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Table 2 Summary of cytokine/chemokine changes in CSF supernatants
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Altered All samples =] pg/ml* =] pg/ml”, no
cytokine/chemokine immunomodulatory drugs
OS-multiple sclerosis IL-17 1 P =0.0031 T P =0.0038 T P = 0.0093
versus control -8 1 P = 0.000009 1 P = 0.000009 T P=0.0014
MIP-18 1 P =0.0042 T P =0.0042 T P=0.024
18 T P =0.027 1t P =0039 NS
n-13 TP =0.027 T P=0022 NS
IL-10 1 P = 0.000051 NS NS
TNF-a 1 P =10.026 NS NS
MCP-1 L P=004 L P=004 NS
-7 | P =0.0048 NS NS
C-multiple sclerosis -8 1P =0.0012 1 P =0.0012 T P=0.015
versus control TNF- T P =0.0055 TP =0.015 NS
L-10 1 P = 0.00054 NS NS
MCP-1 1 P=0.034 1l P=0034 1 P=0.024
-7 1 P =0.000053 1l P=0013 NS
OS-multiple sclerosis IL-17 T P=0.045 1 P=0024 TP =0.028
versus C-multiple sclerosis -8 TP =0.029 TP =0.029 NS
-5 T P =0.0048 1 P = 0.0051 NS
NS = not significant; T = elevated; | = decreased. "The cut-off level was 1 pg/ml.
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Fig. 1 Cytokine and chemokine levels in CSF supernatants from patients with SCD (controls), OS-multiple sclerosis and C-multiple
sclerosis assessed by the multiplexed fluorescent bead-based immunoassay. There were 47 samples in total: 19 controls, 23 OS-multiple
sclerosis and 22 C-multiple sclerosis. Multiple sclerosis samples were all obtained from patients at relapse. Open circles indicate
patients who were under immunomodulatory therapies (12 OS-multiple sclerosis and six C-multiple sclerosis samples), while closed
circles indicate those who were not (11 OS-multiple sclerosis and 16 C-multiple sclerosis samples). IL-2 is not shown due to its

low detection frequency in CSF. Open diamonds and bars indicate

both control and C-multiple sclerosis patients, while it did
not differ significantly between CSF cells and PBLs in
OS-multiple sclerosis patients. In PBLs, the ratio was signi-
ficantly elevated in both OS-multiple sclerosis and C-multiple

the mean * SD for each group.

sclerosis patients compared with control patients, whereas in
CSF cells, the ratio was significantly increased omly in
C-multiple sclerosis and not OS-multiple sclerosis patients.
IFN-y*IL-4% CD4* T-cell percentages were significantly
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Fig. 2 Intracellular cytokine production patterns of PBLs and CSF CD4* T cells from OND (other non-inflammatory neurological
diseases; control), OS-multiple sclerosis and C-multiple sclerosis patients. (A) IFN-y*IL-4~ CD4™ T-cell percentages. (B) IFN-y IL-4*
CD4" T-cell percentages. (C) IFN-y*IL-4* CD4" T-cell percentages. (D) Intraceilular IFN-y/IL4 ratios in CD4* T cells. There
were 36 samples in total: 12 controls, 11 OS-multiple sclerosis and 13 C-multiple sclerosis. Open diamonds and bars indicate the

mean = SD for each group.

higher in CSF cells than in PBLs in all three groups.
IFN-y"IL-4* CD4"* T-cell percentages did not differ signi-
ficantly among control, OS-multiple sclerosis and C-multiple
sclerosis patients in either PBLs or CSF cells.

Neuroimaging findings of spinal cord
Longitudinally extensive spinal cord lesions (Fig. 3) were
found in 17 of 34 (50.0%) multiple sclerosis patients around
the time thetr CSF was examined. The frequency of longit-
udinally extensive spinal cord lesions was higher in OS-
multiple sclerosis than in C-multiple sclerosis (12 out of
17, 70.6 versus five out of 17, 29.4%, P = 0.038). In addition,
the spinal cord lesions were also longer in OS-multiple
sclerosis than in C-multiple sclerosis (5.5 * 3.1 versus
27 = 33 cm, P = 0.021).

Correlations between clinical parameters and
cytokine levels in CSF supernatants in
multiple sclerosis

Among the cytokines/chemokines elevated in multiple
sclerosis CSF supernatants, only IL-8 showed a significant
correlation with the EDSS score (Kurtzke, 1983) in multiple
sclerosis (Fig. 4). Significant positive correlations with the
CSF/serum albumin ratio as well as CSF protein concentra-
tion were found for IL-8 and IL-17. Moreover, lengths of
spinal cord lesions on MRI significantly correlated with IL-8
and IL-17 levels. Multiple sclerosis patients with longitudin-
ally extemsive spinal cord lesions on MRI (>3 vertebral
length) had significantly higher levels of IL-8 and IL-17
than those without such lesions [49.23 x 38.36 versus
16.35 * 6.08 pg/ml (mean * SD], P = 0.000039 for IL-8;
1335 =+ 11.43 versns 2.70 = 497 pg/ml (mean * SD),
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T6/7

T8/9

Fig. 3 Representative longitudinally extensive spinal cord MRI lesions on T2-weighted images from a 52-year-old patient with

OS-multiple sclerosis at relapse.

P = 0.0018 for IL-17]. No other clinical parameters, such as
age at onmset, age at examination, disease duration, sex or
clinical course, showed any significant correlation with the
CSF supernatant cytokine/chemokine levels. Even when the
five C-multiple sclerosis and 10 OS-multiple sclerosis
patients on immunomodulatory therapies were excluded,
essentially the same correlations were obtained.

Histopathological analysis of infiltrating cells in
autopsied specimens of OS-multiple sclerosis
and C-multiple sclerosis

We examined spinal cord specimens obtained at autopsy from
six OS-multiple sclerosis and two C-multiple sclerosis cases.
Of these, prominent CSF neutrophilia was noted in two of the
five OS-multiple sclerosis cases whose CSF records were
available. Their demographic features and newropathological
findings are summarized in Table 3. In the OS-multiple scler-
osis cases, the spinal cord lesions extended over the white
matter to the grey matter, and all the cases showed moderate
to severe myelin and axonal damage, indicating so-called
necrotic lesions. In the lesions, macrophage infiltration was
universal in all cases, and was severe in three, moderate in
one and mild in two. Numerous lymphocytes, mostly con-
sisting of T lymphocytes, infiltrated either the perivascular
area or parenchyma. In addition, three cases showed neutro-
philic infiltration in both the grey and white matter of the
spinal cord. Regarding the neutrophil infiltration, either focal
accumulation or a diffuse scattered pattern was seen. In
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particular, focal neutrophil accumulation was noted around
vessel walls or in parenchyma in two cases (Fig. 5). However,
we found no eosinophil infiltration in any of the lesions
by haematoxylin-eosin staining. Although the spinal cord
lesions in one of the two C-muitiple sclerosis cases showed
severe necrosis with macrophage infiltration, infiltration of
nentrophils was not evident in either of these C-multiple
sclerosis cases.

