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FIGURE 6. Detection of apoptotic cells in the CNS. (A) Some small cells are apoptotic (DAB; brown, arrowheads) detected by
anti-active caspase-3 antibody (Ab). (B-D) TdT-mediated dUTP nick end labeling assay. (B) A number of apoptotic cells (DAB;
brown) are detected in the spinal cord of a patient with HTLV-1-associated myelopathy/tropical spastic paraparesis (Patient 8624).
(€) Some infiltrating small cells around a small vessel (arrowhead) and some relatively large cells in the parenchyma (arrow) are
apoptotic. (D) The apoptotic cells are barely detectable in the control spinal cord from an HTLV-1-seronegative patient with
hepatoma. (E, F) Anti-single-stranded DNA antibody staining. (E) Numerous apoptotic cells (AEC; red) are detected in the spinal
cord (Patient 8624). A higher magnification picture in the inset shows apoptotic cells. (F) Apoptotic cells are barely detectable in

the control patient spinal cord. Scale bar = 100 pm.

HTLV-1-infected cells could express viral antigens anywhere
in the body of the infected individuals (14, 32), the expression
of HTLV-1 proteins in vivo has remained elusive so far.

In this study, we succeeded in detecting HTLV-1 proteins
in the CD4-positive T cells infiltrating the CNS. This is con-
sistent with our previous reports in which HTLV-1-infected
cells were determined to be CD4-positive lymphocytes in the
CNS by in situ hybridization for HTL V-1 mRNA and in situ
polymerase chain reaction for HTLV-1 DNA (33, 34). The
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infiltrating HTLV-1-infected CD4-positive cells may easily
express the viral antigens in the CNS, which in turn facili-
tates the accumulation of HTLV-1-specific CTLs.

Human T-lymphotropic virus type-1 infection causes sev-
eral organ-specific inflammatory diseases including HAM/TSP
(2, 3). Previous reports demonstrating that HTLV-1 proviral
loads are high in affected organs such as the muscles, lungs,
and CNS suggest that HTLV-1-infected cells accumulate in
the organs (13, 35). The pathogenesis model in which both
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Visualization of HTLV-1-Specific CTLs in the CNS

FIGURE 7. Cell identification of apoptotic cells. (A—C) Astrocytes (A), oligodendrocytes (B), and apoptotic cells (C) were stained
with anti-glial fibrillary acidic protein (GFAP) antibody (Ab), anti-2’,3"-cyclic-nucleotide 3'-phosphodiesterase (CNPase) monoclo-
nal antibody (mAb), or anti-active caspase-3 Ab, respectively, in the spinal cord of Patient 8624. Nuclei were counterstained with
hematoxylin. (D-F, H) Double staining revealed that a CD4-positive cell (red, D), a CD68-positive cell (red, E), and some oligo-
dendrocytes (red, F), but no astrocytes (red, H), were apoptotic (green) (arrowheads) in the spinal cord of Patient 8624. (G)
Double staining with anti-CNPase mAb (green) and anti-HLA-ABC mAbD (red) revealed that no oligodendrocyte expresses HLA-ABC.
There is no double-positive signal (yellow) in the merged image. White bars indicate 20 um. Cas3, active caspase-3.

HTLV-1-infected CD4-positive T cells and the virus-specific
CD8-positive CTLs infiltrate the organs from the peripheral
blood followed by bystander tissue damage may explain
why HTLV-1 infection can cause several chronic inflammatory

© 2014 American Association of Neuropathologists, Inc.

diseases in various organs. Further studies are needed to
determine whether the similar immunopathologic model can
be applied to HTLV-1-associated inflammatory diseases in
other organs.
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Abstract

We herein describe a Japanese family with distal hereditary motor neuropathy carrying a K141Q mutation
of small heat shock protein HSPBI. Two patients among them had late onset disease (older than 50 years).
The muscles of the distal legs were weak and atrophic. Sensory and autonomic dysfunction were not seen.
Even eight years after onset, one patient could still walk without support. A nerve conduction study revealed
axonal degeneration of the motor nerves of the legs. A heterozygous K141Q mutation was detected in the af-
fected patients. The late onset and mild clinical phenotype might reflect the mild biochemical alteration of

HSP27 induced by the K141Q mutation.
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Introduction

Mutations of several genes are known to cause distal he-
reditary motor neuropathy (dHMN). There is often an over-
lap with Charcot-Marie-Tooth disease (CMT2) and the juve-
nile form of amyotrophic lateral sclerosis. Heat shock pro-
tein (HSP) 27 is one of the causative proteins resulting in
dHMN or CMT2E. Its clinical phenotypes differ based on
the HSPBI mutations (1). In Japan, only three families with
dHMN and HSPB! mutations have been reported so
far (2-4). We herein report another family with dHMN with
a mutation in this gene.

