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Neural damage associated with

atopic diathesis

A nationwide survey in Japan

ABSTRACT

Background: We previously reported the occurrence of myelitis in patients with atopic disorders
(atopic myelitis [AM]). To uncover the spectrum of neural damage associated with atopy, we con-
ducted a cross-sectional nationwide survey of AM and atopy-related peripheral neuritis {APN),
including Churg-Strauss syndrome (CSS), in individuals with atopic diathesis.

Method: Cases with AM diagnosed between 1996 and 2006 and cases with APN between 2000
and 2006 were collected from all over Japan. Detailed data on 109 patients with AM and 133
patients with APN were collated.

Results: Patients with APN showed a preponderance of women, higher age at onset, and greater
eosinophil counts than patients with AM. Patients with AM most commonly showed cervical cord
involvement, whereas patients with APN preferentially exhibited mononeuritis multiplex predom-
inantly affecting the lower limbs. Among patients with AM, motor weakness and muscle atrophy
were significantly more frequent in those with bronchial asthma than in those with other atopic
disorders. Patients with APN who met the criteria for CSS showed a higher age at onset, higher
frequencies of systemic organ involvement, and greater disability than those who did not. Abnor-
malities suggesting peripheral nervous system involvement were seen in 25.7% of patients with
AM, whereas 18.8% of patients with APN had abnormalities indicating CNS involvement. Multi-
ple logistic regression analyses revealed that atopic dermatitis increased the risk of myelitis,
whereas high age at onset and bronchial asthma decreased that risk.

Concdlusions: Atopy-related neural inflammation multifocally affects CNS and peripheral nervous
system tissues. Both preceding atopic disorders and age seem to influence the distribution of
neural damage. Neurology® 2009;73:790-797

GLOSSARY

AM = atopic myelitis; ANCA = antineutrophil cytoplasmic antibody; APN = atopy-related peripheral neuritis; BAEP = brain-
stem auditory-evoked potential; Cl = confidence interval; €8S = Churg-Strauss syndrome; EDSS = Expanded Disability
Status Scale of Kurtzke; EP = evoked potential; IgE = immunogiobulin E; IgG = immunoglobulin G; MEP = motor-evoked
potential; mRS = modified Rankin Scale; NCS = nerve conduction study; NS = not significant; OCB = oligoclonal immuno-
globulin G bands; OR = odds ratio; p*™ = corrected p value; PNS = peripheral nervous system; pt"=°"” = uncorrelated p
value; SEP = somatosensory-evoked potential; SNAP = sensory nerve action potential; Th2 = T helper 2; VEP = visual-
evoked potential.

Among atopy-related neurologic diseases, the best known condition is Churg-Strauss syn-
drome (CSS). CSS is characterized by clinical triads of preceding airway allergy, blood eosino-
philia, and systemic necrotizing vasculitis involving small arteries with or without granulomas.’
It frequently causes mononeuritis multiplex; however, the CNS has not been considered to be
involved. We first reported the emergence of myelitis in patients with atopic dermatitis and
other atopic disorders, and named it azopic myelitis (AM).>* A nationwide survey of this condi-
tion in 2000 disclosed a widespread occurrence of AM in Japan.® A histologic study of biopsied
spinal cord specimens revealed eosinophilic inflammation.” Similar cases have recently been
reported in Europe,® including a biopsy-proven case showing marked eosinophil infiltration.”
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We found that, in patients with AM, both
CCL2, a chemokine for eosinophils, and in-
terleukin 9, a T helper 2 (Th2) cytokine, were
markedly up-regulated in the CSF, and that
disease severity increased with the levels of
these molecules,'® which collectively suggest
that atopy-related inflammation is operative.

A fraction of patients with AM have sub-
clinical peripheral neuritis,!-!> whereas a few
patients with CSS show CNS vasculitis.'4
These observations led us consider the possi-
bility that patients with an atopic constitution
could multifocally develop inflammation in
both CNS and peripheral nervous system
(PNS) tissues. To clarify the whole spectrum
of neural inflammation associated with atopy
and determine what factors contribute to
CNS damage, we conducted the first nation-
wide survey simultaneously investigating both
AM and atopy-related peripheral neuritis
(APN).

METHODS Survey procedures. The study was approved
by the Kyushu University Ethics Committee. The survey was
undertaken in 2 steps. A preliminary survey was performed from
November 2006 to ascertain the approximate number of pa-
tients with AM or APN. A survey was then conducted between
December 2006 and November 2007, using a questionnaire for
each patient. All responses received were provided by neurolo-
gists at each facility based on the hospital discharge records of
patients and the medical records of outpatients. The first survey
form was mailed to 976 facilities in Japan that were educational
facilities accredited by the Japanese Society of Neurology, neu-
rology departments with 2 or more board-cerrified neurologists,
or those in the hospitals with more than 500 beds. AM was
defined as myelitis of unknown cause with either 1) hyperlgEemia
(>240 U/mL) and antigen-specific immunoglobulin E (IgE)
positivity or 2) coexistent or past atopic diseases following the
diagnostic criteria.’ excluding other diseases (table -1 on the
Neurology® Web site at www.neurology.org). APN was defined
as peripheral neuritis of unknown cause, including CSS, with an
atopic background, which matched the same inclusion criteria as
AM mentioned above. Bronchial asthma, atopic dermatitis, al-
lergic rhinitis, food allergy, and allergic conjunctivitis were re-
garded as atopic diseases in this study. We regarded patients who
met the following 3 criteria as having classic CSS: existence of
preceding bronchial asthma, >10% eosinophils in white blood
cell counts, and more than 1 systemic symptom of vasculitis.”®
The existence of myelitis was confirmed by spinal cord MR,
motor-evoked potentials (MEPs). somatosensory-evoked poten-
tials {SEPs), or neurologic findings of ecither exaggerated deep
tendon reflexes or sensory levels, whereas that of peripheral neu-
ritis was ascertained by nerve conduction study (NCS), MEPs,
or SEPs.

The questionnaire used in the preliminary survey requested
the number and sex of patients with AM and patients with APN
diagnosed between 1996 and 2006. The second questionnaire
was forwarded to the facilities reporting patients in the first sur-

vey, although the patients with APN surveyed were limited w0
those who were diagnosed between January 2000 and October
2006. Ir requested detailed clinical information on individual
patients, including sympromatology, retrospectively assessed dis-
ability score using the Expanded Disability Status Scale of
Kurizke (EDSS)* in patients with AM and the modified Rankin
Scale (mRS)* in patients with APN, and allergologic and elec-
trophysiologic data (rable e-1). Efficacy of treatment was also
evaluated by the neurologists in attendance, based on subjective
and objective clinical symptomatology.

Statistical analysis. Statistical analyses of numerical variables
were initially performed using the Kruskal-Wallis H test. When
a significant difference was found. the Mann-Whitney U test
was used to determine the significance of differences between
subgroups. Uncorrelated p values (p""™) were corrected by
multiplying them by the number of comparisons (Bonferroni—
Dunn correction) to calculate corrected p values (p*™). Differ-
ences in ratios among groups were tested for significance by the
X’ test or Fisher exact probability test. To clarify which back-
ground factors underlie the development of myelids, we con-
ducted multiple logistic regression analyses of patients with pure
AM and patients with pure APN. We performed a correlation
analysis of all candidate explanatory variables and then identified
those variables that could better predict the existence of myelitis
with manual stepwise methods, weighing the clinical importance
of each variable. The subgroups and variables of interest in the
statistical analyses are described in the supplementary materials
(rable e-1). All analyses were performed using JMP 6.0.3 (SAS
Institute, Cary, NC), except for the Fisher exact probability test,
which was performed using the R package (R version 2.5.1, The
R Foundation for Statistical Computing, Vienna, Austria).

RESULTS Response rates and numbers of collated
patients. In the preliminary survey, we received an-
swers from 45.9% of the facilities, and 169 facilities
had 1 or more patients with AM or APN. There were
186 cases of AM (96 men, 87 women, 3 unknown)
and 368 cases of APN (122 men, 211 women, 35
unknown). In the second survey, 46.2% of the 169
facilities reported 137 cases of AM and 172 cases of
APN. Among them, cases not fulfilling the inclusion
criteria and duplicated cases were omitted; the re-
maining 109 cases of AM and 133 cases of APN
from 76 facilities were analyzed. There was no signif-
icant difference in response rate according to the size
and location of the hospitals (data not shown).

