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Figure 4 Serum cytokine and cytokine receptor levels in polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy and skin changes
(POEMS) syndrome and control groups. Filled circles represent POEMS syndrome patients with hyperalgesia, open circles represent POEMS syndrome
patients without hyperalgesia, and open squares represent controls. (A) Interleukin-1pB (IL-1B). (B) Interleukin-6 (IL-6). (C) Tumour necrosis factor-o
(TNF-az). (D) IL-1 receptor antagonist (IL-1ra). (E) Soluble IL-6 receptor (sIL-6r). (F) Soluble TNF receptor | (STNFri). (G) Soluble TNF receptor Il (sTNFrll).
All patients who showed extensive elevation of proinflammatory cytokines (IL-1B, IL-6 and TNF-c) had hyperalgesia. All of these proinflammatory

cytokines were significantly elevated in the group with hyperalgesia than that without it (p<<0.05 for IL-1p and IL-6, p<<0.01 for TNF-c). On the other
hand, no significant difference between the two groups was found for IL-1ra, sIL-6r, sTNFrl and sTNFrll. Compared with controls, the group with

hyperalgesia showed significant elevation for IL-1B (p<0.05), IL-6 (p<<0.01), TNF-e« (p<<0.05), sTNFrl (p<<0.01) and sTNFrll (p<<0.05), and reduction
for IL-1ra (p<<0.01). The group without hyperalgesia showed significant elevation for sTNFrl (p<0.01) and sTNFrll (p<<0.05) and reduction for IL-1ra

(p<0.01) compared with controls. *p<0.05 and **p<<0.01 with Mann—Whitney U test. NS, not significant.

presence of pain. More than half of our patients reported
uncomfortably painful symptoms, including spontaneous pain
and hyperalgesia. Indeed, many of the patients were referred to
the hospital due to painful symptoms. On the other hand,
patients with CIDP are predominantly characterised by motor
weakness rather than sensory complaints, although painful
symptoms are reported.” Both POEMS syndrome and CIDP are
associated with demyelination in the peripheral nervous system,
and electrophysiological findings are, therefore, to some extent
similar. Indeed, some of our patients were initially diagnosed
with CIDP before consultation to our hospital for sural nerve
biopsy, particularly when the associated symptoms other than
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neuropathy were not conspicuous. The rarity of this syndrome
also makes it difficult to diagnose correctly. Recognition of the
characteristic clinical features, including spontaneous pain and
hyperalgesia, may be useful in discriminating patients with
POEMS syndrome from those with CIDP.

The mechanism as to why painful symptoms occur in a
subgroup of patients with POEMS syndrome needs to be
clarified. It is interesting that neuropathy of equal aetiology can
be painful or painless. The prototype of known painful
neuropathies, such as familial amyloid polyneuropathy, alco-
holic neuropathy, Fabry disease, and the subgroups of poly-
neuropathies associated with diabetes mellitus, paraneoplastic
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syndrome and Sjdgren’s syndrome, is characterised by small-fibre
predominant axonal degeneration with relative preservation of
large myelinated fibres.'® ** 2 % In these neuropathies, unmye-
linated fibres are the most profoundly affected and demyelinating
change is not a primary feature. On the other hand, our POEMS
syndrome patients revealed extensive demyelination and well-
preserved unmyelinated fibres. Although we need to further
assess whether the most distal portion of unmyelinated fibres are
affected at the epidermal site, the mode of nerve fibre injury in
the sural nerve biopsy specimens in POEMS syndrome was
distinctive from that of known painful neuropathies with
predominant small-fibre loss. According to a previous study,®
hyperalgesia comprises a dynamic component (brush-evoked
pain, allodynia) that is signalled by large myelinated afferents and
a static component (hyperalgesia to pressure stimuli) that is
signalled by unmyelinated afferents. Hyperalgesia in our series
was similar to the latter.

Although the mechanism of neuropathic pain has been
intensively investigated, existing knowledge has been based
mainly on animal research or experimental studies of healthy
human subjects. As for the pathological condition of human
neuropathic pain, post-herpetic neuralgia, complex regional pain
syndromes and diabetic neuropathy have been relatively well-
investigated,®* but little is known about neuropathic pain
with other aetiologies. Neuropathic pain has been classified and
studied according to its nature rather than to the nosology of
the disease. Hyperalgesia has been thought to conduct through
afferent A-fibres,* but recent observations suggest that hyper-
algesia is also related to afferent C-fibres.®® In our case,
myelinated fibres were more profoundly affected in patients
with hyperalgesia than those without it. In contrast, unmye-
linated fibres were not reduced in both groups. These
observations suggest that myelinated fibre injury, rather than
unmyelinated fibre injury, is related to the appearance of
painful symptoms in POEMS syndrome. This is similar to
models of cold hyperalgesia in healthy human subjects, which
suggest that hyperalgesia is induced by decreased inhibition of
activated C-fibres due to the blockade of A-delta fibres.* In
post-herpetic neuralgia, the reduction in skin unmyelinated
fibre innervation was inversely correlated with severity of
allodynia, suggesting that the presence of surviving unmyeli-
nated fibres is important for the induction of allodynia.** Thus,
neuropathic pain can be induced most effectively when
unmyelinated C-fibres are well-preserved in the population
under the condition that inhibition of C-fibre activity by
myelinated A-delta fibres is lacking. The existence of well-
preserved C-fibres and decreased A-fibres, including A-delta
fibres, in POEMS syndrome is similar to the conditions in which
neuropathic pain is effectively provoked. Taken together, the
painful symptoms in POEMS syndrome could be generated by
well-preserved afferent C-fibres when the inhibitory effect of
afferent A-fibres is reduced.

In addition, serum levels of proinflammatory cytokines,
including IL-1B, IL-6 and TNF-o, are known to be increased in
patients with POEMS syndrome, although some variation
exists.® ¥ * Our data also show extensive variation in the levels
of these proinflammatory cytokines among individual patients;
they are not necessarily elevated. However, the elevation of
these cytokines seemed to be related to the presence of
hyperalgesia in our cases. The source of these cytokines in
patients with POEMS syndrome remains uncertain as they are
produced by a variety of host cells and tumour cells. For
example, proinflammatory cytokines are known to be produced
from Schwann cells undergoing axonal degeneration.” On the
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other hand, the cytokine itself may induce axonal degenera-
tion® In our cases, levels of one of the proinflammatory
cytokines, IL-6, is positively correlated to the degree of
myelinated fibre loss. It is interesting that these proinflamma-
tory cytokines are known to be closely related to provocation of
neuropathic pain.*

In summary, the painful symptoms in POEMS syndrome may
be generated through well-preserved afferent C-fibres when the
inhibition of C-fibres by A-fibres is decreased, especially in the
presence of cytokine sensitisation, thus providing new insight
into the pathophysiology of neuropathic pain.
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Prevalence and incidence rates of chronic
inflammatory demyelinating polyneuropathy in the

Japanese population

M lijima," H Koike,' N Hattori," A Tamakoshi,2 M Katsuno,? F Tanaka,' M Yamamoto,"'
K Arimura,® G Sobue,' the Refractory Peripheral Neuropathy Study Group of Japan

ABSTRACT

Objective and methods: To characterise the epidemio-
logical features of chronic inflammatory demyelinating
polyneuropathy (CIDP) in the Japanese population, this
study performed a nationwide assessment of the
prevalence and incidence rates in Japan.

Results: The prevalence rate per 100 000 was 1.61 in
the total population; 2.01 in males and 1.23 in females.
The age dependent prevalence rates were 0.23 in
juveniles (<15 years old), 1.50 in young adults (15—

55 years) and 2.31 in elderly adults (>55 years). The sex
and age dependent prevalence rates were 0.22 in males
and 0.24 in females in juveniles, 1.81 in males and 1.19 in
females in young adults, and 3.12 in males and 1.64 in
females in elderly adults. The annual incidence rate per
100 000 was 0.48 in the total population, 0.58 in males
and 0.38 in females. The age dependent incidence rate
was 0.06 in juveniles, 0.40 in young adults and 0.73 in
elderly adults. The sex and age dependent incidence rate
was 0.05 in males and 0.08 in females in juveniles, 0.50
in males and 0.30 in females in young adults, and 0.93 in
males and 0.58 in females in elderly adults. Both the
prevalence and incidence rates were very similar
throughout the eight geographical areas studied, from the
northern to the southern parts of Japan.

Conclusions: The prevalence and incidence rates were
similar to those reported in the Caucasian population. The
pathogenic background is suggested to be common
throughout the different races and geographic areas,
while gender and age effects should be taken into
account in the pathogenesis of CIDP.