Case Reports

Case 1 (the proband)

A 69-year-old man presented with gait disturbance which
had appeared one year earlier. He did not have numbness in
his feet. Before the onset, he had been exercising at a gym
near his house. He had not been exposed to any toxic or-
ganic solvent or heavy metals. There were some individuals
showing similar symptoms in his family.

During the initial examination, the patient was alert, and
there were no abnormal finding for his cranial nerves. Mus-
cular atrophy was obvious in his legs, and pes cavus was
observed (Fig. 1A). The muscle strength was decreased to
4/4 in the anterior tibial muscles. The strength of the other
muscles was normal. Sensations of light touch, pain, tem-
perature, vibration, and position were normal. The tendon
reflexes were symmetrical and decreased in all four limbs.
No pathological reflex was evoked. The patient’s coordina-
tion was normal. He could not stand on his heels. He did
not have any autonomic symptoms, such as orthostatic hy-
potension or urinary incontinence. The complete blood cell
count was normal. The erythrocyte sedimentation ratio was
13/33 mm (one hour/two hours). The parameters of liver
function and renal function were within the normal limits.
The serum level of creatine kinase was mildly elevated, to
488 IU/L. The levels of fasting blood glucose, electrolytes,
and lipids were normal. Anti-nuclear antibody, proteinase 3-
anti-neutrophil cytoplasmic antibody (PR3-ANCA), and
myeloperoxidase (MPO)-ANCA, and the levels of vitamin B
1, B12 and folic acid were normal.

The cell count of the cerebrospinal fluid (CSF) was 2/3
mm’. The levels of protein and glucose in the CSF were 46
mg/dl. and 64 mg/dL, respectively. A nerve conduction
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Figure 1.

Photographs of the patients’ legs (left) and feet (right). A: Case 1, B: Case 2

Table. The Results of the Nerve Conduction Study of Case 1
Nerve Motor Sensory
DL (ms) CV (m/s) CMAP(mV) DL (ms) CV (mm/s) SNAP (uV)

R L R L R L R L R L R L
Median 55 48 53 52 73 67 33 29 60 62 24 33
Ulnar 27 25 6l 61 47 13 23 22 66 78 25 26
Tibial 6.9 64 40 34 0.4 1.1
Sural 33 3.0 42 47 4.2 14

DL: distal latency, CV: conduction velocity, CMAP: compound muscle action potential,
SNAP: sensory nerve action potential, R: right, L: left

study (Table) revealed a decreased amplitude of the com-
pound muscle action potentials in the tibial nerves. The am-
plitudes of the other motor nerves were relatively spared.
The amplitude of the sensory nerve action potential was not
decreased, except for the right sural nerve. The conduction
velocities were not decreased in either the motor or sensory
nerves. He refused to undergo a sural nerve biopsy.

Case 2 (the son of the proband’s cousin)

The second patient was sixty years old at the time of our
examination. He had experienced difficulty walking for eight
years. His grandmother had also experienced difficulty walk-
ing. The patient’s calf was atrophic and pes cavus was also
found (Fig. 1B). The muscle strength was 1/1 at the anterior
tibial muscles and 2/2 at the gastrocnemius muscles. The
strength of the other muscles was normal. He did not have
any sensory symptoms, such as numbness. The sensations of
light touch and temperature were normal, but the vibration
sensation was slightly decreased. All tendon reflexes were

decreased. No pathological reflex was evoked. He could
walk by himself without any support.

Other family members (Fig. 2A)

Three cousins of the proband had similar symptoms. One
of them had previously been examined at another hospital.
He had undergone sural nerve biopsy and was diagnosed
with axonal type CMT, but had not undergone a genetic di-
agnosis. Although the surviving patients had some level of
walking disability, their activity of daily life was relatively
preserved. The disease onset was after age fifty in all of the
patients. Although we asked the family members to undergo
re-examination of their neurological condition, they rejected
our proposal.

Gene analysis of the proband and his family
(Fig. 2B)

Genomic DNA was extracted from the peripheral blood
leukocytes of the patients using the Gentra Puregene Blood
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Figure 2. The pedigree of the family with the heat shock protein 27 (HSP27) ¢.412A>C mutation
(A). The arrow indicates Case 1 (the proband). The arrowheads indicate subjects who underwent a
genetic analysis. Open circles (women) and squares (men) denote unaffected individuals, and filled
symbols denote affected family members. Symbols with a strike through them indicate deceased fam-
ily members. The electropherograms for the brother of Case 1 (left), Case 1 (middle), and Case 2
(right) (B). The arrows indicate nucleotide 421 in HSPBI.