Discussion

In the present study, aithough the numbers of CSF samples at
relapse were limited due to the rarity of multiple sclerosis in
Japanese and the popular use of immunomodulatory drugs,
we snccessfully uncovered subtype-related CSF cytokine/
chemokine changes in multiple sclerosis, since upregulation
of the neutrophil-recruiting TL-17/1L-8 axis was characteristic
for OS-multiple sclerosis and correlated with the develop-
ment of longitudinally extensive spinal cord lesions. Further-
more, we have directly shown that in CSF cells, IFN-y " IL-4~
CD4™ T cells are increased in both OS-multiple sclerosis and
C-multiple sclerosis, while IFN-y IL-4™ CD4™ T cells are
significantly more abundant in OS-multiple sclerosis than in
C-multiple sclerosis, even at relapse.

Cytokine analysis at the cellular level in CSF has been
difficult because of the extreme fragility and limited numbers
of CSF cells. In the cumrent study, however, our method
successfully measured the intracellular cytokine production
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Fig. 4 Correlations between various clinical parameters and the cytokine/chemokine levels in CSF supernatants. (A) EDSS scores and I1-8
levels. (B) CSF/serum albumin ratio and IL-8 levels. The CSF protein concentration was also significantly correlated with IL-8 (7 = 0.56,
P = 0.00026, data not shown in the figure). (C) CSF/serum albumin ratio and IL-17 levels. The CSF protein concentration was also
significantly correlated with IL-17 (r = 0.53, P = 0.00054, data not shown in the figure). (D) Length of spinal cord MRI lesions and IL-8
levels. (E) Length of spinal cord MRI lesions and I1-17 levels. Open diamonds indicate patients who were under immunomodulatory
therapies, while open circles indicate those who were not.
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Table 3 Demographic features and neuropathological findings of spinal cords in eight multiple sclerosis autopsy cases

Cases OS-multiple sclerosis C-multiple sclerosis
1 2 3 4 5 6 7 8
Agelsex 31M 35/F 37/F 54/F 28/F 44/F 39/M 47/F
Duration of disease (years) 6 7 10 . 3 4 1 19 7
No. of relapses 8 5 >10 5 6 8 >10 Progressive
CSF
Cell count (Jul) 3 / 136 54 78 2 8 5
Neutrophilia - / +(67%) -~ +(60%) - - -
Total protein amount (mg/dl) 39 / 256 113 240 23 104 77
Spinal cord pathology
Tissue destruction +++ ++ +++ ++ +++ ++ + +++
Myelin loss +++ -t ++ +t +++ ++ +4+ ++
Axonal loss H+ +++ ++ A+ 4+ + + ++
Neutrophil infiltration F (++4), None D) None None F (4+4), None None
D (+) D+
Macrophage infiltration -+ + ++ +4+ + -+ ++ +
T-cell infiltration +++ + +++ ++ ++ ++ + ++
B-cell infiltration + + + + + + + +

OS-multiple sclerosis = opticospinal form of multiple sclerosis; C-multiple sclerosis = conventional form of multipie sclerosis; / = no data
available. Tissue damage (evaluated by hacmatoxylin-eosin staining): + mild, ++ moderate, +++ severe. Myelin damage (evaluated
by myelin basic protein immunostaining): + mild, ++ moderate, +++ severe. Axonal damage (evaluated by phosphorylated neurofilament
immunostaining): + mild, ++ moderate, +++ severe. Neutrophil infiltration (evaluated by myeloperoxidase immunostaining):

F = focal accumulation (none 0, + <20 per field, ++ 2040 per field, +-++ >40 per field), D = diffuse scattered (none 0, + <10 per field,
++ >10 per field). Each field had a magnification of X200. Macrophage infiltration: + slight infiltration, ++ moderate infiltration,

+++ severe infiltration. T-cell infiltration: none 0, + <10 per field, ++ 10-30 per field, +++ >30 per field in the lesion. B-cell infiltration: none

0, + <10 per field, ++ 10-30 per field, +++ >30 per field in the lesion.

and revealed that, even in the absence of inflammation, CSF
cells showed a significant Thl shift compared with PBLs,
which is consistent with the observation that Thl cells bear-
ing CXCR3, a specific chemokine receptor for CXCL10
(IP-10), are enriched in CSF cells compared with PBLs
(Trebst and Ransohoff, 2001). However, such a Thl shift
was far more marked in C-multiple sclerosis patients at
relapse than in controls. In C-mmltiple sclerosis patients,
the significant Th1 shift in PBLs was dne mainly to a marked
decrease in IFN-y"IL-4™ CD4™ T cells (Th2 cells), while
that in CSF cells was mainly attributable to a large increase in
IFN-y*IL-4~ CD4™ T cells (Thl cells) and partly to a
decrease in IFN-y IL-4™ CD4" T cells. In contrast, in
OS-multiple sclerosis patients, a significant Thl shift com-
pared with controls was only seen in PBLs (Ochi et al., 2001;
present study), and not in CSF cells. The Thl shift in PBLs
was considered to be caused by a significant decrease in Th2
cells, while in the CSF cells, a significant increase in Th1 cells
also occurred in OS-multiple sclerosis patients compared
with controls, but at the same time Th2 cells were rather
more increased in CSF than in PBLs. This latter increase
partially cancelled out the increase in Thl cells in CSF
and cansed a significant difference in the IFN-y D47
CD4" T-cell percentages between the two multiple sclerosis
subtypes. These findings suggest that the Th1/Th2 balance is
differentially regulated in the peripheral blood and CSF com-
partments, and that OS-multiple sclerosis and C-multiple
sclerosis have distinct systems of immune dysregulation.
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A broad range of cytokine/chemokine concentrations was
successfully measured in CSF supernatants in the present
study. However, caution should be exercised with respect
to the low ranges of sample concentrations (<1 pg/ml)
until sufficient data for the various diseases have been
obtained using multiplexed fluorescent bead-based immun-
oassays. Even when we set the cut-off level to 1 pg/ml and
excluded patients on immunomodulatory therapies, increases
of IL-17, IL-8 and MIP-18 in OS-multiple sclerosis and the
increase of IL-8 and decrease of MCP-1 in C-multiple scler-
osis in comparison with controls, and the difference of IL-17
between OS-multiple sclerosis and C-multiple sclerosis were
all still significant. As we used SCD as controls, it is possible
that SCD-related cytokine changes, if any, may have intro-
duced a misleading element into our multiple sclerosis-
related findings. However, as no inflammatory components
have ever been reported in SCD CSF, we consider it appro-
priate for use as the control in this study, and the above-
mentioned changes in multiple sclerosis to be relevant for
each disease process.

