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Abstract

Distal hereditary motor neuropathy (dHMN) is a hetero-
geneous disorder characterized by degeneration of
motor nerves in the absence of sensory abnormalities.
Recently, mutations in the small heat shock protein 27
(HSP27) gene were found to cause dHMN type Il or
Charcot-Marie-Tooth disease type 2F (CMT2F). The au-
thors studied 151 Korean axonal CMT or dHMN fami-
lies, and found a large Korean dHMN type Il family with
the Ser135Phe mutation in HSP27. This mutation was
inherited in an autosomal dominant manner, and was
well associated with familial members with the dHMN
phenotype. This mutation site is located in the
a-~crystallin domain and is highly conserved between
different species. The frequency of this HSP27 muta-
tion in Koreans was 0.6%. Magnetic resonance imag-

ing analysis revealed that fatty infiltrations tended to
progressively extend distal to proximal muscles in low-
er extremities. In addition, fatty infiltrations in thigh
muscles progressed to affect posterior and anterior
compartments but to lesser extents in medial compart-
ment, which differs from CMT1A patients presenting
with severe involvements of posterior and medial com-
partments but less involvement of anterior compart-
ment. The authors describe the clinical and neuro-
imaging findings of the first Korean dHMN patients with
the HSP27 Ser135Phe mutation. To our knowledge,
this is the first report of the neuroimaging findings of
dHMN type II.

Keywords: Asian continental ancestry group; Charcot-
Marie-Tooth disease; heat-shock proteins; magnetic
resonance imaging; spinal muscular atrophies of
childhood

Introduction

Distal hereditary motor neuropathies (dHMNs) are
pure motor peripheral neuropathies, but are other-
wise a clinically and genetically heterogeneous
group of disorders characterized by weakness and
wasting of the distal muscles of both upper and
lower limbs (Irobi et al., 2006). Distal HMN closely
resembles Charcot-Marie-Tooth disease type 2
(CMT2), apart from the absence of the sensory
abnormalities, and is difficult to distinguish from
CMT2, because sensory signs are often lacking in
CMT2 patients (Evgrafov et al., 2004; Tang et al.,
2005). Therefore, clinical and electrophysiological
examinations are essential to confirm a diagnosis
of dHMN, or CMT2.

Mutations in the gene encoding the 27 kDa
small heat shock protein 27 (HSP27, also called
heat shock 27-kD protein 1, HSPB1) have been
shown to be causal in Charcot-Marie-Tooth di-
sease type 2F (CMT2F; OMIM 606595) and dHMN
type II (OMIM 608634). Since mutations of the
HSP27 gene were first identified in an English
family with dHMN type Il and in Russian family with
CMT2F in 2004, six missense mutations (Arg-
127Trp, Arg136Trp, Ser135Phe, Thr151lle, Pro-
182Ser and Pro182Leu) have been discovered in
families with dHMN or CMT2F (Evgrafov et al.,
2004; Kijima et al., 2005; Tang et al., 2005). The



majority of HSP27 mutations have been found in
dHMN patients in the a-crystallin domain, excep-
ting Pro182Ser and Pro182Leu, which are in the
C-terminal extension (Evgrafov et al., 2004; Kijima
et al.,, 2005). The a-crystallin domain is a highly
conserved region within the small HSP superfamily
and mutations in this motif can cause loss of HSP
chaperone activity (Muchowski et al., 1999).

The HSP27 gene is located on chromosome
7q11.23 and belongs to the superfamily of small
stress induced proteins, and HSP27 protein shows
sequence similarity with mammalian a-crystallin
proteins (Plumier et al., 1997). The expression of
HSP27 is induced in response to various environ-
mental challenges and developmental transitions
(Lee et al., 2005; Arya et al., 2007). As a molecular
chaperone, HSP27 protein protects cells from
stress, blocks apoptosis signals, and is involved in
cell motility and cytoskeletal stabilization (Wagstaff
et al.,, 1999; Hirano et al., 2004; Heo et al., 2006;
Williams et al., 2006; Arrigo et al., 2007). In addi-
tion, the overexpression of HSP27 has been asso-
ciated with various neurodegenerative diseases,
such as Alzheimer’s disease (Shimura et al., 2004),
Parkinson disease (Renkawek et al., 1999), Alexan-
der disease (Head et al.,, 1993), and amyotrophic
lateral sclerosis (Vleminckx et al., 2002).

