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Fig. 2 Impaired proliferation of CD4* T cells from SHPS-1 mutant mice. (A) Purified CD4* T cells from WT or SHPS-1 mutant
mice were cultured for 48 h on plates coated with various concentrations of a mAb to CD3. The cells were exposed to [*H]
TdR during the final 14 h of culture, and the cell-associated radioactivity was subsequently measured with a scintillation

IL-2 (ng/ml)

spectrometer.

Data are means = SE of values from triplicate determinations and are representative of three separate experi-

ments. *p<0.05, **p<0.01 versus corresponding value for WT cells (Student’s t test). (B) The expression level of CD25 on the
surface of purified CD4* T cells from WT or SHPS-1 mutant mice was determined by flow cytometry at 0 and 24 h after
stimulation by TCR cross-linking with a mAb to CD3 (10gg/ml). Data are representative of three separate experiments.
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Fig.3 Enhanced cytokine production by CD4* T cells from SHPS-1 mutant mice, Purified CD4* T cells from WT or SHPS-1 mutant
mice were cultured for 48 h on plates coated with various concentrations of a mAb to CD3, after which the concentrations of
IL-2 (A), IFN-y (B), and IL-4 (C) in culture supernatants were determined. Data are means + SE of values from triplicate
determinations and are representative of three separate experiments. *p<0.05, **p <0.01 for the indicated comparisons (Student’
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s € test).
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40 Fig. 4 Impaired Thi differentiation of CD4* T cells from SHPS-1 mutant mice.
Purified CD4* T cells from WT or SHPS-1 mutant mice were cultured for
20 6 days in medium containing IL-12 (10ng/ml) and a mAb to IL-4 (10gkg/ml)
0 L mem and on culture plates coated with a mAb to CD3 (24g/ml). The cells were
0 1 then stimulated with a mAb to CD3 (1xg/ml) for 24 h, after which culture

supernatants were assayed for IFN-y. Data are means + SE of values from

Anti-CD3 (ug/mi) triplicate determinations and are representative of three separate experi-

ments. **p<0.01 (Student’s t test).
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of EAE as well as in that of other experimental autoim-
mune diseases.?** SHPS-1 might thus also play a
regulatory role in development of Thl17 cells, and a
defect in this function also might contribute to the
resistance of SHPS-1 mutant mice to EAE.

The molecular mechanisms by which SHPS-I
positively regulates the effect of IL-2 on T cell prolifer-
ation and that of IL-12 on Thl differentiation remain
unknown. Signaling by JAKI or JAK3 and by
STATS is thought to mediate responses to IL-2.%%%
Similarly, the JAK2-STAT4 signaling pathway and
the p38 isoform of MAPK are implicated in this effect
of TIL-12.# Given that SHP-2 positively regulates
activation of the JAK-STAT pathway and MAPK
signaling?® and that association of SHP-2 with SHPS-1
is specifically defective in SHPS-1 mutant mice, it is
possible that the SHPS-1-SHP-2 complex positively
regulates activation of the JAK-STAT pathway or p38
MAPK by IL-2 or IL-12 in CD4* T cells. We have
also found that the IL-12-induced production of IFN-
y by DCs of SHPS-1 mutant mice is impaired.'® It is
thus likely that SHPS-1, presumably through complex
formation with SHP-2, positively regulates JAK-STAT
signaling in general.

In contrast to the impaired responses to IL-2 or
IL-12, the production of IL-2, IFN-y, and IL-4 by
CD4* T cells of SHPS-1 mutant mice in response 10
TCR activation was increased, compared with that
apparent in WT cells. The production of IFN-y in
response to TCR activation is markedly enhanced in
CD4* splenocytes of motheaten viable mice,” which
harbor a mutation in the SHP-1 gene, suggesting that
SHP-1 plays a negative role in regulation of this
process. SHPS-1 may therefore negatively regulate
the TCR-stimulated production of IFN-y through its
formation of a complex with SHP-1. Fecy receptor
(FcyR)-mediated phagocytosis is enhanced in macro-
phages from SHPS-1 mutant mice, and it is thought
that the SHPS-1-SHP-1 complex negatively regulates
such phagocytosis.'’™!¢* The signaling pathway down-
stream of FcyR is similar to that downstream of the
TCR : the former includes the Src family kinase Lyn,
which activates Syk, whereas the latter includes the Src
family kinase Lck, which activates ZAP-70, a kinase
structurally similar to Syk.***' It is thus possible that
the SHPS-1-SHP-1 complex negatively regulates
processes mediated by Lyn/Lck and Syk/ZAP-70
signaling in immune and other hematopoietic cells.

In conclusion, our results indicate that SHPS-1 is
essential for regulation of the proliferation and Thl
differentiation of CD4* T cells. Further studies are
required to characterize the molecular mechanisms of
such regulation.
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-! HLA-B locus in Japanese patients with anti-epileptics

and allopurinol-related Stevens—Johnson syndrome

and toxic epidermal necrolysis

Introduction: Stevens-lohnson syndrome (5JS) and toxic epidermal necrolysis (TEN) are rare but
life-threatening severe cutaneous adverse reactions. Recently, strong associations of HLA-B*1502 and
HLA-B*5801 with carbamazepine- and allopurinol-induced severe cutaneous adverse reactions were found
in Han Chinese patients, respectively, but ethnic differences in the associations have been reported. The
objective of this study is to darify the involvement of HLA-B*1502 and HLA-5*5801 in Japanese SIS/TEN
patients. Methods: HLA-B genotyping was performed on 58 Japanese SIS/TEN patients between July 2006
and April 2008 from multicenters in Japan. Results: There were no HLA-B*1502 carriers among 58 SJS/TEN
patients. This patient group included seven carbamazepine-related and 11 aromatic anti-epileptic
agent-related SIS/TEN patients. In addition, there were five HLA-B*5801 carriers, which included four

allopurinol-related SIS/TEN patients. Condlusion: While H

LA-B*1502 is unlikely to be associated with

carbamazepine-related or aromatic anti-epileptic agent-related SJS/TEN, HLA-B*5801 was significantly
associated with allopurinol-related SIS/TEN in Japanese.

DS: allopurinol, anti-epileptic s, carbamazepine, HLA-B*1502,

KEYWOR
HLA-B*5801, Japanese patient, Stevens-J
necrolysis

Introduction

Stevens—Johnson syndrome (S]S) and toxic epi-
dermal necrolysis (TEN) arc lifc-threatening
scvere adverse drug reactions with mucosal and
curancous disorders, and very often accompa-
nied by high fever and systemic complications.
Some investigators have proposed that SJS and
TEN are variations of the same discasc expressed
with different severity (1.2), although this is con-
troversial. Although S]S and TEN incidence is
very low (0.4—G per million per year) [3.4], more
than 100 different causative drugs have been
reported [5]. The discases are probably T-cell-
mediated delayed allergic reactions [4], and typi-
cally begin within 1-3 weeks after first exposure
to a drug,

Recently, an cxtremely strong association
(odds ratio: ~2504) between human leukocyte
antigen (HLA)-B*I502 and carbamazepine-
induced SJS/TEN in Han Chinese parients in
Taiwan was reported (6]. Another Taiwanese
study showed that HLA-B*580] was dctected in
all Han Chinese patients with SJS/TEN or drug-
induced hypersensitivity (DIHS) induced by
allopurinal (71. The involvement of HLA-B* 1502
was also confirmed in SJS/TEN caused by other
aromatic cpileptic agents such as phenytoin in
Han Chinese or Thai population [8.5]. However,
such a strong association between HLA-B*1502
and carbamazepine-induced SJS/TEN was not

10.2217/14422416.9.11.1617 © 2008 Future Medicine L1d

syndrome, toxic epidermal

detected in Caucasian paticnts [5]. These reports
suggested that HLA involvement in severe cuta-
ncous adverse reactions may be drug-specific as
well as ethnic group-specific. Thus, we started
a retruspective case—control study to explore
genetic biomarkers related to SJS and TEN in
Japanese patients living in Japan.