In Western multiple sclerosis series, chemokines inducing
Thi cell mobilization, such as CXCL10 (iP-10) for CXCR3-
bearing cells and RANTES for CCRS5-bearing cells, have
been shown to increase in the CSF at relapse, while chemo-
kines for Th2 cells, such as MCP-1 for CCR2-bearing cells,
decrease (Sgrensen et al., 1999; Franciotta er al., 2001;
Mahad er al., 2002; Scarpini et al., 2002). Furthermore,
co-localization of CXCL10 and CXCR3 was noted in the



Fig. 5 Neuropathological findings of autopsied spinal cord
specimens from OS-multiple sclerosis cases (case 1). The myelin
and axon are severely damaged and vascular proliferation has
occurred in the cornu laterale of the thoracic spinal cord.
Numerous granulocytes containing myeloperoxidase
(MPO)-positive neutrophils are accumulated and infilirated

in the lesion (A, haematoxylin—eosin stain; B, MPO
immunostaining). The scale bar in B = 50 um (also for A).

multiple sclerosis lesions (Sgrensen et al., 2002). These
observations are consistent with the Thl shift found during
the intracellular cytokine analysis of CSF cells in C-multiple
sclerosis in the current study.

Among the cytokines and chemokines measured in the CSF
supernatant, both IL-17 and TL.-8 had a significant correlation
with the CSF/serum albumin ratio and the length of the spinal
cord lesions on MRI in multiple sclerosis, snggesting an
involvement of both cytokines in the destruction of the
blood-brain barrier and the formation of inflammatory spinal
cord lesions. In the present CSF study, the increases in IL-17
and IL-8 were significantly greater in OS-multiple sclerosis
patients than in C-multiple sclerosis patients. A previons
report on IL-17 in Western multiple sclerosis series found
no change at the protein level in CSF (Saruhan-Direskeneli
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et al., 2003), although all multiple sclerosis samples were
below the detection limit, while IL-17 mRNA expression
in CSF mononuclear cells was elevated in a fraction of mul-
tiple sclerosis patients, especially during clinical exacerbation
(Matusevicius et al., 1999), and gene microarray analysis of
multiple sclerosis plaques revealed an increased level of
IL-17 transcripts (Lock et al., 2002). Our findings extend
the latter observations at the mRNA level and suggest that
the IL-17 response is much more prominent in OS-multiple
sclerosis than in C-multiple sclerosis at the protein level.
I-17 is produced by activated memory Thl cells (Aarvak
et al., 1999) and induces various downstream cytokines and
chemokines, such as IL-8, IL-6, G-CSF and prostaglandin
E, (Fossiez et al., 1996; Dudler et al., 2000; Hwang et al.,
2004). IL-17 causes neutrophil recrnitment mainly through
the release of I1.-8, a CXC chemokine for neuntrophils, and
induces nentrophil activation, i.e. increases in myeloperoxi-
dase and elastase activity (Laan ez al., 1999; Hoshino et al.,
2000; Linden and Adachi, 2002; Miyamoto et al., 2003;
Witowski et al., 2004). Upregunlation of IL-17 and IL-8
has been reported to cause severe destruction of tissues by
neutrophilic inflammation in Thl diseases, such as
rheumatoid arthritis (Kotake et al., 1999; Ziolkowska et al.,
2000; Miossec, 2003), as well as Th2 diseases, such as bron-
chial asthma (Linden, 2001; Molet et al., 2001). CSF neut-
rophilia and the heavy infiltration of neutrophils seen in the
necrotic spinal cord lesions of OS-multiple sclerosis may well
be related to the increases in IL-17 and IL-8 in CSF. The
observation that only IL-8 is significantly correlated with the
EDSS score further underscores a critical role for IL-8-
induced neutrophil recruitment in the destruction of the spinal
cord tissues in Japanese patients with multiple sclerosis.
Since longitudinally extensive spinal cord lesions are more
frequently encountered in OS-multiple sclerosis than in
C-multiple sclerosis, and represent one of the two main
determining factors for irreversible disability in OS-
multiple sclerosis, intrathecal activation of the IL-17/IL-8
axis is considered to be crucial in OS-multiple sclerosis.
Interestingly, although the IL-8 levels have not been reported
to differ in either unstimulated PBLs or CSF from multiple
sclerosis patients and controls in a Western population series
(Comabella er al., 2002; Jalonen et al., 2002; Kleine et al.,
2003), IL-8 expression in PBLs is markedly downregulated in
IEN-B responders, but not in non-responders (Stiirzebecher
et al., 2003), indicating a potentially important role for IL-8
in multiple sclerosis, even in Westerners. In our C-multiple
sclerosis patients, IL-8 was significantly elevated in CSF,
whereas [I.-17 was not increased. Since IL-8 is also driven
by TNF-a (Hoffmann er al., 2002), the angmented TNF-¢,
but not IL-17, may potentiate IL-8 production in C-multiple
sclerosis. Since surges of TNF-« are hardly detectable due to
its extremely short half-life (30 min) (Li er al., 2001), it is
reasonable that IL-8 rather than TNF-« is found to be
correlated with the EDSS score.

It is interesting to note that the downregulation of Th2
cells in CSF in C-multiple sclerosis at relapse was not
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found in OS-multiple sclerosis, and Th2 cells were rather
increased in CSF at relapse in comparison with PBLs. Th2
polarized cells directed against myelin proteins are enceph-
alitogenic in immunocompromised animals (Lafaille er al.,
1997) and exacerbate experimental allergic encephalomyel-
itis (EAE) in non-human primates (Genain and Hauser,
1996). Moreover, in certain animal strains with Th2-prone
genetic backgrounds, myelin oligodendrocyte glycoprotein
(MOG)-induced EAE shows severe and selective involve-
ment of the optic nerves and spinal cord (Storch et al.,
1998; Stefferl et al., 1999). In these models, the accumulation
of numerous neutrophils is a dominant feature (Lafaille et al.,
1997; Storch et al., 1998; Stefferl ez al., 1999). We previously
reported that MOG-autoreactive T cells were more frequently
established than those reactive to myelin basic protein or
proteolipid protein epitopes in OS-multiple sclerosis patients
(Minohara et al., 2001). Thus, in OS-multiple sclerosis,
intrathecal activation of the IL-17/IL-8 axis by memory
Thi cells specific for myelin proteins such as MOG may
contribute to the neutrophilic recruitment and destruction
of the tissues under Th2-prone gemetic backgrounds or
even together with myelin protein-specific Th2 cells. There-
fore, Th2-related genetic backgrounds as well as Th2 cell
reactivity to myelin proteins could be future targets for stud-
ies on OS-mmltiple sclerosis.