Comparison of atopic myelitis and atopy-related pe-
ripheral neuritis. The proportion of men was higher
and the average age at onset was lower in patients
with AM compared with patients with APN (table
1). Numbers of peripheral blood eosinophils were
greater in patients with APN than in patients with
AM. Specific IgEs against Dermatophagoides pteronys-
sinus and Dermatophagoides farinae were detected
with higher frequencies in patients with AM than in
patients with APN, although no significant differ-
ence in total serum IgE levels was found. Patients
with AM showed significantly higher frequencies of
atopic dermatitis, allergic rhinitis, food allergy, and
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Table 1

atepy-related peripheral neuritis

Men:women {sex ratio)
Age atonset, y
Disease duration, y
Blood eosinophils, /uL*
Total serum IgE, U/mL*
Specific lgE to (%)

D pteronyssinus

D farinae

Cedar polien
Preceding atopic diseases (%)

Atopic dermatitis

Allergic rhinitis

Bronchial asthma

Food allergy

Allergic conjunctivitis
Mode of onset (%)

Sudden

Acute

Subacute

Chronic

Symptoms and signs during
iliness (%)

Dysesthesia
Hypesthesia
Motor weakness
Muscle atrophy
Hyporeflexia
Pyramidal tract sign*
Micturition disturbance
Spinal cord MR! lesion (%)
Brain MR lesion (%)
NCS abnormalities (%)
Needle EMG abnormalities (%)
Evoked potential (%)

MEP, central abnormalities

MEP, peripheral abnormalities

SEP, central abnormalities

SEP, peripheral abnormalities

VEP abnormalities
BAEP abnormalities

The presence of serum antineutrophil cytoplasmic autoantibody was assessed in 13 pa-

AM

(n=109)
62:47(1:0.76)
340+131

6.6 4.7

442.4 = 699.9
1,9429 +3,858.1

85/92(92.4)
81/95(85.3)
50/77{64.9)

48/105{45.7)
44/102 (43.1)
31/103(30.1)
15/94 (16.0)
8/93(8.6)

9/109(8.3)

34/109(31.2)
28/108(25.7)
37/109(33.9)

92/108(85.2)
77/105(73.3)
65/109 (59.6)
9/105(8.6)
5/108{4.6)
89/108(82.4)
26/103(25.2)
64/105 (61.0)
8/82(9.8)
21/85(24.7)
10/46(21.7)

28/55(50.9}
8/55{14.5)
26/70{37.1)
7/70(10.0)
5/23(21.7)
2/6{33.3)

tients with atopic myelitis (AM); all were negative.

*Mean + SD.

*Hyperreflexia was seen in 77.8% of patients with AM and 9.4% of patients with atopy-
related peripheral neuritis (APN) {p < 0.001), and pathologic reflexes were seen in 29.0%

APN
{n=133)

52:81 {1:1.56)
558+143
4547

78554 87441
1,7651 £ 2,735.6

11/23(47.8)
11/25(44.0)
17/29 {58.6)

8/111(7.2)
30/109 (27.5)
96/130{73.9)
6/102 (5.9)
0/103 (0.0}

8/131(6.1)

31/131{23.7)
54/131(41.2)
38/131(288)

112/127(88.2)
102/130(92.3)
101/125(80.8)
39/122(32.0}
75/128(58.6)
16/129(12.4)
11/122{8.0)
3/39(7.7}

7167 (10.4)
111/119(93.3)
22/38(57.9)

4/10(40.0)
6/10(60.0)
3/24 (12.5)
11/24 {45.8)
1/3(33.3)
0/3{0.0)

of patients with AM and 4.8% of patients with APN (p < 0.001).

IgE = immunoglobulin E; NS = not significant; D pteronyssinus = Dermatophagoides ptero-
nyssinus; D farinae = Dermatophagoides farinae; NCS = nerve conduction study; MEP =
motor-evoked potential; SEP = sensory-evoked potential; VEP = visual-evoked potential;

BAEP = brainstem auditory-evoked potential.
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Comparison of demographic features between atopic myelitis and

p Value
0.0086
<0.001
<0.001
<0.001
NS

<0.001
<0.001
NS

<0.001
0.018
<0.001
0.023
0.002

NS
NS
0.012
NS

NS

NS
<0.001
<0.001
<0.001
<0.001
0.001
<0.001
NS
<0.001
0.001

NS
0.001
0.03¢9
0.001
NS
NS

allergic conjunctivitis than patients with APN,
whereas the latter group showed a significantly
higher frequency of bronchial asthma than the
former. Both motor weakness and muscle atrophy
occurred more commonly in patients with APN than
in patients with AM throughout the clinical course.
Pyramidal tract signs and micturition disturbance
were found more commonly in patients with AM
than in patients with APN, whereas hyporeflexia was
more frequently detected in patients with APN than

in patients with AM.

On spinal cord MRI, intramedullary lesions were
detected more commonly in patients with AM than
in patients with APN. NCS abnormalities and ab-
normal records on needle EMG, suggestive of neuro-
genic changes, were found more frequently in
patients with APN than in patients with AM. Cen-
tral conduction abnormalities in MEPs, such as no
response recorded by scalp stimulation with normal
elicitation by cervical or lumbar stimulation or pro-
longed central motor conduction times, were seen in
half of the patients with AM and were also not rare in
the patients with APN tested (40.0%). Peripheral
nervé involvements in MEPs, such as unevoked or
delayed responses to cervical or lumbar stimulation,
were seen more frequently in patients with APN than
in patients with AM. Central conduction abnormali-
ties in SEPs, such as no potential recorded on the
scalp with normal responses at the cervical or lumbar
records or prolonged central sensory conduction
times, were more frequently found in patients with
AM than in patients with APN, whereas abnormali-
ties suggestive of peripheral nerve involvement, such
as unevoked potential or delayed responses in the
cervical or lumbar records, were more common in
patients with APN than in patients with AM. Over-
all, 25.7% of patients with AM (28/109) had at least
1 abnormality indicating peripheral nerve involve-
ment by NCS or evoked potentials (EPs), whereas
18.8% of patients with APN (25/133) had overt or
subclinical CNS involvement, as shown by the exis-
tence of pyramidal tract signs or abnormalities in lab-
oratory tests, such as MRI and EPs. When the survey
period was set to 2000-2006 for both AM and APN
cases, essentially the same results were obrained (data
not shown).

Differences in clinical features by preceding atopic dis-
orders in patients with atopic myelitis. Patients with
AM were classified according to preceding atopic dis-
orders into 3 groups: patients with preceding bron-
chial asthma, those with allergic rhinitis, and those
with nonairway allergies.*'#1? The last group in-
cluded those who had atopic dermatitis, food allergy,
or allergic conjunctivitis, or hyperlgEemia plus
allergen-specific IgE without overt atopic diseases.

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



Table 2 Clinical features of patients with atopic myelitis according to
preceding airway allergy

o

Pr ing atopic di

Bronchial asthma  Allergicrhinitis  Nonairway allergy

{n=231} {n=29) {n=49)
Men:women (sex ratio) 15:16 (1:1.07F 11:18{1:1.64F  36:13(1:0.3618
Age atonset, y 337155 358134 330111
Disease duration,y 55=x35 6.4 =33 75=59
Symptoms and signs during
illness (%6}
Dysesthesia 27/31(87.1) 24/29(82.8) 41/48(85.4)
Hypesthesia 22[28(75.9) 22[28(78.6) 33/48(68.8)
Motor weakness 23/31(74.2)* 20/29 (69.0) 22/49 (44.9)
Muscle atrophy 6/30(20.0) .2/29 (6.9} 1/47 (2.1)"
Hyporeflexia 2/31(6.5) 1/29(3.5) 2/48(4.2)
Pyramidal tract sign 26/31(83.9) 23/29(79.3) 40/48(83.3)
Hyperreflexia 24/31(77.4) 22[29(75.9) 38/48{79.2)
Pathologic reflex 10/31(32.3) 6/28(21.4) 15/48(31.3)
Micturition disturbance 8/29(27.6} 8/28(28.6) 10/46(21.7)
Lhermitte sign 4/30(13.3} 5/27{18.5) 10/45 (22.2)
Painful tonic spasm 0/301{0.0) 2f28(7.1) 1/46 (2.2}
Girdle sensation 3/30(10.0) 1/27{3.7) 6/46 (13.0)
Involuntary movement® 1/30(3.3) 3/27{11.1) 1/47(21)
EDSS at the peak of iliness* 3.6+26 31=x15 3419
EDSS at the last examination® 2418 2415 21=16
Clinical course {%%)
Monobhasic 10/28(35.7)" 10/27{37.0)! 27/41(65.9)%
Relapsing-remitting 3/28{10.7) 4/27(14.8) 8/41(19.5)
Fluctuating 8/28(28.6) 11/27{40.78  3/41(7.38
Progressive 8/28(28.6) 2{27{7.4) 4/41(9.8)

“‘Involuntary movement included myoclonus, pseudoathetosis, and tremor.
*Mean = SD.

#0.05 = p®@™ < 0.1 [bronchial asthma vs nonairway allergy).

§peor < 0.01 (allergic rhinitis vs nonairway allergy).

%0.01 = p©" < 0.05 {bronchial asthma vs nonairway allergy).

#0.05 = peo < 0.1 (allergic rhinitis vs nonairway allergy).

EDSS = Expanded Disability Status Scale of Kurtzke.

Comparison of the demographic features among
the 3 groups disclosed the following differences (ta-
bles 2 and e-2). The proportion of men was higher
among patients with nonairway allergy than among
those with allergic rhinitis (™ = 0.006) and those
with bronchial asthma (p*” = 0.069). Motor weak-
ness and muscle atrophy were more common in pa-
tients with bronchial asthma than in those without
airway allergy (™ < 0.05). A monophasic course
was more commonly seen in patients with nonairway
allergy than in those with bronchial asthma (p*” =
0.041) and those with allergic rhinitis (p™" =
0.078), whereas a fluctuating course was more
frequent in patients with allergic rhinitis than in
those with nonairway allergy (5 = 0.005). MEP

abnormalities suggestive of CNS lesions were more
common in the upper limbs than in the lower limbs
in all patients with AM (p = 0.016), whereas abnor-
malities suggestive of PNS involvement in lower
limbs were found more frequently in patients with
allergic rhinitis than in those with nonairway allergy
(5 = 0.053).

