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Abstract 

Distal hereditary motor neuropathy (dHMN) is a heterogeneous group of disorders characterized by 
weakness and wasting of distal limb muscles without overt sensory abnormalities. Recently, autosomal 
dominant dHMN has been mapped to chromosome 12q24 and 7q11-q21. We present a family with 
autosomal dominant adult onset dHMN type II consisting of fi ve affected individuals spanning three 
generations. They developed mild symmetrical distal lower limb weakness, muscle wasting, and severe 
foot deformity after the third decade. Genetic analysis showed no support for linkage to chromosome 
12q24 and 7q11-q21 in our family. These fi ndings further demonstrate a genetic heterogeneity within 
dHMN type II.
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INTRODUCTION

Distal hereditary motor neuropathy (dHMN), 
also called the spinal type of Charcot-Marie-
Tooth disease or distal spinal muscular atrophy, 
represents a rare and exclusive motor neuropathy 
of clinically and genetically heterogeneous 
conditions caused by degeneration of motor 
neurons leading to distal muscle weakness and 
muscle wasting. A classifi cation in seven types 
based upon mode of inheritance, age at onset, and 
prevalent involvement of upper or lower limbs has 
been made.1 Out of seven types, dHMN type IIA 
is caused by mutation in the gene encoding heat-
shock 22-kD protein-8 (HSPB8) on chromosome 
12q24 and type IIB is caused by mutation in 
the gene encoding heat-shock 27-kD protein-1 
(HSPB1) on chromosome 7q11-q21.2-5 
 We report a Korean family with autosomal 
dominant dHMN type II in which the disease 
started after the age of 20 years. Gene testing 
had excluded mutation in HSPB1, HSPB8 and 
superoxide dismutase genes.

CASE REPORT

A 46-year-old man (proband) visited our clinic 
because of frequent stumbling along the street. 
Neurological symptoms started around his early 
thirties. He denied diabetes, chronic alcoholism, 
or drug exposure history. There was no cranial 

nerve involvement and no cerebellar or pyramidal 
signs. The weakness and atrophy only affected 
distal lower limbs. The weakness of ankle 
dorsifl exion was modest, but the pes cavus was 
prominent. Sensory and autonomic symptoms 
were absent and deep tendon refl exes were normal. 
Nerve conduction studies showed normal motor 
and sensory conduction with slightly decreased 
amplitudes of compound muscle action potentials. 
The amplitudes of sensory action potentials were 
normal. Electromyography in the tibialis anterior, 
gastrocnemius, and extensor digitorum brevis 
muscles disclosed high amplitude, long duration, 
and polyphasic motor unit potentials without 
active spontaneous activities, which are indicative 
of longstanding neuropathy. Serum creatine kinase 
was not elevated. We found 5 affected members 
in his family, where the phenotype segregates 
as an autosomal dominant trait (Figure 1). The 
sister of the proband also showed prominent pes 
cavus and leg muscle atrophy without upper limb 
involvement. The son of the proband had only 
minimal distal limb weakness without atrophy 
and electromyography showed mild neurogenic 
changes.  A sural nerve specimen for histological 
analysis was not taken because of normal sensory 
nerve action potentials and conduction velocities. 
DNA was isolated from the peripheral blood of 
the two affected patients and unaffected members 
using standard methods. The HSPB1 gene for 
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7q11 and the HSPB8 for 12q24 loci, that are 
associated with different type of dHMN, were 
screened by direct sequencing, but no mutation 
was found. All genes were sequenced on their 
all coding exons and exon-intron boundaries. A 
molecular analysis for mutation in the superoxide 
dismutase gene was also performed. There was 
no mutation in the tested genes.

DISCUSSION 

The diagnosis of dHMN in this family is 
supported by the absence of sensory symptoms 
and of sensory involvement on nerve conduction 
studies. Additionally, a distal myopathic process 
was ruled out by the chronic neurogenic changes 
in the needle electromyography and the presence 
of pes cavus which is characteristic of Charcot-
Marie-Tooth disease in the patients with full-
blown symptoms. These fi ndings are in keeping 
with the guidelines proposed by the 2nd Workshop 
of European Charcot-Marie-Tooth Consortium.6 

Furthermore, these patients may be distinguished 
with certainty from Charcot-Marie-Tooth type I 
and II by normal sensory conduction velocities 
and normal sensory action potentials. Given the 
clinical features, electrophysiological fi ndings, and 
inheritance pattern of the disease, these patients 
must have dHMN type II. However, establishing 
the onset of a very slowly progressive disease is 
often diffi cult. In this family, the youngest patient 
showed a slight diffi culty with  heel walking on 
clinical examination and mild neurogenic changes 
on electromyography. Regarding the onset of 
symptoms, we agree that the division into type 
I and II of autosomal dHMN with onset in the 
lower limbs is somewhat artifi cial.7 