Kit (Qiagen, Duesseldorf, Germany). A panel of sixty genes,
including 40 known CMT disease-causing genes and 20
candidate genes were screened (AARS, ANKG, APTX,
ARHGEF10, CARS, CNTF, CNTN2/TAG1, DARS, DHH,
DNM2, EGR2, EPRS, FARSA, FARSB, FGD4, FIG4,
GAN, GARS, GDAP1, GJBI, HARS, HKI, HOXDI10,
HSPB1, HSPBS, IARS, KARS, KCC3, LARS, LITAF,
LMNA, MARS, MED25, MFN2, MPZ, MTMR2, NARS,
NDRGI1, NEFL, PEPD, PMP22, PRPS1, PRX, QARS,
RAB7, RARS, SARS, SBF2, SCN8A, SETX, SH3TC2,
SOX10, TARS, TDP1, TRPV4, TTR, VARS, WARS and,
YARS). Using the Primer 3 program, we designed 861 oli-
gonucleotide primers covering the entire coding exons and
exon-intron junctions, with an amplicon length of 350-500
base pairs. Briefly, all fragments were amplified by multi-
plex polymerase chain reaction (PCR) (Qiagen Multiplex
PCR Kit; Qiagen) and then were mixed to build the ampli-
con DNA library. As an initial input, 50 ng of the DNA li-
brary was fragmented and tagged simultaneously with the
Nextera transposome, then multiple index 1 (i7) and index 2
(i5), as well as common adapters (P5 and P7, respectively)
were ligated. After small DNA fragments (shorter than 300
bp) were removed using the AMPure PCR purification sys-
tem (Agencourt Bioscience, Beverly, USA), the library was
adjusted to a working concentration of 2 nM. The target re-
sequence analysis was performed using a next-generation se-
quencer (MiSeq®, Illumina, San Diego, USA). After cluster
generation through a bridge PCR, paired-end sequencing
(150%x2) was performed on a flow cells; clusters were im-
aged using light emitting diode (LED) and filter combina-

tions specific to each of the four fluorescently-labeled dide-
oxynucleotides. After base-calling, filtering, and quality
scoring, fastq files were generated. Using the CLC Genom-
ics Workbench 6 software program (CLC bio, Aarhus, Den-
mark), the output reads were aligned with the reference se-
quence, and thereafter the variants were called and anno-
tated for the analysis.

To confirm the mutation revealed by next-generation se-
quencer, the proband and two members of the family under-
went a genetic analysis by the Sanger method for direct se-
quencing. In the two affected individuals, we detected a het-
erozygous c.421A>C (p.K141Q) missense mutation in the
HSPBI gene. The proband’s younger brother, who was neu-
rologically normal, did not have this mutation.

Discussion

This family is the fourth reported Japanese family with
autosomal dominant dHMN with a HSPB/ mutation. The
K141Q mutation was first reported by lkeda et al. (4). The
ages of onset of their two cases were 47 years and in the
fifties. Compared with these patients, the onset in our Case
I occurred at an older age. In the first reported family with
this mutation, severe dysfunction of the autonomic nervous
system was reported. Unlike that family, our patients did not
complain of orthostatic hypotension or neurogenic bladder.
However, the dysautonomia in the first reported family
could have been due to complicated diabetes mellitus. The
sensory involvement was minimal or subclinical in our
cases, as well as in the previously reported cases.
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Since the first report of HSPB/ mutation (5), 16 different
autosomal dominant mutations and one autosomal recessive
mutation have been reported in families with CMT2 and
dHMN (6-12). HSP27 is one of a stress-induced chaperone
protein and forms oligomers to maintain a misfolded protein
in a refolding-competent state. The upregulation of HSP27
has been reported to be required for the survival of motor
and sensory neurons injured by apoptotic stress (13). In fact,
higher levels of serum HSP27 have been reported in diabetic
patients with better nerve function (14). Individuals with
mutations in the C-terminal domain of HSP27 show a more
severe phenotype, with ages at onset as young as four and
seven years (2).

