
Abstract Hereditary sensory and autonomic neurop-

athies (HSAN) are a group of clinically and genetically

heterogeneous disorders that are associated with

sensory dysfunction. Among these, HSAN type 2

(HSAN2; MIM 201300) is a rare recessive disease that

is characterized by an early age of onset with distal and

proximal sensory loss, dysfunction of the autonomic

nervous system, loss of the tendon reflex, the presence

of various mutilations, and the slow progression of the

disease over time. The authors report a Korean patient

with the clinical features of HSAN2, who was com-

pound heterozygous for two loss-of-function mutations

in the HSN2 gene: c.217C > T (Gln73X) and

c.1134_1135insT (Asp379fsX1). The Gln73X mutation

was a novel mutation while the Asp379fsX1 mutation

has recently been reported in a Japanese patient with

HSAN2. These results expanded the spectrum of

mutations of the HSN2 gene by identifying a novel

truncating mutation in a Korean patient and further

support the hypothesis that HSN2 is a causative gene

for HSAN2.

Keywords Hereditary sensory and autonomic

neuropathies Æ HSAN2 Æ HSN2 Æ Mutation Æ Korean

Introduction

Hereditary sensory and autonomic neuropathies

(HSANs) are a group of clinically and genetically

heterogeneous disorders that are associated with

sensory dysfunction. Among these, HSAN type 2

(HSAN2; MIM 201300) is a rare recessive disease that

was first clearly described in 1973 (Ota et al. 1973).

HSAN2 is characterized by an early age of onset with

distal and proximal sensory loss, dysfunction of the

autonomic nervous system, loss of the tendon reflex,

the presence of various mutilation and the slow

progression of the disease over time (Kondo and

Horikawa 1974; Murray 1973). Mutations in a novel

gene named HSN2 at 12p13.33 have been identified as

being the cause of HSAN2 in Canadian and Lebanese

patients (Lafreniere et al. 2004; Riviere et al. 2004;

Roddier et al. 2005). In addition, three Caucasian

patients and a Japanese patient have recently been

reported to carry different mutations of the HSN2

gene, which implies the genetic homogeneity of the

rare disease (Coen et al. 2006; Takagi et al. 2006). In
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the present study, we report on a Korean patient with

HSAN2 carrying compound heterozygous mutations in

the HSN2 gene.

Patients and methods

A 28-year-old male patient presented with slowly

progressive sensory loss involving all the sensory

modalities in the upper and lower limbs for the

previous 17 years. The man suffered from loss of

sensation and insensitivity to pain, leading to ulcer-

ative lesions on the feet and hands, bacterial infec-

tion, and amputation of both lower legs and several

fingers. On neurological examination, the deep

tendon reflexes were reduced on the wrists and

knees, and the proximal muscle motor strength was

intact. No significant autonomic signs were detected

except for dry hands. The sympathetic skin response

recorded from the palms was normal and other

autonomic function tests including heart rate at deep

breathing, blood pressure change at Valsalva

maneuver, and heart rate change on the tilt-bed test

showed no significant abnormalities. Nerve conduc-

tion study showed distal sensory dominant poly-

neuropathy. Pathologic examination of the sural

nerve biopsy revealed marked loss of myelinated

fibers, rare myelin ovoids, and endoneurial fibrosis

(Fig. 1a). Electron microscopic examination showed

severe loss of large and small myelinated nerve

fibers, relatively preserved unmyelinated nerve fibers,

and the lack of onion-bulb structures, and segmental

demyelination and remyelination (Fig. 1b). Endo-

neurial spaces were increased by deposition of col-

lagen fibrils. He denied a family history of

neuromuscular disease.

After we had obtained informed consent, blood

samples were collected from the patient and his family

members (Fig. 2). The youngest brother was unavail-

able for the study. The genomic DNA was isolated

from the peripheral blood leukocytes using a Wizard

genomic DNA purification kit following the manufac-

turer’s instructions (Promega, Madison, WI, USA).

The HSN2 gene was amplified by polymerase chain

reaction (PCR) by using the appropriate primers

designed by the authors (available upon request) and a

thermal cycler (Model 9700; Applied Biosystems,

Foster City, CA, USA). The direct sequencing was

performed with the BigDye Terminator Cycle

Sequencing Ready Reaction kit (Applied Biosystems)

on an ABI Prism 3100 genetic analyzer (Applied

Biosystems).

Results

Two mutations in the HSN2 gene were identified in the

patient. One was a heterozygous nonsense mutation

(c.217C > T; Gln73X) and the other was a 1-bp inser-

tion mutation (c.1134_1135insT; Asp379fsX1). The

Gln73X was a novel mutation while the Asp379fsX1

has recently been reported in a Japanese patient with

HSAN2 (Takagi et al. 2006). Because the patient’s

mother was a heterozygous carrier of the Asp379fsX1

mutation and all the tested siblings were heterozygous

carriers of the Gln73X mutation (Fig. 1), the Gln73X

mutation seemed to be derived from the patient’s de-

ceased father. This mutation was not found in 100

control chromosomes.