Patients & methods

¥ Patients

The cthics committees of cach participating
institute of the Japan Severe Adverse Reactions
(JSAR) research group approved this study,
Written informed consent was obtained from
cach patient. A total of 58 Japanese paticnts
from unrelated families in Japan were recruited
from JSAR rescarch group hospitals or through
a nationwide blood-sampling nctwork sys-
tem in Japan for SJS/TEN onsct paticnts,
operated by the National Institute of Health
Sciences in cooperation with the Ministry of
Healch, Labour and Welfare in Japan and the
Federation of Pharmaceutical Manufacturers’
Association of Japan. All paticnts, two of whom
were referred to in 2 previous report [10], were
diagnosed as SJS or TEN by JSAR rescarch
group experts based on diagnostic criteria pro-
posed by Bastuji-Garin ez al. (1], which are cur-
rently used in Japan [12.12) using a standardized
case report form including medicinal records,
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discasc progress and involvement of systemic
complication, as well as SJS/TEN treatment
1t). TEN and SJS are defined as mucocutancous
disorders characterized by extensive erythema,
blisters, cpidermal detachment, erosions, enan-
thema and high fever. SJS is defined as skin
detachment of 10% or less of the body surface
arca, and TEN is defincd as skin detachment of
more than 10%, excluding staphylucoceal scaled
skin syndrome. The severity of ocular complica-
tion was scored as follows: 0: no involvement; 1:
only hyperemia of bulbar and palpebral conjuc-
tiva; 2: pseudomembranc formation; 3: defect
of conjunctival or corneal epithelia.

HLA-B typing

High-resolution HLA-B typing was performed
by a sequence-based method using SeCore™ B
Locus Sequencing Kit (Invitrogen Corp., W1,
USA) and an Applied Binsystems (ABI) 3730
DNA sequencer (ABI, CA, USA). Genomic
DNA (250 ng) was uscd for PCR amplifica-
tion and scquencing cxons 2, 3 and 4. HLA-B
haplotype was estimared with the Assign SBT
software (version 3.2.7b, Conexio Genomics,
Western Australia, Australia),

Statistical analysis

HLA-B*5801 allcle frequency rcported by
Tanaka er al., who performed typing of HLA-A,
and -B for 493 Japanese healthy subjects living
in Japan was used as the frequency in control
subjccts [13]. Fisher’s exact test was conducted
using Prism 4 (GraphPad Software, Inc., CA,
USA) to calculate the odds ratio and the 95%
confidence intcrval,

| Disease (515, TEN)

Results

Demographics of patients recruited in chis study
are summarized in Tamz1. A total of 36 and 22
particnts were diagnosed with SJS and TEN,
respectively. Approximately 80% of SJS/TEN
patients complained of ophthalmic disorders, and
two paticnts were coadministered anti-epileptic
agents and allopurinel.

“ HLA-B*1502 & HLA-B*0702 in
carbamazepine-related SJS/TEN

In our study, carbamazepine was prescribed for
seven patients, and other aromatic anti-epilep-
tic agents, such as phenytoin, phenobarbital or
zonisamide, were prescribed for 11 paticnts.
By contrast to data on the Han Chinesc [6.5)
and Thai populations (91, HLA-B*I502 was
neither detected in patients administered car-
bamazepine, nor in patients administered other
aromatic cpileptic drugs (Tame2).

Alfitevic er al. reported a potential protecting
cffect of HLA-B*0702 against carbamazepinc-
induced scvere cutancous adverse reactions in
Caucasian paticnts [14). In line with this, no SJS/
TEN patients recciving carhamazepine or other
in this study. However, we found HLA-B*0702
in two patients who did not receive anti-cpileptic
drugs. and there was no significant diffcrence in the
carrier frequencics between patients (1.72%) and
the Japanese population (5.17%) (p = 0.1113).

= HLA-B*5801 in allopurinol-related
and -unrelated SJS/TEN patients

As shown in Tams 3, we found five carriers of
HLA-B*5801, and four paticnts (paticnts 23,

36, 22
Sex (male, fernale) 35,23
Age (mean [range]) 55 (5-94)
Severity in ophthalmic disorders
| Score 0 (no ophthalmic involvement) 12
Score 1 (only hyperemia of bulbar and palpebral conjunciva) 21
Score 2 (pseudomembrane without epithelial defect) 1
Score 3 (conjunctival and/or corneal epithelial defect) 14
Severity unknown ocular disorders 9
No description on ophthalmic symptom 1
Administered drugs before development of SIS/TEN
Carbamazepine 7
Other aromatic anti-epileptic drugs n
Allopurinol 10°

‘One patient was treated with both carbamazepine and allopurinol. and ancther patient was treated with phenytom and

allopurnol
5J5: Stevens-Johnson syndrome, TEN Toxic epidermal necrolysi
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Sex
M 73 SIS Carbamazepine 1 *1511/4801
F 42 SIS Carbamazepine 3 *4001/*5201
M a5 SIS Carbamazepine 3 *4801/*5601
M 54 SIS Carbamazepine 0 *1501/*3501
F [ SIS Carbamazepine Severity unknown *4006/*5101
3 52 SIS Carbamazepine/zonisamide  Severity unknown *4601/*5901
M 17 TEN Carbamazepine/zonisamide 3 *4601/*5601
M 67 SIS Phenytoin Qcular involvernent unknown ~ *4001/*4601
F 5 SIS Phenytoin 0 *5504/*6701
F 64 TEN Phenytoin 3 *1501/*5101
n F 56 TEN Phenytoin 0 *1501/*5401
12 M 6 SIS Phenobarbital Severity unknown *1501/*5101
13 M 69 sIs Phenobarbital 1 *1501/*5101
14 F 42 TEN Phenobarbital 0 *5101/*5401
15 M 25 SIS Zonisamide 2 *1301/*4601
16 F n SIS Zonisamide 1 *4002/*5101
17 M 52 TEN Zonisamide Severity unknown *3501/*4601
18 M 78 TEN Zonisamide Severity unknown *3901/*6701
| ‘These patients were reported in the previous report [10]. F: Fernale; M: Male; 5JS: Stevens-Joh yndrome; TEN: Toxic epidermal necrolysis.
24, 27 and 28) reccived allopurinol. Since Discussion

a rotal of ten patients received allopurinol,
HLA-B*580! carrier frequency in allopuri-
nol-related patients was 40.0% . Tanz4 shows a
significant increasc in HLA-B*5801 allclc fre-
quency in allopurinol-administered patients
when compared with the Japancse population
(odds rario: 40.83, p < 0.0001). HLA-B*580!
was detected in one patient (patient 41) who
did not reccive allopurinol. This is the first
report that HLA-B*580] was detected in a
SJS/TEN paticnt unrclated to allopurinol.