Chronic inflammatory demyelinating polyneuro-
pathy (CIDPF) is a motor and sensory neuropathy
with an immune mediated inflammatory element.
The clinical course is divergent, taking chronic,
progressive, recurrent and regressive courses; the
clinical symptoms of the motor and sensory
modality and its symptomatic distribution are also
divergent.' > The therapeutic efficacies of intrave-
nous immunoglobulin therapy, plasma exchange
and corticosteroid therapy have been established in
large scale case controlled studies.®* Well recog-
nised diagnostic criteria, a thorough understanding
of the pathophysiology of the disease and bene-
ficial therapeutics have led to the acceptance of
CIDP as a clinical entity.' * * However, the epide-
miology of CIDP has been rarely investigated, and
thus this information is lacking, particularly in
Asian populations.

In this study, the prevalence and incidence
rates of CIDP in the Japanese population were

determined, particularly as they relate to geogra-
phical, gender and age related distributions; these
data were also compared with those from
Caucasian populations.

NMETHODS

Data for a nationwide survey were collected
according to previously described methods.”® As
this study included paediatric and internal medi-
cine clinics as well as neurology clinics, we
collected patients with CIDP who were diagnosed
by the American Academy of Neurology (AAN)
criteria,” Saperstein’s modified criteria®® and the
inflammatory neuropathy cause and treatment
(INCAT) criteria.* We reviewed each patient’s data
and ascertained if the patient fulfilled these
diagnostic criteria. Patients with diabetes mellitus
(17.2% of collected patients), hereditary diseases
and obvious paraproteinaemia were excluded from
the study.

As CIDP is a chronic disease and persists in its
symptoms for more than 1 year in most patients,
we computed prevalence and incidence rates for
1 year of data collection." We first compiled a list
of all of the hospitals in Japan with 20 or more beds
from data reported by the Health, Labor and
Welfare Ministry in Japan. The majority of the
patients with CIDP (almost 95% of the patients in
the preliminary survey in the Aichi prefecture in
Japan) are seen in neurology clinics of general city
hospitals, or the department of neurology or
department of paediatrics of university hospitals
in Japan; all of these hospitals and facilities with
more than 20 beds in the whole of Japan were
included in this survey. A few patients with CIDP
(less than 5% of the patients in the preliminary
survey in the Aichi prefecture in Japan) are seen in
internal medicine or paediatric clinics of the city
hospitals, and thus we selected the hospitals of
internal medicine and paediatrics for data sampling
according to the previously described randomised
selection procedure. In brief: 5% of those hospitals
with 20-99 beds, 10% of those with 100-199 beds,
20% of those with 200299 beds, 40% of those
with 300-399 beds, 80% of those with 400-499
beds and 100% of the hospitals with 500 or more
beds.” ® For departments of neurology, we selected
all hospitals because we speculated that most
patients with CIDP should be correctly diagnosed
by neurologists. We classified all hospitals into 30
strata depending on the type of clinical department
and the size of the hospital (see supplementary
table 1 online). We sent questionnaires directly to
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Table 1 Prevalence and incidence rates in the total
Japanese population

Male Female Total

Prevalence rate (/100 000)

Juvenile 0-15 y 0.22 0.24 0.23
Adults 15+ y 2.31 1.42 1.83
Young adult 15-55 y 1.81 1.19 1.50
Elderly adult 55+ y 3.12 1.64 2.31
Total population 2.01 123 1.61
Incidence rate (/100 000)
Juvenile 0-15 y 0.05 0.08 0.06
Adults 15+ y 0.67 0.43 0.54
Young adult 15-55 y 0.50 0.30 0.40
Elderly adult 55+ y 0.93 0.58 0.73
Total population 0.58 0.38 0.48

the physicians of the departments of neurology, paediatrics and
internal medicine in these hospitals, and independently to each
hospital, asking each for the number, gender and other clinical
and experimental information of patients who were newly
diagnosed as CIDP (incidence number) or had been already
diagnosed as CIDP and were still receiving treatment (pre-
valence number) over 1 year, from the beginning of September
2004 to the end of August 2005. We also asked how they
diagnosed the patients as having CIDP by referring to the
diagnostic criteria of the AAN research criteria, Saperstein’s
modified criteria, the INCAT criteria and other diagnostic
backgrounds.’ ** In addition, we obtained information on the
gender and age distribution of the Japanese population in each
prefecture based on the national census (October 2005). We
calculated the number of patients with CIDP in each stratum
and extrapolated the prevalence and incidence figures based on
the response rates to the questionnaire and the population
statistics. To calculate the geographical distribution, we
arranged 47 prefectures into eight areas from the north to the
south of Japan and assessed the prevalence and incidence rates
based on the population in each area.

This study was performed as a project study in the Refractory
Peripheral Neuropathy Research Study Group, under the
auspices of the Ministry of Health, Labor and Welfare of
Japan. The study design was agreed upon and approved by the

Figure 1 Geographic distribution of
prevalence and incidence rates
throughout Japan. There were no
statistical preponderances in the
geographical distributions of either the
prevalence or incidence rates.

prevalence rate
in Japan (/100 000)

Average (SD) 1.73 (0.59)
95% CI

Geographical distribution of

Ethics Committee of Nagoya University Graduate School of
Medicine.

RESULTS

The study received 1561 responses to the questionnaire out of
2827 surveyed facilities, for a total net recovery rate of 55.2%;
51.8% of the neurology clinics, 41.8% of the clinics of internal
medicine and 70.1% of the paediatric clinics (see supplementary
table 1 online). From September 2004 to August 2005, 742 men
and 480 women were diagnosed with CIDP in the 1561 medical
facilities out of the total of 2827 randomly selected surveyed
hospitals in Japan having more than 20 beds. Based on these
data, and the response rates from each stratum of the facilities,
we obtained a prevalence number of 2433 patients (1495 men
and 938 women) (see supplementary table 2 online). The CIDP
prevalence rate per 100 000 of the Japanese population was 1.61
in the total population, 2.01 in the male population and 1.23 in
the female population (table 1). The age dependent prevalence
rate was 0.23 in juveniles, 1.50 in young adults and 2.31 in
elderly adults. The sex dependent prevalence rate in each age
group was 0.22 in males and 0.24 in females in juveniles, 1.81 in
males and 1.19 in females in young adults, and 3.12 in males and
1.64 in females in elderly adults. The number of newly
diagnosed patients with CIDP during the year from
September 2004 to August 2005 was 601 (354 men and 247
women) (see supplementary table 3 online). The annual
incidence rate per 100 000 was 0.48 in the total population,
0.58 in males and 0.38 in females. The age dependent annual
incidence rate was 0.06 in juveniles, 0.40 in young adults and
0.73 in elderly adults. The sex dependent incidence rate in each
group was 0.05 in males and 0.08 in females in juveniles, 0.50 in
males and 0.30 in females in young adults, and 0.93 in males and
0.58 in females in elderly adults (table 1).

Additionally, there was no difference in the prevalence or the
incidence rates in the total population in eight geographical
areas (Hokkaido, Tohoku, Kanto, Koshin-etsu, Tokai, Kinki,
Chugoku-Shikoku and Kyushu-Okinawa) in Japan (fig 1).

DISCUSSION
The higher prevalence and incidence rates in males compared
with females, and the increasing rates with aging were the

Geographical distribution of
incidence rate
in Japan (/100 000)

Average (SD) 0.52 (0.21)
95% CI 0.35t0 0.70

7 |[El<1s

RS

.5=<prevalence rate <2.5
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Table 2 Comparison of the prevalence and incidence rates among Caucasian and Japanese populations

Prevalence rate (/100 000)

Incidence rate (/100 000)

Report Location Population Total Adult Juvenile Total Adult Juvenile

Lunn™® (1994-1995)  England (UK) 14049 000 0.46-1.24  NA* NA* NA NA NA

McLeod" (1996) New South Wales 5995 000 1.87 NA 0.48% NA NA NA
(Australia)
Newcastle 443 000 NA NA NA 0.15 NA NA
(Australia)

Chio"™ (2001) Piemonte and Valle 4 334 225 3.58 NA* NA* 0.36 NA NA
d’Aosta (ltaly)

lijima (2004-2005)  Whole areas of 127 655 000  1.61 1.83 0.23} 0.48  0.54 0.061

Japan (Japan)

*Although the exact data were not reported, the age dependent increase in the prevalence rate was discussed in each report.

tJuvenile population is designated as those under 20 years.
tJuvenile population is designated as those under 15 years.
NA, not available.

major observations of the Japanese epidemiology of CIDP, as
was the lack of a specific geographical distribution. As CIDP is a
chronic disease generally lasting more than 1 year, our results
on observations over 1year are expected to represent the
transverse epidemiology in the Japanese population.