Although among all patients with AM the peak
EDSS scores were significantly higher than the final
EDSS scores (3.4 + 2.0 vs 2.3 * 1.6, p < 0.001),
the peak EDSS scores were significantly higher in
those who had undergone immunotherapy than in
those who had not (3.7 £ 2.2 vs 2.6 £ 1.5, p =
0.003), whereas there was no significant difference in
final EDSS scores (2.5 * 1.8 vs 1.8 * 1.1) and dis-
ease duration (6.5 * 5.1 vs 7.1 & 3.6 years) berween
the 2 groups. Although the effectiveness of methyl-
prednisolone pulse therapy and oral corticosteroids
was the same among patients with different preced-
ing atopic diseases, that of plasma exchange was
much higher in patients with bronchial asthma
(" = 0.077) and those with allergic rhinitis
("

Differences in clinical features according to fulfillment
of classic CSS criteria. Patients with APN were classi-

= 0.027) than in those with nonairway allergy.

fied into 2 groups: 82 patients who met the criteria
for CSS* (classic CSS) and the remaining 51 pa-
tients who did not (nonclassic CSS) (tables 3, 4, and
e-3). Patients with classic CSS had older age at onset
of neurologic symptoms and shorter disease duration
than those with nonclassic CSS. Chronic onset was
more common in the latter group than in the former.

Lower limb onset was more common in patients
with classic CSS than in those with nonclassic CSS.
Throughout the entire clinical course, hypesthesia
was more frequently observed in the classic CSS
group than in the nonclassic group. Mononeuritis
multiplex was more common than polyneuritis and
asymmetrical polyneuritis in either group. Dysesthe-
sia, pain, motor weakness, and hyporeflexia were
more common in patients with classic CSS than in
those with nonclassic CSS. Systemic symptoms were
more common in the classic CSS group than in the
nonclassic CSS group. The mRS score at the peak of
illness was higher in patients with classic CSS than in
those with nonclassic CSS. Peripheral eosinophilia
was more prominent in the former group than in the
latter. Serum antineutrophil cytoplasmic antibody
(ANCA) was positive in 47.7% of patients (21/44)
with classic CSS and 40.0% of patients (4/10) with
nonclassic CSS. Abnormalities in NCS studies were
more frequently observed in patients with classic
CSS than in those with nonclassic CSS. There were
no remarkable differences in either motor or sensory
nerve conduction study findings between the 2
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Table 3 Clinical features of patients with atopy-related peripheral neuritis
Total Classic CSS'  Others P
(n=133) (n =82} {(n=51) Value
Memwomen (sex ratio) 52:81(1:1.56) 31:51(1:1.65) 21:30(1:1.43} NS
Age at onset, y* 558 +14.3 592 +112 486 =172 0.004
Disease duration, y 45 =47 29 x22 75 64 <0.001
Preceding atopic diseases
Atopic dermatitis 8/111{7.2) 1/63{1.6) 7148 (14.6) 0.020
Allergic rhinitis 30/108(27.5) 13/64(20.3) 17/45(37.8) 0.044
Bronchial asthma 96/130(73.8) 82/82(100.0} 14/48(28.2) <0.001
Food allergy 6/102{5.9) 1/56(1.8) 5/46 {10.9} NS
Mode of onset (%)}
Sudden 8/1311{6.1) 4/82(4.9) 4/49 (8.2} NS
Acute 31/131(23.7) 23/82{28.0) 8/49{16.3} NS
Subacute 54/131(41.2) 43/82(52.4) 11/49(224) <0.001
Chronic 38/131(28.8) 12/82 (1‘4.6) 26/49(531) <0.001
Initial location of symptoms (%)
Upper extremities 42/126(33.3) 21/80(26.3) 21/46(45.7) 0.026
Lower extremities B84/126(66.7) 61/80{76.3) 23/46(50.0) 0.003
Trunk 3/126(2.4) 2/80(2.5) 1/46{2.2) NS
Cranial nerves 5/126 (4.0} 3/80(3.8) 2/46{4.4) NS
Symptoms and signs during
iliness (%)
Hypesthesia 102/123{82.9) 75/80(93.8) 27/43(62.8) <0.001
Types of neuritis
Mononeuritis multiplex 62/102(60.8) 48/75(64.0) 14/27(51.8) NS
Polyneuritis 25/102{245) 18[75{24.0) 7/27(25.9) NS
Asymmetrical polyneuritis  10/102 (9.8} 8/75(10.7) 2/27(7.4) NS
Dysesthesia 112/127{88.2) 76/81(93.8) 36/46 (:78.3) 0.009
Pain 86/131(65.6) 61/81(75.3) 25/50(50.0) 0.003
Motor weakness 101/125(80.8) 70/80{87.5) 31/45(68.8) 0.011
Muscle atrophy 39/122(32.0) 22/79{27.8) 17/43{39.5) NS
Hyporeflexia 75/128(58.6) 56/79{70.9) 19/49(38.8) <0.001
Micturition disturbance 11/122 (9.0} 4/77(5.2) 7145{15.6) NS
Pyramidal tract signt 16/128{12.4) 7/79(8.9) 9/50(18.0) NS
Systemic symptoms 81/131(61.8) 58/82{(70.7) 23/49(46.8) 0007
Pulmonary 49/131(37.4) 38/82(46.3) 11/49(22.5) 0.006
Dermal 33/129(25.8) 20/80{25.0) 13/49(26.5) NS
Renal 8/130(6.2) 7/81{8.6) 1/49{2.0) NS
Cardiac 3/130(2.3) 3/81(3.7)

0/49 (Of)) NS

*Classic Churg-Strauss syndrome (CSS} indicates patients who met the criteria for CSS.18
*Mean + SD.
19.8% of all patients with atopy-related peripheral neuritis had hyperrefiexia, whereas
4.8% had pathologic reflexes. There was no significant difference in the occurrence of the
2 symptoms between the 2 groups.

NS = not significant.
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groups, except for an absence of sensory nerve action
potentials (SNAPs) in the lower limbs, which was
more common in patients with classic CSS than in
those with nonclassic CSS. EP abnormalities sugges-
tive of CNS involvement were occasionally encoun-
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tered in each subgroup. On spinal cord MR, 3 of the
39 patients with APN examined had intramedullary
lesions, whereas among 67 patients who underwent
brain MRI, 10 showed brain atrophy, 3 showed an
old brain hemorrhage, and 7 had other focal lesions.
In the CSF, pleocytosis was present in 7 of 74 pa-
tients with APN tested, whereas a protein increase
was seen in 14, more commonly in the patients with
nonclassic CSS than in those with classic CSS.

Multiple logistic regression analyses. Finally, we per-
formed multiple logistic regression analyses to iden-
tify possible factors contributing to the development
of myelitis in patients with pure AM or APN (table
5). Atopic dermatitis increased the risk of developing
myelitis (adjusted p = 0.013), whereas age at onset
(adjusted p < 0.001) and bronchial asthma (adjusted
2 = 0.000) decreased that risk.

DISCUSSION This study had some limitations: the
questionnaires were answered by many clinicians
across the country, and the response rates in the sur-
veys were not high, because of the rarity of these"
diseases. However, the main demographic features of
patients with AM found in this study were similar to
those reported in our previous studies*® and the first
nationwide survey on AM.* These features include a
predilection for young adults, mild preponderance of
men, predominant sensory impairment, preferential
involvement of the cervical spinal cord on MRI, and
scant CSE inflammatory response. The same was
true for patients who met the criteria for CSS. The
characteristics found in the present study, namely
preferential occurrence in middle to late adulthood,
mild preponderance of women, prominent eosino-
philia, frequent painful dysesthesia at onset, high fre-
quency of mononeuritis multiplex and absent
SNAPs in the lower limbs, and favorable response to
corticosteroids, are also described in institutional se-
ries of Japanese? and Western®!*? patients with CSS.
Thertefore, we considered that the results of this sur-
vey were not seriously distorted by the aforemen-
tioned confounding factors.

