patients
(mean+SD: 224.84-44.1) than in the healthy controls (201.9+
29.5) as a whole group (p=20.06). Considering the sex differences
as a secondary factor affecting the GP IIb/Illa differences between
the two groups, we performed a two-way ANOVA for further analysis
(Fig. 1 C). The two-way ANOVA of the GP IIb/llla values by sex and
disease revealed significant main effects for sex (F[1,51]=22.56,
p<0.01) and disease (F[1,51]=4.69, p<0.05). There was no sex-by-
disease interaction. Thus, the GP IIb/llla values were significantly
higher in females than in males in both the AM patients and controls,
and were also significantly greater in the AM patients than in the
controls.

3.4. Correlations between the GP IIb/Illa values and clinical parameters

In the AM patients, the GP llb/Illa values showed a significant pos-
itive correlation with the platelet counts (r=0.57, p<0.05) (Fig. 2A).
In contrast, there was no correlation between the GP Ilb/Illa values
and the platelet counts in the controls (Fig. 2A). In the AM patients,
there was a significant positive correlation between the platelet
counts and eosinophil counts (r=0.49, p<0.05). In contrast, the
platelet counts in the controls had a negative correlation with the
eosinophil counts (r=—0.52, p<0.01) (Fig. 2B). In addition, the
platelet counts showed significant positive correlations with both
the Dp (r=0.58, p<0.05) and Df (r=0.61, p<0.05) levels (Fig. 2 C).
Meanwhile, the GP 1Ib/Illa values had a tendency to show a mild neg-
ative correlation with the hemoglobin concentrations (r= —0.48,
p=0.05) in the AM patients, while there was a significant negative
correlation between the GP Ilb/llla values and the hemoglobin con-
centrations in the controls (r= —0.64, p<0.01) (Fig. 2D). No correla~
tions of the GP Ilb/llla values were found with the other clinical and
laboratory parameters, including age at onset, age at examination,
EDSS scores, Pyramidal FS scores, Sensory FS scores, disease duration,
Progression Indexes, white blood cell counts, eosinophil counts, neu-
trophil counts, and total and allergen-specific IgE levels.

4. Discussion
The main new findings of the present study are as follows: (1) in

AM patients, the disease duration had significant positive correlations
with the EDSS scores and Sensory FS scores, but not the Pyramidal FS

scores; (2) the GP IIb/llla values were significantly higher in the AM
patients than in the controls, as well as in females compared with
males; (3) the GP IIb/Illa levels showed a significant positive correla-
tion with the platelet counts in the AM patients, but not in the
controls; and (4) the platelet counts in the AM patients showed sig-
nificant positive correlations with the eosinophil counts and mite
antigen-specific IgE levels.

AM patients predominantly present a fluctuating course of pares-
thesia/dysesthesia in the distal parts of all four limbs (Osoegawa et al.,
2003a; Isobe et al., 2009). The present study has revealed for the first
time a positive correlation of the disease duration with the EDSS
scores in AM patients, suggesting that AM is essentially a progressive
disease in most patients, although superimposed fluctuations of the
symptoms may occur (Osoegawa et al, 2003a; Isobe et al., 2009).
The disease preferentially affects the posterior column of the spinal
cord radiologically as well as pathologically, which is in accord with
the positive correlation of the disease duration with the Sensory FS
scores but not the Pyramidal FS scores. Thus, the disability of AM pa-
tients over the clinical course is considered to be determined by the
posterior column sensory impairment.