A few well designed epidemiological studies have been
reported from the UK, Australia and the north of Italy in
Caucasian populations.™*® The most striking finding was that
our data in the Japanese population were similar to those
reported in these Caucasian populations (table 2). Compared
with the UK-Australian data, we found epidemiological
similarity in the total prevalence and incidence rates, male
predominance over females, and the higher prevalence and
incidence rates in the adult population compared with the
juvenile population, although the ages categorising their
juvenile populations were different to ours. The prevalence rate
in northern Italy was slightly higher than ours (table 2), while
the increasing prevalence and incidence rates in their elderly
populations were similar to ours. The prevalence and incidence
rates in our study may be somewhat underestimated as we
excluded patients with diabetes mellitus or paraproteinaemia;
these data were also collected in a hospital based manner,
excluding those under home care or under private office follow-
up not attending hospital during the survey period. Another
source of bias is that we would have missed patients who were
diagnosed before the survey, but who did not attend hospital
during the survey period, which may have occurred because
their disease was too mild, or patients were too ill or did not see
any point in attending because their treatment was not helping.

In addition, our results clearly demonstrate that there is no
significant preponderance in the geographical distribution from
the north to the south of Japan for the epidemiology of CIDP.
These results suggest that CIDP is similar in its epidemiological
background in different races and different geographical
environments, indicating that the pathogenesis of CIDP could
be common worldwide, and independent of genetic and
geographical environmental influences, although further studies
are needed to confirm this.

Another interesting observation was the gender related
difference in the prevalence and incidence rates. In the adult
population, prevalence and incidence rates were significantly
higher in males; the male to female ratio was 1.63 to 1 (1.52 to 1
in young adults and 1.90 to 1 in elderly adults) for the
prevalence rate and 1.56 to 1 (1.67 to 1 in young adults and 1.60
to 1 in elderly adults) for the incidence rate. Whereas in the
juvenile population a significant preponderance was observed in
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gitls, the male to female ratio was 0.92 to 1 for the prevalence
rate and 0.63 to 1 for the incidence rate. At present we do not
understand the background mechanism underlying this gender
related difference, particularly its reversed ratio among the adult
and juvenile populations.” * However, the gender and age
related differences in the epidemiological indices were remark-
able, especially given their reversal during puberty, suggesting
that the effects of gender could be significant in the pathogen-
esis of CIDP.
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ABSTRACT

Background: Patients with painful sensory neuropathy associated with Sjégren's syndrome-associated
neuropathy often show severe neuropathic pain which is not relieved by conventional treatments.
Objective: To evaluate the effect of intravenous immunoglobulin (IVIg) therapy in the treatment of neuropathic
pain associated with Sjogren’s syndrome.

Patients and methods: We examined 5 patients affected by painful sensory neuropathy associated with
Sjogren's syndrome. All patients were treated with IVIg (0.4 g/kg/day for 5 days) and pain rating was assessed
by the Visual Analogue Scale (VAS).

Results: All five patients showed a remarkable improvement in neuropathic pain following IVlg therapy. Pain,
assessed by the determination of mean VAS score, was reduced by 73.4% from days 2-14 following treatment.
The observed clinical improvement persisted for 2 to 6 months. One patient, examined by quantitative sensory
testing (QST), showed an improvement of superficial sensory deficit accompanied by pain relief.

Conclusion: IVIg might be an effective treatment for pain in Sjégren's syndrome-associated neuropathy. Further

studies should be done in a controlled, blind study.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Various forms of peripheral neuropathy have been reported to
be associated with Sjégren's syndrome, including sensory ataxic
neuropathy, painful sensory neuropathy without sensory ataxia,
trigeminal neuropathy, multiple mononeuropathy, multiple cranial
neuropathy, radiculoneuropathy, and autonomic neuropathy with
anhidrosis [1-7]. The presence of such a diverse array of neuropathic
states suggests that multiple mechanisms are involved in the patho-
genesis of neuropathy associated with Sjégren's syndrome. Further-
more, the therapeutic efficacy of major treatments for Sjégren’s
syndrome, such as corticosteroid therapy, IVIg therapy and immuno-
suppressant therapy, appear to vary amongst the different forms of
neuropathy [5], most probably reflecting differences in the underlying
pathology. We previously reported, as an anecdotal case report, the
effectiveness of IVIg therapy in the amelioration of painful symptoms
of sensory neuropathy without the sensory ataxia associated with
Sjogren's syndrome [8]. Pain in this type of neuropathy is often un-
controlled with conventional symptomatic treatment using NSAIDs,
tricyclic antidepressant and anti-epileptic drugs, and can thus sig-
nificantly compromise the activity of daily living [5]. Control of pain in

* Corresponding author. Department of Neurology, Nagoya University School of
Medicine, Nagoya 466-8550 Japan. Tel.: +81 52 744 2385; fax: +81 52 744 2384.
E-mail address: sobueg@med.nagoya-u.ac.jp (G. Sobue).

0022-510X/$ - see front matter © 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.,jns.2008.12.018

the painful form of neuropathy without sensory ataxia is a major
problem in Sjogren's syndrome-associated neuropathy, although
this painful form is not widely recognized as a sub-form of Sjégren's
syndrome-associated neuropathy [5].

In the present study, we evaluated the efficacy of IVIg therapy
in five patients with painful sensory neuropathy associated with
Sjogren's syndrome but without sensory ataxia and further character-
ize this type of neuropathy.

2. Patients and methods

We recruited five patients affected by the painful sensory neuro-
pathy associated with Sjégren's syndrome. All five patients fulfilled
the diagnostic criteria for Sjogren's syndrome. The diagnosis of
primary Sjégren's syndrome was established by criteria proposed by
the Diagnostic Committee of Health and Welfare of Japan [9] and by
the American-European Community [10]. One of our patients (patient
1) has been described previously [8]. In the present study, we further
present additional novel information regarding this patient, particu-
larly in terms of long-term follow up and therapeutic outcome.
Patients were excluded if they presented with other causes of neuro-
pathy, including diabetes mellitus, impaired glucose tolerance,
vitamin B12 deficiency, folic acid deficiency, autoimmune disease,
and paraproteinemia. Hypothyroidism was evident in two patients
(patients 4 and 5), although medication regulated thyroid function at
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Table 1
Laboratory findings and clinical features
Patient  Dryeye/ Positive findings = Initial ~Motor involvement - Sensory involvement G Autonomic
agefsex  dry mouth  of Sjsgren’s . symptom . Progression Weakness Atrophy  Distribution “Superfidal deep” Spontaneous ~ Characteristics mvolvement
- syndrome : o d : _ - pain -~ of pain e
1 -J- SS-A,B Pain ~ Chronic - - L° (distal) + 5 +++¢ - Aching 1.2.3456.
67/M lip biopsy S - hyperalgesia -
S - T° (middle portion) : hst s
2 o+ Lipbiopsy -~ Pain Chronict e o IC(distal) e S et Tingling 124
72[F : : : Gipn e : hyperalgesia " °
. H° (left side back)

3 H+ SS-B _Sensory  Subacute - s Right}iand (radial) - Fid Tingling o
54/M lip biopsy disturbance P e ; ot static allodynia

i 1° (dital) »hype‘ralgesia -

T (upper portion) ‘ .
4 ++ SS-A Pain Subacutev“'- - £ | 1© (distal) L ey Aching oy
57|F : lip biopsy : Bl hyperalgesia
5 +- SS-A : Pain Chronic A+_. . = F(]eftside) e : + e Tingling : » 234
59/F lip biopsy R ; ol hyperalgesia
: L (upper) - o
L¢ (right> left)

1, Abnormal pupils; 2, Hypohidrosis; 3, Orthostatic hypotension; 4, Constipation; 5, Urinary disturbance; 6, Decreased uptake of '2’I-MIBG.
# Superficial; reduction of superficial sensation including light touch and pinprick perception and temperature sensation.

® Deep; reduction of deep sensation including vibration and joint position.
€ F, Face; H, Head; L, Limb; T, Trunk.
4 A{A{, moderate pain; "A{A{A{, severe pain.

normal levels in these patients. Prior to treatment, all patients under-
went neurological examination, blood studies, CSF studies, nerve
conduction studies (NCS), and sural nerve biopsy. Profiles of the
patients are summarized in Tables 1, 2, and 3. The group of patients
included two men and three women, ranging from 54 to 72 years old.
In all patients, the initial symptom of neuropathy was paraesthesia or
painful peripheral dysaesthesia in the distal portion of the extremities.