The K141Q substitution is located in the o-crystallin do-
main of HSP27. The K141Q mutation does not dramatically
affect the quaternary structure of HSP27. The chaperone-like
activity associated with the K141Q mutation is only a little
less than that of the wild-type protein. However, oligomers
formed by proteins with the K141Q mutation are slightly
larger and less stable than those formed of the wild
type (15). The effects of the K141Q mutation on the aggre-
gation of neurofilament light polypeptide or incorporation of
neurofilament medium polypeptide into the cytoskeletal net-
work remain to be clarified. Unlike patients with mutations
in the C-terminal domain, patients with the K141Q mutation
show late onset and a mild clinical phenotype, reflecting the
minimal biochemical changes associated with this muta-
tion (15).

The authors state that they have no Conflict of Interest (COI).
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Abstract

Emery-Dreifuss muscular dystrophy (EDMD) is caused by mutations in the EMD gene on the X chromo-
some, which codes for emerin, an inner nuclear membrane protein. Monoclonal antibodies against the N-
terminus of emerin protein are used to screen for emerin deficiency in clinical practice. However, these tests
may not accurately reflect the disease in some cases. We herein describe the identification of a splice site
mutation in the EMD gene in a Japanese patient who suffered from complete atrioventricular conduction
block, mild muscle weakness and joint contracture, and a persistently elevated serum creatine kinase level.
We used multiple antibodies to confirm the presence of a novel truncating mutation in emerin without the
transmembrane region and C-terminus in the skeletal muscle.

Key words: Emery-Dreifuss muscular dystrophy (EDMD), splice site mutation, emerin,

immunohistochemical stain

(Intern Med 53: 1563-1568, 2014)
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Introduction

Emery-Dreifuss muscular dystrophy (EDMD) is character-
ized by early contractures of the elbow, neck, and Achilles
tendons; slowly progressive skeletal muscle wasting in the
upper arms and lower legs (humeroperoneal); and cardio-
myopathy associated with conduction defects (1). The most
serious aspect of EDMD is cardiac involvement, which usu-
ally becomes evident as muscle weakness progresses, but it
may occur before there is any significant skeletal muscle in-
volvement. EDMD is caused by mutations in different
genes; including those in the EMD gene, encoding emerin,
and causing X-linked EDMD (2); mutations in the LMNA
gene, which encodes lamins A and C, and causes autosomal
dominant EDMD (3) and a very rare autosomal recessive
EDMD (4).

Monoclonal antibodies against the N-terminus of emerin,

including Novocastra™ Lyophilized Mouse Monoclonal An-

tibody Emerin (NCL-emerin), have been used to screen
emerin deficiency in clinical practice. In general, previous
studies only used one kind of antibody in western blot or
immunocytochemistry tests to evaluate emerin expression.
Most of the mutations (86%) affecting males result in a
complete absence of emerin (5); however, the corresponding
genotypes were different, indicating that pathological assess-
ments using a single antibody could not accurately reflect
patients’ diverse genetic information.

We herein describe the case of a patient with typical com-
plete atrioventricular conduction block along with mild mus-
cle weakness and joint contracture. We identified a previ-
ously reported splice acceptor site mutation in EMD, but the
original symptoms and clinical severity of our case are dif-
ferent from those of the previous patient with this muta-
tion (6). Furthermore, immunohistochemistry using three an-
tibodies against different emerin domains revealed a distinct
partial deficiency of emerin in the nuclei of the skeletal
muscle fibers.
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Figure 1.

Cardiac pathology and CT findings of the paraspinal muscles and gastrocnemius. Hema-

toxylin and Eosin staining revealed mild myocardial interstitial fibrosis (x800) (A). A CT revealed
low-density areas and atrophic changes (arrows) in the cervical and lumbar paraspinal muscles (B, C)

and the left gastrocnemius (D).

Case Report

A 22-year-old male with normal growth and development
was referred to our hospital with a complaint of chest dis-
comfort at the age of 19 years. He had a complete atrioven-
tricular conduction block (heart rate, 38/min), and his serum
creatine kinase (CK) was elevated to 3,000 IU/mL (normal
range 45-163 IU/mL). A chest X-ray and echocardiography
(ECG) revealed no cardiomegaly. His symptoms gradually
worsened, and symptoms of dizziness appeared due to
bradycardia. The R-R interval of the ECG was extended to
9.2 s. Six months after the initial diagnosis, the patient was
implanted with a permanent pacemaker. A sample of the left
ventricular myocardium was obtained during cardiac cathe-
terization, and histochemical staining revealed mild myocar-
dial interstitial fibrosis without fiber disarray, fibril deposi-
tion, or myocardial injury (Fig. 1A). No abnormalities were
detected in the respiratory function tests. Although he had
suffered from diplopia and strabismus several years earlier, a
neurological examination on admission showed normal ocu-
lar movement. His cognition, coordination, and facial mus-
cle strength were also normal. The patient’s neck flexion
was slightly weak and was limited due to mild neck con-
tracture. There was no scoliosis or contracture of any other
joints in the extremities. His extremities showed no signifi-
cant muscle weakness, atrophy, or sensory disturbances. Se-
rum CK fluctuated between 1,600 TU/mL and 3,000 1U/mL.

