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Abstract

Hereditary neuralgic amyotrophy is a rare disorder characterized by the sudden onset of recurrent episodes of painful brachial plexus
neuropathies, followed by atrophy within a few weeks. The authors present the case of a 5-year-old boy who developed hereditary
neuralgicamyotrophy in the right upper limb after a gastroenteritis iliness. He made a fulland rapid recovery with the use of intravenous
immunoglobulin. A subsequent episode in the left upper limb during the course of intravenous immunoglobulin was significantly
attenuated. A de novo ¢.262C>T mutation in exon 2 of the SEPT9 gene was identified. To our knowledge, he is the first pediatric patient
with SEPT9 hereditary neuralgic amyotrophy to be treated with intravenous immunoglobulin. The authors hypothesize that the
€.262C>T mutation in exon 2 of the SEPT9 gene generates pathology via the numerous isoforms under specific conditions and that

intravenous immunoglobulin can play a role at the epigenetic level of improving dysfunctional SEPT9 expression.
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Hereditary neuralgic amyotrophy is a peripheral nervous system
disease associated with the sudden onset of neuropathic pain fol-
lowed by muscular atrophy in the upper limbs. Patients with her-
editary neuralgic amyotrophy can have minor dysmorphic features
such as short stature, partial syndactyly, cleft uvula or cleft palate,
ocular hypotelorism, and excessive partial circumferential skin
folds on the neck and arms.'” Hereditary neuralgic amyotrophy
is associated with pathogenic mutations in the SEPT9 gene (OMIM
604061) on chromosome 1725 in 55% of the affected families.*>

Few studies provide evidence for any specific treatment
modality in hereditary neuralgic amyotrophy in children.
Herein, the authors report a child with first presentation of
hereditary neuralgic amyotrophy due to a pathogenic mutation
in SEPT9 and describe his successful response to intravenous
immunoglobulin treatment. The authors report a full and rapid
recovery and postulate the role of intravenous immunoglobulin
can be epigenetic in this disease process rather than a primary
immune modulatory effect.

Case Report

A 5-year-old boy presented with 4-week history of increasing
right shoulder and elbow pain, paresthesia, and had demon-
strated limited right shoulder adduction above the horizontal
plane, following an episode of gastroenteritis. Subsequently, he
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developed wasting of the supraspinatus and infraspinatus mus-
cles, causing significant functional impairment. He had no sen-
sory abnormalities. Biceps reflex was absent and triceps reflex
was reduced.

The child had attained normal neurodevelopmental mile-
stones. He had subtle dysmorphic features of hypotelorism,
epicanthic, and mild midface hypoplasia, simple helix with
small ears, pectus excavatum, and unusual skin folds on the
forearms (which were more prominent during infancy). There
was no significant family history, and his parents were mor-
phologically normal.

Magnetic resonance imaging of the brachial plexus showed
patchy decreased signal within the right supraspinatus and
infraspinatus muscles indicative of denervation. A diagnosis
of hereditary neuralgic amyotrophy secondary to a de novo
SEPTY mutation was confirmed with the identification of a
pathogenic de novo heterozygous mutation, c.262C>T
[p.Arg88Trp] (performed in Diagenom GmbH, Medical Genet-
ics Laboratory Germany http://www.diagenom.de/).

The child was administered a single infusion of 50 g (2 g/kg)
intravenous immunoglobulin as induction treatment and
showed an improvement in his right shoulder function and a
reduction in pain within 6 hours of treatment. He continued to
receive monthly maintenance intravenous immunoglobulin
infusion (dose 0.4 g/kg) over 12-month period. Five months
into treatment, he evolved to have left-sided brachial neuritis
features, although were significantly attenuated to the pain and
the muscle bulk wasting compared to the initial presentation.
He remained on the same maintenance dose of infusion
monthly without further induction dose. Twelve months into
treatment, patient regained full functions of both right and left
shoulders with recovery of scapular muscle bulk.

Discussion

The septin family of guanosine triphosphate-binding proteins
serve as scaffolds and diffusion barriers that control the cellular
localization of numerous proteins.®’ There are 13 known mam-
malian septin genes, with >30 protein isoforms because of
alternate splicing.

SEPTY is involved in T-cell development and proliferation,®
as well as being highly expressed in Schwann cells in the
peripheral nerve.> Under hypoxic conditions, the c.262C>T
mutation reduces the translation of the SEPT9_v4 isoform,
which encodes the SEPT9 protein isoform e (GenBank
NM_001113494.1 and NP_001106966.1).'° An altered
response to stress and the inherent role of SEPT9 in myelin
maintenance and T-cell development can account for the epi-
sodic nature of hereditary neuralgic amyotrophy. Similarly,
alternate SEPT9 isoforms, for example, could play differential
roles during embryonic development, thus accounting for the
dysmorphic features associated with the condition.

There is no clear consensus regarding the treatment of neur-
algic amyotrophy. Cochrane review of the treatment of neur-
algic amyotrophy provided some evidence, suggesting early
corticosteroid therapy with or without intravenous

immunoglobulin might have a positive effect on pain and
recovery in a few patients.'! Adult patients with hereditary
neuralgic amyotrophy have demonstrated favorable outcomes
from intravenous immunoglobulin after failure to response to
corticosteroid.'*'*

Intravenous immunoglobulin has been used to treat auto-
immune disorders. The mechanistic effects of intravenous
immunoglobulin in autoimmune diseases include (1) antibo-
dies, (2) complement, (3) degenerative proinflammatory mole-
cules, (4) gene expression,'> and (5) stimulating Schwann cell
maturation.'® Gene expression profiles in patients with inflam-
matory myopathies treated by intravenous immunoglobulin
have demonstrated significant dysregulation across a number
of systems.'” Most notably, downregulated genes included the
cell adhesion genes such as ICAM-1 and KAL1."” Intravenous
immunoglobulin-induced dysregulation of gene expression in
key inflammatory, cellular migration, and cell survival path-
ways has been demonstrated in autoimmune diseases such as
dermatomyositis and inclusion body myositis.'>"'” The multi-
modal effects of intravenous immunoglobulin, including
altered gene expression, may be relevant to our case in the
context of his relapse. This relapse occurred in the absence
of any infectious or traumatic triggers and was clinically atte-
nuated by the ongoing maintenance of monthly intravenous
immunoglobulin dosing, postulating an epigenetic modifica-
tion of the disease process.