Patient 1, a 67 year old man, was diagnosed as Sjogren's syndrome
16 years ago, had suffered painful dysaesthesia and numbness in the
feet for 10 years, which spread to the proximal portion of the legs and
arms. Neurological examination revealed a reduction in superficial
sensation, including light touch/pinprick perception and temperature
sensation; painful dysaesthesias were elicited over the middle portion
of the trunk and the four extremities. The pain experienced in this
patient's hands was so intense that he could not extend his fingers or
touch objects. The pain in his feet almost precluded ambulation. Pa-
tient 2, a 72 year old woman had experienced painful dysaesthesia and
numbness in the legs and hands for 3 years. Neurological examination
revealed reduced superficial sensation along with painful dysaesthe-
sias in the distal portion of the four extremities. Patient 3, a 54 year old
man, had experienced pain in all four extremities and the head for
4 years. Neurological examination revealed no reduction in superficial

sensation. Hyperalgesia was evident over the left side of the back of
the head, the upper portion of the trunk, and the radial side of the
right hand and feet. The patient needed to wear gloves to protect
himself from the hand pain during his normal daily life. Sometimes,
the patient also experienced difficulty walking as a direct result of
pain. Patient 4, a 57 year old woman had suffered pain in her left foot
for 1 year. Neurological examination revealed a reduction in super-
ficial sensation; painful dysaesthesias were elicited over distal parts
of the four extremities. Patient 5, a 59 year old woman had suffered
spontaneous pain for 20 years along with painful dysaesthesia and
numbness in all four extremities, but predominantly on the right side.
Neurological examination revealed reduced superficial sensation.
Painful dysaesthesias were elicited over the left-side cheek, the radial
side of the upper extremities, and the lower extremities, predomi-
nantly on the right side. The pain in this patient's legs almost pre-
cluded ambulation.

Fluctuation in the intensity of pain was seen, to some extent, in
all patients. Asymmetric pain symptoms and sensory impairments
were seen in three patients (patients 3, 4, and 5). Although deep
sensation, such as joint position and vibration, was mildly impaired in
the distal portion of the extremities in one patient (patient 5), this was
not accompanied by sensory ataxia, pseudoathetosis in the hand, or a

Table 2

Nerve conduction study

Patient Median nerve Tibial nerve Sural nerve 2
MCV (m/s) DL (ms) CMAP (mV) SCV (m/s) SNAP (uv) MCV (m/s) DL (ms) CMAP (mV) . SCV (m/s) - SNAP (uV)

1 56 34 54 48 52 42 : 42 73 47 39

2 55 31 45 64 23 32 41 57 43 - 17

3 55 3.1 12.6 63 251 48 39 15.8 51 : 272

4 54 2.9 103 58 416 40 46 10.5 60 15.5

5 55 2.7 6.1 62 252 42 34 15.9 48 115

Controls 57.6%3.8 34104 82429 56.3+5.3 280115 46.0+3.8 40+0.6 11.8%3.5 492148 16.8478

Control values were obtained in 171 normal volunteers for the median nerve, 161 for the ulnar nerve, and 163 for the sural nerve [11].
MCV = motor nerve conduction velocity; DL = distal latency; CMAP = compound muscle action potential.

SCV = sensory nerve conduction velocity; SNAP = sensory nerve action potential.
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Table 3
Pathological findings in the sural nerve

Patient Myelinated fiber density (no/mm?) Small/large » Unmyelinated Tested-fiber study (%)
Total fiber Large fiber Small fiber ratio fiber der;slty De/re-myelination Axonal degeneration
: (no/mm?) ! ' :
1 4557 1778 2779 16 19,245 3.0 240
2 5728 2594 3134 12 13,557 8.0 03
3 6085 2845 3240 11 17,118 0.5 0.5
4 6902 3530 3372 1.0 13,397 1.1 1.9
5 4807 : 2766 2041 0.7 21,531 : 6.2 2.8
Controls (n=10) mean+SD 7087+1413 27171617 436311067 1.7+0.5 30,876+3713 9.0+59 1.812.0

Control values were obtained from subjects with nonneurologic disease at autopsy.

positive Romberg's sign. Muscle strength was preserved in all patients
except for patient 5; this particular patient could not exert full muscle
strength in the right lower extremity due to severe pain, and appeared
to reveal slight weakness. Autonomic dysfunctions, including con-
stipation, orthostatic hypotension and hypohidrosis were seen in
four of the patients. Reduced uptake of 2>I-MIBG was evident in two
patients (Table 1). Cerebrospinal fluid cell count was normal in all
patients, while protein was elevated in two patients (patients 1 and 5).
Nerve conduction studies revealed preserved motor and sensory con-
duction velocities and distal latencies (Table 2). Amplitudes of com-~
pound muscle action potential (CMAP) and sensory nerve action

o0
P %

Fig. 1. Sural nerve pathology. (A) Specimen from patient 4. (B) Specimen from a control
patient. Specimen from patient 4 revealed predominantly small-fiber loss. No axonal
sprouting was seen. Vasculitis was not observed. Scale bar=20 pm.

potential (SNAP) were greater than the mean+2SD of normal control
subjects [11], except for SNAP of the median nerve in patient 1. Sural
nerve specimens revealed mild reduction in small-myelinated fibers
and unmyelinated fibers in all patients (Fig. 1, Table 3). The density
of large myelinated fibers was 2720£627 fibers/mm? (100% of mean
control values), while that of small myelinated fibers was 2913+
535 fibers/mm? (66% of mean control values), indicating a predomi-
nant reduction in the number of small myelinated fibers. The density
of unmyelinated fiber was 16,970+3550 fibers/mm? (55% of mean
control values). Axonal degeneration was evident in patient 1. There
was no evidence of axonal sprouting in any of the patients, suggesting
ganglionopathy as a cause of neuropathy. Vasculitis was not observed
in any patient.

All patients were treated with 0.4 g/kg intravenous immunoglo-
bulin (IVIg) for 5 days. In all patients, the effect of IVIg treatment was
scored by use of the Visual Analogue Scale (VAS) [12]. In addition, we
performed quantitative sensory testing (QST) to determine the cold
detection threshold (CDT), vibration detection threshold (VDT), and
heat-pain (HP) threshold in both the upper and lower extremities
using computer aided sensory evaluation version (CASE ; Medical
Electronics, Michigan). This evaluation was carried out on one patient
(patient 5), before and after treatment. For the CDT, a series of cold
stimulation tests, using a range of different temperatures were
delivered with a sensor placed on the dorsum of the foot. Patients
were asked to respond when the stimulus was felt. The testing algo-
rithms used were the 4, 2, and 1 stepping method for CDT [13], the
aim being to determine the smallest temperature differential from
the baseline temperature that can be reliably detected. For the VDT,
a series of vibration stimulation tests were delivered with a sensor
placed on the great toe using the 4, 2, and 1 stepping method. For the
HP thresholds, a series of warm stimulation tests were delivered to
the dorsum of the foot, using the non-repeating ascending with null
stimuli algorithm [14]. HP: 0.5 is the heat-pain detection threshold,
HP: 5.0 is a intermediate heat-pain response and the difference bet-
ween the two (HP: 5.0-0.5). CASE IV normative data were used in
accordance with previous studies [13]. Abnormal CDT and VDT were
defined as above the 97th percentile (hypoesthesia), and an abnormal
HP: 0.5 was defined as below the 3rd percentile (hyperalgesia). QST
studies were performed by the same technician in two different
patients (patients 4 and 5).

3. Results

All patients responded well to IVIg therapy. Severe pain had been
reduced from 7.6+2.9 to 2.2+1.5, according to the Visual Analogue
Scale (VAS) (Fig. 2). Several relapses were seen in two patients
(patients 1 and 2) over long-term follow up. IVIg treatment was
effective at each relapse, but the effect of IVIg became less pronounced
in patient 2 after 6 years of treatment (Fig. 2 B). The effect on pain
was reported to begin 2 to 14 days after the IVIg infusion started.
The clinical improvement lasted for about 2 to 6 months (4.0+
2.65 months). The second [VIg therapies were performed in four
patients when relapse occurred, with the interval of second IVIg
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Fig. 2. Clinical course of the Visual Analogue Scale. A 10 cm VAS was anchored by two extremes of pain (left, no pain; right, the worst pain imaginable). Pain ratings were applied
subjectively according to the manner described by Kelly [12]. (A) Clinical course of patient 1. (B) Clinical course of patient 2. (C) Clinical course of patient 3. (D) Clinical course of

patient 4. (E) Clinical course of patient 5.

treatment ranging from 7 months to 1 year. IVIg therapy reduced pain
by 50-100% on the VAS scale; the significant effect of IVIg upon pain
relief was clearly evident (p<0.01). All patients experienced accom-
panied superficial sensation, such as numbness, tingling or painful
dysaesthesia, but these showed simultaneous improvement. Muscle
strength in patient 5 also improved. Following IVIg treatment, patients
1,3 and 5 were able to walk smoothly and patient 3 no longer required
gloves. Direct evidence of sensory improvement was clearly demon-
strated by CASE IV analysis in patient 5. VDT 5 was less than +2SD and
there was no significant difference before and after treatment. Before
treatment, CDT was 28.1 °C (hand) and 10.0 °C (foot), representing

abnormal levels greater than +2SD. Following IVlg therapy, CDT
improved to 29.8 °C (hand) and 17.3 °C (foot), which was within the
normal range of —1.04SD (hand) and +1.88SD (foot). These results
clearly demonstrate significant improvement in superficial sensory
impairment following IVIg therapy. HP threshold was not different
before and after treatment.