I1-17 expression is induced by IL-23, a product of activ-
ated dendritic cells and macrophages/microglial cells (Becher
et al.,2003; Cua et al., 2003), while IL-12 (p70), a disulphide-
linked heterodimer of p35 and p40, has only marginal effects
on IL-17 production (Aggarwal er al., 2003), yet both 1L.-23
and IL-12 (p70) share a common p40 subunit. Furthermore,
1L.-23, but not IL-12 (p70), has been shown to be a critical
cytokine for autoimmune inflammation of the brain in an
EAE model using knockout mice for each of their subunits
(Cua et al., 2003). Previous reports have described that IL-12
(p40) was increased in multiple sclerosis patients with
gadolinium-enhanced lesions on MRI (Fassbender et al.,
1998), whereas IL-12 (p70) was only detectable in CSF in
~10% of multiple sclerosis patients (Drulovic et al., 1997;
Fassbender et al., 1998). Since we also found no increase in
IL-12 (p70) in CSF from our multiple sclerosis patients, we
consider that a further study on IL-23 in the CSF compart-
ment is urgently required.

We found that IL-5 levels were significantly higher in OS-
pultiple sclerosis than C-multiple sclerosis patients. In the
latter, the IL-5 level was possibly depressed in some cases,
reflecting an intrathecal down-modulation of Th2 cells in the
acute stage. Instead, some OS-multiple sclerosis patients
showed an increase in IL-5 in the CSF, although the increase
was not statisticaily significant in comparison with control
patients as a whole. Although we could not find any eosino-
phil infiltration in OS-multiple sclerosis spinal cord lesions,
degranulated eosinophils are hard to detect by haematoxylin—
eosin staining. Thus, immunostaining of activated eosinophil
products is required to determine eosinophil involvement in
OS-multiple sclerosis.
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Lucchinetti ef al. (2002) reported that in nine autopsied
cases of Devic’s NMO, eight relapsing and one monophasic,
56% had prominent infiltration of nentrophils and eosinophils
into the spinal cord lesions, and marked deposition of
immunoglobulins and complements were seen in all cases.
A distinction between and the identities of relapsing NMO
and OS-multiple sclerosis have long been discassed (Cree
et al., 2002) and, in the recent study by Lenmon et al.
(2004), newly identified IgG autoantibody (NMO-IgG) was
detected in both NMO and Japanese OS-multiple sclerosis
patients. The considerable overlap between the two condi-
tions snggests common pathomechanisms are operative. Our
finding of marked increases of IL-17 and IL-8 in CSF may be
relevant to neutrophil infiltration, while an IL-5 increase may
relate to eosinophil infiltration. Moreover, a relative increase
of Th2 cells in CSF compared with PBLs may correspond to
the involvement of humoral immunity in relapsing NMO
(Lucchinetti er al., 2002; Lemnon et al., 2004). Further
investigation into the deposition of immunoglobulins and
complement proteins as well as activated eosinophil products
in OS-multiple sclerosis may shed light on the contribution of
the Th2 cell-mediated effector arm in this condition, and
clarify the disease entities of relapsing NMO and OS-
multiple sclerosis.

In semmary, we successfully identified OS-multiple
sclerosis-related CSF cytokine/chemokine changes, which
may be useful both for monitoring disease activity and for
developing future subtype-specific therapies, such as pharma-
cological blocking of meutrophil activation in OS-multiple
sclerosis.
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Abstract

We evaluated the association of the platelet-activating factor receptor (PAFR) gene polymorphism (A224D) with the susceptibility and
severity of multiple sclerosis (MS) in a Japanese population. DNA was collected from 162 Japanese patients with clinically definite
‘conventional’ MS (MS) and 245 healthy controls. The missense mutation A224D that impairs PAF-PAFR signaling was determined by
polymerase chain reaction restriction fragment length polymorphism. The frequency of the AD/DD genotypes was significantly higher in MS
patients (21.0%) than in healthy controls (13.5%) (p=0.045; odds ratio (OR), 1.71; 95% confidence interval (CI), 1.01-2.89). Moreover, the
frequency of D allele in MS patients (11.7%) was also significantly higher than those in healthy controls (6.9%) (p=0.019; OR, 1.78; 95%
CL, 1.10-2.89). These findings suggest that the PAFR gene missense mutation has a relation to the susceptibility for MS.

© 2005 Elsevier B.V. All rights reserved.
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1. Intreduction

Increased levels of platelet-activating factor (PAF)
receptor (PAFR) mRNA are reported in multiple sclerosis
(MS) plagues together with several genes encoding mole-
cules associated with allergic responses (Lock et al., 2002).
In experimental allergic encephalomyelitis (EAE), an
animal model of MS, transcripts for PAFR were reported

Abbreviations: PAFR, platelet-activating factor receptor; MS, multiple
sclerosis; OR, odds ratio; CI, confidence interval; EAE, experimental
allergic encephalomyelitis; ICAM-1, intracellular adhesion molecule-1;
MHC, major histocompatibility complex; EDSS, Kurtzke’s Expanded
Disability Status Scale; PI, progression index; TNF-ct, tumor necrosis
factor-alpha; 1L, interlenkin; TGF-B, transforming growth factor-beta;
DTH, delayed-type hypersensitivity.

* Comresponding author. Tel.: +81 92 642 5340; fax: +81 92 642 5352.

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

0165-5728/% - see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j jneuroim.2004.12.014

as elevated in the CNS during the disease, and PAFR
antagonist was shown to reduce the severity of EAE (Pedotti
et al.. 2003). Moreover, in cerebrospinal fluid and plasma of
patients with the relapsing—remitting MS, elevation of PAF
that correlated with the number of gadolinium-enhancing
lesions was found on brain MRI (Callea et al.,, 1999). Taken
together, the above findings are suggestive that PAF might
have a proinflammatory role in MS.