Magnetic resonance imaging (MRI) is useful for
evaluating skeletal muscle physiopathologies (May
et al., 2000; Farber and Buckwalter, 2002), and
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thus, in the present study, we tried to identify fatty
infiltrations compatible with length-dependent axonal
degeneration and sequential muscle involvement
in family members.

In this study, we identified a missense mutation,
HSP27 Ser135Phe in 12 members of a large
Korean family with dHMN type Il, and described
the characteristics of clinical and MRI findings of
affected members.

Materials and Methods

Subjects

We enrolled 151 unrelated Korean axonal CMT or
dHMN families. In the FC197 dHMN family which
encompassed six generations, 15 individuals from
three generations (IV to VI) were patients, and 12
of these underwent molecular and clinical exami-
nations. Six patients in the upper three generations
(I to lll) were assumed to have dHMN by history
(Figure 1). Paternity and maternity in the FC197
family confirmed by genotyping 15 STR markers
using a human identification kit (Applied Biosystems,
Foster City, CA). In addition, 200 healthy controls
were recruited from our Department of Neurology.
All participants included in this study provided
written informed consent according to the protocol
approved by the Ethics Committee of Ewha
Womans University Hospital (Seoul, Korea).
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Figure 1. Pedigree of the HSP27 Ser135Phe mutation in the dHMN family. The open symbols represent unaffected members (1, O) and filled symbols
affected members (I, @). Half-filled symbol ( ) indicates an unaffected individual harboring the Ser135Phe mutation. Asterisks (*) indicate that a DNA

sample was available.
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Mutation screening

Genomic DNA was extracted from whole blood
using QlAamp DNA blood kits (Qiagen, Hilden,
Germany). The 17p11.2-p12 duplication or deletion
was first examined for all involved FC197 familial
members (affected: 12; unaffected: 11). Then muta-
tions in HSP27 and in Cx32, EGR2, MPZ, NEFL,
PMP22, MFN2, DNM2, HSP22 and BSCL2 were
screened by direct DNA sequencing of all exons
and flanking intronic regions. PCR was carried out
in a total volume of 30 pl containing 50 ng of
genomic DNA, 0.5 pmol of each primer, 200 pumol
of each dNTP, 2 mmol of MgClz, 0.6 U of Tag DNA
polymerase and 1X buffer (Promega, Madison,
WI), using an GeneAmp PCR system 9700 (Applied
Biosystems). PCR consisted of pre-denaturation
(94°C for 5 min), 35 amplification cycles (94°C for
40 s, 56°C for 30 s, and 72°C for 90 s), and a final
extension (72°C for 7 min). The primer sequences
and PCR conditions used are available on request
from the corresponding author. PCR products were
purified using EXOSAP-IT kits (USB Co.), and
analyzed using an ABI 3100 automatic se-
quencing analyzer (Applied Biosystems). In order
to detect sequence variations, we used the Seq-
Scape (Ver. 2.1) program (Applied Biosystems),
and confirmed the presence of mutations by
analyzing both DNA strands.

Clinical assessment

Clinical information was obtained in a standardized
manner, and included assessments of motor and
sensory impairments, deep tendon reflexes, and
muscle atrophy. Muscle strengths of flexor and
extensor muscles were assessed manually using
the standard medical research council (MRC)
scale. In order to determine physical disability, we
used a functional disability scale (FDS) (Birouk et
al., 1997). Disease severity was determined for
each patient using a nine-point FDS, which was
based on the following criteria: 0, normal; 1, normal
but with cramps and fatigability; 2, an inability to
run; 3, walking difficulty but still possible unaided;
4, walking with a cane; 5, walking with crutches; 6,
walking with a walker; 7, wheelchair bound; and 8,
bedridden. Age at onset was determined by asking
patients for their ages when symptoms, i.e., distal
muscle weakness, foot deformity, or sensory change,
first appeared.