We collected patients with APN including not
only classic cases of CSS after bronchial asthma, but
also those with peripheral neuritis of unknown cause
subsequent to other atopic disorders. We found that
patients with classic CSS showed a higher age at on-
set, greater disability despite the shorter disease dura-
tion, more common occurrence of acute onset,
higher frequency of lower limb involvement, and
higher frequencies of hypesthesia, dysesthesia, pain,
motor weakness, hyporeflexia, and systemic organ in-
volvement than patients with nonclassic CSS, in ad-
dition to having greater numbers of eosinophils and
preceding bronchial asthma attributable to the inclu-
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Table 4 Laboratory findings and treatment responses of patients with atopy-related peripheral neuritis

Total Classic CSS" Others

(n=133) {n=82) (n="51) Calue
Blood eosinophils, /ul' 7,860 =8,740 10,860 = 8,250 1,930 = 2,440 <0.001
Total serum IgE, U/mL* 1,770 = 2,740 2180+ 3,070 730+1,150 0.001
NCS abnormalities (%) 111/119(93.3) 79/80{98.8) 32/39(82.1) 0.002

Upper extremities

Motor nerve
Decreased conduction velocity 16/97(16.5) 14/68(20.6) 2/29(6.9) NS
Decreased amplitude 44/97(45.4) 31/68(45.6) 13/29(44.8) NS
Not evoked 5/97(5.2) 4/68(5.9) 1/29(3.4) NS
Sensory nerve
Decreased conduction velocity 17/98{17.3} 12/69(17.4) 5/29(17.2) NS
Decreased amplitude 37/98(37.8) 23/69(33.3) 14/29{48.3) NS
Not evoked 21/98(21.4) 16/69 (21.7) 6/29(20.7) NS
Lower extremities
Motor nerve
Decreased conduction velocity 28/106 (26.4) 21/75(28.0) 7{31{22.6) NS
Decreased amplitude 62/106 (58.5) 45[75(60.0) 17/31(54.8) NS
Not evoked 25/106 (23.6} 20/75(26.7) 5/31(16.1) NS
Sensory nerve
Decreased conduction velocity 16/106(15.1) 10/75{(13.3) 6/31{19.4) NS
Decreased amplitude 27/106 (25.5) 16/75(21.3) 11/31(35.5) NS
Not evoked 50/106 (47.2) 41/75(54.7) 9/31{29.0} 0.016
Needle EMG abnormalities (%) 22/38(57.9) 9/17(52.9) 13/21{61.9) NS
CSF (%)

Pleocytosis 7174{9.5) 5/47(10.6) 2/27(7.4) NS
<50/pL 5[7(71.4) 4/5(80.0) 1/2(50.0) NS
=50/puL 2[7128.6) 1/5(20.0) 1/2 (50.0) NS

Increased protein 14/74(18.9) 5/47{10.6) 9/27(33.3) 0.016
<100 mg/dL 12/14(85.7) 4/5(80.0) 8/9 (88.9) NS
=100 mg/dL 2/14{14.3) 1/5(20.0) 1/9{11.1) NS

OCB positive 2/23{8.7) 2/12(16.7) 0/11(0.0) NS

increased IgG index 5/41{12.2) 2/24(8.3) 3/17{17.6) NS

mRS at the peak of iliness’ 31=x12 33=11 26=12 <0.001
mRS at the last examination 20=1.0 2010 20=11 NS
Treatment (%)

Oral corticosteroids 106/132(80.3) 80/82(97.6) 26/501{52.0 <0.001
Effective ) 98/102 (96.1) 76/78(97.4) 22/24(91.7) NS

Intravenous methylprednisolone 72/129 (55.8) 61/81 (75.3) 11/48(22.9) <0.001
Effective 63/64 (98.4) §3/54{98.1) 10/10{100.0) NS

Immunosuppressants 12/119(10.1) 10/72{13.9} 2/47{4.3) NS
Effective 10/11{90.9) 9/9 (100.0) 1/2(50.0) NS

Plasma exchange 3/117{2.6) 1/70(1.4) 2/47(4.3) NS
Effective 1/3(33.3) 0/1(0.0) 1/2(50.0) NS

Intr fobulin 13/120{10.8) 772(9.7} 6/48{12.5) NS
Effective 9/12(75.0) 5/6 (83.3) 4/6.(66.7) NS

*Classic Churg-Strauss syndrome {CSS) indicates patients who met the criteria for C58.15

*Mean =+ SD.

NCS = nerve conduction study; NS = not significant; mRS = modified Rankin Scale; OCB = oligocionalimmunoglobulin G
bands; 1gG = immunoglobulin G.

. Neuro(og\{ 73 September 8, 2009 795
Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



Multiple logistic regression analyses for possible factors

Table 5
contributing to the development of myelitis in patients with
atopy-related neural damage
AM only* APN only* Crude OR Adjusted OR
{n = 66) {n =104) (95% Cl) (95% Cl)
Men 37/66(56.1) 39/104(37.5) 213(1.14-398) 2.75(0.95-8.68)
Age at onset, y 339+132 563142 0.91*(0.88-0.93) 0.93'(0.90-0.96)
Preceding atopic
diseases (%)
Atopic dermatitis 25/64 (39.1) 4/85(4.7) 12.98(4.23-39.88) 5.77(1.56-25.73)
Allergic rhinitis 24/65{36.9) 23/84 (27.4) 1.55(0.77-341) 2.33(0.77-7.46)
Bronchial asthma 20/65(30.8) 80/102(78.4) 0.12(0.06-0.25) 0.24(0.08-0.65)
Food allergy 8/60{13.3) 3/79(3.8) 3.80(0.99-1538} 4.96{0.93-33.74)

‘Four patients with atopy-related peripheral neuritis (APN) and 15 patients with atopic my-
elitis {AM) who did not receive adequate examinations were not included in the analyses.
*The odds ratio {OR) presented united one.

Cl = confidence interval.
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sion criterion. However, other clinical and laboratory
features were similar between the 2 groups, including
the positivity rate for serum ANCA. It is possible that
nonclassic CSS may encompass atopic patients with
incidental complication of neuropathy. However,
many common features between classic and nonclas-
sic CSS cases suggest that it is potentially useful to
place such nonclassic CSS cases with milder features
within a spectrum of atopy-related neural damage.
A quarter of patients with AM had concomitant
subclinical PNS involvernent as demonstrated by the
NCS or EP tests, whereas overt and subdlinical CNS

involvement, as shown by neurologic, MRI, or EP .

findings, existed in nearly 20% of patients with
APN. Moreover, some patients with AM and pa-
tients with APN had visual-evoked potential or
brainstem auditory-evoked potential abnormalities,
in accordance with a British case report describing
optic neuritis in parallel with the severity of atopic
dermatitis.?® In the literature, there are also a few
reports presenting classic CSS cases with optic
neuritis** and multifocal CNS vasculitis." These
observations and past reports indicate that a fraction
of patients with AM and patients with APN develop
both CNS and PNS involvement, even though the
predominantly affected sites differ.

By logistic regression, preceding atopic dermatitis
was shown to increase the risk of myelitis, whereas
higher age at onset and preceding bronchial asthma
were shown to increase the risk for peripheral neuri-
tis. CSS was originally described in patients with
bronchial asthma, whereas atopic myelitis was origi-
nally described in ‘those with atopic dermatitis.
Therefore, awareness of such associations among
neurologists may in part contribute to the results.
However, even among patients with AM, those with
nonairway allergy tended to show sensory-
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predominant symptoms, such as dysesthesia and
hypesthesia, whereas motor weakness and muscle at-
rophy were more frequent in those with airway al-
lergy. This finding coincides with the results of
previous studies.*S Patients with myelitis and nonair-
way allergies seem to have lesions more confined to
the posterior column, whereas those with airway al-
lergies have more widespread lesions affecting the py-
ramidal tracts, anterior horns, and motor nerves.
Th2 cywokine production in lymphocytes upon aller-
gen stimulation is reported to be more exaggerated in
patients with brorichial asthma than in those with
atopic dermatitis.?® Because Th2 cytokines are con-
sidered to be involved in both CSS and AM, such
differences in Th2 cytokine production according to
skin or airway allergy may in part contribute to the
development of either confined or more widespread
lesions, and either myelitis or peripheral neuritis.
The observation that eosinophilic inflammation
is prominent in the active lesions in both patients
with AM and patients with CSS supports the notion
that AM and APN, at least in part, have certain com-
mon mechanisms, specifically eosinophil-mediated
ones. Moreover, granuloma formation, another char-
acteristic manifestation of CSS, was also observed in
spinal cord lesions in the eldest case among the 6
patients with biopsy-proven AM.” However, trans-
mural arterial necrosis with infiltration of lympho-
cytes
distinctive feature of classic CSS, has not yet been
noted in the limited biopsied materials from patients
with AM. In addition, in patients with AM, no sys-

and polymorphonuclear leukocytes, a

temic multiorgan involvement due to vasculitis was
observed,*4 and in this survey there was no case pos-
itive for ANCA, a useful marker for systemic vasculi-
tis. Therefore, the inflammatory mechanism may not
be entirely the same in AM and CSS, especially the
vasculitic process involving the small arteries opera-
tive in CSS but not in AM. In general, atopic disor-
ders become more severe and refractory in elderly
patients than in younger ones after atopic diseases
develop,? and inflammatory cytokine production is
more prominent in the elderly.* These facts indicate
a contribution of age-related immunologic changes
to atopy-related neural inflammation, especially in
patients with CSS.
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We measured the levels of 27 cytokines/chemokines and growth factors in cerebrospinal fluid (CSF) from 42
patients with sporadic amyotrophic lateral sclerosis (ALS), 12 patients with lower motor neuron disease
(LMND), and 34 control patients with non-inflammatory neurological diseases (OND), using a multiplexed
fluorescent bead-based immunoassay. Among cytokines/chemokines elevated in ALS, CCL2 and CXCL8 levels
R were negatively correlated with the revised ALS functional rating scale (ALSFRS-R) score, while CCL4 showed a
positive correlation with ALSFRS-R score. CCl4 and CXCLIO showed negative correlations with disease
progression rate. These chemokine alterations are assumed to somehow correlate with the clinical course of ALS.
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1. Introduction

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative
disease in which loss of motor neurons in the spinal cord, brainstem
and motor cortex causes progressive paralysis. Studies using ALS
model mice have reported that non-cell-autonomous cell death is a
major contributor to motor neuron death (Boillée et al., 2006; Clement
et al., 2003; Lobsiger and Cleveland, 2007; Yamanaka et al,, 2008).
Neuroglial inflammation is thus suggested to be crucial for motor
neuron loss. Even in human sporadic ALS, increasing evidence suggests
that certain cytokines/chemokines and growth factors, key mediators
of both immune and neural networks, play critical roles in certain
stages of ALS {Consilvio et al., 2004; McGeer and McGeer, 2002).

