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ABSTRACT

We aimed to clarify the disability progression and platelet aggregative function in atopic
myelitis (AM). Seventeen AM patients and 35 healthy controls were subjected to
clinico-allergological evaluations and GP IIb/Illa 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 IIb/I1a values were significantly higher in AM patients than in controls 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; Kira et al., 1998; Kira et al., 1999; Kira et
al., 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 2
(Th2) 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
simultaneous 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.

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
inflammation is supposed to be the dominant mechanism for neural damage, 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
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role in these situations (Masini et al., 1994). Platelet aggregation is mediated by interactions
of fibrinogen with glycoprotein receptors on platelets, such as GP IIb/Illa (allbB3 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 relationship
between the disease duration and disability progression in AM, and second to reveal any

platelet aggregative function abnormalities by measuring the GP IIb/IIla contents.

2. Subjects and methods
2.1. Subjects and clinico-allergological evaluation

AM was defined as myelitis of unknown cause with either (1) hyperIgEemia (>240
U/ml) and antigen-specific IgE positivity or (2) coexistent or past atopic diseases following
the diagnostic criteria, excluding other diseases (Osoegawa et al., 2003a). Bronchial asthma,
atopic dermatitis, allergic rhinitis, food allergy and allergic conjunctivitis 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 symptomatology, disability scores including the Kurtzke
Expanded Disability Status Scale (EDSS) score (Kurztke, 1983), Pyramidal Functional Scale
(FS) score (Kurztke, 1983) and Sensory FS score (Kurztke, 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. These AM patients comprised 6 males and 11 females,

with a mean (+ SD) age at examination of 43.4+13.2 years, mean age at onset of 36.3+£12.2
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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 31.6+4.8 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. This study was approved by the ethical committee of Kyushu

University Hospital. Written informed consent was obtained from all subjects.

2.2. Measurement of GP IIb/Illa

GP IIb/IIla was assayed as an index of platelet aggregative function using a
VerifyNow GP IIb/I11a assay system (Accumetrics, San Diego, CA; Van Werkum et al.,
2008). This spectrophotometric assay system is comparable to other well-established
methods for platelet aggregation 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 controls, who had received no medications
affecting platelet aggregation at least for 1 week prior to the blood drawing, and immediately
subjected to the assay according to the manufacturer’s recommendations (Accumetrics;

Michelson, 2009). The results were expressed as platelet aggregation units (PAU).

2.3. Statistical analysis

First, we examined whether all of the clinical and laboratory data showed normal
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distributions. Student’s #-test and Welch’s test were used to compare the significance of
differences between the laboratory 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/Illa values showed a
normal distribution in the subjects, a two-way ANOVA was used to compare the GP IIb/I1la
values by sex and disease. Pearson’s r correlation test was used to measure the degrees of the
relationships between the GP IIb/I1la 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 2.2+1.3, Sensory FS scores of 1.9+1.5 and Progression Indexes of 1.3+1.7. The
disease duration showed significant 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
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levels did not differ significantly between the AM patients and controls in the present study,
including those against Dermatophagoides pteronyssinus and Dermatophagoides farina,
probably reflecting the small simple size. There were no other significant differences in the
routine hematological tests between the two groups. The hemoglobin levels were
significantly higher in males than in females (14.9+1.1 vs. 12.7£1.1 g/dl, p<0.01 for all

subjects).

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

The GP IIb/I11a values tended to be higher in the AM patients (mean + SD:
224.8444.1) than in the healthy controls (201.9+£29.5) as a whole group (p=0.06).
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. 1C).
The two-way ANOVA of the GP IIb/Illa 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/Illa 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 IIb/I11a values showed a significant positive correlation
with the platelet counts (r=0.57, p<0.05) (Fig. 1D). In contrast, there was no correlation
between the GP IIb/Illa values and the platelet counts in the controls. In addition, the GP
IIb/I1a values had a tendency to show a mild negative correlation with the hemoglobin

concentrations (r=-0.48, p=0.05) in the AM patients, while there was a significant negative
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correlation between the GP IIb/Il1a values and the hemoglobin concentrations in the controls
(r=-0.64, p<0.01) (Fig. 1E). No correlations of the GP IIb/Illa 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, neutrophil 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/Illa values were significantly higher
in the AM patients than in the controls, as well as in females compared with males; and (3)
the GP IIb/Il1a levels showed a significant positive correlation with the platelet counts in the
AM patients but not in the controls.

AM patients predominantly present a fluctuating course of paresthesia/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 patients over the clinical course is considered to be

determined by the posterior column sensory impairment.
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The GP IIb/I11a 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 VerifyNow system is a kind of turbidity assay, which leads us to a cautious
interpretation of the results. The lower GP IIb/Illa levels in males compared with females
may partly reflect the higher hemoglobin levels in males than in females, because higher
hemoglobin amounts reduce the absorbance, thereby lowering the GPIIb/I1la levels in the
present assay. However, Faraday et al. (1997) reported that a higher proportion of GP IIb/Illa
was activated in females compared with males, suggesting that the elevated GP 11b/Il1a
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 examination was higher in the AM
patients than in the controls, the GP IIb/Illa values had no correlation with the age at
examination. Thus, the elevated GP IIb/I1la levels in the AM patients are supposed to be real
rather than artifacts.

Activated GP IIb/I1la binds to fibrinogen or von Willebrand factor, thereby forming
molecular bridges between aggregating platelets, and an increased amount of GP IIb/I11a is
associated with a higher platelet aggregation function (Yakushkin et al., 2011). Therefore,
the increased GP IIb/Illa 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 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 disease) (Hirayama et al., 1959) and

Hopkins syndrome (Hopkins, 1974). We (Kira and Ochi, 2001) and others (Ito et al., 2005)



Gulibahaer Ainiding-10

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). Platelet activation is well
known to occur in allergic inflammation, which could also be one of the mechanisms for the
neural damage in AM and other atopy-related neural damage.

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 trying to prevent disease progression in this condition.
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Table 1
Comparisons of the hematological and allergological findings between patients with atopic

myelitis 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%) <005
White blood cells (/ul)  7174.7 +2212.1 6122.9 +£967.7 NS
Neutrophils (/ul) 4570.7 = 1881.7 3417.5 £819.4 <0.05
Lymphocytes (/ul) 2010.2 +£747.1 2088.3 £ 358.4 NS
Eosinophils (/ul) 235.0+173.6 156.7 £ 129.8 NS
Platelets (x10000/ul)  24.8 £5.3 23.3+6.4 NS
Hemoglobin (g/dl) 13.0+ 1.5 139+ 1.5 NS
Total IgE (IU/ml) 996.5 £ 1619.2 143.2 +£188.0 <0.05
Allergen specific IgE
to Dermatophagoides  24.6 £37.0 94+154 NS
pteronyssinus (UA/ml)
Allergen specific IgE
to Dermatophagoides  23.6 £ 34.6 8.1+133 NS

farina (UA/ml)
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Data are shown as means + SD.

AM: atopic myelitis. NS: not significant.
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Figure legend

Fig. 1. (A) Correlation between the disease duration and the EDSS scores in the AM patients.
(B) Correlation between the disease duration and the Sensory FS scores in the AM patients.
(C) Two-way ANOVA of the GP IIb/IIla values by sex and disease. The GP IIb/Illa levels are
significantly higher in females than in males and in the AM patients compared with the
controls. (D) Correlation between the GP IIb/I1la values and the platelet counts in the AM
patients and controls. (E) Correlation between the GP I1b/Illa values and the hemoglobin

concentrations in the AM patients and controls. AM: atopic myelitis.
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