Electrophysiological study
Motor and sensory conduction velocities of median,

ulnar, peroneal, tibial, and sural nerves were deter
mined in 12 patients. Recordings were obtained
using standard methods with surface stimulation
and recording electrodes. Motor conduction velo-
cities (MCVs) of the median and ulnar nerves were
determined by stimulating at the elbow or wrist,
while recording compound muscle action potentials
(CMAPs) over the abductor pollicis brevis and
abductor digiti quinti, respectively. In the same way,
the MCVs of peroneal and tibial nerves were
determined by stimulating at the knee and ankle,
while recording CMAPs over the extensor digitorum
brevis and abductor hallucis, respectively. CMAP
amplitudes were measured from baseline to ne-
gative peak values. Sensory conduction velocities
(SCVs) were obtained over a finger-wrist segment
from the median and ulnar nerves by orthodromic
scoring, and were also recorded for sural nerves.
Sensory nerve action potential (SNAP) amplitudes
were measured from positive peaks to negative
peaks.

MRI study

MRI was performed on 12 dHMN patients in a
supine position using a 1.5-T system (Siemens
Vision; Siemens, Erlangen, Germany). Leg muscle
imaging was carried out in axial [field of view
(FOV) 24-32 cm, slice thickness 10 mm, and slice
gap 0.5-1.0 mm] and coronal planes (FOV 38-40
cm, slice thickness 4-5 mm, slice gap 0.5-1.0 mm).
The following protocol was used in all patients:
T1-weighted spin-echo (SE) (TR/TE 570-650/14-20,
512 matrixes), T2-weighted SE (TR/TE 2800-
4000/96-99, 512 matrixes), and fat-suppressed
T2-weighted SE (TR/TE 3090-4900/85-99, 512
matrixes) in both planes. Thigh muscles were
explored using the same sequences and planes
while adapting field of views and slice thicknesses
and gaps. Foot MRI was also studied using the
same T1-weighted SE sequence in coronal and
axial planes as those detailed above for legs. In
addition, a Gd-DTPA (Magnevist, Schering, Germany)
contrast enhancement study with fat-suppressed
T1-weighted axial SE (TR/TE 600/14, 512 ma-
trixes) was performed in all 12 patients.

Statistical analysis

Differences were evaluated using parametric (Stu-
dent’'s t test) or non-parametric statistics (Mann-
Whitney U test), and were considered significant
when P-values were less than 0.05. All statistical
analyses were performed using SPSS for Windows,
Ver. 11.0 (SPSS Inc., Chicago, IL).
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Figure 2. Identification of the HSP27 Ser135Phe mutation. (A) Sequenc-
ing chromatograms showing the C404T (Ser135Phe) mutation in HSP27
exon 2. Exons were amplified by standard PCR and sequenced using an
ABI 3100 automatic sequencer. (B) Conservation of an amino acid at the
Ser135Phe mutation site in different species. Multiple alignments of
HSP27 proteins were performed using the ClustalX 1.83 program. The
mutation is located on the Hsp20-oi-crystallin domain.
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Results

Identification of the Ser135Phe mutation in HSP27

By mutational screening of the HSP27 gene in the
Korean dHMN family, we identified a heterozygous
form of a missense mutation, i.e., ¢.C404T
(Ser135Phe) in exon 2, which has been previously
reported to be an underlying cause of CMT2F
(Evgrafov et al., 2004). In all affected individuals,
except VI-2 (who was 4-year-old), the Ser135Phe
mutation was found to be well associated with the
dHMN phenotype (Figure 1 and 2). This mutation
was inherited in an autosomal dominant manner,
and was not present in the 200 healthy controls.
The mutation site involved is located in the o-
crystallin domain, which is highly conserved between
species (Figure 2). No 17p11.2-p12 duplication or
deletion or causative mutation in the Cx32, EGR2,
MPZ, NEFL, PMP22, MFN2, DNM2, HSP22 or
BSCL2 genes was detected in this family.