Fig. 1 a Light microscopy of the sural nerve shows marked loss
of myelinated fibers, rare myelin ovoids, and endoneurial fibrosis
(Luxol-fast blue, ·400). b At the electron microscopical level,
severe loss of large and small myelinated nerve fibers is
demonstrated with relatively preserved unmyelinated fibers and
increased accumulation of endoneurial collagen fibrils (original
magnification ·3,500)
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Discussion

The autosomal recessive disorder HSAN2 results from

segmental demyelination and the loss of axons in the

peripheral nervous system (Kondo and Horikawa 1974;

Murray 1973). Although the function of HSN2 protein

remains to be determined, the identification of disease-

associated mutations would provide considerable in-

sight into the structural and function of HSN2 protein.

Thus far, only ten different mutations have been re-

ported in French Canadian, Lebanese, European, and

Japanese patients with HSAN2 (Coen et al. 2006;

Lafreniere et al. 2004; Riviere et al. 2004; Roddier

et al. 2005; Takagi et al. 2006). Lafreniere et al. (2004)

demonstrated that one mutation (c.594delA;

Glu198fsX10) had a founder effect in a large New-

foundland HSAN2 family and Roddier et al. (2005)

showed that two ancestral chromosomes carrying two
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Fig. 2 a Pedigree of the family with hereditary sensory and
autonomic neuropathy type II (HSAN2). Circle female; square
male; black symbol affected; half-filled symbol obligate hetero-
zygote; diagonal line deceased. Direct sequencing of the HSN2

gene in this family revealed two mutations (arrows): b a
heterozygous nonsense mutation (c.217C > T; Gln73X) and c a
1-bp insertion mutation (c.1134_1135insT; Asp379fsX1)
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distinct HSN2 mutations [(.943C > T [Gln315X], c.918-

919insA [Ser307fsX13]) were responsible for the

HSAN2 in the French Canadian population.

This study documents the existence of a Korean

family with HSAN2 and also describes two mutations,

including one novel mutation identified in this patient.

The c.1134_1135insT (Asp379fsX1) mutation has been

found in a Japanese HSAN2 patient whose parents and

grandparents were consanguineous. Like all HSN2

mutations found to date (Coen et al. 2006; Lafreniere

et al. 2004; Riviere et al. 2004; Roddier et al. 2005;

Takagi et al. 2006), the novel Gln73X mutation found

in this study was predicted to be deleterious, leading to

a loss of function of the HSN2 protein.

In conclusion, we enlarged the spectrum of muta-

tions of the HSN2 gene by identifying a novel trun-

cating mutation in a Korean patient who was

diagnosed with HSAN2. To our knowledge, this is the

first report of a genetically confirmed case of HSAN2

in the Korean population, which shows the genetic

homogeneity of this rare disease.

References

Coen K, Pareyson D, Auer-Grumbach M, Buyse G, Goemans N,
Claeys KG, Verpoorten N, Laura M, Scaioli V, Salmhofer
W, Pieber TR, Nelis E, De Jonghe P, Timmerman V (2006)

Novel mutations in the HSN2 gene causing hereditary sen-
sory and autonomic neuropathy type II. Neurology 66:748–
751

Kondo K, Horikawa Y (1974) Genetic heterogeneity of heredi-
tary sensory neuropathy. Arch Neurol 30:336–337

Lafreniere RG, MacDonald ML, Dube MP, MacFarlane J,
O’Driscoll M, Brais B, Meilleur S, Brinkman RR, Dadivas
O, Pape T, Platon C, Radomski C, Risler J, Thompson J,
Guerra-Escobio AM, Davar G, Breakefield XO, Pimstone
SN, Green R, Pryse-Phillips W, Goldberg YP, Younghus-
band HB, Hayden MR, Sherrington R, Rouleau GA, Sam-
uels ME (2004) Identification of a novel gene (HSN2)
causing hereditary sensory and autonomic neuropathy type
II through the Study of Canadian Genetic Isolates. Am J
Hum Genet 74:1064–1073

Murray TJ (1973) Congenital sensory neuropathy. Brain 96:387–
394

Ota M, Ellefson RD, Lambert EH, Dyck PJ (1973) Hereditary
sensory neuropathy, type II. Clinical, electrophysiologic,
histologic, and biochemical studies of a Quebec kinship.
Arch Neurol 29:23–37

Riviere JB, Verlaan DJ, Shekarabi M, Lafreniere RG, Benard
M, Der Kaloustian VM, Shbaklo Z, Rouleau GA (2004) A
mutation in the HSN2 gene causes sensory neuropathy type
II in a Lebanese family. Ann Neurol 56:572–575

Roddier K, Thomas T, Marleau G, Gagnon AM, Dicaire MJ, St-
Denis A, Gosselin I, Sarrazin AM, Larbrisseau A, Lambert
M, Vanasse M, Gaudet D, Rouleau GA, Brais B (2005) Two
mutations in the HSN2 gene explain the high prevalence of
HSAN2 in French Canadians. Neurology 64:1762–1767

Takagi M, Ozawa T, Hara K, Naruse S, Ishihara T, Shimbo J,
Igarashi S, Tanaka K, Onodera O, Nishizawa M (2006) New
HSN2 mutation in Japanese patient with hereditary sensory
and autonomic neuropathy type 2. Neurology 66:1251–1252

908 J Hum Genet (2006) 51:905–908

123


	Novel mutation in the HSN2 gene in a Korean patient with hereditary sensory and autonomic neuropathy type 2
	Abstract
	Introduction
	Patients and methods
	Results
	Fig1
	Discussion
	Fig2
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