 Several clinical features are unique in this 

family. Taken together with available information, 
in all patients, the weakness and atrophy started 
in leg or foot muscles between 20 and early 
thirty years of age. The weakness was confi ned 
to the lower limbs in spite of the lapse of time. 
The proband of this family, who is 49 years old 
now, has neither symptom nor sign of upper limb 
involvement. The youngest patient showed only 
some diffi culties in heel walking. They did not 
show any involvement of the CNS, including 
pyramidal tract signs or hyporefl exia even several 
years after symptom onset, while on the other 
hand the pes cavus deformities were prominent. 
However, there were no patients who became 
wheelchair dependent in the latest stage of the 
disease. Compared to our family, arefl exia, 
involvement of upper limbs, and absence of pes 
cavus were not uncommon in the Belgian family, 
so called the prototype of dHMN type II.2 The 
functional disabilities in our family are not more 
severe than in most CMT1A families nor the 
Belgian family. Affected patients in the Russian 
family, who were reported to have a mutation 
in the gene encoding 27-kDa small HSPB1(also 
called HSP27), had depressed or absent refl exes 
and distal sensory abnormalities.3 Other Korean 
patients also showed upper limb involvement and 
arefl exia, but on the other hand they did not have 
pes cavus at all.5 The phenotype in our family is 
strictly compatible with the original description 
of dHMN type II by Harding1 and is similar to 
the phenotype reported in Japan as a sporadic 
case with HSP27 mutation.4 The only difference 
is younger age at onset in the Japanese patient. 
 It has now become evident that some dHMN 
subtypes have unusual features or associated 
symptoms. To what extent the involvement is 
always exclusively motor system is still a matter 

Figure 1. Pedigree of a Korean family with distal hereditary motor neuropathy type II Symbols: squares, males; 
circles, females; fi lled, affected; white, normal; slashes, deceased; arrow, proband.
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of debate since some minor sensory abnormalities 
have been described. Although these features 
and signs often show intra-familial variability, 
they represent essential hallmarks of particular 
dHMN subtypes. Therefore, the study of additional 
patients in a family may be useful to clearly defi ne 
the clinical dHMN subtype. Recent molecular 
genetic studies have confi rmed the accuracy of 
this classifi cation by showing that the clinical 
complexity has indeed a genetic basis. Even 
clinically homogenous dHMN subtypes turn 
out to be genetically heterogeneous. Although 
we did not fi nd any mutations of alleged heat 
shock protein genes in this family, there is 
some genetic possibilities. A change in gene 
copy number, gene rearrangement such as large 
deletion/duplication, mutation in promoter gene 
or deep intronic mutation rather than a known 
sequence variation could be suggested. A direct 
sequencing of the coding exon cannot fi nd these 
variations. Another possibility is that a gene of 
this family is not linked to 12q24 and 7q11-q21. 
It remains to be established how frequent these 
gene loci are in the total dHMN type II population. 
Additionally, despite the growing list of genes 
associated with motor neuron disorders, many 
families with clear dominant inheritance of an 
appropriate phenotype are not found to have 
mutations in any of the relevant gene or linkage 
to known loci. This heterogeneity leads to the 
conclusion that at a genetic level motor neuron 
degeneration could be a common fi nal expression 
of disruptions in a number of cellular systems. This 
variation has proved to be extensive, illustrating in 
some cases the arbitrary nature of our diagnostic 
classifi cations. 
 In conclusion, gene testing in our dHMN 
type II family excluded mutation in HSPB1, 
HSPB8 and superoxide dismutase genes. This 
and previously reported studies reconfi rm further 
locus heterogeneity for distal HMN7,8 and suggest 
that the phenotype in this family could be caused 
by other, yet unmapped, genes. This family could 
represent a restarting point towards a clinical-
genetic classifi cation of dHMN.

ACKNOWLEDGEMENT

We thank Dr. Earl Lee for his critical review.

REFERENCES

 1. Harding AE. Inherited neuronal atrophy and 
degeneration predominantly of lower motor neurons. 
In: Dyck PJ, Thomas PK, eds: Peripheral neuropathy. 
4th ed. Vol. 2. Philadelphia: Elsevier Saunders, 
2005:1603-21.

 2. Irobi J, Van Impe K, Seeman P, et al. Hot spot residue 
in small heat-shock protein 22 causes distal motor 
neuropathy. Nat Genet 2004; 36:597-601.

 3. Evgrafov OV, Mersiyanova I, Irobi J, et al. Mutant 
small heat-shock protein 27 causes axonal Charcot-
Marie-Tooth disease and distal hereditary motor 
neuropathy. Nat Genet 2004; 36:602-6. 

 4. Kijima K, Numakura C, Goto T, et al. Small heat 
shock protein 27 mutation in a Japanese patient with 
distal hereditary motor neuropathy. J Hum Genet 
2005; 50:473-6.

 5. Chung KW, Kim S, Cho SY, et al. Distal hereditary 
motor neuropathy in Korean patients with a small 
heat shock protein 27 mutation. Exp Mol Med 2008; 
40:304-12.

 6. De Jonghe P, Timmerman V, Van Broeckhoven C. 
2nd workshop of the European CMT Consortium: 
53rd ENMC International workshop on classifi cation 
and diagnostic guidelines for Charcot-Marie-Tooth 
type2 (CMT-HMSN II) and distal hereditary motor 
neuropathy (distal HMN-spinal CMT). Neuromuscul 
Disord 1998; 8:426-31.

 7. De Angelis MV, Gatta V, Stuppia L, Passamonti L, 
Gambi D, Uncini A. Autosomal dominant distal spinal 
muscular atrophy: an Italian family not linked to 
12q24 and 7p14. Neuromuscul Disord 2002; 12:26-30.

 8. Passamonti L, Muglia M, Magariello A, et al. further 
evidence of genetic heterogeneity in autosomal 
dominant distal motor neuronopathy. Neuromuscul 
Disord 2004; 14:705-10.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