Table 3. Characteristics of SJS/TEN patients administered allopurinol and an
allopurinol-unrelated patient carrying HLA-B*5801,

Recently, involvement of HLA loci have been
detected in idiosyncratic adverse drug reac-
tions, including cutanenous (67.15) or liver
116 injury. Regarding scvere cutancous rcac-
tions, some HLA class | antigen genotypes,
such as HLA-B*1502 s, HLA-B*5801 7] and
HLA-B*5701 (1], have been reported to be very
promising biomarkers for discriminating patients
at high risk of $JS, TEN or DIHS induced by car-
bamazepine, allopurinol or abacavir, respectively.
The very strong association of HLA-B*1502 with

D Sex Age  Disease Allopurinol Severityscorein  HLA-B i
' number (years) prescribed  ophthalmic diplotypet
| disorders

1 M 73 SIS Yes 1 *1511/*4801

8 M 67 SIS Yes Severity unknown *4001/*4601
23 3 53 sis Yes 1 *4002/+5801
24 M 77 TEN Yes Severity unknown *5201/*5801

125 M 75 55 Yes Severity unknown *4002/*4006

26 M 67 S5 Yes 1 *3001/*4001

27 F B1 SIS Yes 1 *4601/*5801

28 M 83 S5 Yes 1 *3901/*5801

29 M 58 TEN Yes 1 *1501/*5601

30 M 75 TEN Yes 0 *3501/*5201

4 F 55 TEN No* Severity unknown *5401/%5801

Leflunomid wpmudnd?orﬂmmm
145801 is indicated in boid

| F: Female; M: Male; 5J5: ﬂmmmqjgcmim J
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SIS/TEN patients Japanese

population®
0.61 (6/986)

Allopurinol-
related patients

"Data of 493 healthy Japanese reported in [13]
SIS Stevens-Johnson

20.0 {4/20)

carbamazepinc-induced SJS/TEN found in Han
Chinese patients in Taiwan [¢] was further con-
firmed by an extended study in Taiwan [17], and
studies on Asian patients living in Europe (3],
Han Chincse patients in Hong Kong (8] and the
Thai population (9). Man er al and Locharernkul
et al. reported that HLA-B*1502 was also
detected in patients who suffered from S]S/TEN
caused by aromatic anti-epileptic agents such as
phenytoin and lamotrigine [89]. By contrast,
no SJS/TEN patients receiving aromatic anti-
cpileptic drugs including carbamzepine car-
ricd HLA-B"1502 in our study using Japancse
patients. Thus, we could not confirm the associa-
tion of HLA-B*1502 with SJS/TEN in Japancsc
paticnts. This is reminiscent of the lack of the
association in Caucasian carbamazepine-in-
duced SJS/TEN patients s1. HLA-B*1502 was
not detected in 486 healthy Japanese 13), while
its allcle frequency in Han Chinesc was reported
to be 8.6% [61. The very low allcle frequency of
HLA-B*1502 in the Japancse may account for
why no association between HLA-B®1502 and
SJS/TEN was detected in our study. To date,
uscful genetic biomarkers have not been found
for carbamazepine-induced SJS/TEN in ethnic
groups other than some Asian cthnic groups,
including Han Chinese.

Alfirevic er al. reported a significant low car
rier frequency of HLA-B*0702 in Caucasian
patients with carbamazepine-induced severe
cutancous adverse reactions, and its potential
protecting effect against severe cutancous adverse

R

Odés

p-value 95% confidence
(Fisher's exact ratio interval for
test) odds ratio
<0.0001 40,83 10.50-158.9

syndrome; TEN Taxc epidermal necrolyss.

reactions [14]. Since we detected HLA-B*0702
in two SJS/TEN parients unrelated to car-
bamazcpine administration, furcher studics arc
necessary to clarify the relationship berween
HLA-B*0702 and SJS/TEN,

The association of HLA-B*580] with allo-
purinol-induced severe cutancous adverse reac-
tions detected in Han Chinese in Taiwan (7] has
been confirmed in Caucasians (s]. Although the
association observed in Han Chinese in Taiwan
was extremcly strong (adds ratio: ~580), only
a moderate association of HLA-B*580! with
allopurinol-induced SJS/TEN was obscrved in
a European study by Lonjou er al (p < 10",
odds ratio: 80) (s]. In their study, the carrier
fmqumcy in Eutapczn patients was 55.6%,
while thar in 2 European population was 1.5%.
A moderarte but statistically significant asso-
ciation (p < 0.0001, odds ratio: ~40) between
HLA-B*580! with allopurinal-administcred
SJS/TEN was also detected in the current study
using Japancse paticnts. Although the carricer
frequency of HLA-B"580! in the Japancse
population (1.2%) (13] is comparable to that in
the European population (1.5%), the carrier
frequency of HLA-B*5801 in allopurinol-ad-
ministcred Japancsc paticnts (40.0%) was lower
than that observed in European patients, The
sample size of our study was not sufficient to esti-
mate the accurate carrier frequency in patients.
Recently, Ueta ¢t al. reported a case—control
study on relationships berween HLA class [ and
I1 genetic polymorphisms with severe acular

la:iymmtds of geﬂeﬁc blomarkcr: forsem mtam adnm mcﬂom

Recently, strong drug-specific associations of human leukocyte antigen (HLA)-8*1502 and HLA-8*5801 with carbamazepine- and
allopurinal-induced severe cutaneous adverse drug reactions were found in Han Chinese patients, respectively.
* However, a European study suggested that HLA involvement in severe cutaneous adverse reactions may be ethnic-group-spedific, as well

as drug-spedific.
Objective of this study

- We began a retrospective case—control study to explore genetic biomarkers related to Stevens-Johnson syndrome (SJS) and toxic

epidermal necrolysis (TEN) in Japanese patients living in Japan.
Conclusion

* We could not find any association between HLA-8*1502 and carbamazepine-aromatic anti-epileptic agent-associated SIS/TEN in

lapanese patients.

- We detected a moderate association of HLA-B*5801 with Japanese allopurinol-related SIS/TEN patients.