The GP IIb/llla values had a significant negative correlation with
the hemoglobin levels in the controls and showed a tendency toward
a negative correlation with the hemoglobin levels in the AM patients.
This may be explained by the methodological reason that the Verify-
Now system is a kind of turbidity assay, which leads us to a cautious
interpretation of the results. The lower GP lIb/llla levels in males com-
pared with females may partly reflect the higher hemoglobin levels in
males than in females, because higher hemoglobin amounts reduce
the absorbance, thereby lowering the GP IIb/llla levels in the present
assay. However, Faraday et al. (1997) reported that a higher propor-
tion of GP IIb/Illa was activated in females compared with males, sug-
gesting that the elevated GP lIb/Illa levels in females may represent a
physiological sex difference in platelet activity. In the present study,
however, the hemoglobin levels did not differ significantly between
the AM patients and controls. Furthermore, although the age at exam-
ination was higher in the AM patients than in the controls, the GP lIb/
Illa values had no correlation with the age at examination. Thus, the
elevated GP lIb/Illa levels in the AM patients are supposed to be real
rather than artifacts.

Activated GP Ilb/llla binds to fibrinogen or von Willebrand factor,
thereby forming molecular bridges between aggregating platelets,
and an increased amount of GP IlIb/Illa is associated with a higher
platelet aggregation function (Yakushkin et al,, 2011). Therefore, the
increased GP lIb/llla amounts in the AM patients suggest a possible
exaggerated reactivity of platelets in this condition in vivo. Atopy-
related neural disorders, in which microcirculatory disturbance is
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Fig. 2. (A) Correlation between the GP IIb/llla values and the platelet counts in the AM patients and controls. (B) Correlation between the eosinophil counts and the platelet counts
in the AM patients and controls. (C) Correlation between the Dp- and Df-specific IgE levels and the platelet counts. (D) Correlation between the GP IIb/Illa values and the hemo-
globin concentrations in the AM patients and controls. GP IIb/Illa: glycoprotein I1b/llla; AM: atopic myelitis; Df: Dermatophagoides farinae; Dp: Dermatophagoides pteronyssinus.

assumed, are not only limited to CSS, but may also exist in several
other neurological conditions associated with atopic diathesis, such
as juvenile muscular atrophy of the distal upper limb (Hiramaya dis-
ease) (Hirayama et al., 1959) and Hopkins syndrome (Hopkins,
1974). We (Kira and Ochi, 2001) and others (Ito et al., 2005) reported
an association of atopic diathesis with Hirayama disease, in which
shrinkage and necrosis of the anterior horns of the cervical spinal
cord were noted at autopsy (Hirayama et al,, 1987). Another rare
disease is an acute poliomyelitis-like illness known as Hopkins
syndrome (asthmatic amyotrophy). The disease presents as sudden
onset of flaccid paralysis following asthma attacks in children (Ito
et al., 2005), and responds poorly to corticosteroids in most cases
(Shahar et al,, 1991). We also reported cases of AM showing focal
amyotrophy and anterior horn cell involvement (Tokunaga et al.,
2004; Kira et al., 2008), suggesting possible links of AM with Hopkins

syndrome and Hirayama disease (Kira et al., 2008). In Hirayama
disease, repeated microcirculatory disturbances are assumed to
cause anterior horn cell necrosis, which is vulnerable to ischemia
(Hirayama, 2000).

It has been shown that intravascular platelet activation is neces-
sary for the development of chronic airway inflammation (Kowal
et al.,, 2006; Pitchford and Page, 2006). In the acute phase of asthma
attacks, not only eosinophils but also platelet activation markers,
such as B-thromboglobulin, platelet factor-4 and soluble P-selectin,
are elevated during allergen challenge with Dp (Kowal et al., 2006).
It was reported that eosinophils from allergic patients showed en-
hanced interactions with platelets, and that P-selection on platelets
bound to eosinophils reinforced the tethering of these cells to endo-
thelia, thereby potentiating the migration of eosinophils into the pa-
renchyma (Ulfman et al., 2003). The significant positive correlations
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of the platelet counts with the eosinophil counts and Dp- and Df-
specific IgE levels in AM patients may suggest a possible positive
interaction of these factors. It is possible that elevated mite antigen-
specific IgE may potentiate the migration of increased numbers of eo-
sinophils into the inflamed spinal cord through eosinophil/platelet in-
teractions, thereby contributing to the tissue damage in AM patients.