PAF is a very potent chemotactic stimulant for inflam-
matory cells such as eosinophils (Wardlaw et al.. 1986) and
polymorphonuclear neutrophils (O’Flaherty et al., 1981).
PAF not only promotes leukocyte adhesion and trans-
migration by the induction of intracellular adhesion mole-
cule-1 (ICAM-1) on endothelial cells (Chihara et al., 1992),
but also upregulates major histocompatibility complex
(MHC) class I and I expressions in some brain cells that
are critical in antigen presentation (Martin-Mondiére et al.,
1987). These proinflammatory and vasoactive actions of
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PAF are mediated through a specific G-protein-coupled
receptor, PAFR (Honda et al., 1991; Nakamura et al., 1991).
A single amino acid substitution (A224D) in the third
cytoplasmic loop of human PAFR that modifies its function
has been reported, with the variant being relatively common
in Japanese, with 13.8% heterozygous and 0.9% homozy-
gous (Fukunaga et al., 2001). Fukunaga et al. also found that
Chinese hamster ovary cells expressing A224D mutant
PAFR displayed a partial but significant reduction of PAF-
induced intracellular signaling, and that the varant
exhibited impaired coupling to G-proteins.

The present study aimed to elucidate the effect of the
PAFR polymorphism on the development of MS in
Japanese; thus, we investigated the PAFR gene polymor-
phism (A224D) in MS patients, and correlated the findings
with clinical parameters.

2. Patients and methods
2.1. Patients

A total of 162 patients (59 men and 103 women) with
MS, according to the recommended diagnostic criteria
{McDonald et al., 2001), were recruited from the Depart-
ment of Neurology, Kyushu University Hospital, the
Department of Neurology, Hokkaido University Hospital,
and the Hokuyukai Neurological Hospital. Hematological
and biochemical studies and serologic tests for syphilis were
performed in all patients and the results were not contrib-
utory. None of the patients was seropositive for human T-
cell leukemia virus type 1. Age at cxamination was
38.2+11.3 years (mean+S.D.) and at disease onset 27.1+
9.9 years (mean*S.D.). Subjects were “conventional” MS
patients as described previously (Fukazawa et al, 1992)
(i.e., clinical features were similar to those of MS patients in
Western countries). Patients with opticospinal MS (OS-MS)
whose lesions were clinically confined to the optic nerve
and spinal cord were excluded from this study because this
group of patients seems to constitute a distinct subgroup
(Kira et al., 1996; Yamasaki et al., 1999; Kira, 2003). After
at least a 1-year observation period, 120 were diagnosed as
relapsing-remitting type MS and 42 as secondary progres-
sive type MS, in which the onset of progressive disease was
defined as continual worsening of symptoms and signs for a
period at least 6 months, with or without superimposed
relapses (Lublin and Reingold, 1996; Confavreux et al,
2000). Primary progressive MS was not included in the
present study. MS severity was evaluated by Kurtzke’s
Expanded Disability Status Scale (EDSS) scores (Kurtzke,
1983) and progression index (PI) (Miyagishi et al., 2003). P1
was calculated as a measure of accumulated disability over
time (PI=EDSS/disease duration in years). EDSS score was
3.3+2.6 (mean+S.D.) and PI was 0.40+0.42 (meantS.D.)
at the time of examination. The control group was
composed of 107 unrelated healthy men and 138 unrelated
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healthy women (mean age+S.D.= 34.0+10.1 years). Sub-
jects’ informed consent was obtained in accord with the
declaration of Helsinki, and the ethical committees of the
institutions in which the work was performed gave their
approval.

2.2. Genotyping of PAFR

Total blood genomic DNA was extracted from leukocytes
with a QIAamp DNA Blood Midi Kit (QIAGEN, Tokyo,
Japan) following the manufacturer’s instructions. The
genotype of human PAFR was determined by polymerase
chain reaction restriction fragment length polymorphism
(PCR-RFLP) according to the method of Fukunaga et al.
(2001) without knowledge of the samples’ clinical diag-
nosis. The sense primer used was (5'-CCACAGCGCCC-
GGCGCTTGACTGCA-3) and the antisense primer was
(5-ATCGTGTTCAGCTTCTTCCTGGTCT-3"). Reactions
were performed in a total volume of 50 pl containing 0.5
ig of genomic DNA, 20 pmol of each primer, 0.4 mmol/l
each of dATP, dGTP, dCTP, and dITP, 1 U Tag DNA
polymerase (Takara, Otsu, Japan), 100 pmol/l KCl , and 20
nmol/l Trs hydrochloride (pH 8.0). The thermocycling
procedure consisted of an initial denaturation at 94 °C for 10
min, 30 cycles of 94 °C for 1 min, 58 °C for 1 min, and 72
°C for 1 min. PCR-amplified DNA was digested with Pszl
(Fukunaga et al., 2001) at 37 °C overnight. PCR products
were analyzed by agarose gel (0.7% agarose+2.5%
NuSieve) electrophoresis and visualized by ethidium bro-
mide staining. This genetic variant results in the loss of a
Pst] restriction site; thus, the wild-type allele yiclded 105-bp
and 24-bp fragments, while the mutant allele remained
undigested (129-bp).

2.3. Statistical analysis

Allele and genotype frequencies of the PAFR were
compared between MS patients and controls, using chi-
square and Fisher’s exact tests. Statistical analysis between
the genotype PAFR polymorphism (AA vs. AD/DD) and
clinical parameters were tested in MS patients, using Mann—
Whitney U and chi-square tests. Values of p<0.05 were
considered statistically significant. Statistical analyses were
performed with StatView/Mac software.

3. Results
3.1. PAFR genotype and allele frequencies in MS

The proportions of PAFR genotypes (AA, AD, and DD)
and alleles (A allele, D allele) in MS patients and healthy
controls are shown in Table 1. The frequency of the AD/DD
genotypes was significantly higher in MS patients (21.0%)
than in healthy controls (13.5%) (p=0.045; odds ratio (OR),
1.71; 95% confidence interval (CI), 1.01-2.89). In control
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Table 1
Genotype and allele frequency of the PAFR polymorphism in patients with
MS and healthy controls

MS (n=162) Healthy controls (n=245)
Genotype frequencies
AA 128 (79.0° 212 (86.5¢
AD 30 (18.5) 32 (13.1)
DD 42.5) 1(04)
AD/DD 34 (21.0¢ 33 (13.58°
Allele frequencies
A allele 286 (88.3)° 456 (93.1)°
D allele 38 117y 34 (6.9

MS=multiple sclerosis. Percentages are in parentheses.
* p=0.045; OR, 1.71; 95% CI, 1.01-2.89.
b p=0.019; OR, 1.78; 95% CL 1.10-2.89.

subjects, the genotype frequencies are similar to those found
in other Japanese studies (Fukunaga et al., 2001). Moreover,
the frequency of D allele in MS patients (11.7%) was also
significantly higher than those in healthy controls (6.9%)
{p=0.019; OR, 1.78; 95% CI, 1.10-2.89).