Pharmacogenomics (2008) 9(11)
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complications using 71 Japancsc drug-unspec-
ificd SJS/TEN paticnts and 111 Japanese con-
trols, and they did not detect any HLA-B*5801
carricrs both in cases and controls [15). However,
no allopurinol-induced patients were included in
their ﬂmpl: [Uera M, Tokunaca K, Sorozowo C 574t
PaerreTunaL UNiveasTy of Mrnicive. KyoTo, Jaran Pens.
Counun]. On the other hand, Dainichi et al.
detected three HLA-B"5801 carriers in all three
allopurinol-associated patients diagnosed with
§]S, DIHS and TEN, respectively 15]. Their data
and the current study lead to a conclusion that
HLA-B*580! is onc of the (surrogate) genetic
biomarkers for allopurinal-associated S]JS/TEN
also in Japancsc paticnts,

Condusion

While HLA-B*1502 is unlikely to be associated
with inc-related or aromatic anti-cp-
ileptic agent-related SJS/TEN, HLA-B*580! was
significantly associated with allopurinol-related
SJS/TEN in Japanesc.
Future perspective
Recently, the US FDA approved the revision of
the label of products containing carbamazepine.
In the updated label, it is clearly stated chat
patients with Chinese ancestry should be
screencd for the HLA-B*1502 allcle before start-
ing treatment with carbamazepine, and that
HLA-B"1502-positive paticnts should basically
not be given the drug, On July the 24th, 2008,
FDA published an ‘alert’ 101] based on several
studies [15,20-22) informing healthcare professi

started to identify patients at high risk of idio-
syncratic adverse reactions. However, biomarkers
only for restricted drugs such as carbamazepine
(HLA-B*1502 for some Asian cthnic groups
excluding Japanese), abacavir (HLA-B*5701
for people living in the USA and Europe) or
allopurinol (HLA-B*5801) among more than
100 causative oncs have been detected to date.
Therefore, more intensive, nationwide or even
international case—control studies are necessary
to find corresponding biomarkers identifying
patients at high risk for individual ethnic popu-
lations or individual causative drugs, The accu-
mulation of such data may uncover pathogenic
mechanisms of SJS/TEN, which will be uscful
for the identification of new molecules that cause
severe cutancous adverse reactions at an early

stage of the drug-development process.
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Abstract

Background: We have followed 9 Japanese patients with
opticospinal multiple sclerosis (OSMS), some of whom
showed longitudinally extensive spinal cord lesions, deep
sensory disturbances and resistance to treatment. We inves-
tigated the patients for anti-aquaporin 4 (AQP4) antibodies
and related this to their neuroimaging, clinical and labora-
tory features, Methods: We studied the clinical course, neu-
rological findings, cerebrospinal fluld (CSF), and electro-
physiological findings, and determined the presence of
anti-AQP4 antibody and human leukocyte antigen DPB1 and
DRB1 alleles. Results: Five patients (56.6%) had anti-AQP4
antibody. Antibody-positive patients displayed female pre-
dominance, longitudinally extensive spinal cord lesions,
higher frequency of exacerbations, severe disabllity, and
higher cell counts and total protein content without IgG oli-
goclonal bands In the CSF. They also showed poor steroid
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responsiveness and poor therapeutic response to interferon

B1p. Conclusions: The presence of anti-AQP4 antibodies cor-

relates with clinical severity and poor prognosis in OSMS.
Copyright © 2008 5. Karger AG, Basel

Introduction

The reported prevalence of multiple sclerosis (MS)
ranges from 0.7 to 8.6 per 100,000 in Japan [1]. Some re-
cent reports have indicated rates of 8.57 per 100,000 in
the Tokachi area [2] and 10.2 per 100,000 in Asahikawa
city [3); these higher rates are possibly attributable to the

location of these areas, which are in north-

ern Japan. Fifteen to 40% of Japanese MS patients have
the opticospinal form (opticospinal MS; OSMS) (1], char-
acterized by the selective involvement of the optic nerve
and spinal cord. The proportion of OSMS cases is higher
in Japan than in Western countries, where conventional
MS is more common [1, 4, 5. OSMS has similar features
to relapsing neuromyelitis optica (NMO) and it has been
that they are the same disease [6-8]. Recently,
NMO-IgG, which interacts selectively with the aquapo-
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rin 4 (AQP4) water channel, was found in the serum of
both NMO and Japanese OSMS pa(lents [9, 10] Addi-
tionally, several reports showed a clini re-
lationship between NMO, MS and AQP4 [11-14]. How-
ever, there are few reports describing a correlation be-
tween Japanese OSMS patients and anti-AQP4 antibodies
[15, 16]. On the other hand, we have been treating OSMS
patients for a long time. Some of the patients have long
lesions in the spinal cord, deep sensory disturbances and
are refractive to corticosteroid and interferon B, (IFN-
Bis) treatment. We investigated the relationship between
the presence of anti-AQP4 antibodies and the neuroim-
aging, neurophysiological and clinical-laboratory fea-
tures in these patients.

Materials and Methods

Patients

We recruited 9 consecutive Japanese patients with MS (2 men
and 7 women; mean age 49.9 years, SD 10.4 years), whose main
lesions were in the spinal cord and optic nerve, and who had been
treated for more than 10 years in our hospital. The patients ful-
filled the criteria for clinically definite MS developed by Poser et
al. [17]. Clinical course (age of onset, symptoms at onset, disease
duration, frequency of exacerbations, annual relapse rate and
therapy), the presence of anti-AQP4 antibody, neurological find-
ings, cerebrospinal fluid (CSF), electrophysiological findings in
the acute phase, and human leukocyte antigen (HLA) DRBI and
DPBI alleles were evaluated. Optic nerve involvement was con-
firmed using visual evoked potentials and flicker tests. Disability

was scored using the Expanded Status Scale (EDSS)
{ls] Tthnuth.!h.hCommRmof:thttimdDefau
Medical College approved the study and informed consent was
obtained from each patient.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) was performed using a
1.5-tesla Vision system (Siemens, Germany). For brain MRI, T,-
weighted, spin-echo images [repetition time (TR), 3,520-3,800
ms; echo time (TE), 95.2-102 ms] and T,-weighted images (TR,
400 ms; TE, 13 ms) were collected as axial and coronal images.
T,-weighted images were used in enhancement studies with gad-
olinium diethylene triamine pentaacetic acid (Gd-DTPA). T-
weighted images (TR, 3,000-4,100 ms; TE, 102-120 ms) and T)-
weighted images (TR, 500751 ms; TE, 9.4~19.1 ms) of the spinal
cord were obtained in the and axial planes. A Gd-DTPA
enhancement study of the spinal cord was also performed using
T,-weighted images.

Electrophysiological Study

Three kinds of electrophysiological examination were per-
formed. Firstly, motor (right median, ulnar and tibial nerves) and
sensory (right median, ulnar and sural nerves) nerve conduction
studies were performed in all patients before therapy. Secondly,
median nerve somatosensory-evoked potentials (SEPs) were stud-
ied, with analysis of N9 (recorded at Erb’s point ipsilateral to the

38 Eur Neurol 2008,60:37~42

stimulated nerve - contralateral Erb's point cEP), N11 (sixth cer-
vical spinous process - Fz of the international 10-20 system),
P13/14 (contralateral hand sensory area HS - ¢EP), and N20 (HS-
Fz). Thirdly, tibial nerve SEPs were studied, with analysis of P15
(contralateral iliac crest - ipsilateral greater trochanter iGT), N21
(first lumbar spinous process - iGT), and P38 (C3-C4 or F2-Ca2).
A stimulus was delivered at the wrist or ankle and the strength
was adjusted to minimal contraction of the abductor pol-
licis brevis or abductor hallucis muscle. Potentials were amplified
by filters set at 1 and 1,500 Hz, and at least 500 responses were
averaged. To ensure reproducibility of results, SEPs were recorded
at least twice. Normal limits were established in 14 healthy volun-
teers ofamean * SDage of 42 * 6years,andamean * SD height
of 167 * 6cm.