4. Discussion

IVIg therapy was effective in alleviating pain symptoms in all 5
patients involved in the present study. Painful symptoms involved
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proximal regions of the limbs, face, or trunk in a non-length de-
pendent manner with predominantly superficial sensory involve-
ment, Motor nerve function was well preserved, Pathologically, there
was a predominantly small-fiber axon loss with relative preservation
of large myelinated axons, without evidence of regenerating fibers.
Pathological evaluation of the dorsal root ganglia in patients with
major causes of ganglionopathy have been reported for patients with
Sidgren's syndrome and paraneoplastic syndrome, via the analysis
of tissue obtained by biopsy or autopsy {2,15]. The major symptom
in these syndromes is sensory ataxia resulting from the impairment
of deep kinaesthetic sensation corresponding to the involvement of
large-sized neurons [2,15], On the other hand, it is uncommon for
ganglionopathy to preferentially affect small-diameter neurons [16,17].
However, recent studies have suggested that this type of ganglionopathy
may occur in patients with Sjogren's syndrome accompanying pain-
ful symptoms [5,17]. Our patients were well concordant with these
clinico-pathological features of ganglionopathy with preferential invol-
vement of small-sensory neurons. The concept of ganglionopathy,
preferentially involving small neurons, although not yet widely
recognized, is rapidly becoming a clinically important field [17].

In our patients, painful symptoms were very severe and signifi-
cantly interfered with the activity of daily living. Conventional treat-
ments for painful neuropathies, including anticonvulsants, tricyclic
antidepressants, SSRI (selective serotonin reuptake inhibitor) or
opioids, were not sufficient to ameliorate pain in our patients. Conse-
quently, it was highly evident that other new approaches were
needed. Although the mechanrisms of pain in painful sensory neuro-
pathy associated with Sjgren's syndrome have yet to be fully clarified,
it is considered that immunomodulatory therapy may be effective,
based on the hypothesis that painful sensory neuropathy is a con-
tinuum of the sensory ataxic form as described above. In the sensory
ataxic form, the lesion is located at the level of the sensory ganglion
neurons associated with T-cell infiltration [2). Indeed, IVIg therapy
has proved to be effective, to some extent, in the sensory ataxic form
{5,18-21]. The putative IVIg effect mechanism includes blockade of the
Fc receptor, enhanced antibody catabolism and the suppression of
pro-inflammatory cytokines. Therefore, macrophage and B-cell func-
tions would be inactivated and circulating auto-antibodies reduced.
IVIg can also exert effect upon superantigens and can modulate T-cell
function and antigen recognition {22]. In the ataxic type of Sjogren's
syndrome, some of the remaining dorsal root ganglion neurons, which
tend to be impaired owing to inflammation, may have regained func-
tion because of the IVIg treatment [21]. We speculate that IVIg would
elicit the same effect upon small dorsal root ganglion neurons in
painful Sjégren’s syndrome-neuropathy.

Pro-inflammatory cytokines such as TNF-alpha, IL-1 beta, and IL-6
contribute to the development of inflammatory and neuropathic pain,
and hyperalgesia [23,24]. Indeed, in patients with painful neuropathy,
or complex regional pain syndrome, TNF-alpha has been reported
to correlate with the presence of mechanical hyperalgesia [25,26).
However, participation of such cytokines in painful sensory neuro-
pathy associated with Sjégren's syndrome remains largely unknown.
In one of our patients, some serum cytokines, e.g., TNF-q, IL-8 were
shown to be reduced by IVIg (patient 3, data not shown). A question of
IVlg treatment is cost. It is certain that IVIg is very expensive, but IVlg
bring rapid and sufficient improvement. Therefore, IVIg treatment is
considered to be useful for patients who have severe pain or have
insufficient improvement by conventional treatment, Therefore, IVig
might be an effective treatment for pain in Sjégren's syndrome-asso-

ciated neuropathy. Further studies should be done in a controlled,
blind study.

References

[1] Grant lA, Hunder GG, Homburger HA, Dyck P}. Peripheral neuropathy associated
with sicca complex. Neurology 1997;48:855-62.

{2] Griffin JW, Cornblath DR, Alexander E, Champbell J, Low PA, Bird S, et al Ataxic
sensory neuropathy and dorsal root ganglionitis associated with Sjogren’s syndrome.
Ann Neurol 1990;27:304-15.

[3] Kaltreider HB, Talal N. The neuropathy of Sjsgren's syndrome. Trigeminal nerve
involvement. Ann Intern Med 1969;70:751-62.

{4] Kumazawa K, Sobue G, Yamamomto K, Mitsuma T. Segmental anhidrosis in the spinal
dermatomes in Sjdgren’s syndrome-associated neuropathy. Neurology 1993;43:1820-3.

[5] Mori K, Yijima M, Koike H, Hattori N, Tanaka F, Watanabe H, et al, The wide
spectrum of clinical manifestations in Sjogren’s syndrome-associated neuropathy.
Brain 2005;128:2518-34.

[6] Peyronnard JM, Charron L, Beaudert F, Couture F. Vasculitic neuropathy in
rheumatoid disease and Sjégren syndrome. Neurology 1982;32:339-45.

[7] Sobue G, Yasuda T, Kachi T, Sakakibara T, Mitsuma T. Chronic progressive sensory ataxic
neuropathy: clinicopathological features of idiopathic and Sjsgren's syndrome-
associated cases. ] Neurol 1993;240:1-7.

(8] Kizawa M, Mori K, lijima M, Koike H, Hattori N, Sobue G, Intravenous immunoglobulin
treatment in painful sensory neuropathy without sensory ataxia associated with
Sjtigren’s syndrome. ] Neurol Neurosurg Psychiatry 2006;77:967-9.

(9] Fujibayashi T, Sugai S. Revised Japanese diagnostic criteria for Sjdgren's syndrome.
Annual Report of Research Committee for Immune Disease. Tokyo: Japanese Ministry of
Health and Welfare; 1999, p. 35-8.

[10] Vitali C, Bomnbardieri S, Jonsson R, Moutsopoulos KM, Alexander EL, Carsons SE, et al
Classification criteria for Sjogren's syndrome: a revised version of the European
aiteria proposed by the American-European Consensus Group. Ann Rheum Dis
2002;61:554-8.

[11] Koike H, Hirayama M, Yamamoto M, Ito H, Hattori N, Umehara E et al. Age associated
axonal features in HNPP with 17p11.2 deletion in Japan. ] Neurol Neurosurg Psychiatry
2005;76:1108-14.

[12] Kelly AM. The minimum clinically significant difference in visual analogue scale
pain score dose not differ with severity of pain. Emerg Med J 2001;18:205-7.

[13] Dyck PJ, O'Brien PC, Kosanke JL, Gillen DA, Karnes JL. A 4, 2, and 1 stepping
algorithm for quick and accurate estimation of cutaneous sensation threshold.
Neurology 1993;43:1508-12.

[14] Dyck PJ, Zimmerman IR, Johnson DM, Gillen D, Hokanson JL, Karnes JL, et al. A
standard test of heat-pain responses using CASE IV. ] Neurol Sci 1996;136:54-63,

[15] Ohnishi A, Ogawa M. Preferential loss of large lumbar primary sensory neurons in
carcinomatous sensory neuropathy. Ann Neurol 1986;20:102-4.

[16] Gorson KC, Herrmann DN, Thiagarajan R, Braaga TH, Chi RL, Kinsella L}, et al. Non-
length dependent small fibre neuropathy/ganglionopathy. J Neurol Neurosurg
Psychiatry 2008;79:113.

{17] Xoike H, Sobue G. Small neurons may be preferentially affected in ganglionapathy.
J Neurol Neurosurg Psychiatry 2008;79:113,

[18] Donofrio PD. Immunotherapy of idiopathic inflammatory neuropathies. Muscle
Nerve 2003;28:273-92.

[19] Levy Y, Uziel Y. Zandman GG, Amital H, Sherer Y, Langevitz P, et al. Intravenous
immunoglobulins in peripheral neuropathy associated with vasculitis. Ann Rheumn
Dis 2003;62:1221-3.

{20] Molina JA, Benito-Leon J, Bermejo F, Jiménez-Jiménez FJ, Olivan J. Intravenous
immunoglobulin therapy in sensory neuropathy associated Sjégren's syndrome.
J Neurol Neurosurg Psychiatry 1996,60:699.

[21] Takahashi Y, Takata T, Hosino M, Sakurai M, Kanawaza I. Benefit of IVIG for long-
standing ataxic sensory neuronopathy with Sjdgren’s syndrome. IV immunoglo-
bulin. Neurology 2003;60:503-5.