How this myriad of clinicopathological mechanisms pro-
motes such a successful modulation of hereditary neuralgic
amyotrophy in our patient remains unclear. While the initial
hereditary neuralgic amyotrophy episode in our patient
appeared to have been triggered after an episode of viral gas-
troenteritis, the second episode occurred during intravenous
immunoglobulin treatment without any infective triggers,
although the clinical course and severity were significantly
attenuated by the ongoing administration of intravenous immu-
noglobulin. Thus, the authors hypothesize that the c.262C>T
mutation in exon 2 of the SEPT9 gene generated pathology via
the numerous isoforms under specific conditions and that intra-
venous immunoglobulin can play a role at the epigenetic level
of improving dysfunctional SEPT9 expression. Our case also
demonstrated that intravenous immunoglobulin is a safe and
effective form of therapy for children with hereditary neuralgic
amyotrophy.

Author Contributions
RC and MS contributed equally as co-first authors.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.


http://www.diagenom.de/

Chuk et al

Ethical Approval

Ethical approval was obtained by the UnitingCare Human Ethics and
Research Committee.

References

1.

Jeannet P, Watts G, Bird T, Chance PF. Craniofacial and cuta-
neous findings expand the phenotype of hereditary neuralgic
amyotrophy. Neurology. 2001;57(11):1963-1968.

. Laccone F, Hannibal MC, Neesen J, Grisold W, Chance PF,

Rehder H. Dysmorphic syndrome of hereditary neuralgic amyo-
trophy associated with a SEPT9 gene mutation—a family study.
Clin Genet. 2008;74(3):279-283.

. Ueda M, Kawamura N, Tateishi T, et al. Phenotypic spectrum of

hereditary neuralgic amyotrophy caused by the SEPT9 R88W
mutation. J Neurol Neurosurg Psychiatry. 2010;81(1):94-96.
Hannibal MC, Ruzzo EK, Miller LR, et al. SEPT9 gene sequen-
cing analysis reveals recurrent mutations in hereditary neuralgic
amyotrophy. Neurology. 2009;72(20):1755-1759.

. Kuhlenbdumer G, Hannibal MC, Nelis E, et al. Mutation in

SEPTY cause hereditary neuralgic amyotrophy. Nat Genet.
2005;37(10):1044-1046.

Dolat L, Hu Q, Spiliotis ET. Septin functions in organ system
physiology and pathology. Biol Chem. 2014;395(2):123-124.
Hall P, Hilary Russell SE. Mammalian septins: dynamic hetero-
mers with roles in cellular morphogenesis and compartmentaliza-
tion. J Pathol. 2012;226(2):287-299.

Lassen L, Fiichtbauer A, Schmitz A, Serensen A, Pedersen F,
Fiichtbauer E. Septin9 is involved in T-cell development and
CD8+ T-cell homeostasis. Cell Tissue Res. 2013;352(3):
695-705.

10.

12.

13.

15.

17.

. Leshinsky-Silver E, Ginzberg M, Dabby R, Sadeh M, Lev D,

Lerman-Sagie T. Neonatal vocal cord paralysis—an early presen-
tation of hereditary neuralgic amyotrophy due to a mutation in the
SEPT9 gene. Eur J Paediatr Neurol. 2013;17(1):64-67.

McDade S, Hall P, Russell S. Translational control of SEPT9
isoforms is perturbed in disease. Hum Mol Genet. 2007;16(7):
742-752.

. van Alfen N, van Engelen B, Hughes R. Treatment for idiopathic

and hereditary neuralgic amyotrophy (brachial neuritis).
Cochrane Database Syst Rev. 2009;8(3):CD006976.

Ardolino G, Barbieri S, Priori A. High dose intravenous immune
globulin in the treatment of hereditary recurrent brachial plexus
neuropathy. J Neurol Neurosurg Psychiatry. 2003;74(4):550-551.
Naito K, Fukushima K, Suzuki S, et al. Intravenous immunoglo-
bulin (IVIg) with methylprednisolone pulse therapy for motor
impairment of neuralgic amyotrophy: clinical observations in 10
cases. Intern Med. 2012;51(12):1493-1500.

. Nakajima M, Fujioka S, Ohno H, Iwamoto K. Partial but rapid

recovery from paralysis after immunomodulation during early
stage of neuralgic amyotrophy. Eur Neurol. 2006;55(4):227-229.
Dalakas MC. Mechanistic effects of [VIg in neuroinflammatory
diseases: conclusions based on clinicopathologic correlations.
J Clin Immunol. 2014;34(suppl 1):S120-S126.

. Tzekova N, Heinen A, Bunk S, et al. Immunoglobulins stimulate

cultured Schwann cell maturation and promote their potential to
induce axonal outgrowth. J Neuroinflammation. 2015;29(12):107.
Raju R, Dalakas MC. Gene expression profile in the muscles of
patients with inflammatory myopathies: effect of therapy with
IVIg and biological validation of clinically relevant genes. Brain.
2005;128(pt 8):1887-1896.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