Anti-AQP4 Antibody

For the anti-AQP4 antibody detection, we constructed AQP4
antigen-presenting cells as follows [15]; total RNA was extracted
from an adult human cerebellum and cDNA-encoding human
AQP4 (AQP4 M23 isoform; GenBank accession No. U63623) was
cloned by the reverse transcription chain reaction
technique. Full-length ¢cDNA was inserted into the Xbal site of a
PEE-BOS expression vector and transfected to HEK 293 cells. The
HEK 293 cells were then fixed in 4% paraformaldehyde in 0.1 M
phosphate-buffered saline (pH 7.4). Nonspecific binding was
blocked with 10% goat serum/phosphate-buffered saline, the cells
were incubated with the patient serum for 60 min at room tem-
perature, then incubated with fluorescein-isothiocyanate-conju-
gated rabbit anti-human IgG (BD Biosciences, San Jose, Calif,
USA). Then, a SlowFade Gold anti-fade reagent (Molecular Probes,
Carlsbad, Calif., USA) was applied to the slide.

Statistical Analyses

Statistical analyses were performed with SPSS version 12.0] for
Windows (SPSS Inc., Chicago, 1L, USA). Two-tailed p values of
<0.,05 were considered significant. One-factor factorial analysis
of variance was used to compare ages or years. The Kruskal-Wal-
lis test was used for nonparametric comparisons of EDSS scores.

Differences in proportions were examined using contingency ta-
bles and the ) test or Fisher’s exact test.

Results

Clinical features of all patients are summarized in ta-
ble 1. Five of the 9 patients (56.6%) had anti-AQP4 anti-
bodies; all of them had frequent relapses of myelitis with
or without optic neuritis and were females. Optic neuritis
was severe in the anti-AQP4 antibody-positive patients,
and 3 patients in the antibody-positive group but none in
the negative group showed complete blindness. The anti-
body-positive group exhibited a later age of onset, but this
was not significant (table 1). The positive group showed
significantly more frequent exacerbations (p < 0.05; one-
factor analysis of variance), and si
EDSS scores during remission (p < 0.01; Kruskal-Wallis
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Table 1. Clinical features of OSMS with anti-AQP4 antibody Table 2. MRI findings
Anti-AQP4  Anti-AQP4 Anti-AQP4 Anti-AQP4
Ab-positive  Ab-negative Ab- Ab-
(n=5) (n=4) (n=5) (n=4)
Male/female 0/5 22 MRI
Age of onset, years 404%129 268%7.0 Lesions in the spinal cord 5 4
Symptoms at onset Lesions in the thoracic cord 5(100) 3(75)
Visual impairment 3(60) 2 (50) Lesions in the cervical cord 3 (60) 3(75)
Numbness of lower limbs 2 (40) 2(50) Both thoracic and cervical lesions 2 (40) 1(25)
Disease duration, years 144+46 170%58  Longitudinally extensive spinal cord lesions
Frequency of exacerbations 9.6%18* 68%09 23 vertebral segments 5(100) 0
Annual relapse rate per year 074%03 049%03 <3 vertebral segments 0 4(100)
EDSS score Syrinx formation 4 (80) 1(25)
At relapse 78%17 5310 Brain MRI
During remission 71220 33%03 Lesions in the cerebrum or cerebellum 5(100)  3(75)
Neurological findings in the lower extremities Periventricular lesions 3 (60) 3(75)
Positive Babinski sign 4(80) 4(100)
Decreased tendon reflexes with Anti-AQP4 Ab = Anti-AQP4 antibody. Figures in parentheses
Babinski sign 3/4 1/4 indicate percentages,
Deep sensory disturbance 5 (100) 3(75)
CSF analysis
Increased MBP (20.8 ng/ml) 5 (100) 0
IgG oligoclonal bands 1(20) 0
Pleocytosis (220 cells/pl) 4 (80) 1(25) ;
- 7 4(80) 1(25) tun*avmo‘t:i met_hylprcdmsolone pulse, Which was then
HLA class IT lue]“r tapered, and their symptoms mostly subsided. However,
DPB1*0501 4(80) 2 the antibody-positive group showed poor steroid respon-
DPB1%02012 2 (40) D: siveness in subsequent relapses, and anti-immunosup-
DPB1*0901 1(20) 1 pressants such as cyclophosphamide, or azathioprine and
“‘“}"v”iﬁ"“"" s 5 (100) 4(100) plasmapheresis were more commonly used. On the other
CPA 2 (40) 1(25) hand, the negative group responded well to corticoste-
Plasmapheresis 3(60) 1(25) roids even in subsequent relapses. Three patients in the
AZP 4 (80) 2(50) positive group administered IFN-Byy subsequently had
Administration of IFN-B, :gﬂ) ;US) marked exacerbations and 2 of them had new white mat-
Good response 3 lesions cerebrum on MRI
Poor response 33 13 e inthe % In the negative group,

Anti-AQP4 Ab = Anti-AQP4 antibody; IVMP = intravenous
meth’ ne; CPA = ; AZP = azathio-
prine. * p < 0.05; ** p < 0.01. *One patient in the anti-AQP4 anti-
body negative group declined the examination. Figures in paren-
theses indicate percentages.

test) than the negative group. The number of patients
who displayed decreased tendon reflexes in the lower ex-
tremities despite a positive Babinski sign was larger in the
antibody-positive group. In CSF analyses, pleocytosis
(more than 20 cells/ul), a slight increase in protein, and
increased myelin basic protein (MBP) were more com-
mon in the positive group than in the negative group,
while IgG oligoclonal bands were not detected in either
group. The patients in both groups responded well to cor-
ticosteroid therapy in the initial relapses using high-dose

OSMS with Anti-AQP4 Antibody

2 of 3 patients given IFN-P,;, experienced a reduction in
frequency and severity of relapse, but in 1 patient IFN-Bp
was discontinued because of severe adverse effects. One
patient in each group had the autoantibody to §5-A/Ro,
however, no patient was diagnosed as having Sjdgren’s
syndrome according to the results of lip biopsy. All pa-
tients in the antibody-positive group and 2 in the negative
group (1 in the negative group had not been examined)
had HLA-DPBI*0501 alleles.