[22] Dalakas MC. Mechanism of action of intravenous immunoglobulin and therapeutic
considerations in the treatment of autoimmune neurologic diseases. Neurology
1998;51:52-8.

{23] Milligan ED, Twining C, Chacur M, Biedenkapp J, 0'Connor K, Poole S, et al. Spinal
glia and proinflammatery cytokines mediate mirror-image neuropathic pain in
rats. J Neurosci 2003;23:1026~40.

[24] Opree A, Kress M. Involvemnent of the proinflammatory cytokines tumor necrosis factor-
alpha, IL-1 beta, and IL-6 but not IL-8 in the development of heat hyperalgesia; effects
on heat-evoked calcitonin gene-related peptide release from rat skin. ) Newrosci
2000;20:6289-93.

[25] Empl M, Renaud S, Erne B, Fuhr P, Straube A, Schaeren-Wiemers N, et al. TNF-alpha
expression in painful and nonpainful neuropathies. Neurology 2001;56:1371-7.

{26] Maihofner C, Handwerker HO, Neundérfer B, Birklein F Mechanical hyperalgesia in
complex regional pain syndrome: a role for TNF-alpha? Neurology 2005;65:311-3.



Peripheral Nerve K##i#E 19(1), 2008

B

PMP22BIEFREIC KD Charcot-Marie-Tooth f/®D

D FRERRNEAE"

HBER BN, P EE

1. FU&HIC

Charcot-Marie-Tooth#% (CMT) &, EME
POHIET - BREET 2 EH L T2REED
EHRE -2 —anRF—Th b, BEFHIC
ERHELRRERTHY, FRETHIRELED
BSINKEBEEBZTFLIODEETEIHEHLPIZE
nTwa Y, EEREHROCMT ik, WE
EEEAET T 5 B8R (CMT1) &. #E
EREOET La#ERE (CMT2) @ 2 2l
Rplah, HEBEERD D DIECMTLIZS
Eahs,
BEERON 5% 2B T AREHEZ a—F
5 BIEFPMP22OREICL B =2 — 1S
F—iX. CMT2#H0#50%. CMT1D#H70%
. CMTORERBET L U TR S HEEN
BwIiimenTtws?, Z2o05TREN
ZERE LTIE, PMP22 2 &0 8 17B B4
?14MbE I (17p112) @ E 4 (CMT1A) 2¢
8% % EDBEWPMP2OBERICEI ) =2 —
ONRF—% &7 —Bb 2%HETH Y, F
£, BFEICH L TiZ, CMTIADEF VEMIZ
TRAIAINEVBRLTu X270 vERETH
AFFTTIAMZRETHILIZL o TEE)
BEOBENRALNS Z ENRESRY S,
2006 L DERMTIX7AaVE YBEDOE b

Peripheral Nerve 2008; 19(1): 1-8

DBBIEBISNTVWS S, BEbnbiid,
LEBDOF— T VBB TIEHHHCMTIAR
BT AINVE VEEDEBRERA BEO—
THELRELROL L ERELET),
TPMP22 D BAERIZE HACMT O BIAEE
ELT BEROBDTHBIFFINI IV
2RETAHZEIIZLY Trembler-J 7 ADE
BRESRET I L ERELLY, ABT
3 T FRERENLZCMTORENEEZ
PMP22 DEZTFEFICIAECMT:2ME LT

BT B

2. PMP22E#IC & 2 CMTIAICKE T 2 &
HRRE
2-1. PMP22E#I2 &3 =1 —-ONF—D%H
FiREE
CMTIA @ = 2 — T 8 F — S PMP22 BIZF
DEMBRICEI>THRETAHZI L X LTOR
WIZLOHELPIZENRTVS, (1) FEEITAE
WEHBOERZFOMZ CMTIAESIZB W
TOHMABZEBRICPMP2Z2HETh TS
D PMP22H3a¥—HFETHI L=
UNF-RELEETHL LY, (2)
CMTIA D BEBEfRRIZ B v T PMP22 D mRNA
AWML TE O, $7-PMP2R2EH bHEML

* Molecular mechanism-specific therapies for CMT1A: from duplication to point mutation of PMP22
Kensuke SHIGA, M.D. and Masanori NAKAGAWA, M.D. | F#IFF L ER KSR - MERELE L v & —HiEN
B[ 76028566 AR L3 X W IR BT @ L /N Bg L VAR HT 465] ; Department of Neurology, Kyoto Prefectural

University of Medicine, Kyoto
(2A+H 2008.1.15)



2

Twa e (3) voREFNELTy b
FVAV =y JETINVIZBNT, pmp22 D
BEREBHICIYCMTIE EZREOEM L 7
SZa—unF-%2¥52:28 tnso
EEID), CMTIATIRPMP22 DBIZTF DB
FBEHAN oo —onNF—tEEBRLTV S
CENPHEEINTED, TORBEEE LTI
BETEREZNHTAIZENEETH L L E
ZAbhb, BEEETE, (1) 7oy 25a v
METHLFFTIVAIY, (2) TRANVE Y
B, () AVITX 2 VLFFREEICLS
PMP22REB OB L DEEIELONTY
5 (E1)o
2-2. PMP22E# I & 3= 2 — O/ F— (2%
T 3 RS
TurRrayORBEWHREGABAAD L
2Ty — %N U TPMP22 DR R TLESET
VB Z LIRS SH LN TV, Serada
i, 7 FRATu U ERETHAFTF TSI R
F U9 BSGABAALV & T ¥ — L PMP227 1

PMP22

E—S—HBREOBEGEFHEETAILITLDY,
PMP22 BT ORBR= MBI THZLIZEBL
Y W Emp2O S VAV 22y
Sy ML, TRy R/ A FTVA MR
BELNBELLEBLI-EZA A FTYRE
YESBETRKEHRREES AR S TYE T
L ERREEN - TREMIORLEY, BARS
By AT 7Y AN VIRBCFRENS 570
E M OBRRICHGRBELEZEZ SN TEDY,
BLOEBEROD A EHNOBRRBFOFER
Twab,

DEII. TAINVE VBT, MR CAMP &
adenylate cyclase {& 1 IZ/EH L TPMP22 0%
BREPRTHI e HBESRTEY®, 72
WY VERRSICE D HIBEANICBYT B PMP22
BETREABZERERICESTAZEILE -
TAREHBERENRETLIUREEIEZ N
T 5%, Passage Hid. CMTIADEF NV~
A% BEWT, 7AaNVE VBE56mg/kg/ B %
BELALZh ABELEBRLTO Y FiEER

* 17p12ifuB ¥ 5 2 K35ko M= T

« 4 EREEB O22kDatBiRIEE R £

= Schwann cell>compact myeliniZ 4%

¢ CMT1N70%NERBIZFTH 3

B 7/ e 7 e CI- :—@-:)—
5% R% RER
2 2 4
CMTRIERR CMT1A Hereditary neuropathy HNPP/CMTI1A
with liability to pressure ~ Dejerine-Sottas Neuropathy
palsies (HNPP) Congenital Hypomyelinating Neuropathy
DTREHEE BEIZTFOENTHR BERIF 1 TR
AEOER BIEFRROGH BR#EIOERDIL FO-I
' BEu7oey s
EBrS71r9vx2T
AN DETR
AEEORY TFTUXb XA
FZANE VB
FVIXILAFFR

1. PMP22 ¥ Charcot-Marie-Tooth %



BOWE L ARBEOHEME BHOE X DY
EXRDLILEREL TS, 22T
hbhiz, BIETZR CPMP22EEITER S
h7-CMTI1A 1361 (B 8 ., Ltk 5 %) %5
HE LT, TAINVE VEEHREIZ L D REHE
BENKENALALZPE I PRELE,
HER 2 bu—F—EESI BBRBNE T
HEHLFRGHLICEVFIT LA, 76
PVERER, 6 PINHERGEEE Lol BRI
7 2aV¥E YB20mg/kg/H% 3 » AR
O#%5 L, 50, &5 48, %5 8 A,
5 128RC. BEEER EFHRBREEESE
(CMT neuropathy score : CMTNS), &R &
HROBMBREERE LTV, RS E DLE
Bat2iTo7: (R1). ERSETIE 5

3

2100& L7=3%4A). A#EIZ12:87%87 (p=
004), EENIZI2BHE2EET L T2,
TA2INE VEREETIE, AENIZ12:E#
132, EEHIZ128HE 139 L HEEZRD Tz,
CMTNSIZBAL CTix (581 %2100& L7=%
&)\ 12:BBIFEREH T, RSETI2LT
HETHEEE2R0 L P o7, T AREH
EOMBEERETIE, 128H %O G5z
100 & L7:34) CMAPIZ3EHR 5 8 T101. #%
EHTC107. AARICI2BBROMCVIZEREE
T8 HEHTHLEREEZRXRDLRP o7
BEERE LTI, BEETIZ 1ATTRRE
FEROWE. 1PITRHREHOHIUELZRD
Tro RFRILES 2R E L HBREE
MO —7VEEBTH) ., COBRDODADPLIE

$£1 CMTIARNT 27 A2V VEEFRREBOER

FRIANE VEBRIRSE FRAaNY IS
(n=7) (n=6)
Rif 100 100
4 BEE 103+27 85+ 20
8 EME 11735 86+ 21
12 B8 132+ 46™ g7x13"*
B 5
il 100 100
4BHH% 100+ 38 86+12
8 AR 128+79 90+ 19
12 B 139+88 92+ 26
Bif 100 100
4 AME 1013 98+3
CMTNS 8 M 1013 98+3
12 BRI 102+3 99+2
Al 100 100
4 8% 201157 140+ 101
CMAP 8B 151 +175 11657
12 B 107+ 64 101+52
REMEE —
Bl 100 100
4 EEH% 93+8 102+ 20
MV g mme 9211 972
12:BH% 95+ 8 8919

KW EMITHESH % 100 £ L7-4ET, mean=SD.