In the present study, we have revealed that AM is a progressive
disease and that the platelet aggregative function is increased in
AM. Thus, long-term use of an anti-platelet agent may be worth try-
ing to prevent disease progression in this condition.
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Objective: To establish the first evidence-based diagnostic criteria for atopic myelitis (AM) enabling it to be
discriminated from myelitis-onset multiple sclerosis (MS), which is a difficult differential diagnosis.
Methods: Sixty-nine consecutive AM patients examined from 1996 to 2010 at Kyushu University hospital,
who fulfilled the empirical definition of AM (2003), and 51 myelitis-onset MS patients in whom allergen-
specific IgE was measured, were enrolled. The first available brain MRI findings were compared between
the two. Then, we compared the clinical and laboratory features between the 16 AM cases who did not
meet the Barkhof brain MRI criteria for MS after more than 5 years follow-up and 51 myelitis-onset MS
cases. Based on the discriminative findings, we established diagnostic criteria for AM and calculated the sen-
Multiple sclerosis sitivity and specificity.

Allergen-specific IgE Results: AM patients had a significantly lower frequency of Barkhof brain lesions on baseline MRI than
IL9 myelitis-onset MS patients. AM patients had a significantly higher frequency of present and/or past history
CCL11/eotaxin of atopic disease and hyperlgEemia, and higher cerebrospinal fluid levels of interleukin 9 and CCL11/eotaxin,
but a lower frequency of oligoclonal IgG bands than myelitis-onset MS patients. Our proposed diagnostic cri-
teria for AM demonstrated 93.3% sensitivity and 93.3% specificity for AM against myelitis-onset MS, with
82.4% positive predictive value and 97.7% negative predictive value.

Conclusion: Our first evidence-based criteria for AM show high sensitivity and specificity, and would be useful

Keywords:
Atopic myelitis
Diagnostic criteria

clinically.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Atopic myelitis (AM) is related to atopic diathesis, mainly atopic
disorders such as atopic dermatitis, atopic rhinitis, and bronchial
asthma [1]. Since we reported the first cases in 1996 [1], similar clin-
ical and even pathologically confirmed cases [2,3] have been reported
from other facilities, mainly in Japan with some from Korea and
European countries, and its demographic features have gradually
been clarified. Repeated nationwide surveys of AM in Japan have
revealed that patients with AM most commonly show cervical cord
involvement, mainly in the posterior column, preferentially demon-
strating sensory impairment in the four limbs, while motor weakness
and muscle atrophy were more frequently seen in those with bron-
chial asthma than in those with other atopic disorders [4,5]. Such fea-
tures were similar to those reported in 14 AM patients from Korea [6],
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although a few differences were noted, such as lower prevalence of a
history of atopic diseases, thoracic cord preference, and higher fre-
quencies of gadolinium-enhanced lesions compared with nationwide
surveys in Japan. In addition, the nationwide surveys investigating
AM and atopy-related peripheral neuritis, such as Churg-Strauss syn-
drome, have revealed that the clinical or laboratory data from approx-
imately a quarter of AM patients indicated the  simultaneous
involvement of the peripheral nerves, which thus suggests an overlap
with Churg-Strauss syndrome [5]. Moreover, we recently reported
the distinct immunological features of AM by cytokine assays of
cerebrospinal fluid (CSF): CCL11/eotaxin and interleukin 9 (IL9)
were specifically increased in AM patients, but not in patients with
other causes of myelitis, including multiple sclerosis (MS), Sjogren
syndrome, and HTLV-1-associated myelopathy [7]. Moreover, the in-
crease in IL9 and CCL11/eotaxin showed a significant correlation
with disease severity [7]. Collectively, these findings suggest that
AM has a mechanism fundamentally distinct from that of MS.

We used the empirical definitions of AM in the first and second
nationwide surveys in Japan [4,5]; the first survey defined AM as
myelitis of unknown cause with either (1) hyperlgEemia plus mite