In human ALS, the levels of CCL2 (also known as macrophage
chemoattractant protein-1) (Henkel et al., 2004; Wilms et al,, 2003),
interleukin (IL)-6 (Sekizawa et al.,, 1998}, tumor necrosis factor (TNF)-
o (Moreau et al,, 2005; Poloni et al., 2000), and transforming growth
factor (TGF)-f3 (llzecka et al., 2002) have been reported to be elevated
in cerebrospinal fluid (CSF). We also measured the levels of 16
cytokines and chemokines in CSF from ALS patients by multiplexed
fluorescent bead-based immunoassay, and found that CCL2, IL-5, and
granulocyte-colony stimulating factor (G-CSF) are significantly
elevated in patients with ALS compared with the levels in patients
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Maidashi, Higashi-ku, Fukuoka 812-8582, Japan. Tel.: + 81 92 642-5337; fax: +81 92
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with non-inflammatory neurologic diseases (Tanaka et al, 2006).
Among these, CCL2 showed a significant negative correlation with the
revised ALS functional rating scale (ALSFRS-R) score, suggesting the
possibility that this chemokine is a disease-aggravating factor (Tanaka
et al,, 2006). Recently, Mitchell et al (2009) reported that a variety of
proinflammatory cytokines and growth factors, namely, CCL2, CCL3
(macrophage inflammatory protein-1w), CCL4 (macrophage inflam-
matory protein-1{3), IL-2, IL-6, 1L-15, and IL-17, G-CSF, vascular
endothelial growth factor (VEGF), granulocyte-macrophage colony
stimulating factor (GM-CSF), and basic fibroblast growth factor
(bFGF), were all elevated in ALS patients’ CSF. They reported that
none of these had any significant correlation with clinical parameters,
but that non-elevated CXCL8 (IL-8) had a weak negative correlation
with the ALSFRS-R score. No biomarkers related to neuroprotection in
ALS are known. Therefore, in the present study. we profiled CSF
cytokines/chemokines and growth factors to identify those related to
the clinical parameters of ALS and lower motor neuron disease
(LMND).

2. Materials and methods
2.1. Patients

A total of 42 patients with sporadic ALS (20 males and 22 females;
mean age + standard deviation [SD] at examination, 56.7 + 13.2 years)
and 12 patients with sporadic LMND (six males and six females; 55.2 +
15.7 years) were examined (Table 1). All patients with ALS were
subjected to a thorough neurological examination and diagnosed as
clinically definite or probable cases of ALS based on the El Escorial
diagnostic criteria (Brooks, 1994) at the Department of Neurology,
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Table 1

Demographic features of patients with sporadic amyotrophic lateral sclerosis (ALS),
lower motor neuron disease {LMND}, and other non-inflammatory neurclogical
diseases (OND).

ALS LMND OND
Number of patients 42 12 34
Sex (male/female) 20/22 6/6 21/13
Age at examination (mean -+ SD, years) 56.7+£13.2 5524157 5421129
Disease duration (mean + SD, months} 130493 2594286 NA

immunotogic treatment (for the past years) None None None
ALSFRS-R score (mean = SD) 390481 3964672 NA

CSF
Cell count (mean 4+ SD, per {)
Total protein in CSF (mean & SD, mg/di)

1.15+£1.04 127+£078 1.08+1.11
340+ 143 4244273 373x177

Abbreviations in table: ALSFRS-R, revised amyotrophic lateral sclerosis functional rating
scale; CSF, cerebrospinal fluid; NA, not applicable; SD, standard deviation,

Kyushu University Hospital, from 2000 to 2006. The mean disease
duration at the time of CSF withdrawal was 13.04+9.3 months in
ALS patients and 25.9 +28.6 months in LMND patients. The disability
level associated with the development and progression of ALS and
LMND was determined using the revised ALS functional rating scale
(ALSFRS-R) (Cedarbaum et al.,, 1999). The mean ALSFRS-R score was
39.048.1 in ALS patients, and 39.6+6.72 in LMND patients. The
disease progression rate was defined as ALSFRS-R full score (48) — a
patient's ALSFRS-R score/disease duration expressed in months.
Thirty-four control patients with other non-inflammatory neurclog-
ical diseases (OND) but no malignancies (21 males and 13 females; age
at examination, 54.2 + 12.9 years) examined during the same period
were also envolled. The OND group comprised 10 patients with
cervical spondylosis, eight with sporadic spinocerebellar degenera-
tion, four with lumbar herniation, four with metabolic neuropathy,
two with hereditary spinocerebellar atrophy (SCA3 and unknown),
and one each with spastic spinal paraplegia, drug-induced dystonia,
peroneal nerve palsy, normal pressure hydrocephalus, Striithers'
ligament syndrome, senile blepharoptosis, and urge incontinence.
No subjects were hypoxemic or undergoing any immunotherapies at
the time of CSF drawing. The male-to-female ratio was not signif-
icantly different among these groups according to the chi-square test
(p>0.1). We compared the disease duration and the CSF total protein
amounts between ALS and LMND patients using the Mann-Whitney
U test. The disease duration was significantly longer in LMND patients
than ALS patients (p=0.0149), probably reflecting a slower disease
course in the former, while the total CSF protein levels were not
significantly different between the two groups (p>0.1).

2.2. Cerebrospinal fluid collection

CSF samples were obtained by lumbar puncture from all patients
and immediately centrifuged at 800 rpm at 4°C for 5min. The
liquid phase of CSF that excluded the sedimented cells was stored at
— 80 °C until cytokine assay. CSF findings are shown in Table 1. No
patients were considered to have systemic inflammation at the time
CSF was drawn, because none had elevated serum C-reactive protein
level or systemic autoantibodies, such as antinuclear antibody, SS-A
and SS-B.

2.3. Multiplexed fluorescent bead-based immunoassay of CSF

The CSF liquid phase samples were simultaneously analyzed for
27 cytokines and chemokines, namely, IL-1[3, IL-1 receptor antago-
nist (IL-1ra), IL-2, IL-4, IL-5, IL-6, IL-7, IL-9, IL-10, IL-12(p70), IL-13,
IL-15, IL-17, TNF-q, interferon (IFN)-vy, CCL2, CCL3, CCL4, CCL5
(regulated upon activation normal T-cell expressed and secreted),
CCL11, CXCL8, CXCL10, G-CSF, GM-CSF, bFGF, platelet-derived

growth factor-bb (PDGFbb), and VEGF, using the Bio-Plex Cytokine
Assay System (Bio-Rad Laboratories, Hercules, CA), as described
previously (Ishizu et al., 2005; Tanaka et al., 2006). Briefly, 50 ul of
each CSF liquid and various concentrations of each cytokine standard
(Bio-Rad) were added to 50 i of antibody-conjugated beads (Bio-
Rad) in 96G-well filter plates (Millipore, Billerica, MA). Cytokine
concentrations were calculated by reference to a standard curve for
each cytokine derived using various concentrations of the cytokine
standards (0.2,0.78, 3.13, 12.5, 50, 200, 800 and 3200 pg/ml) assayed
in the same manner as the CSF samples. The same batch of
monoclonal antibodies for the Bio-Plex Cytokine Assay System was
used throughout the experiments; the interassay and intraassay
variabilities are reported to be less than 10% by the manufacturer
(de Jager et al,, 2003; Vignali, 2000). The detection limit for each
cytokine was determined by recovery of the corresponding cytokine
standard, and the lowest values with more than 70% recovery were
set as the lower detection limits. The lower detection limits were as
follows: 12.5 pg/ml for GM-CSF and IFN-v, 3.13 pg/ml for IL-1ra, IL-2,
IL-4,1L-6, 1L-9, IL-13,1L-17, TNF-¢, CCL2, CCL3, CCL11, CXCL10, G-CSF,
bFGF, and VEGF, 0.78 pg/ml for 1L-12(p70), CCL4, and PDGFbb, and
0.2 pg/ml for 1L-1p3, IL-5, IL-7, IL-10, IL-15, CCL5, and CXCL8. All
samples were analyzed undiluted in duplicate,

2.4, Statistical analyses

We used the following statistical tests for appropriate applications.
The non-parametric Kruskal-Wallis H test was initially employed to
compare the age at CSF withdrawal and CSF cytokine/chemokine
levels among the studied group. When differences were significant,
the Mann-Whitney U test was used to determine the significance of
differences between each group. For multiple comparisons, uncor-
rected P values (P*"“") were corrected by multiplying them by the
number of comparisons to calculate corrected P values (P
(Bonferroni-Dunn's correction). The disease duration and the CSF
protein amounts were compared using the Mann-Whitney U test.
Spearman's rank correlation analysis was used to correlate various
clinical parameters and CSF cytokine/chemokine levels which were
significantly different among ALS, LMND and control. The male to
female ratios were compared among the groups using the chi-square
test. Statistical significance was set at P~0.05.