3.2. The relation between PAFR polymorphism and clinical
parameters

There was no association between the PAFR poly-
morphism and clinical parameters such as age at onset,
sex, clinical phenotype, EDSS, and PI (data not shown).

4. Discussion

In the present study, we disclosed a significant associ-
ation between susceptibility for MS and the PAFR poly-
morphism that has a partial but significant reduction of PAF-
induced intracellular signaling.

PAF is a proinflammatory mediator produced early in
response to several immunological stimuli, including
immune complexes and proinflammatory cytokines
{Camussi et al., 1981; Valone and Epstein, 1988). Moreover,
PAF itself mediates some of the biological effects exerted by
cytokines, such as tumor necrosis factor-alpha (TNF-o),
interleukin (IL)-1, and IL-8 (Dubois et al., 1989; Poubelle et
al., 1991; Denault et al., 1997). Considering the proin-
flammatory nature of PAF, it is rather unexpected that a
missense mutation partially disrupting PAFR signaling is a
susceptibility factor for MS. There are two possible
explanations for this. First, not all the biological effects of
PAF are proinflammatory. It has been shown that PAF is
involved in the inhibition of proinflammatory cytokine
production during macrophage phagocytosis of apoptotic
cells, possibly through the synthesis of transforming growth
factor-beta (TGF-p) (Fadok et al.. 1998). PAF also
suppresses the induction of delayed-type hypersensitivity
(DTH) and enhances the transcription of COX-2 and IL-
10—two important mediators of systemic imumune suppres-

sion (Walterscheid et al.,, 2002). Thus, the missense
mutation of PAFR may downmodulate immunosuppressive
actions, which then enhance susceptibility for MS in some
patients. ,

Second, PAF preferentially enhances Th2-mediated
immune responses (Harada et al., 1996; Kusuhara et al.,
2000). Huang et al. (1996) reported that PAF activates Th2
cells to produce I1-4, which is completely inhibited by PAF
receptor antagonist. Since activation of Th2 cells inhibit
Thl-related cellular immunity, the missense mutation of
PAFR may enhance susceptibility for MS, in which Thi
cells are supposed to play a major role, through down-
regulation of Th2 cells.

In summary, we analyzed the PAFR polymorphism in
Japanese patients, and found that the PAFR AD/DD
genotype seems to confer a risk for the development of
MS. Further studies on PAF/PAFR signal transduction in
MS patients will be necessary to determine whether the
PAFR polymorphism is involved in the pathogenesis of MS.
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Abstract

We evaluated the clinical courses of 216 patients with
multiple sclerosis (MS) diagnosed according to the rec-
ommended diagnostic criteria of McDonald et al (10).
Sixty-five patients clinically displaying selective involve-
ment of the optic nerves and spinal cord were classified
as opticospinal MS (OS-MS), while the other 151 showing
disseminated involvement of the central nervous system
were classified as conventional MS (C-MS). The disease
duration did not differ significantly between the two sub-
types (11.2 years vs. 11.5 years). In addition to a higher
age of onset, female preponderance and higher Kurtzke’s
expanded disability status scale (EDSS) scores, the OS-
MS patients showed a markedly lower frequency of see-
ondary progressive MS than the C-MS patients (4.6% vs.
29.1%, p=0.06001). The EDSS scores of the C-MS patients
were significantly correlated with the disease duration,
while those of the OS-MS patients were not. Among the
C-MS patients, the frequency of secondary progressive
MS was significantly more common in patients with a
disease duration of more than 10 years than in those with
a shorter duration. These results suggest that the irre-
versible disability in OS-MS is determined by relapses,
rather than by chronic progression, whereas C-MS has a
similar clinical course to MS in Westerners.

(Internal Medicine 44: 934-938, 2005)

Key words: multiple sclerosis, opticospinal form, conven-
tional form, progression

Introduction

Multiple sclerosis (MS) is an inflammatory demyelinating
disease of unknown etiology, and an increasing amount of
evidence suggests that it is heterogeneous. According to its
clinical course, MS can be described as relapsing-remitting
type (RR-MS), secondary progressive type (SP-MS), in
which a progressive phase follows an initial relapsing-
remitting phase, or primary progressive type (PP-MS), in
which the disease shows a progressive course from its onset.
On the other hand, concerning the sites of involvement, there
have been several reports that Oriental MS patients more
commonly show clinical evidence of major involvement of
the optic nerves and spinal cord than Caucasian MS patients
(1). In addition, we previously reported the clinical and
immunogenetic characteristics of two further MS subtypes in
Japanese populations, namely opticospinal MS (OS-MS), in
which the clinically estimated main lesions are confined to
the optic nerves and spinal cord, and conventional MS (C-
MS), which shows disseminated lesions in the central ner-
vous system (CNS), including the cerebrum, cerebellum or
brainstem (2-4). OS-MS has distinct features, such as
marked female preponderance, higher age at onset, higher
Kurtzke’s expanded disability status scale (EDSS) scores (5)
resulting from severe visual impairment and marked spinal
cord dysfunction, and a lower number of brain lesions on
magnetic resonance imaging (MRI) compared with C-MS
(6). Severe inflammatory destruction is indicated in OS-MS
by the higher cell counts and increased amounts of protein in
the cerebrospinal fluid (CSF), and the long swollen lesions
extending over several vertebral segments on spinal cord
MRIs (6). Pathological studies have also revealed severe in-
flammation and vascular changes in OS-MS lesions (7, 8).

OS-MS is relatively common among Asians compared
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with Westerners, while early studies indicated that the pro-
gressive type is rare among Japanese MS patients (9).
However, in these studies, the follow-up periods and disease
durations were not sufficient and the number of MS patients
was not large enough to determine the clinical course of
Asian MS. Moreover, the clinical courses have not been
compared between each clinical subtype in Asian MS pa-
tients. In the present study, we therefore studied the clinical
courses of large numbers of MS patients with an average dis-
ease duration of more than 10 years according to each clini-
cal subtype, and found that OS-MS and C-MS showed
distinct clinical courses.