Clinical findings

The clinical features of the 12 patients (7 males, 5
females) are shown in Table 1. Muscle weakness
and atrophy began and predominated in the distal
portions of legs, and were noted to a less extent in
distal upper limbs. Paresis in the distal lower limbs
varied from asymptomatic to the complete paralysis
of distal muscle groups. The ages of the 12
patients ranged from 4 to 62 years (median, 37.5
years), and mean age of onset was 20.6 £ 2.8

Table 1. Clinical findings of dHMN type Il patients with the HSP27 mutation.

. Muscle weakness® Areflexia
. Age at Age at Dlsegse . : Sensory X Hegl Tog Hopping
Patients Sex (ezglrg) (0222) d(l;;aatlg? Upper limb Lower limb Loss U.pper nger FDS dg?;tc t dg?;tc t defect
Y Y Distal Proximal Distal Proximal limb limb
VI-2 M 4 A° 0 - - - - No No No 0 No No No
V-7 M 25 19 6 - - - - No No No 1 No No No
V-34 M 27 18 9 - - + - No No No 1 No No No
V31 M 34 20 14 - - + - No No No 1 No No No
V-30 F 36 21 15 - - + - No No No 2 No No No
V-3 M 37 17 20 + - + + No No Yes 3 Yes Yes Yes
V-2 F 38 18 20 + - + + No No Yes 3 Yes Yes Yes
V-4 F 51 25 26 + - ++ + No No Yes 3 Yes Yes Yes
IV-35 M 51 19 32 + - ++ + No No Yes 3 Yes Yes Yes
IV-29 M 57 24 33 + - ++ + No No Yes 3 Yes Yes Yes
V-2 F 59 24 35 ++ - ++ ++ No Yes Yes 4 Yes Yes Yes
IV-28 F 62 22 40 ++ - ++ ++ No Yes Yes 7 Yes Yes Yes

®Muscle weakness in lower limbs: + = ankle dorsiflexion 4/5 on medical research council (MRC) scale; ++ = ankle dorsiflexion < 4/5 on MRC scale
Muscle weakness in upper limbs: + = intrinsic hand weakness 4/5 on MRC scale; ++ = intrinsic hand weakness < 4/5 on MRC scale; - = no symptoms;

®FDS = functional disability scale, *A= asymptomatic.
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Table 2. Electrophysiological data of dHMN type Il patients with the HSP27 mutation.
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Age at Motor NCV (m/s) Sensory NCV (m/s)
Patients exam
(years) Median Ulnar Peroneal Tibial Median Ulnar Sural
VI-2 4 56.3 (14.4) 61.7(11.9) 48.8(54) 51.8(16.6) 39.5(26.0) 38.0 (16.9) 37.5(11.7)
V-7 25 63.8(18.6) 58.3(134) 43.2(0.3) 38.7(0.1) 47.3(374) 41.7 (16.9) 34.3 (26.6)
V-34 26 59.8(17.4) 59.0(13.6) NR 31.2(0.7) 435(26.7) 40.9(18.6) 32.8 (13.6)
27 61.2(19.5) 60.0(11.3) NR 30.1(0.6) 449 (33.8) 41.4(27.2) 38.1(13.4)
V-31 33 58.7 (19.4) 50.0(18.1) NR 42.0 (0.9) 41.3(20.5) 40.5(10.7) 324 (12.7)
34 53.8(20.1) 52.9(17.7) NR 43.8 (1.6) 43.2(28.5) 40.5(13.3) 34.4(23.7)
V-30 35 59.3(14.6) 55.8(12.3) NR 30.8 (0.2) 41.1 (26.6) 38.3 (18.6) 34.7 (10.8)
36 55.9(14.8) 55.6(12.0) NR 33.5(0.2) 41.8 (33.5) 38.9 (21.1) 34.3(13.2)
V-3 36 50.0 (1.4) 51.0 (2.4) NR NR 43.2(15.5)  40.1(12.4) 37.4(10.5)
37 49.1 (1.2) 50.0 (2.1) NR NR 42.8 (30.6) 39.9 (12.2) 35.1(13.1)
V-2 38 38.2(0.1) 21.8 (0.0) NR NR 40.5(43.9) 404 (17.3) 36.2 (14.3)
V-4 50 50.3 (6.8) 55.0 (7.1) NR NR 40.8 (25.7) 39.0 (17.8) 34.3 (24.5)
51 50.3 (7.5) 53.7 (5.9) NR NR 41.1(32.0) 40.8(24.9) 33.0(18.2)
IV-35 50 47.8 (8.1) 42.0 (0.3) NR 25.2 (0.3) 42.1 (37.6) 37.5(11.2) 32.2(27.6)
51 41.6 (2.1) 41.9(0.9) NR NR 39.6 (23.4) 39.9 (12.5) 33.6 (13.9)
1IV-29 57 56.6 (7.0) 47.5(2.1) NR NR 41.2 (28.0) 38.9 (11.9) 32.6 (19.3)
V-2 58 NR NR NR NR 449 (23.1) 39.8 (21.2) 38.3(17.2)
59 NR NR NR 39.3(1.4) 441 (36.5) 39.1(23.6) 36.0 (17.8)
1V-28 61 45.8 (8.0) 41.2(1.1) NR NR 41.1(36.8) 38.7 (94) 32,6 (14.4)
62 46.5 (2.8) NR NR NR 41.6 (32.1) 37.8 (16.7) 34.5(14.8)