3. Results

3.1. Concentrations of each cytokine/chemokine in the liquid phase
of CSF

Among the cytokines/chemokines measured, G-CSF, VEGF, CCL2,
CCL4, CCL5, CCL11, CXCL8, CXCL10, TNF-ov, IFN-y, IL-113, 1L-7, 1L-9, [L-12
(p70), and 1L-17 levels were significantly higher in ALS than in OND
patients (G-CSF: 9.670 +0.484 vs. 7.875 + 0.537, """ =0.0005; VEGF:
84504-0.676 vs. 4.855 £ 0.751, P =0.0039; CCL2: 276.755 + 11.817
vs. 199.810+£ 13.134, P*"<0.0001; CCL4: 12.82040.974 vs. 7.700 £
1.082, P°'"=0.0048; CCL5: 0.84540.653 vs. 0.300:+0.726,
P =0.0165; CCL11: 10.53540.551 vs. 8.395+0.612 pg/ml.
PO'T=0.0072; CXCL8: 35.040 + 1.498 vs. 24.335 + 1.665, """ 0.0001;
CXCL10: 456.545 - 42.442 vs. 289.760 +£ 47.171, P*""<0.0001; TNF-o:
79.8504-3.266 vs.61.1254-3.629, "= 0.0031; IFN-v: 24.370 + 1.355
vs. 19590+ 1.506, PF"=0.0132; IL-13: 0955+ 0.091 vs. 0.685+
0.101, P°""=0.0348; IL-7: 1.495+0.075 vs. 1.1254 0.084,
P°"=0.0135; IL-9: 27.090+ 1.074 vs. 20.675+ 1.193, P = 0.0020;
IL-12(p70): 6,900+ 0.524 vs. 5.06540.582, 7" =0.0339; and IL-17:
270040.194 vs. 2.700+£0.215, P"=0.0027) (Fig. 1). The levels
of the other cytokines/chemokines did not differ significantly
between the two groups. No significant difference was found
between the OND and LMND groups in the levels of any of the
cytokines/chemokines examined. We found no significant
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Fig. 1. Cytokine/chemokine levels in cerebrospinat fluid (CSF) supernatants from patients with amyotrophic lateral sclerosis (ALS) (n=42), lower motor neuron disease (LMND)
(n=12), and other non-inflammatory neurological diseases (OND) (n=134) were measured using a multiplexed fluorescent bead-based immunoassay. Bars indicate the mean
concentration in each group.

differences between the ALS and LMND patients, and the distribu- trends to those in ALS patients; however, this similarity was not so
tions and mean values of most cytokines/chemokines and growth obvious for some proinflammatory cytokines, namely TNF-«,
factors, including VEGF in the LMND patients, showed similar CXCL8 and IL-17 (Fig. 1).
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3.2. Correlations between individual cytokine/chemokine levels and correlated with the CSF total protein level (r=0.420, P=0.0071)
between each cytokine/chemokine level and various clinical parameters (Fig. 2). The concentration of CCL4 was positively correlated with the
ALSFRS-R score (r=0.354, P=0.0235) and disease duration

The concentration of CCL2 in CSF was negatively correlated (r=0.315, P=0.0435), and negatively correlated with the disease
with the ALSFRS-R score (r= —0.390, P=0.0126) and positively progression rate (r= —0.475, P=0.0024). The concentration of
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Fig. 2. Correlations between the concentrations of individual cytokines/chemokines in cerebrospinal fluid (CSF) and various clinical parameters. ALSFRS-R = revised amyotrophic
lateral sclerosis functionat rating scale, Abbreviations: CSF, cerebrospinal fluid; NS, not significant; VEGF, vascular endothelial growth factor.
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CXCL10 was positively correlated with disease duration (r=0.322,
P=0.0395) and negatively correlated with the disease progression
rate (r=—0.330, P=0.0343). CXCL8 showed a tendencies for a
negative correlation with the ALSFRS-R score (r=—0.272, P=10.0812)
and for a positive correlation with the CSF total protein level (r=0.286,
P=0.066G7). VEGF tended to have a positive correlation with the
ALSFRS-R score (r=0.285, P=0.0682) and a negative correlation with
the CSF total protein level (r=—0.272, P=0.0810). CCL2 levels
correlated positively with the levels of CXCL8 (r=0.586, P=0.0002),
IL-9 (r=0.490, P=0.0017), IL-7 (r=0.451, P=0.0039), IFN-y
(r=0434, P=0.0055), and CCL11 (r=0417, P=0.0076), while CCL4
levels correlated positively with CXCL10 (r=0.535, P=0.0006) and
VEGF {r=0.440, P=10.0049) levels (Table 2).

4. Discussion

In the present study we found that VEGF, G-CSF, IFN-, CCL2, CCL4,
CCL5, CCL11, CXCL8, CXCL10, TNF-o, IL-113, [L-7, 1L-12, and [L-17 levels
in CSF were elevated in ALS patients compared with OND patients. The
main new findings concerning clinical correlation were that among
cytokines/chemokines and growth factors elevated in ALS CSF, CCL2
and CXCLS levels were negatively correlated with the ALSFRS-R score,
whereas CCL4 and VEGF levels showed positive correlations with the
ALSFRS-R score, and both CCL4 and CXCL10 levels showed negative
correlations with disease progression rate.

Among the chemokines up-regulated in ALS CSF, CCL2 and CCL4
showed distinct patterns of correlation with clinical parameters: CCL2
had a positive correlation with disease severity whereas CCL4 had
negative correlations with disease severity and progression rate.
Furthermore, CCL2 and CCL4 showed distinct association patterns with
proinflammatory cytokines in ALS CSF, suggesting that CCL2 and CCL4
interact with distinct cytokine/chemokine networks. Although both
chemokines act on macrophages and microglia, their receptors are
different: CCR2 is the main receptor for CCL2, while CCRS5, a marker for
type 1 helper T (Th1) cells, is also present on macrophages and is the
main receptor for CCL4. Because the expression of both CCR2 and CCR5
is differentially regulated upon differentiation and activation in
monocytes/macrophages (Kaufmann et al., 2001), these chemokines
are thought to act on distinct subsets of monocyte lineage cells (Tacke
and Randolph, 2006; Ubogu et al., 2006). Classical CD14*CD16
monocytes express CCR2, while non-classical CD14+"°*CD16* ones
express CCRS and target Th1 immune responses (Tacke and Randolph,
2006; Weber et al.,, 2000).

We (Tanaka et al., 2006) and others (Baron et al,, 2005; Henkel
et al., 2004; Wilms et al., 2003) have reported increased levels of CCL2
in the CSF of ALS patients. Using distinct ALS patients in their early
course, we confirmed our previous finding that CCL2 level is

Table 2

Summary of altered cytokines/chemokines in ALS CSF.
Cytokines examined Alteration p value
IL-1 Increase p=0.0348
1L-7 Increase p=0.0135
-9 Increase p=10.0020
1L-12(p70) increase p=0.0339
iL-17 Increase p=0.0027
TNF-e Increase p=0.0031
IFN-y Increase p=0.0132
CcCL2 Increase p < 0.0001
cCL4 Increase p=0.0048
CCLS Increase p=0.0165
CCL11 Increase p=0.0072
CXCL8 Increase p < 0.0001
CXCL1o Increase p < 0.0001
G-CSF Increase p=0.0005
VEGF Increase p=0.0039

The following cytokines/chernokines showed no significant alteration: IL-1 receptor
antagonist, [L-2, IL-4, IL-5, IL-6, IL-10, IL-13, IL-15, CCL3, GM-CSF, and PDGFbb.

associated with disease severity (Tanaka et al., 2006). The significant
positive correlation of CCL2 with disease progression rate found in our
previous study was not obvious in the present one, probably because
only ALS patients in the early course were enrolled this time.
Observations that the CCL2 level was higher in CSF than in sera, that
the levels in the two compartments were not correlated (Baron et al.,
2005; Tanaka et al, 2006; Wilms et al, 2003), and that CCL2
production was enhanced in glial cells (Henkel et al., 2004), suggest
that the main source of CCL2 is likely to be glial cells. CCL2 activates
microglia, which then produce abundant proinflammatory cytokines/
chemokines and inducible nitric oxide synthase, leading to the
production of neurotoxic nitric oxide (Possel et al., 2000; Zhao et al.,
2004). The positive correlation of CCL2 level with CSF protein amounts
reflects a breakdown of the blood-brain barrier, supporting its role in
glial inflammation. Therefore, it is reasonable to assume that CCL2 acts
as a disease-aggravating factor in ALS. In addition, a tendency toward
CXCL8 having a negative correlation with the ALSFRS-R score is
consistent with the findings of Mitchell et al. (2009). Because CCL2 and
CXCL8 levels were significantly positively correlated, these chemo-
kines may constitute a neurotoxic cytokine network.

On the other hand, CCR5, a receptor for CCL4 and CCL5, is not only
expressed on microglia, but also on neurons and astrocytes (Kaul and
Lipton, 1999). CCL4 has been shown to be produced intrathecally by
glial cells and to delay progression of HIV-associated dementia (Kaul
and Lipton, 1999). The HIV envelope glycoprotein gp120 induces
activation of macrophages and microglia (Kaul et al, 2001) and
neuronal apoptosis in HIV-associated dementia (Brenneman et al.,
1988); considered essential for its pronounced neurodegenerative
effects (Kaul and Lipton, 1999). CCL4 together with CCL5 protects
neurons from gp120-induced neuronal apoptosis (Kaul and Lipton,
1999) via an Akt-dependent signaling pathway in which neuronal Akt
protects against excitotoxic insults (Kaul et al., 2007). Since excito-
toxicity is also postulated to be operative in ALS (Heath and Shaw,
2002), intrathecally up-regulated CCL4 and CCL5 in ALS may represent
a host defense mechanism. IFN-y has recently been reported to
enhance neurogenesis and neuroprotection in a mouse model of
Alzheimer's disease (Baron et al., 2008), and to mediate neuroprotec-
tion against excitotoxic neural damage (Lee et al., 2006). Thus up-
regulation of [FN-y and the downstream molecule CXCL10 in ALS CSF
may also represent a host's neuroprotective action in ALS. This may
partly explain the significant negative correlation of CXCL10 with
disease progression rate observed in the present study. A positive
correlation of CCL4 and CXCL10 concentrations in CSF may thus be a
reflection of a concerted host defense mechanism.