CMTNS : CMT neuropathy score. CMAP . Compound muscle action potential. MCV !

motor conduction velocity.
ks AERE L OB TAEICHM (p<005)
OBRSRLEBLUTHERIET (p<005) (FHAE 18 210-212, 2007 X D &%)



4

v FCMTIARH T AT AI VY VBFED
AHEICOCTHEZICRFTHTED 525
AFEBHCHLTHRAEMTEEEZEDR
ZENDL, TRAINVE VEBE20mg kg BIREGH
AR THHRENRB SNz, 20064 3 B
9, 3—avIZBWT, TAINY VEEE
BAw7zCMTIA I3 5 ZEHRAER (CMT-
TRIAAL) BB S THY S| 28RS
7enBEZATHbL,

RIS, A TX7VFF FIZ X AEEFRE
HoMEIZHE L Tix, 3B S TIid Triplex-
formationiZ £ 5F VWV ITX 7L+ F FNITL 3
PMP22D7u—% —H Bz HEAMNIZHET
ARAAWINvitro DR THRESINTWELDAT
%5, SIRNA® Y KH 4 4% & RNA %A
L 7 DB R T REIHEIH 1T drug delivery
DOMEEAZ { . CMTIAZBI LT D in vivo D
BEE BRELAPEY)TIRTAHEEL v,

3. PMP22 R ZRICEBCMTICHT 24
HRBE
3-1. PMP2Z2EERICE P =2 —ANF—O
DFIRE

CMTIAZSPMP22 BIZFOEMFIRICL D
FAEL, BRWICEIEBENY— S =2 -1
F—RETHDOIIN L, PMP22OBERIZX
b= a—u )N F—TiE, BB D heredi-
tary neuropathy with liability to pressure
palsies (HNPP) ®CMT1% 56, LW EED
Dejerine Sottas syndrome (DSS). congenital
hypomyelinating neuropathy (CHN) ¥ TIg
BEVWEERFEET L LMo TWES
(Inherited peripheral neuropathy mutation
database : http://www.molgen.ua.ac.be/
CMTMutations/default.cfm) s PMP22 D7 L —
LAYV T VERRF VR VAEBRDIZLE AL
HNPPOEKBEELWA Z MO NTHEY,
PMP22 DN XS (R2) THNPP 2 RET
LW L RKROSTHRE (BOENFR) 94
BINTWVbS, FO—F T, IALVARER

Tid. CMTL, DSS, CHNZ ¥, L hEED
Sa—ONF—RRIETDH, FOREREL
L CHIRRE A O misfolding 12 & 2 M Ba F 1 48
BESRTBY, EEEAOMBEROEK
Lo TEEESRRAMREIEZ LS (K
1)o IAEVAFERIZE A CMT RBEEIZIZ.
KALT 220D A B =X a3 EhoTW5E
EZIbNb, B—DA A= AL E LTI, EE
7z folding $ & Utrafficking % % 1F 5 & H 2%k
SL. BAVEE REBOBELHIFTE L
{ 7% % (loss-of-function) T BEHE A& 2 & M,
%:@ﬂﬁ“iA&LTm\ﬁﬁﬁﬁﬁEﬁ?
U LEERENS PMP2ER OEEICE
@%&&Ltb‘aémmmwwmﬁaWLﬁ
EMERBE LAY TE2E, MBEEERTT
e (gain-of-function) #E 2 SR Tw3®),
PMP22 & B 3 M E /Mg 4k (endoplasmic reti-
culum ; ER) I28W T, ER¥ ¥R 1 »(Cal-
nexin L EFE L TWAHZ EARENT 1B,
PMP2R2RERIZEID = a—unF—% &7
Trembler 2% (G150D) B X U Trembler-JZ 52
(L16P) » —BHRBRHARICBVT, £EH
PMP22 I3 EF AR PMP22 & LB L T & D RV B¥
BEREHAET A EMNRENTEIY, 20
R ZEZHNERA P LA, OWTIiZHE
FEE R TWEREIREBEN TV S,

3-2. PMP225EZERICE B = 2 —ANF—I(C

T B ARERRR

BRREWZ LI, AL —IZ&IThEBFERD
WOTHBEINVY I ViE. CMTIBOERTH
HAMPZORER —BURBHE LMl F
WIZBWTERA ML AZEBFIL, 7R M=
AEHEIT 22, T2 Nr 3 vk, TN
AT—{HEFNTHT I 04 FOEREZIFH
&7z 92| cystic fibrosis E 7V TCFTRE
HOBRELXHELAZV T LFMOoNTY
22, k3o My I vk, BEBEICE
% misfolding # #F & L72WB I LTER
OMfaEEE RN T A2ERHF SRS, B
BORRIZ, PMP22 D FERIZI H5CMTIZBW



Wt PMP22  Trembler-J
PMP22 2

b
Merge

A. BISE

Wt PMP22 Trembler-J
Merge

B. 7IWU X EE5E

2. I V7 IVEREICLHAHERDB JUEEPMP22 [L16P] OHMBEARBEDNEL

A ERSE B, 7 Vr I VREE.

RED  BEERPMP22 DMIFBNETE. PDI ! Protein disulfide isomerase. A. BFAREZER (Wt PMP22, &) (3
REESFICERL TS (A-b, o) 2% Tr]ZEMEH (Trembler-J, #%) BHIBEEICEELTEY (A-e). =

D ¥E%E 1X endoplasmic reticulum (ER) ¥ —#—T&»BPDI (3k) & HFELTWAS (A-).

B. 7 V73 vk

E+5%¢, ERZBELTWAEREPMPREASHBECESIALTVLD b2 5 (B-e, f). (AmJHum

Genet 81: 438-453, 2007 & ) UE)

TEREHDERNDEEIERA b LA %5
ERILTVAILEDPHERMENRTVE I LM
Oy PMP2R2BERIZI A= 2 —unF—2H
LTHI7 VI I VORBMENBFTE AL
BEtED D B0

ZZ Thhbiid, PMP22 SERDCMT E
TNV R ToH 5 Trembler-J (Tr-]) =7 A2
NI I YeREORS (508 %\ 1d 100mg/kg
/B) U, BB sHI & REE N 21T o
728, mruy FAOEBHECHFMENL
EEIEREIL, G L2 Vs I VOB
CHEEARLY, IA12BRICEROKS % H
T2 L EBERBIBUCEMLLAE (K2), &
HIZHEBREWZ L0, HEMBELABTIRO A
DD X EEREBIIUEELRLZ (K2), 71V
JIVEREENZTrH]S T AQBEHED
FREMN T, Y27 VIO T7T R b= X538

FREICBALTBN., $-MBOEIB XU
REVFEMLTWAEY, MEEIHER <Y
A ETIZIEEIE L 2220 7240, EEIRERE A E
FTHIZR T THoDTIIWIhEEZD
Nize ZOBFEZHSPIZT 5728, HeLa il
faz w722 BPMP22 [Tr]JZE £ L16P] ®
—BURBERICZ VY IV (M) 2&REL
72t A, ERICE®E LT/ PMP22 & FH54H
MESCHBECES S L (03)%, 21
FROEEPMP22O — B HEBRCHEO T
A—Y A% annexin-FITCETEME T 5 &, 7
R b=V AMBEAS239% & ¥ L T\ 7z (B4
RIPMP22 BB TI1X128%) 5, 7 Vo 3~
BEIZEN123%ETRALEY, chbo
BRIV IV IV BERICEBLZZR
PMP22EH*ERD LMBE~ERT A L
ICEDERA MLV A%BLE.ERR b LRGSR



300 : A WT
| 1N

~N
n
o

~
o

Y
KA

0w FiBFEEERE (sec)

g;" i

& <t}
<" G TR Tr-d

5T
7 eln imgES

(X=50mg/kg)

WT 0 +
WT 2X +
Tr-J 2X +
™ *
Tr-Jd 0 +

1234567B91011121314151517181920212223242525

"EREL 5 ORE GB)

3. Rotarod ##7 % B\ 7z Trembler-J < ©7 X O BB H%6E SF-{f

Z N7 I VRE Trembler-J< v AT, WIRERSE - BIKE5E Trembler-J< 9 A L T 3 L, BEIEEE (0
F 0y FAOIEFRER) PAERICREL TV, SOZNVI I VEREBIITL. E128HI27 02 32 Y oks
THIET AL, EBREBIIERINICET L. HEERI B TIRELICESBERIREL TV,

*+ | curcumin ¥ 5 PIEEE. KED kG5 dk (F128).