Patients and Methods

A total of 216 patients (56 males and 160 females) with
MS diagnosed according to the recommended diagnostic cri-
teria of McDonald et al (10) were recruited from the
Department of Neurology, Kyushu University Hospital, the
Department of Neurology, Hokkaido University Hospital,
and Hokuyukai Neurological Hospital between August 1989
and November 2001. They represented consecutive patients
who gave consent in accordance with the declaration of
Helsinki. Hematological and biochemical studies and sero-
logic tests for syphilis were performed in all patients. No pa-
tients were seropositive for human T-cell leukemia virus
type 1. The mean ages at examination and disease onset were
41.5£13.0 vears (mean+SD) and 30.1x12.0 years, respec-
tively, and the mean disease duration was 11.4+8.7 years.
After at least 1 year of observation, 169 of the patients were
diagnosed as RR-MS, and 47 were diagnosed as SP-MS, in
which the onset of a progressive disease was defined as con-
tinual worsening of the symptoms and signs over a period of
at least 6 months, with or without superimposed relapses (10,
11). PP-MS patients were not included in the present study
because their number was too small for statistical analysis.
The MS severity was evaluated by Kurtzke’s EDSS scores
(5). The medical records of all the patients were reviewed
retrospectively. Overall, the frequency of SP-MS was 21.8%
(47/216), and the mean EDSS score at the time of examina-
tion was 3.8+2.6.

In the present study, the MS patients were classified into
the two clinical subtypes. The patients whose clinically esti-
mated lesions were confined to the optic nerves and spinal
cord were classified as OS-MS. These patients showed no
clinical evidence of disease in either the cerebrum or cerebel-
lum, and those with minor brainstem signs, such as transient
double vision and nystagmus, in addition to the opticospinal
involvement were included. In Japan, Devic disease is diag-
nosed for cases with a monophasic course and, since such
monophasic cases potentially contain acute disseminated en-
cephalomyelitis cases, patients with Devic disease were ex-
cluded. Recurrent optic neuritis and recurrent transverse
myelitis involving the identical level were also excluded
from OS-MS. The remaining MS patients, who showed the
involvement of multiple sites in the CNS, including the
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cerebrum, cerebellum or brainstem, were classified as C-MS.
This study was approved by the Ethical Committee of the
Institution in which it was performed.

Statistical analyses of the clinical parameters between OS-
MS and C-MS were performed, using the Mann-Whitney U-
test and chi-square test. Spearman’s correlation was used for
statistical analyses of the disease duration and EDSS scores.
Values of p<0.05 were considered statistically significant.
Statistical analyses were performed with StatView/Windows
software.

Results

Comparisons of the clinical findings of 0S-MS and C-
MS

The proportion of females was significantly higher in OS-
MS than in C-MS (1 : 6.2 vs. 1: 2.2, p=0.0079) (Fig. 1). The
age at disease onset was significantly higher in OS-MS than
in C-MS (38.1x13.9 years vs. 26.7+9.2 years, p<0.0001),
while the disease duration did not differ significantly (11.2
+8.6 years vs. 11.5+8.8 years). The EDSS scores were sig-
nificantly greater in OS-MS than in C-MS (4.8+2.3 vs. 3.5
2.7, p=0.0004).

Comparisons of the clinical courses of 0S-MS and C-
MS :

In OS-MS, 62 patients were RR-MS and 3 were SP-MS,
while in C-MS, 107 patients were RR-MS and 44 were SP-
MS. The frequency of SP-MS was significantly lower in OS-
MS than in C-MS (4.6% vs. 29.1%, p=0.0001) (Fig. 1).
When the frequency of SP-MS was compared among C-MS
patients with long (=10 years) and short (<10 years) disease
durations, the frequency was significantly higher in the for-
mer (457 % vs. 14.8%, p<0.0001) (Fig. 2). Among the C-
MS patients, SP-MS was also significantly more common in
those with moderate to severe disabilities (EDSS >4) than in
those with mild disabilities (EDSS <4) (73.6% vs. 3.1%,
p<0.0001). The EDSS scores of the C-MS patients were sig-
nificantly correlated with the disease duration (r=0.415,
p<0.0001), while those of the OS-MS patients were not
(r=0.185, p>0.1) (Fig. 3). When the proportions of patients
with moderate to severe disabilities, that is, those with an
EDSS score of 4 (limited walking ability) or more, were
compared in each tertile of disease duration (<10 years, 10—
20 years and >20 years), the OS-MS patients showed a sig-
nificantly higher frequency of moderate to severe disabilities
in the lower tertile than the C-MS patients (55.9 vs. 17.3%,
p<0.0001), while the other tertiles did not differ (Fig. 4).

Comparisons of the clinical findings between Kyushu
and Hokkaido cases

The proportion of OS-MS was significantly higher in
Kyushu cases than in Hokkaido cases (OS-MS : C-MS,
1.0: 1.0 vs. 1.0 : 4.0, p<0.0001). Reflecting the higher popu-
lation of OS-MS in the Kyushu cases, the frequency of SP-
MS was significantly lower in Kyushu cases than in
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Figure 1. Comparisons of the clinical findings of OS-MS and C-MS.

Discussion

(%) (%) p<0.0001
50 p<0.0001 30 —
40 60
30
40
20
20
10
0 0
Duration Duration EDSS <4 EDSS 24
<10 years 21Q years (n=98) (n=53)
(n=81) (n=70)
A B

Figure 2. Comparisons of the frequency of SP-MS among C-
MS patients according to the disease duration (A) and disability
(B).

Hokkaido cases (11.3% vs. 26.9%, p=0.0089). The age at
disease onset was also significantly higher in Kyushu cases
than in Hokkaido cases (33.3:x124 years vs. 28.6x£11.5
years, p=0.0093). However, other than these points, there
were no statistically significant differences in other clinical
parameters between the Kyushu and Hokkaido cases.

936

In the present study, we focused on comparing the clinical
courses of OS-MS and C-MS by retrospectively analyzing
large numbers of MS patients. The results revealed that SP-
MS is significantly more uncommon in OS-MS than in C-
MS, even at more than 10 years after the disease onset, and
that the disability in OS-MS patients is primarily determined
by relapses, rather than by chronic progression of the dis-
ease.

