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X-linked Charcot Marie Tooth disease (CMTX; OMIM #
320800) is the second most common cause of inherited
demyelinating neuropathy and is caused by mutations in the
GJB1 ( also referred to as connexin 32) gene coding for the gap
junction protein connexin 32 (Cx32). Cx32 is expressed in the
myelinating Schwann cells in the peripheral nervous system
(PNS) and in oligodendrocytes in the central nervous system
(CNS). Gap junctions help rapid transport of ions and small
molecules across cell membranes.1 Various central nervous
system manifestations (clinical and subclinical) in CMTX have
been reported.2-9 In the last ten years a distinct, reversible
clinical syndrome associated with pyramidal and or bulbar
weakness and concomitant transient magnetic resonance
imaging (MRI) findings of diffuse, confluent white matter
abnormalities has been increasingly reported.10-13 All 11 patients
reported in the published English literature since 1998, when the
above syndrome was first described, have various mutations in
the GJB1 gene causing dysfunctional gap junctions. We report
two brothers who presented with pyramidal weakness,
dysarthria, ataxia and bulbar weakness a year apart predating
their genomic CMTX diagnosis. Both boys and their mother
were later confirmed to have a V139M mutation in the GJB1
gene. Computed tomography (CT), magnetic resonance imaging
and magnetic resonance spectroscopy (MRS) features of one of
the brothers are described.

CASE 1
A 13-year-old boy presented in February 2006 with episodes

of transient neurological dysfunction on two consecutive days,
two weeks after a concussion. He initially presented with left
arm and leg weakness, dysarthria and a weak cough. He was
thought to have developed an abnormal reaction to a cough
syrup he had taken earlier in the day for cold symptoms. He was
given intravenous benadryl and naloxone and, upon complete
recovery, discharged without neurological consultation three
hours later. He represented twelve hours later with bilateral
ptosis, left facial weakness, dysarthria, a weak cough and
generalised weakness with areflexia but with bilateral extensor
plantar responses. This episode lasted eight hours and improved
without intervention. Investigations included normal results for
lumbar puncture, brain CT scan, CT angiogram, erythrocyte
sedimentation rate, serum lactate, ammonia, serum amino acids,
urine amino acids and organic acids, serum acetylcholine
receptor antibody and stools for ova and parasites.
Electromyography and Nerve Conduction Velocity (EMG/NCV)
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suggested a sensorimotor demyelinating and axonal neuropathy.
Single fibre EMG was normal. Molecular testing for CMT type
1a was negative. The MRI was not performed acutely. During
the following 12 months he developed classic migraines with
good response to acetaminophen.

CASE 2
The 16-year old brother of the above patient, clinically

diagnosed with CMT since age six years, presented to the
emergency room in February 2007 with an acute onset of right-
sided weakness and slurred speech two weeks after having
recovered from pneumonia. Neurological examination revealed
dysarthric speech, inappropriate laughter, right upper motor
neuron facial weakness and moderate weakness of the right arm
and leg. He had moderate bulbar weakness. Length dependent
decrease in temperature and vibration sense and areflexia
consistent with his clinically-diagnosed neuropathy was also
noted.
His mother and multiple maternal relatives had a similar

sensorimotor neuropathy. There was no family history of
coagulopathies, vasculitides or congenital heart disease. He had
residual mild hypophonia and bilateral intention tremor 21 hours
after initial presentation. Six hours thereafter, he had acute onset
of right arm weakness, dysarthria and progressive bulbar
weakness. He remained alert and communicated with head nods.
This episode lasted four hours and ended abruptly with emesis.
In the month following discharge from hospital, he developed
classic migraine.
Magnetic resonance imaging revealed symmetric non-