HOTHRM— AT 2 BEFEA S
770

4. SHOREE

CMT id, BIEFENICAY —LEBRHTH Y.
FRETHORLDIINDEREETFIHS >
SN TWwb, KIRTIE. CMT D% 5
TWBPMP22BIZFOREICLACMTICR
ELTHLVHREORAZEIE L2 F—
FEFRERTHL =2 —anF—ThoTh.
ZTOREFERDENRZEVIZL > TREIC
BAGFRELRR LD, &4 D5 FHiEsE
BN REERZHILENHALELLN
%, 5%, CMTIZEb A4 DRBIEFDEH
LEEOGFHREL —OTOHEIIHL I
LT &R, BROCMTHREIZ D225
TWEERZbRA,

(Am J Hum Genet 81: 438-453, 2007 X b &%)

X ®

1) EE B BERC2—uNF—0OBW LR
RE. Peripheral Nerve 18:145-151, 2007

2) Broerkoel CF, Takashima H, Garcia CA, et al.:
Charcot-Marie-Tooth disease and related neuro-
pathies: mutation distribution and genotype-
phenotype correlation. Ann Neurol 51: 190-
201, 2002

3) Shy EM: Charcot-Marie-Tooth disease: an up-
date. Curr Opin Neurol 17: 579-585, 2004

4) Serada MW, Meyer zu Horste G, Suter U, et
al.: Therapeutic administration of progester-
one antagonist in a model of Charcot-Marie-
Tooth disease (CMT-1A). Nat Med 9: 1533-
1537, 2003

5) Passage E, Norreel JC, Noack-Fraissignes P,
et al.: Ascorbic acid treatment corrects the
phenotype of a mouse model of Charcot-Marie-
Tooth disease. Nat Med 10: 396-401, 2004

6) Pareyson D, Schenone A, Fabrizi GM, et al.:
A multicenter, randomized, double-blind, pla-
cebo-controled trial of long term ascorbic



7

8)

9)

10)

11)

12)

13)

14)

acid treatment in Charcot-Marie-Tooth dis-
ease type 1A (CMT-TRIAAL): The study proto-
col. Pharmacological research 54: 436-441,
2006

FIERE, BFHZ, REEMH S : Charcot-
Marie-Tooth B 1AIX 55 7 XA 2V ¥ VBE#R
S5 o E %1 DRSS, Peripheral Nerve 18: 210-
212, 2007

Khajavi M, Shiga K, Wiszniewski W, et al.:
Oral curcumin mitigates the clinical and neuro-
pathologic phenotype of the Trembler-J mouse:
a potential therapy for inherited neuropathy.
Am J Hum Genet 81: 438-453, 2007
Valentijn LJ, Baas F, Wolterman RA, et al.:
Alternatively sized duplication in Charcot-Ma-
rie-Tooth disease type 1A. Hum Mol Genet 2:
2143-2146, 1993

Yoshikawa H, Nishimura T, Nakatsuji Y, et al.:
Elevated expression of messenger RNA for
peripheral myelin protein 22 in biopsied
sural nerves of patients with Charcot-Marie-
Tooth disease type 1A. Ann Neurol 35:445-
450, 1994

Gabriel JM, Erne B, Pareyson D, et al.: Gene
dosage effects in hereditary peripheral neuro-
pathy: exoression of peripheral myelin protein
22 in Charcot-Marie-Tooth disease type 1A
and hereditary neuropathy with liability to
pressure palsies nerve biopsies. Neurology 49:
1635-1640, 1997

Huxley C, Passage E, Manson A, et al.: Con-
struction of a mouse model of Charcot-Marie-
Tooth disease type 1A by pronuclear injection
of human YAC DNA. Hum Mol Genet 5: 563-
569, 1996

Serada M, Griffiths I, Puhlhofer A, et al.: A
transgenic rat model of Charcot-Marie-Tooth
disease. Neuron 16: 1049-1060, 1996
Melcangi RC, Magnaghi V, Galbiati M, et al.:
The action of steroid hormones on peripheral
myelin proteins: a possible new tool for the

15)

16)

17)

18)

19)

20)

21)

22)

rebuilding on myelin? J Neurocytol 29: 327-
339, 2000 :

Robertson JF, Willsher PC, Winterbottom L, et
al.: Onapristone, a progesterone receptor an-
tagonist, as first-line therapy in primary breast
cancer. Eur J Cancer 35: 214-218, 1999

Kaya F, Belin S, Bourgeois P, et al.: Ascorbic acid
inhibits PMP22 expression by reducing cAMP
levels. Neuromuscul Disord 17: 248-253, 2007
Nehreen H, Bidichandani SI, Hogan ME, et al.:
Competitive binding of triplex-forming oligo-
nucleotides in the two alternative promoters
of the PMP22 gene. Antisense & nucleic acid
drug development 11: 233-246, 2001

D'Urso D, Prior R, Greiner-Petter R, et al.:
Overloaded endoplasmic reticulum-Golgi com-
partments, a possible pathomechanism of pe-
ripheral neuropathies caused by mutations of
the peripheral myelin protein PMP22. J Neu-
rosci 18:731-740, 1998

Dickson KM, Bergeron JJM, Shames [, et al.:
Association of calnexin with mutant peripher-
al myelin protein-22 ex vivo: A basis for “gain-
of-function” ER diseases. PNAS 99: 9853-
9857, 2002

Khajavi M, Inoue K, Wiszniewski W, et al.:
Curcumin treatment abrogates endoplasmic
reticulum retention and aggregation-induced
apoptosis associated with neuropathy-caus-
ing myelin protein zero-truncating mutants.
Am J Hum Genet 77: 841-850, 2005

Yang E, Lim GP, Bequm AN, et al.: Curcumin
inhibits formation of amyloid beta oligomers
and fibrils, binds plaques, and reduces amy-
loid in vitro. J Biol Chem 280: 5892-5901, 2005
Egan MF, Pearson M, Weiner SA et al.: Cur-
cumin, a major constituent of turmeric, cor-
rects cystic fibrosis defects. Science 304:

1600-602, 2004



Molecular mechanism-specific therapies for CMT1A:
from duplication to point mutation of PMP22
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Genetic alterations of peripheral myelin protein 22 (PMP22) result in a wide variety of demy-
elinating forms of Charcot-Marie-Tooth disease (CMT): the duplication results in a relatively
homogeneous CMT1A, while different point mutations lead to distinct neuropathies; from
milder phenotypes (hereditary neuropathy with liability to pressure palsies or CMT1) to se-
verer phenotypes (Dejerine Sottas neuropathy or congenital hypomyelinating neuropathy).
First, for the CMT due to PMP22 duplication, wherein gene dosage effects play a role in its
pathogenesis, therapeutic strategies focus on the inhibition of gene expression, such as ad-
ministration of onapristone or ascorbic acid. As an open trial, we administered daily ascorbic
acid (AA, 20 mg/kg) to 13 patients with CMT1A for 12 weeks. The patients who took AA had
a significantly stronger hand grip compared to those who did not. Second, for the CMT due
to missense mutations of PMP22, wherein distinct cellular toxicity of translated aberrant
proteins seems to account for its molecular pathomechanisms, mitigating the cellular toxicity
may be crucial for the treatment. We here demonstrated that administration of curcumin,
a dietary supplement, in HeLa cells that were transfected with a PMP22 point mutation par-
tially mitigated the accumulation of aberrant PMP22 protein in the endoplamic reticulum.
Administration of curcumin led to the release of PMP22 protein into cytoplasm and decreased
the number of apoptotic cell populations. We also showed in Trembler-J mice, a rodent model
of the corresponding point mutation, that oral administration of curcumin resulted in the
increased number and size of myelinated axons in sciatic nerves leading to improved motor
performance in a dose-dependent manner. We conclude that distinct therapeutic mechanisms
are pivotal for different genetic alterations of PMP22. Likewise, regarding CMT due to genetic
alterations of other genes, it is our views that clarifying distinct molecular mechanlsms of
different mutations is the key to the future therapeutic trial for CMT.
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