Amplitudes of evoked response are given in parentheses (for motor NCV in mV and for sensory NCV in V).
Normal NCV values: motor median nerve = > 50.5 m/s; ulnar nerve = > 51.1 m/s; peroneal nerve = > 40.5 m/s; tibial nerve = > 41.1 m/s; sensory median

nerve = > 39.3 m/s; ulnar nerve = > 37.5 m/s; sural nerve = > 32.1 m/s.

Normal amplitude values: motor median nerve = > 6 mV; ulnar nerve = > 8 mV; peroneal nerve = > 1.5 mV; tibial nerve = = 6 mV; sensory median nerve
= > 8.8 uV; ulnar nerve = > 7.9 uV; sural nerve = = 6.0 V. NR, not recordable.

years (range, 17-25 years). Mean disease duration
was 20.8 = 12.6 years (range, 0-40 years), and
their mean functional disability scale (FDS) score
was 2.6 £ 1.8. Interestingly, proximal lower limb
and distal upper limb weakness were only
observed in patients with disease duration of more
than 20 years. No patients showed proximal muscle
weakness of upper limbs. Toe gait abnormalities
and hopping defect were also observed in patients
with long disease duration (= 20 years). Sensory
loss was absent in all 12 patients.

A sural nerve biopsy examination was carried
out at the level of lateral malleolar under local
anesthesia in patient V-7. Light microscopy showed
a normal myelinated fiber density with a normal
fiber diameter distribution, and no evidence of
degeneration of single fibers, which was consistent
with electrophysiological findings.

Electrophysiological findings

Neurophysiological studies were carried out in the
12 patients (Table 2). Electrophysiological findings
confirmed that disease duration was well as-
sociated with disease severity. The amplitudes of

evoked motor responses were often markedly
reduced in those with a long disease duration, and
we are unable to record at least one motor nerve in
an upper limb in two patients (17%) and in a lower
limb in ten patients (83%). All patients, except
those with absent NCVs, had at least one motor
NCV of > 38 m/s. Sensory nerve conduction velo-
cities and action potentials were noted in all
patients.