enhancing prolonged signal intensity changes within the genu,
body and splenium of corpus callosum and white matter in
bilateral occipital lobe region on T2 weighted images and
restricted diffusion in the same regions. Two single voxel MRS
spectra obtained at an echo time (TE) of 144 did not reveal any
lactate, glutamate, or lipid peaks. The MRS spectra also revealed
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a relative decrease in the creatine concentration. ACT angiogram
(not shown) revealed smooth narrowing of the horizontal portion
of the left anterior cerebral artery, thought to be a congenital
variation. Other normal results included serum carnitine,
ammonia, serum and urine amino and organic acids, long chain
fatty acids, urine toxicology, blood counts, blood culture,
electrolytes, ESR, C-reactive protein and serum immune
electrophoresis. Cerebrospinal fluid analysis was normal.
Hypercoagulable workup (factor 5 Leiden, Prothrombin
G20210A mutation), vasculitis workup (serum homocysteine,
antinuclear antibody and antiphospholipid antibody levels) and
echocardiogram were normal. Mutation testing for Cerebral
Autosomal Dominant Arteriopathy with Subcortical Infarcts and
Leukoencephalopathy (CADASIL) was negative. Both patients
and their mother subsequently tested positive for a mutation in

the GJB1 predicted to cause a V139M variation in the Cx 32
protein. Repeat MRI and MRS after three months showed
resolution of the white matter abnormalities seen earlier. The
MRI and MRS for the younger brother (Case 1) at this time were
normal.

DISCUSSION
Central nervous system (CNS) involvement in CMTX is rare

but well recognized. This has been previously reported in the
form of abnormal evoked potentials,2,3 sensorineural deafness,5
extensor plantar responses4 and clinically silent scattered white
matter hyperintensities on MRI.8,9 CMTX has also been reported
to present like MS.9,14,15
We present two brothers with CMTX and recurrent self-

limited attacks of hemiplegia, dysarthria and ataxia. Differential

Figure. Initial non contrasted CT scan for Case 2 showing hypodense splenium, A) Axial Fluid Restriction
Inversion Recovery (FLAIR) sequence B) and axial diffusion weighted images C) showing involvement of the
corpus callosum and occipital white matter and apparent restricted diffusion coefficient map D) with similar
findings as in B) and C).
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diagnoses considered in our patients included infarction,
infection, leukodystrophy, vasculitides and toxin ingestion.
Although reversible posterior leukoencephalopathy may show
symmetrical involvement of the occipital white matter as in Case
2, our patient was normotensive and had not been exposed to any
substances that can cause leukoencephalopathy.
Considering the brothers’ transient clinical and MRI findings

and subsequent development of classic migraines, initial
consideration was given to a channelopathy – specifically the
diagnosis of familial hemiplegic migraine (FHM) as 60% of
patients with FHM also have symptoms of basilar insufficiency.
However, the absence of characteristic headache in Case 1 at the
time of initial presentation went against this diagnosis.
Given the unique MRI in Case 2, a literature search was

performed looking specifically for the transient neurological
syndrome in CMTX and abnormal MRI findings similar to our
patient. Only eleven such cases excluding our own have been
reported to date.10-13,17 Most are male and have an
uncharacteristically similar clinical and radiological profile
seemingly triggered by respiratory infections, travel to a high
altitude or trauma. These patients are genetically dissimilar but
all have mutations in the Cx32 protein that would theoretically
cause non functional gap junctions13 in the CNS.
A missense GTC-ATG mutation in the connexin 32 gene

predicted to cause an amino acid variation V139 M was later
found in both brothers and their mother. This mutation localises
to the third transmembrane domain of the connexin32 protein.
The third transmembrane domain is predicted to form the central
pore of gap junctions. The V139M mutation has been described
in CMTX patients with peripheral neuropathy16 but has never
been reported with the transient CNS phenotype. Kleopa et al18
using transfection and cellular expression studies have shown
that Cx32 mutants with third transmembrane domain mutations
are retained within the Golgi apparatus and thus do not form
functional gap junctions.
Why only a few patients with CMTX develop the above

clinical CNS phenotype is unknown. At a cellular level, whether
mutant Cx32 causes a dominant negative effect on other
connexins expressed in oligodendrocytes or a direct toxic effect
in oligodendrocytes is still unclear.13,18 We feel that dedicated
reporting of various mutations associated with this phenotype
will help further the genotype-phenotype correlation in CMTX.
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