MRI Findings

Spinal MRI showed at least two hyperintense spinal
cord lesions on Ty-weighted images, with Gd-DTPA en-
hancement in the thoracic or cervical cord of all cases
(table 2). In the positive cases, all patients had longitudi-
nally extensive spinal cord lesions, in at least 3 vertebral
segments (fig. 12). On the other hand, in all the antibody-
negative patients, MRI showed no longitudinally exten-
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Fig. 1. Representative MR images of anti-AQP4 antibody-positive
and antibody-negative patients with OSMS. a Spinal cord T;-
weighted MRI of a 60-year-old patient with anti-AQP4 antibody,
showing longitudinal lesions of high signal intensity extending
over several segments at relapse. b Spinal cord MR1 of a 49-year-old
female patient who has no anti-AQP4 antibody, showing longitu-
dinal lesions of high signal intensity but less than 3 vertebral seg-
ments at relapse, ¢ T;-weighted axial image of a 52-year-old patient
with anti-AQP4 antibody, showing syrinx formation mainly locat-
ed in the center of the spinal cord as signal hyperintensity with a

sive spinal cord lesions (fig. 1b). The spinal cord was se-
verely atrophied in 3 of the antibody-positive cases. In
addition, 4 of the 5 positive cases showed syrinx forma-
tion as signal hypointensity on T;-weighted images and
hyperintensity on T;-weighted images. These cavity-like
lesions showed a similar signal to CSF and were not en-
hanced by Gd-DTPA (fig. 1c). Several months after ini-
tiation of corticosteroid therapy, the cavity sizes had re-
duced only slightly. Brain MRI was performed in each
case. In the antibody-positive cases, some scans revealed
an increased signal in the optic nerve on fat saturation
images (fig. 1d). All patients in the antibody-positive
group and 3 in the negative group had cerebral lesions
(table 2). Three patients in each group had a few periven-
tricular lesions (table 2; fig. le, f). Two of the positive cas-
es administered IFN-B,, had new lesions of the pyrami-
dal tracts in the brainstem (fig. 1g).

40 Eur Neurol 2008;60:37-42

similar signal to that of the CSF In spite of remission. d Brain fat
saturation pulse MRI of a 58-year-old patient with anti-AQP4 an-
tibody, showing the left optic nerve with abnormal intensity in re-
mission. e T,-weighted axial MRI of a 60-year-old patient with
anti-AQP4 antibody, showing periventricular hyperintense lesions
at relapse. f T;-weighted image of a 49-year-old female patient who
has no anti-AQP4 antibody, showing periventricular hyperintense
lesions at relapse. g T;-weighted image of a 58-year-old patient with
anti-AQP4 antibody, showing a new high-intensity lesion in the left
middle cerebellar penduncle after IFN-fy, treatment.

Electrophysiological Findings

Nerve conduction studies were normal in all patients
of each group. One patient in the antibody-negative group
declined the SEP study. The right median SEPs showed
the following abnormalities: in the antibody-positive
group, SEPs showed delayed latencies between the N9
and N20 onsets in 2 cases and reduced amplitudes at
P13/14 in 2 cases. The right tibial nerve SEPs showed no
abnormalities in all the antibody-positive patients but 2
patients in the negative group showed delayed latencies
between the N21 and N28 peaks.

Discussion
The present study confirmed that patients with anti-

AQP4 antibody had these previously reported features:
female predominance, longitudinally extensive spinal

Kanzaki et al.



cord lesions, higher frequency of exacerbations, higher
EDSS scores, higher cell counts and total protein content
without IgG oligoclonal bands in the CSF [1, 16]. All pa-
tients in the antibody-positive group showed increased
MBP in the CSF and had HLA-DPB1*0501 alleles which
havebeen thought to be associated with OSMS [19]. In the
antibody-positive group, 3 of 4 patients with a positive
Babinski sign had decreased tendon reflexes in the lower
extremities indicating mixed upper and lower motor
neuron signs. Although abnormalities of tendon reflexes
and vibration sense of the lower extremities may suggest
lesions in dorsal roots and dorsal columns, we were un-

signs. This poor correlation between clinical and electro-
physiological changes in MS has also been reported pre-
viously [20].

All in this study also met the revised diag-
nostic criteria for NMO [21]. NMO lesions are distributed
in the hypothalamus and the grey matter of the spinal
cord and correlate with the distribution of AQP4-rich ar-
eas [11, 22]. However, in the present study, brain lesions
were also found in the long tracts such as the pyramidal
tract or the middle cerebellar peduncle of the antibody-
positive patients, which differed from previous reports.
Almost all the patients in both groups had small periven-
tricular lesions, but these findings did not fulfill the cri-
teria of McDonald et al. [23] for MS on brain MRI. In the
antibody-positive cases, MRIs demonstrated that syrinx
formation was predominantly located in the central part
of the spinal cord (fig. 1c). MS associated with a spinal
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Longitudinal Analysis of Cytokines and Chemokines
in the Cerebrospinal Fluid of a Patient with Neuro-Sweet
Disease Presenting with Recurrent Encephalomeningitis
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Abstract

Background Neuro-Sweet disease (NSD) has recently been identified as Sweet disease with central nervous
system (CNS) involvement characterized by multisystem neutrophilic infiltration. However, the pathogenesis
of this disease remains unknown. Neutrophil and other inflammatory cell activities are influenced by many
cytokines and chemokines, but to date, no studies have examined the levels of these factors in patients with
NSD.

Patient and Methods The patient presented with encephalomeningitis twice in one year and was diagnosed
with NSD. We measured the levels of cytokines (i.e.. IL-2, IL-4, IL-6, IL-10, IFN-y, and TNF-o) and
chemokines (i.e., CCL2, CCL3, CCL5, CXCL8, CXCL10 and GM-CSF) in 10 CSF samples from the patient
longitudinally for one year including those during two episodes of encephalomeningitis.

Results The elevations of IL-6, IFN-y, CXCL8 (IL8) and CXCL10 (IP10) were markedly higher than the
levels in uninfected control subjects with neurological disorders. The levels of these cytokines and chemoki-
nes were statistically correlated with total CSF cell counts (p <0.01).

Conclusion CD4+ helper T (Th) cells can be divided into the Thl and Th2 subtypes according to their cy-
tokine sccretion patterns, and IFN-y and IP10 are the Thi-type cytokine and chemokine indicating the in-
volvement of Thl cells in NSD. In addition, the level of IL8, a specific neutrophil chemoattractant, correlated
well with the neutrophil cell counts in CSF. Our data suggest the important roles of Thl cells and IL8 in the
pathogenesis of NSD.

Key words: CXCL8 (IL-8), CXCL10 (IP-10), IL-6. IFN-y, neutrophil cell, Thl cell

(DOI: 10.216%internalmedicine.47.0370)

tients with NSD also typically show high levels of HLAs B

Introduction

Neuro-Sweet disease (NSD) has recently been identified
as Sweet discase with central nervous system (CNS) in-
volvement characterized by multisystem neutrophilic infiltra-
tion (1, 2). Patients present with painful erythematous
plaques on their skin and histological examination of the
plaques shows dense dermal infiltration of neutrophils with
no signs of vasculitis. This characteristic finding, together
with HLA BS51 negativity, is important in distinguishing
NSD from neuro-Behget disease (NBD) (2, 3). Japanese pa-

54 and CW1 (2).

Encephalitis and meningitis are common neurological
manifestations of NSD (1). Systemic corticosteroid therapy
is highly effective and most patients recover from their neu-
rological deficits without sequelae (1, 2, 4, 5). Despite effec-
tive treatment, however, some patients have recurment epi-
sodes indicating that more effective therapies are still
needed. A clearly defined pathogenesis for NSD and reliable
laboratory markers reflecting disease activity remain elusive.
Here, we report the first longitudinal analysis of the levels
of cytokines and chemokines in the cerebrospinal fluid
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Figure 1. Magnetic resonance images on admission. FLAIR images show high-intensity lesion in
the brainstem (1-1), right thalamus and caudate nucleus (1-2) at first hospitalization, and high-in-
tensity lesion in the cortex and subcortical white matter of the left temporal lobe at second hospi-

talization (1-3).