MRI findings

MRI showed a progression of fatty atrophy with
disease duration in thighs and lower legs. Patient
V-30 (Figure 3A-C) with 15 years disease duration
showed no or only subtle fatty infiltration into thigh
muscles, but obvious fatty infiltration or atrophy in
the lower leg muscles. In terms of lower leg
involvement, the anterolateral muscle compartment
was less involved than the other compartment.
However, patient IV-28 (Figure 3D-F) with 40 years
disease duration showed severe fatty atrophy of
the whole lower leg muscle compartments and
marked fatty atrophy of thigh muscles with sparing
of the gracilis and adductor muscles.
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Figure 3. T1-weighted magnetic resonance images (MRI) of the thighs and legs of a patient (V-30) with 15 years
disease duration (A-C), and of patient IV-28 with 40 years disease duration (D-F). (A) Anterior coronal thigh image
through femoral heads showing subtle fatty infiltration of the vastus muscle group. (B) Middle third axial thigh im-
age showing subtle fatty infiltration of the posterior (BF, biceps femoris; Sm, semimembranosus; and St, semite-
ndinosus) and anterior compartments, but preservation of the sartorius (Sr) and rectus femoris (RF) muscles.
Medial compartments are intact. (C) Middle-third axial calf muscle image, showing severe fatty atrophy of the four
compartment muscle groups, but a lower degree of anterolateral compartment muscle involvement. (D) Anterior
coronal thigh image through femoral heads, showing marked and symmetric hyperintensity, indicative of fatty atro-
phy of the tensor fasciae latae (TFL) and vastus lateralis muscles, but sparing the gracilis (Gr) and sartorius (Sr)
muscles. (E) Middle axial thigh image showing severe fatty atrophy of the posterior compartment and vastus mus-
cle groups of the anterior compartment. Moderate fatty infiltration of the medial compartment and rectus femoris is
shown (RF). The preservation of the gracilis (Gr) muscle was noted at this level. (F) Middle third axial calf image
showing extensive fatty infiltrations of all four compartments. For comparative purposes the MR images of her
daughter with a short disease duration are included (A-C), relatively severe thigh muscle involvements were evi-
dent in the mother.
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Figure 4 showed progression of fatty atrophy
with disease duration in the proximal (A, D, G, J)
and mid (B, E, H, K) thigh, and lower leg (C, F, I,
L). A male (M/27, Figure 4A-C) and his cousin
(M/34, Figure 4D-F) showed very minimal fatty
infiltration of posterior compartment of thigh
muscle, but mild diffuse involvement of lower leg
muscles. However, his uncle (M/51) with 32 years
disease duration showed severe fatty atrophy of
the posterior and anterior compartments of thigh

muscle with less involvement of rectus femoris,
sartorius, and adductor longus muscles with
sparing of gracilis muscle (Figure 4G-1). Moreover,
his aunt (F/59) with 35 years disease duration
showed most marked involvement of fatty atrophy
in all compartments of thigh muscle with sparing of
the gracilis (Figure 4J-L), and her lower legs
showed severe fatty atrophy in all muscle com-
partments.
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M/27 (V-34, disease duration = 9 years; A-C)

M/34 (V-31, disease duration = 14 years; D-F)

D~ e AT E

Figure 4. T1-weighted MRI of upper and mid thighs, and legs according to disease progress, i.e., less than 20 years disease duration
(A-F) and more than 20 years diseases duration (G-L). Posterior and anterior compartment muscle groups, especially vastus muscles
groups, were severely involved in terms of total fatty atrophy, though fatty infiltration in the rectus femoris and sartorius thigh muscles
was limited. Gracilis muscle was preserved despite of long disease duration (G-L). In the lower leg, deep and superficial posterior com-
partments were more severely affected by fatty atrophy than the anterior and extensor digitorum muscle group. However, total fatty atro-

phy was pronounced in those with a long disease duration, demonstrating the progressive nature of the disease.

Discussion

In this study, we identified a HSP27 mutation in a
large Korean dHMN type Il family. The Ser135Phe
mutation is located in the highly conserved a-
crystallin domain of HSP27 protein, and has been
previously reported in two European families, a
Russian CMT2 family, and in UK dHMN families
(Evgrafov et al., 2004). Thus, the Ser135 site in
HSP27 might be a mutational hot spot and an
underlying cause of CMT2F and/or dHMN.

The frequency of the HSP27 mutation was found
to be 0.6% among 151 Korean CMT or dHMN
families. Evgrafov et al. (2004) identified 6 families
with HSP27 mutations after testing 416 European
CMT or dHMN unrelated individuals (1.4%). In addi-
tion, it has been reported that the frequencies of
HSP27 mutations are 1.4% in the Japanese (Kiji-

ma et al., 2005), and 0.9% in the Chinese (Tang et
al., 2005). So, it is believed that HSP27 gene
mutation in patients with CMT or dHMN is not
common.