In the present study, a variety of proinflammatory cytokines/
chemokines and growth factors were found to be up-regulated
intrathecally in the early course of ALS. Patients with LMND also
showed milder but similar trends for increases of proinflammatory
cytokine/chemokines in CSF to those seen in ALS patients. It is possible
that similar mechanisms may be partly operative in LMND, or
alternatively, that some ALS patients might have been inappropriately
included in the LMND group.

The delicate network of cytokines/chemokines and growth factors
will already have been disturbed in the early course of motor neuron
degeneration, with some up-regulated cytokines/chemokines such as
CCL2 possibly neurotoxic, and others such as CCL4 possibly neuro-
protective. Deciphering the complex actions of these altered cytokine/
chemokine and growth factor networks may help the future
elucidation of the pathogenesis of ALS.
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Brain lesions are not uncommon in neuromyelitis optica (NMO) patients with anti-aquaporin-4 (AQP4)
antibody; however, the appearance of these lesions is said to be different from that of those in Western
patients with multiple sclerosis (MS). To dlarify the similarities and dissimilarities of brain lesions in anti-
AQP4 antibody-positive and -negative MS and NMO patients, we examined the presence of anti-AQP4
antibody in the sera of 148 consecutive patients fulfilling Poser's criteria for clinically definite MS, of whom
38 also met the revised NMO criteria, using an immunofluorescence method, and analyzed brain lesions by
Multiple sclerosis magnetic resonance imaging (MRI). Brain lesions fulfilling the Barkhof criteria were significantly more
Neuromyelitis optica common in 121 patients without anti-AQP4 antibody than in 27 patients with anti-AQP4 antibody (57.0% vs.
MRI 33.3%, P=0.033), while the frequency of those that met the Paty criteria was not different between the two
Aquaporin-4 groups (74.4% vs. 73.5%). Ovoid lesions were detected more commonly in patients without anti-AQP4
antibody than in those with the antibody (72.3% vs. 48.2%, P=0.022). The anti-AQP4 antibody-positive
patients had significantly more atypical brain lesions, such as extensive brain lesions, than the anti-AQP4
antibody-negative ones {18.5% vs. 1.7%, P=10.0023). Thus, although MS-like brain lesions are more common
in anti-AQP4 antibody-negative patients than anti-AQP4 antibody-positive patients, approximately 30 to 50%
of patients with anti-AQP4 antibody harbour brain MRI lesions indistinguishable from those present in
typical MS patients, such as periventricular ovoid lesions, suggesting the existence of considerable overlap in
brain MRI features between anti-AQP4 antibody-positive and -negative Asian patients. In the present study,
NMO patients with brain lesions showed a significantly higher annualized relapse rate (PF°"=0.017) and
higher frequency of anti-AQP4 antibody (P <0.0001) than typical NMO patients without brain lesions,
suggesting that development of brain lesions in NMO may reflect high disease activity and thus be a warning
sign.

Keywords:

© 2010 Elsevier B.V. All rights reserved.

1. Introduction |

Neuromyelitis optica (NMO) is characterised by severe and
selective involvement of the optic nerves and spinal cord, which
frequently shows longitudinally extensive spinal cord lesions
(LESCLs) extending over three or more vertebral segments. NMO
was originally defined as a disease involving only the optic nerves and
spinal cord with a monophasic course [1]. However, the concept of
NMO has changed along with the collection and analysis of samples
from many NMO patients, and a relapsing form of NMO is widely
accepted in Western countries [2,3]. Additionally, a highly specific 1gG
against NMO, designated NMO-IgG, has been described [4}, and its
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relevant antigen was reported to be aquaporin-4 (AQP4) [5]. The
presence of NMO-IgG/anti-AQP4 antibody has also influenced the
concept of NMO. Some patients with NMO-1gG also show atypical
brain lesions, such as large confluent lesions (>3 cm) and dience-
phalic lesions, during their clinical course [6). In fact, 60% of patients
fulfilling the 1999 criteria for NMO show brain lesions on MRI [6].
Thus, based on such evidence, the 2006 revised criteria for NMO
include the presence of NMO-IgG and do not preclude patients with
brain lesions {3}].

The distribution of atypical brain lesions on MRI reflects the
distribution of high expression of AQP4, and histopathological
analyses of NMO show perivascular 1gM and 1gC deposition with
complement activation and loss of immunoreactivity to AQP4 {7-9].
These findings suggest a role for humoral immunity in the
pathogenesis of NMO and a direct etiological role for NMO-1gG.

However, either NMO-IgG or anti-AQP4 antibody is detected in
around 10% of MS patients who fulfil the established clinical criteria
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for MS [4,10,11]. We have also reported that anti-AQP4 antibody-
positive patients occasionally have MS-like brain lesions, such as
periventricular ovoid lesions [11]. Thus, it remains to be elucidated
whether brain MRI lesions are distinguishable between MS and NMO
patients, and between those with and without anti-AQP4 antibody, or
if considerable overlaps exist between these conditions. Because the
opticospinal form of MS (OSMS) in Asians is now claimed to be the
same as NMO in Westerners, it is especially problematic to
differentiate NMO from MS in Asian patients, who frequently show
severe and selective involvement of the optic nerve and spinal cord,
irrespective of the presence or absence of anti-AQP4 antibody [11].
Therefore, it is critical to compare brain MRI lesions in a large
unbiased series of Asian MS and NMO patients. In the present study,
we aimed to compare the frequencies of typical MS-like brain lesions
and atypical ones between Japanese MS and NMO patients, and
between those with and without anti-AQP4 antibody.

2. Methods
2.1, Patients

For the present study, we enrolled 148 consecutive patients with
clinically definite relapsing-remitting or secondary-progressive MS
based on the Poser criteria [12], seen at the MS clinic of the
Department of Neurology, Kyushu University Hospital during 1987~
2007, and whose sera were available for anti-APQ4 antibody assays.
From a retrospective review of the medical records of all patients, we
recorded demographic and imaging data. There were 137 relapsing-
remitting and 11 secondary-progressive MS patients. All patients
were residents of Kyushu Island, the southernmost part of mainland
Jjapan, None were seropositive for human T cell leukaemia virus type L.
No patients with primary progressive MS were included in the present
study. Patients with monophasic NMO without subsequent relapse
were also excluded to avoid including patients with acute dissemi-
nated encephalomyelitis. Among the 148 patients, 27 (18.2%, 24
female and 3 male) were positive for anti-AQP4 antibody, and 38 also
met the revised Wingerchuk's criteria for NMO [3]. We then classified
these NMO patients into “typical NMO” and "NMO with brain lesions”
based on whether they had brain lesions meeting the Paty criteria
{13]. We adopted the Paty criteria {13] because in the Wingerchuk's
revised criteria for NMO {3] the Paty criteria were recommended for
determining the presence of MS-like brain lesions. Therefore, “typical
NMO” patients were those who showed only optic neuritis and
myelitis without brain lesions fulfilling the Paty criteria [13]. “NMO
patients with brain lesions” were those who had only optic neuritis
and myelitis and also had brain lesions fulfilling the Paty criteria [13].
“MS patients” were those who met the Poser [12] and the revised
McDonald criteria [14] and did not meet the definition of either
“typical NMO” or “NMO with brain lesions”.

2.2. Magnetic resonance imaging

All MRI studies were performed using 1.5-T Magnetom Vision and
Symphony units (Siemens Medical Systems, Erlangen, Germany) as
described previously [15)]. The typical imaging parameters for the
brain were as follows: axial T2-weighted turbo spin-echo imaging
using TR/TE = 2800/90 ms, flip angle = 180°; axial turbo-fluid-atten-
uated inversion recovery (FLAIR) imaging using TI/TR/TE=2200/
9000/110 ms, flip angle = 180; and sagittal and axial pre-contrast and
axial and coronal post-contrast T1-weighted spin-echo imaging using
TR/TE range = 400-460/12-17 ms, and flip angle range = 80-90°. One
excitation, with a matrix of 256 x 256, slice thickness of 5 mm, and
slice gap of 2.5 mm, was used for all brain studies. Gadopentetate
dimeglumine at 0.1 mmol/kg body weight was administered intrave-
nously for contrast-enhanced studies.

MRI scans were taken at the time of clinical relapse (within
30 days of the onset of acute exacerbation) or in the remission phase.
Brain MRI scans from 87 patients at relapse and 136 patients in
remission were examined. Brain MRI lesions were evaluated accord-
ing to the Barkhof criteria {16] and Paty criteria [13] for MS. Atypical
brain lesions, such as extensive brain lesions (>3 c¢m), bilateral
diencephalic (thalamic/hypothalamic) lesions, cavity formation and
extension from the cervical cord into the brainstem were defined
based on previous reports [6,11]. At the time of brain MRI, treatment
was being received by the patients being imaged in 108 out of 223
scans (58 on {FN[3-1b, 42 within one month of steroid pulse therapy
and eight on both).