(CSF) of a patient with NSD. Our results provide important
clues to the pathogenesis of NSD and may contribute to the
formulation of more effective preventative NSD therapies.

Patient and Methods

Patient
At first hospitalization

A 59-year-old woman had a sore throat and a fever in late
August 2005. Four days later, she visited a local hospital.
She was diagnosed with acute tonsilitis, admitted to a hospi-
tal and treated with antibiotic therapy in early September
2005. The day after admission, she became drowsy and she
was (ransferred to our hospital. She had a history of acute
hepatitis B viral infection. She had a temperature of 36.6T,
a pulse of 78/min, and a blood pressure of 148/65 mm Hg.
She had erythematous plagues on both legs. On neurological
examination, her consciousness level was semicoma and she
presented with right pupillary dilatation and delayed light
reflex. The deep tendon reflexes of all four limbs were hy-
peractive except for the bilateral Achilles tendon reflexes.
Laboratory evaluation revealed increased numbers of periph-
eral blood leukocytes and neutrophils: white blood cell
(WBC) count, 15.1x10%ul (normal range: 3.3x10'~7.9x10"/
pl) and neutrophil cell count, 13.9x10/ul (normal range
1.5%10'~5.9x10"/ul). Her serum C reactive protein (CRP)
level was 18.8 mg/dl (normal <0.20 mg/dl). CSF examina-
tion showed 341 cells/mm’ (mononuclear cells, 298; neutro-
philic cells, 43) and a total protein concentration of 172 mg/
dl. A culture of a CSF sample was negative for bacteria, tu-
berculosis and fungi. Antibodies against herpes simplex vi-
rus were absent and PCR analysis also showed no herpes
simplex virus. A brain MRI scan showed increased signal
intensities on T2-weighted and fluid-attenuated inversion re-
covery (FLAIR) images in the brainstem (Fig. 1-1), right

thalamus and caudate nucleus (Fig. 1-2). The electroen-

cephalogram showed slow basic rhythm and diffuse 0 activ-
ity. After admission she was treated with an intravenous in-
fusion of antibiotics and acyclovir. Subsequently, the distur-
bance of consciousness became progressively worse and me-
chanical respiratory management was required two days af-
ter admission, She suffered a generalized tonic seizure and
was treated with phenytoin. The seizures were difficult to
control, however, and required treatment with the anesthetic
agent propofol. Because a brain MRI scan showed increased
signal intensities on T2-weighted and FLAIR images in vari-
ous subcortical brain structures, a diagnosis of acute dis-
seminated encephalomyelitis (ADEM) was suspected. Thus.
four days after admission intravenous dexamethasone (12
mg/day for 5 days) was administered for 4 days and then.
ten days later, methylprednisolone (1,000 mg/day for 3
days) was administered for three days. Her condition gradu-
ally improved and she did not require respiratory manage-
ment. However four weeks after admission a brain MRI
scan showed an abnormal signal intensity lesion in the
periventricular white matter of the left parietal lobe and ex-
pansion of the brainstem lesion. Then her symptoms and ab-
normal brain MRI findings gradually improved and she was
discharged from the hospital without any sequelae in early
November 2005.

At second hospitalization

The patient had a sore throat and a fever in mid-January
2006. Five days later, she consulted an otolaryngologist and
was diagnosed with acute tonsilitis. She was treated with an
intravenous infusion of antibiotics. Five days later she suf-
fered a sudden, generalized tonic seizure during infusion and
was referred to our department. She had a temperature of
37.87C, a pulse of 95/min, and a blood pressure of 153/83
mm Hg. Her throat was reddish and the palatal tonsil was
swelling with velaque. Erythematous plaques were apparent
on her cheek, forearms and legs. On neurological examina-
tion, she was disoriented and could not remember her name
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aml irtlwday correctly, The deep tendon reflexes of all four
limbn  were hyperactive predominantly in left upper and
lower limbs, She presented with bilateral Hoffman reflexes
amned spasticity of the lower limbs. Laboratory tests revealed
i ivised numbers of peripheral blood leukocytes and neu-
tphils: WBC count, 13.7x10"/ul and neutrophil cell count,
11 $x10'ul. Her serum CRP level was elevated at 11.3 mg/
dl tnormial <0.20 mg/dl). The serum rheumatoid factor and
antibexlics including antinuclear, anti-SS-A, anti-SS-B, anti-
DINA, unti-Sm, and anti-RNP antibodies, and the perinuclear
anti neutrophil cytoplasmic antibody (P-ANCA), and the cy-
toplasmic anti-neutrophil cytoplasmic antibody (C-ANCA)
were all absent. Human leukocyte antigen (HLA) typing
shuwed B-54 and CW1. CSF examination showed 108 cells/
mm' (mononuclear cells, 91; neutrophilic cells, 17), a total
potem concentration of 41 mg/dl. A culture of the CSF
sample was negative for bacteria, tuberculosis and fungi.
Antibodies against herpes simplex virus, varicella zoster vi-
s und toxoplasma were negative. PCR analysis also
showed no herpes simplex virus. A brain MRI revealed in-
vrensed signal intensity on T2-weighted and FLAIR images
in the cortex and subcortical white matter of the left tempo-
vl lobe (Fig. 1-3). *"Te-HMPAQO SPECT performed on the
third day of hospitalization revealed hyperperfusion in the
lelt temporal lobe, An electroencephalogram showed diffuse
slow activity with small spikes and sharp waves in the left
temporal region, There were no ocular lesions such as
wveilis, episcleritis and conjunctivitis. Neither oral aphthae
nor genital ulcers were obserbed. We performed a malig-
nancy survey including a whole-body CT, an examination
by gastrointestinal endoscopy, a bone marrow aspiration
stdy, il @ gynecological consultation, all of which showed
negative results, After admission she was treated with an in-
tavenous infusion of antibiotics and acyclovir, Her con-
sciousiiess was progressively disturbed and she suffered fre-
yuent generalized tonic seizures; therefore, at ten days after
mimission she required propofol treatment and mechanical
respiratory management. A skin biopsy of the erythema on
her right forcarm was performed. Histological examination
showed dense dermal infiltration of neutrophils with no
wsigns of vasculitis, and as a result she was diagnosed with
Sweet's disease. Corticosteroid therapy was initiated with an
itruvenous administration of methylprednisolone (1,000 mg/
day lor 3 days) from the tenth day of admission, followed
by 50 mg of prednisolone administrated orally. Her symp-
toms gradually improved by the end of January 2006 she no
longer required mechanical ventilation. However, she contin-
wedl suffering from a slight fever, and elevated levels of CRP
amnd WBCs without signs of infection and presented with
aphosia. As a result, she was treated with a second intrave-
nous administration of methylprednisolone (1,000 mg/day
tm 3 days) in early Feburary 2006. Subsequently, her symp-
toms and laboratory data improved, and she was discharged
lrmn the hospital without any sequelac about three weeks
Inter

Methods

Analysis of levels of cyfokines and chemokines

We measured the levels of cytokines (i.e., IL-2, IL-4, IL-
6, IL-10, IFN-y, and TNF-tx) and chemokines (i.c., CCLY/
MCP-1, CCL3/MIP-la,, CCLS/RANTES, CXCLS/IL-8,
CXCL10/IP-10 and GM-CSF) in 10 CSF samples from the
patient throughout the clinical course. We also measured the
levels of those cytokines and chemokines in CSF samples
from the control subjects. The control subjects for cytokines
were 21 noninfected patients with neurological disorders
(epilepsy. 8; psychomotor delay, 5; psychogenic response, 5;
functional headache, 1; myopathy, 1; agenesis of corpus cal-
losum, 1) and the control subjects for chemokines were 10
noninfected subjects with neurological disorders (functional
headache, 3; Parkinson disease, 1; normal pressure hydro-
cephalus, 2; spinocerebellar degenetration, 2; amyotrophic
lateral sclerosis, 2). CSF samples were obtained from them
on routine analysis and they all had normal CSF cell counts.
All upper values of control subjects are expressed as mean +
3SD.