Other routine serologic evaluations and tests for serum
autoantibodies revealed no abnormalities. Using electro-
myography, short-duration and some unstable polyphasic
motor unit potentials were detected in the right biceps
brachii, but no abnormality was found in the muscles of the
lower extremities. A whole-body computed tomography
(CT) scan revealed low-density areas and atrophic changes
in the cervical and lumbar paraspinal muscles and the left
gastrocnemius (Fig. 1B, C, D).

His 48-year-old mother suffered from a first-degree
atrioventricular conduction block along with paroxysmal
atrial fibrillation, and was treated with warfarin. In addition,
unspecified abnormal ECGs were observed when his 24-
year-old twin elder sisters were screened, but no abnormali-
ties could be detected in the workup. Periodic health exami-
nations were advised for all three of his family members.
Muscle CT examination was not performed in these prob-
able female carriers.

The study protocol was reviewed and approved by the In-
stitutional Review Board of Kagoshima University. The pa-
tient provided his written, informed consent to participate in
this study.

Pathological studies

A skeletal muscle sample was obtained from the biceps
brachii, but no skin sample was collected. Histochemical
staining revealed mild variations in fiber diameter, a few de-
enerating or regenerating fibers, a slight increase in the
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Figure 2, Serial immunohistochemical staining with NCL-Emerin (A, D, G), H-12 (B, E, H), and
C-20 (C, F, I) antibodies. A-C: Emerin was strongly expressed on the nuclei of skeletal muscle fibers
in the healthy control subject. D-F: In the patient, emerin expression was significantly decreased as
detected by NCL-Emerin and H-12 labeling, and it was completely absent as assessed by C-20 label-
ing. G-I: In the disease control, staining experiments revealed a complete absence of emerin with all
three antibodies. No counterstain was used. Bar = 100 pm

number of internal nuclei, and slight connective tissue pro-
liferation. The number of hypertrophic fibers was increased.
Immunohistochemical stains were performed manually with
a 1:50 dilution of NCL-Emerin (Novocastra, Leica Micro-
systems, Newcastle Upon Tyne, UK), H-12 (Santa Cruz
Biotechnology, Santa Cruz, USA) monoclonal antibodies for
the N-terminus of emerin, and a 1:20 dilution of C-20 affin-
ity purified polyclonal antibody for the C-terminus of
emerin (Santa Cruz Biotechnology). A skeletal muscle speci-
men from an unrelated 39-year-old male with typical X-
linked EDMD was used as a disease control. The three anti-
bodies detected emerin expression on the nuclei of the
skeletal muscle in the healthy control subject. In our patient,
emerin expression was significantly decreased as detected by
NCL-Emerin and H-12 labeling, and it was completely ab-
sent with C-20 labeling. In the disease control specimen, nu-
clear staining was absent with all three antibodies against
emerin (Fig. 2). In western blot analyses using the three an-
tibodies, we could not detect any clear bands in the patient’s
samples, and this was probably due to the low expression of
protein or detection sensitivity of western blot (data not
shown).

Genetic studies

Genomic DNA was extracted from the patient’s blood
lymphocytes. We were not able to obtain consent for genetic
analysis from his three family members or the disease con-
trol patient. Using the Primer3 (v. 0.4.0) online program
(http://frodo.wi.mit.edu/), we designed oligonucleotide prim-
ers flanking the six exons and intron-exon junctions in the
EMD gene. After hot-start polymerase chain reaction (PCR)
amplification, the products were sequenced by dye-
terminator chemistry using an ABI3010 sequencer (Applied
Biosystems, Foster City, USA). A splice acceptor site muta-
tion located at the second nucleotide before exon six (c.450-
2A>G) of EMD was identified. This created a new restric-
tion site for Aval. Using the forward (5'-CTCGCCCTGACT
CTCTTCTG-3") and reverse (5-CTAAGGCAGTCAGCCAG
GAC-3") primers, a 533-bp PCR product covering this muta-
tion was amplified and was divided into 385 bp and 148 bp
fragments (Fig. 3A, B). This mutation was not detected in
100 Japanese control chromosomes, and we did not find the
¢.450-2A>G mutation in the 1,000 Genomes database that
catalogs human genetic variations in 2,500 samples, includ-
ing 500 East Asian (100 Japanese) samples (http://
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