The retrospective nature of the present study partly limits
the validity of the results. In addition, although experienced
clinical neuroimmunologists from both institutions used the
same evaluation protocols after a consensus was reached, the
data collection from two different institutions may have im-
posed some inter-institutional variation. However, an EDSS
score of 4 can easily be determined retrospectively and is
frequently adopted in other studies to check disease progres-
sion (12). The proportion of OS-MS patients with an EDSS
score of 4 was significantly higher than that of C-MS pa-
tients within 10 years after the disease onset. It is therefore
considered that in the early course of the disease, OS-MS pa-
tients experience moderate to severe disabilities following
relapses. A similar trend was reported in African Americans
(13). In that report, more African Americans had early py-
ramidal system involvement than Caucasians, leading to
greater EDSS scores, while the rates of disease progression
at later stages were nearly identical. Since Africans and their
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Figure 3. Relationships between the disease duration and EDSS
scores in OS-MS (A) and C-MS (B) patients. The EDSS scores
of the C-MS patients were significantly correlated with the dis-
ease duration (r=0.415, p<0.0001), while those of the OS-MS pa-
tients were not (r=0.185, p>0.1).

descendants are known to preferentially show opticospinal
involvement (14, 15), it is possible that early deterioration is
universally characteristic of OS-MS, regardless of race.
Early studies on Asian MS reported that the progressive
form was infrequent. For example, Shibasaki et al (9) retro-
spectively reviewed 204 British and 60 Japanese MS cases
and revealed that the progressive phase was observed in 36%
of the former but in only 12% of the latter with or without
superimposed relapses. However, in that study, the clinical
courses were not analyzed according to the MS subtype and
the disease duration of the Japanese patients was 8 years on
average (9). In the present study, classification into the two
subtypes revealed that C-MS frequently showed a secondary
progressive disease in the late stage of illness, especially in
patients with grave disabilities, and that there was a signifi-
cant correlation between disease severity and disease
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Figure 4. Comparison of the frequency of patients with moder-
ate to severe disabilities (EDSS scores 24) between OS-MS and
C-MS according to the disease duration.

duration. On the contrary, secondary progression was signifi-
cantly less common in OS-MS than in C-MS, yet the discase
durations were similar between the two. Moreover, OS-MS
showed no relationship between disease severity and disease
duration. These observations suggest that the infrequent oc-
currence of SP-MS in Asians is atwributable to the rarity of
the secondary progressive phase in OS-MS, and that the dis-
ability in OS-MS patients is determined mainly by the sever-
ity of relapses, while that in C-MS is determined largely by
chronic progression.

A similar retrospective study recently performed on 1,844
MS patients in Western countries with a mean disease dura-
tion of 11+10 years revealed that relapses had no significant
influence on the progression of irreversible disability (12).
This finding therefore indicates that irreversible disabilities
are determined by chronic progression in Western MS pa-
tients. Based on the results of the present study, the same ap-
pears to be true for Japanese C-MS patients. Although earlier
studies reported that the progressive phase was rare in
Asians(9), the results of the present study demonstrate that,
after longer disease durations, a considerable proportion of
C-MS patients enter a similar progressive phase, suggesting
that identical pathomechanisms are operative in C-MS even
in Asiaos. Therefore, the process of C-MS is considered to
be neurodegeneration plus superimposed inflammation simi-
lar to Western MS (16), while that of OS-MS is thought to
be purely inflammatory.

In summary, the results of the present study indicate that
OS-MS is distinct from C-MS in terms of their clinical
courses, further suggesting the possibility that distinct
mechanisms might be operative. However, once OS-MS pa-
tients contract grave disabilities as a result of a severe
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relapse, it is difficult to evaluate the chronic progression ret-
rospectively. This may be explained in part by the rarity of
SP-MS in OS-MS. Considering the rarity of MS in Japan, it
is desirable to create a nationwide prospective study system
using the same evaluation scale, such as the EDSS score, in
the future.
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O CASE REPORT U

Exacerbation of Chronic Inflammatory Demyelinating
Polyradiculoneuropathy during Interferonp-1b Therapy
in a Patient with Childhood-onset Multiple Sclerosis

Dai MATSUSE, Hirofumi OcHi, Kenshi TASHIRO, Takuo NOMURA,
Hiroyuki MURAI, Takayuki TANIWAKI and Jun-ichi KIRA

Abstract

Interferonf-1b (IFNg-1b) is commonly used for relaps-
ing-remitting multiple sclerosis (MS). We report a 23-
year-old woman with childhood onset relapsing-remitting
MS treated with IFNB-1b who developed overt chronic
inflammatory demyelinating polyradiculoneuropathy
(CIDP) immediately after therapy. A baseline conduction
study before IFNB-1b therapy revealed decreased motor
conduction velocities and prolonged F wave latencies in
several nerves, but there was no neurological sign indi-
cating neuropathy. The existence of subclinical demyel-
inating neuropathy before IFNB-1b treatment was sug-
gested, although the clinical criteria for CIDP were
unfulfilled. Following two months of IFNB-1b therapy,
pumbness of her right upper and lower limbs progres-
sively worsened and all tendon reflexes were depressed.
Electrophysiologically, F waves were not evoked in any
limbs except for the left nlnar and tibial nerves, which
showed marked prolongation of F wave latencies. More-
over, subclinical hyperthyroidism developed in associa-
tion with high titers of anti-thyroglobulin and anti-
thyroid peroxydase antibodies, which were negative
before IFNB-1b therapy. These findings indicated that
peripheral demyelination worsened at the nerve roots
after IFNB-1b therapy. In addition to the development of
autoimmune thyroid disease, the patient now fulfilled the
criteria for probable CIDP. Along with the results of a
previous report demonstrating IFNf-induced CIDP de-
velopment in patients with childhood MS, this case un-
derscores IFNB as a potential risk factor for CIDP in
patients with childhood onset MS.

(Internal Medicine 44: 68-72, 2005)

Key words: interferonf-1b; chronic inflammatory demyel-
inating polyradiculoneuropathy; multiple sclero-
sis

Introduction

The occurrence of multiple sclerosis (MS) and chronic in-
flammatory demyelinating polyradiculoneuropathy (CIDP)
in the same subject is uncommon (1-4), yet both are thought
to be autoimmune diseases that target myelin. Peripheral
pervous system involvement in MS patients has been re-
ported by some authors (5-7). For example, Zee et al (6)
conducted a retrospective study on 150 MS patients and
found clinical and electrophysiological evidence of radiculo-
pathy in 13 (8%) and peripheral neuropathy in 4 (3%) pa-
tients. However, exacerbation of CIDP following IFN-B has
only been reported by Pirko et al (4). They described three
children with MS who responded to interferon-f (IFN), but
developed CIDP that responded to intravenous immuno-
globulin (IVIG) administration. It was considered that IFNB
treatment somehow contributed to the development of CIDP.
This hypothesis is supported by recent reports documenting
the onset of CIDP in patients receiving type I IFN (8-10).
Here, we report a female patient who developed MS in child-
hood and underwent interferon B-1b treatment in early adult
life, which caused CIDP that was successfully treated by oral
corticosteroids.

Case Report

A 23-year-old woman developed left optic neuritis that re-
sponded well to IV corticosteroids in 1989 at the age of 10
years. In 1996 she noticed numbness of her right lower limb
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