2.3. Anti-AQP4 antibody assay

Green fluorescence protein (GFP)-AQP4 fusion protein-trans-
fected human embryonic kidney cells (HEK-293) were produced as
previously described [11]. AQP4-expressing cells were initially
incubated with human serum samples diluted 1:4 with DMEM for
1h at 37.0 °C without cell fixation, washed in phosphate-buffered
saline, and then visualized with an Alexa 594-conjugated goat anti-
human IgG antibody (Invitrogen). The fluorescence of non-fixed cells
was observed using a confocal laser-scanning microscope (FLUQOVIEW
FV300; Olympus Optical Co., Tokyo, Japan). The anti-AQP4 antibody
assay was carried out at least twice for each sample, and those that
gave a positive result twice were deemed to be positive.

2.4. Statistical analysis

Statistical analyses of numerical variables were performed using
the Mann-Whitney U test. Differences in frequencies between the
two subgroups were tested for significance using Fisher's exact
probability test. When multiple comparisons were performed,
uncorrected P values (P'"™") were corrected by multiplying them
by the number of comparisons (Bonferroni-Dunn's correction) to
calculate corrected P values (P©™).

Table 1
Comparison of demographic features between patients with NMO and those with MS.

NMO patients MS patients

(n=38) {(n=110)
No. of fernales/males 32/6 (5.3:1) 75/35 (2.1:1)
Age at onset {years)a 354+ 142 3134124
Disease duration (years)® 11.8+87 11.94+99
Annualized relapse rate? 0.99+058" 0.68+0.58"
EDSS score? 5.2426" 34+26"
Anti-AQP4 antibody 24/38 (63.2%)" 3/110 (2.7%)F

Frequency of symptoms:
Optic neuritis
Bilateral optic neuritis
Severe optic neuritis (=FS 5)
Myelitis
Acute transverse myelitis
Secondary progression
CSF:
Marked pleocytosis (=50/u) 4/35 (11.4%)
Neutrophilia (>5/) 4/35 (11.4%)
0B 5/34 (14.7%)"
1gG index (>0.658) 14/33 (42.4%)
LESCLs during the entire course 32/38 (84.2%)"

38/38 (100.0%)*
6/38 (15.8%)
28/38 (73.7%)"
38/38 (100.0%)
23/38 (60.5%)"
0/38 (0.0%)

62/110 (56.7%)*
13/110 (11.9%)
38/110 (34.5%)"
91/110 (82.7%)
22/110 (20.0%)
11/110 (10.0%)

6/101 (5.9%)
4/94 (43%)
37/90 (41.1%)°
42/83 (50.6%)
28/110 (25.5%)"

AQP4 = aquaporin-4: (NS = central nervous system; CSF = cerebrospinal fuid; EDSS =
Kurtzke's Expanded Disability Status Scale {17}; FS = Kurtzke's Visual Functional Scale
{17]: LESCLs = longitudinally extensive spinal cord lesions: MS = muitiple sclerosis;
NMO = neuromyelitis optica; OB = oligoclonal IgG bands.

* Means 4 SD.

" The upper normal range of IgG index was derived from our previous study [24].

¥ P<0.05.
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Table 2

Cornparison of demographic features among patients with typical NMO, patients with NMO with brain lesions, and patients with MS.

Typical NMO patients NMO with brain lesions MS patients

(n=21) (n=17) (n==110})
No. of females/males 18/3 (5.7:1) 14/3 (5:1) 75/35 (2.1:1)
Age at onset (years)? 3344145 3784140 3134124
Disease duration (years)® 11.6+88 121487 11.94+99
Annualized relapse rate? 0.77 +:0.43* 1.26 062" 0.68 4+ 0.58**
EDSS score® 56+23" 47429 34426
Anti-AQP4 antibody 7/21 (33.3%)","*" 17/17 (100.0%)*** 3/110 (2.7%),**

Frequency of symptoms:

Optic neuritis
Bilateral optic neuritis
Severe optic neuritis (2FS 5)
Myelitis
Acute transverse myelitis

21/21 (100.0%)*
4/21 (19.0%)
14/21 (66.7%)"
21/21 (100.0%)
15/21 (71.4%)"

Secondary progression 0/21 (0.0%)
CSF:
Marked pleocytosis (> 50/ul) 1/18 (5.6%)
Neutrophilia {=5/d) 1/18 (5.6%)

oB 3/18 (16.7%)
1gG index (20.658)® 8/17 (47.1%)
LESCLs during the entire course 17/21 {81.0%)*

17/17 (100.0%)*
2/17 (11.8%)

62/110 (56.6%)","*
13/110 (11.9%)

14/17 (82.3%)™ 38/110 (34.5%)"""
17/17 (100.0%) 91/110 (82.7%)
8/17 (47.1%) 22/110 (20.0%)"
0/17 (0.0%) 11/110 (10.0%)

317 (17.6%)
17 (17.6%)
2/16 (12.5%)
6/16 (37.5%)
15/17 (88.2%)™

6/101 (5.9%)

4/94 (4.3%)

37/90 (41.1%)
42/83 (50.6%)
28/110 (25.5%)",*

AQP4 = aquaporin-4; CSF = cerebrospinal fluid; EDSS = Kurtzke's Expanded Disability Status Scale [17]; FS = Kurtzke's Visual Functional Scale [17]; LESCLs = longitudinally
extensive spinal cord lesions; MS == multiple sclerosis; NMO = neuromyelitis optica; OB = oligoclonal {gG bands.

ML Corrected P<0.05.
* Means £ SD.
Y The upper normal range of IgG index was derived from our previous study [24].

3. Results
3.1. Demographic features

The demographic features of the 148 patients are summarized in
Table 1. The disease duration was similar between NMO and MS
patients. Although relapse rate, Kurtzke's Expanded Disability Status
Scale (EDSS) scores [17], and frequencies of severe optic neuritis,
ATM, and LESCLs during the entire course were significantly greater in
the 38 patients who satisfied the revised NMO criteria [3] than in the
remaining 110 MS patients, the frequency of oligocional bands (OB)
was significantly higher in MS patients than that in NMO patients,
Among MS patients, 65.2% had OBs and/or an elevated IgG index (OB/
high IgG index). Although none of the four MS patients with CSF
neutrophilia had anti-AQP4 antibodies, ali of them had LESCLs.

Table 3

When clinical features were compared among patients with
typical NMO, NMO with brain lesions and MS, EDSS score and
frequencies of severe optic neuritis, ATM and LESCLs during the entire
course were significantly greater in typical NMO patients than in MS
patients (P°"=0.0024, P°'"=0.023, P <0.0001, and
PO <0.0001, respectively) (Table 2). Annualized relapse rates were
significantly higher in NMO patients with brain lesions than in MS
patients (P°"<0.001) and typical NMO patients (P°"=0.017).
Frequencies of severe optic neuritis and LESCLs were also significantly
higher in NMO patients with brain lesions than in MS patients
(P°T<0.001 and P®"<0.001, respectively). Anti-AQP4 antibody
positivity rate was highest in NMO patients with brain lesions and
the rate was significantly higher in NMO patients with brain lesions
(100%) than typical NMO patients (33.3%, P*"<0.0001) and MS
patients (2.7%, P°'"<0.0001). 1t was also significantly higher in

Comparison of demographic features between anti-AQP4 antibody-positive and -negative patients with NMO and MS.

Anti-AQP4 antibody-positive patients

Anti-AQP4 antibody negative patients

(n=27) (n=121)
No. of fernale/male patients 2473 (8.0:1)* 83/38 (22:1)"
Age at onset (years)* 3634138 3144127
Disease duration (years)? 13.7+92 11.549.6
Annualized relapse rate® 1.0£062% 0.71+0.57*
EDSS score? 47426 37427

Frequency of symptoms:
Optic neuritis
Bilateral optic neuritis
Severe optic neuritis (FS=5)

27/27 (100.0%)*
4/27 (14.8%)
21/27 (77.8%)*

Myelitis 26/27 (96.3%)
Acute transverse myelitis 12/27 (44.4%)
CSF:

Marked pleccytosis (=50/it) 3/25 (12.0%)
Neutrophilia (= 5/p) 3/25 (12.0%)
0B 5/24 (20.8%)
IgG index (=0.658)° 9/23 (39.1%)
LESCLs during the entire course 20/27 (74.1%)*

72/121 (59.5%)*
15/121 (12.4%)
45/121 (37.2%)*
103/121 (85.1%)
33/121 (27.3%)

7/111 (63%)
5/104 (4.8%)
37/100 (37.0%)
47/93 (50.5%)
40/121 (33.1%)*

AQP4 = aquaporin-4; CSF = cerebrospinal fluid; EDSS = Kurtzke's Expanded Disability Status Scale {17}; FS = Kurtzke's Visual Functional Scale {17]; LESCLs = longitudinally
extensive spinal cord lesions; MS = multiple sclerosis; NMC = neuromyelitis optica; OB = oligoctonal igG bands.

7 Means + SD.
b The upper normal range of IgG index was derived from our previous study [24}.
* P<0.05.