Determination of cytokine levels

The levels of IFN-y, TNF-¢, IL-2, IL-4, IL-6, and IL-10
in CSF were measured with a cytometric bead amray (CBA)
kit (BD PharMingen, San Diego, CA) as previously de-
scribed (6-8), with the exception that data analysis was per-
formed using GraphPad Prism software (GraphPad Prism
Software, San Diego, CA). The lower detection limits for
IFN-y, TNF-q, IL-2, IL-4, IL-6, and IL-10 were 7.1 pg/mL,
2.8 pg/mL, 2.6 pg/mL, 2.6 pg/mL, 2.5 pg/mL, and 2.8 pg/
mL., respectively.

Determination of chemokine levels

The levels of CCLZMCP-1, CCL3/MIP-1a, CCL5/RAN-
TES, CXCLS8/L-8, and GM-CSF were measured using
ELISA kits (Endogen, Woburn, MA, USA), and the concen-
tration of CXCLI10/IP-10 was measured using an ELISA kit
(R&D Systems, Minneapolis, MN, USA) on the basis of the
quantitative sandwich enzyme immunoassay technique, as
previously described (9). The sensitivity of these assays was
10 pg/mL.

Statistical analysis

The Spearman rank correlation was calculated to assess
the correlation between the levels of cytokines and total
CSF cell counts, and the levels of chemokines and total CSF
cell counts,

Results

Clinical course (Fig. 2)

Clinical manifestations and brain MRI findings correlated
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Figure 2. Cell counts [total cell count (TCC), mononuclear cell count (Mone.), neutrophilic cell
count (Neutro.), cellsfmm’] in CSF.

Table 1. The Levels (pg/mL) of Cytokines (1-1), Chemokines (1-2) and Total Cell Count [(TCC),

Cells/mm?] in CSF
(1-1)
BSep  225ep 3-0ct 7Ot 20-0wt  18Jan  23-dan  31-dan  14-Feb  1-Mar |
Date P value
2008 2005 2005 2005 2005 2006 2006 2006 2006 2006
IL-6(<I12.1y* 09 145 2558 123 23 81712 IJITP.I. 182.7 13.6 126 <0.01
IL-4 (=143 7 <25 6 5 <25 176 132 44 <35 <25 <{101
IL-2 (<5.5) 27 Qs @5 s <as Q25 @5 R 2 25 | w
IFN-y (<60.3)* 2.6 125 20 <) <7 1346 463.7 5% <71 <71 | =00l
TNFaa (<72 28 28 <@F Q8 Q8 QA8 Q8 <98 A8 <28 ns r
| 1IL-10 (<7.2)* 4 a3 4.6 <28 <18 59 53 29 <28 <28 ‘ <0.01
i TCC 5] W % 29 ™ 15 2 2 | |
(1-2)
¥Scp  225cp 30 7-0m  27-0m I8dan 23-an 3lJan  I&Feb | -Mar
Date P value
2005 200 2005 2005 2005 2006 2006 2006 2006 2006
MCP-1 (<1380) 3485 7408 13846 TIOH 9625 1403.2 12172 W.o 10975 12351 ns
IL-B (<55.23)* 1985 1462 2836 96 K65 4494 4414 264 509 807 | <001
| MIP-1ai<10.05)* 244 18.5 252 17.5 17.5 23,7 49.6 6.7 14.5 259 ns
RANTES (<7.22)* 40 56 48 26.7 213 133 0.7 3 427 50.7 ns
IP-10(<579.2)* 1880.5 6321 24178 15118 605R 0762 31763 2639 3582 9322 l <001
TCC 42 20 36 22 9 9 150 2 21 R
.

* the levels of CSF cytokines and chemokines of the control subjects (< mean + 35D)

to the active phases.

well with CSF cell counts. The disease activity was divided
into active and inactive phases. September 8, 2005, October
3, 2005, January 18, 2006, and January 23, 2006 correspond The levels of IL-6 and IFN-y in CSF were statistically
correlated with total CSF cell counts (p <0.01). The eleva-
tions of these cytokines were markedly higher than the lev-

-2
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Cytokine levels (Table 1-1, Fig. 3)
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Figure 3. Levels of IL-6, IFN-y (pg/mL) and total cell count [(TCC), cells/mm’] in CSF.
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Figure 4. Levels of IL-8, IP 10 (pg/mL) and total cell count [(TCC), cells/mm’] in CSF.

¢ls in 21 uninfected subjects with neurological disorders.
The levels of 1L.-4 and IL-10 in CSF were also statistically
correlated with total CSF cell counts. However, the eleva-
tions of these cytokines were almost within normal ranges
of control subjects. The levels of IL-2 and TNF-a in CSF
were equal to or below the detection limits. The levels of
CSF cytokines of the control subjects are shown in Ta-
ble 1-1.

Chemokine levels (Table 1-2, Fig. 4)

The levels of IL-8 and IP-10 in CSF were statistically
correlated with total CSF cell counts (p <0.01). The eleva-
tions of these chemokines were markedly higher than the
levels in 10 uninfected subjects with neurological disorders.
The levels of other chemokines in CSF also showed various
changes during the follow-up period; however, there was no
significant correlation between these levels and total CSF
cell counts. The levels of GM-CSF in all of the CSF sam-
ples were below the detection limits. The levels of CSF
chemokines of the control subjects are shown in Table 1-2.

Correlations between level of IL-8 in CSF and neu-

trophilic cell counts in peripheral blood and CSF
The level of IL-8 in CSF correlated with the neutrophilic

cell count in CSF (Fig. 5-1). The level of IL-8 in CSF also

correlated with the peripheral neutrophilic cell count except
for during the active phase (October 3, 2005) at the first

time hospitalization (Fig. 5-2).

Discussion

The patient’s symptoms are compatible with probable
NSD consistent with the criteria advocated by Hisanaga et al
and the Neuro-Sweet Disease Study Group (2). The present
patient’s clinical features are summarized according to the
following findings: 1. She presented with recurrent encepha-
lomeningitis with subsequent acute pharyngitis and tonsilitis.
2, She had erythematous plagues on her cheek, forearms and
legs. A histological examination of the skin biopsy revealed
predominant neutrophilic infiltration of the dermis, spared
epidermis, and the absence of leukocytoclastic vasculitis. 3.
On HLA typing, B-54 and CW1 were positive, but B-51
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