HSP27 has been shown to be essential for the
survival of both sensory and motor neurons (Benn
et al., 2002). The in vitro expressions of HSP27
Ser135Phe mutant protein reduces the viabilities of
neuronal cells and impairs neurofilament assembly,
which suggests that it is responsible for premature
axonal degeneration (Evgrafov et al., 2004). In
addition, the Ser135Phe or Pro182Leu mutation in
HSP27 was found to result in disruptions of the
neurofilament network and of axonal transport in
cortical neurons, thus implying that cytoskeletal
disruption or neurofilament aggregation has a role
in dHMN (Sun and MacRae, 2005; Ackerley et al.,
2006). One possibility is that molecules of altered



HSP27 may cluster together and interfere with the
normal function of nerve cells, particularly axons.
In addition, the overexpression of HSP27 enables
injured neonatal motor neurons to reestablish
functional contacts with denervated muscle, which
results in an improvement in motor unit number,
muscle force, and contractile speed (Sharp et al.,
2006). Recently, it was suggested that the HSP27
Ser135Phe mutation is associated with increased
oligomeric interaction between HSP27 and HSP22
proteins. Moreover, it has been suggested that late
onset dHMN may develop from cell damage due to
an accumulation of malfunctioning HSP complexes
of a protracted period (Fontaine et al., 2006).

The HSP27 Ser135Phe mutation is associated
with CMT2F and dHMN, which raises the question
as to how this single mutation might lead to various
clinical phenotypes. Age at onset in the present
family was between 17 and 25 years, and a Russian
family with the same mutation had a similar range
of onset between the age of 15 and 25 years
(Evgrafov et al., 2004). However, a Chinese family
with the HSP27 Arg127Trp mutation had a late
onset between 35 and 65 years (Tang et al., 2005),
and a Japanese patient with HSP27 Pro182Ser
developed clinical symptoms at 4 years (Kijima et
al., 2005). The above findings indicate that indi-
vidual mutations are associated with specific
disease onsets.

In the present study, all affected family members
had similar clinical phenotypes and disease pro-
gression patterns. The first presenting motor symp-
tom was paresis of extensor muscles of the great
toe and later of extensor muscles of the other toes
and of the feet. The disease initially paralyses
distal muscles of the lower extremities, and pro-
gresses to cause muscle weakness and atrophy in
the hands and proximal leg muscles. Sensory
abnormalities and pyramidal tract signs were
absent in all cases, as was pes cavus. In all family
members, the disease pursued a slowly progressive
course that caused disability of proximal thigh
muscles after 20 years of evolution.

Fatty infiltrations in lower limbs by MRI were
greater distally, and were thus compatible with the
notion of length-dependent axonal degeneration. In
IV-28 patients with long disease durations, lower
leg fatty infiltrations were so severe that MRI was
used to evaluate thighs to observe this length
dependency. Thus, our findings are consistent with
the hypothesis that length-dependent degeneration
of motor axons causes muscle denervation in
dHMN patients. These results are useful for dif-
ferentiating motor neuron disease from peripheral
neuropathies like dHMN.

In addition, a tendency was found among this
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family for fatty infiltrations to progressively extend
distal to proximal in lower extremities, and that
proximal muscle involvement commenced after a
disease duration of 20 years. Fatty atrophy of the
thigh progressed to affect the posterior com-
partment (biceps femoris, semimembranous and
semitendinosus muscles) and the anterior compart-
ment, especially the vastus muscle groups, but
affected the sartorius and rectus femoris to lesser
extents. In the medial compartment, the gracilis
muscle was specifically spared even after long
disease duration. In terms of comparisons with
CMT1A, severe involvements of posterior and medial
group muscles have been reported, but with less
involvement of anterior compartment muscles,
especially the vastus muscle group (Berciano et
al., 2006). Although dHMN shows similar involve-
ment of posterior compartment muscles, it also
severely affects anterior compartment muscles,
especially the vastus muscle group, which suggests
that the etiologies and pathophysiologies of CMT1A
and dHMN differ.

In conclusion, we described the clinical, electro-
physiological, and neuroimaging findings of Korean
dHMN type Il patients. The frequency of HSP27
mutation was low, and thigh MRI revealed length-
dependent degeneration, and different features
from that observed in CMT1A patients.
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