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| solated Peripheral Neuropathy in
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ABSTRACT: Background: Metachromatic leukodystrophy (MLD) is a genetic neurodegenerative
disorder resulting from a deficiency of arylsulfatase A. Late onset forms are relatively rare. Central
nervous system (CNS) involvement is characteristic at all ages. Methods: A patient in her late 40s with
peripheral neuropathy was assessed by EEG, evoked potentials, CTand nerve conduction studies. Nerve
and muscle biopsy samples were investigated by electron microscopy. Arylsulfatase A activity in
leukocytes and excreted cerebroside sulfate were determined. The arylsulfatase A gene was investigated
for mutations using polymerase chain reaction (PCR) and DNAsequencing. The identified mutation was
expressed transiently in African green monkey kidney (COS) cells to determine the effect of the
mutation on arylsulfatase A activity. Results: Central nervous system functions were normal. Nerve
conduction velocities were decreased. Sura nerve biopsy showed inclusions typical of MLD.
Arylsulfatase A was less than 5% of normal. A homozygous mutation thr286pro was identified in the
arylsulfatase A gene and demonstrated to be deleterious through transient expression studies.
Conclusions: Our patient has a progressive peripheral neuropathy but has apparently intact CNS
function at her present age of 57 years. Biochemical, physiological and pathologica findings are
consistent with a diagnosis of MLD. A homozygous mutation, thr286pro, found in her arylsulfatase A
gene, decreased enzyme activity to alevel consistent with alate onset form of MLD.

RESUME: Neuropathie périphérique isolée danslaLDM atypique: mutation récurr ente. Introduction: La
leucodystrophie métachromatique (LDM) est une mal adie neurodégénérative génétique résultant d’ un déficit en
arylsulfatase A. Les formes a début tardif sont relativement rares. L’ atteinte du systéme nerveux central (SNC) est
caractéristique quelque soit I’ age. Méthodes: Une patiente dans la quarantaine avancée, porteuse d' une neuropathie
périphérique, a été évaluée par EEG, potentiels évoqués, CT et étude de la conduction nerveuse. Des spécimens
nerveux et musculaires ont été étudiés par microscopie éectronique. L’ activité de |’ arylsulfatase Ades leucocytes et
|’ excrétion de sulfate de cérébroside ont été déterminées. On arecherché des mutations dans le géne de |’ arylsulfatase
A par PCR et séquencage d’ ADN. La mutation identifiée a été exprimée de fagon transitoire dans des cellules COS
pour déterminer I’ effet de la mutation sur I’ activité de |’ arylsulfatase A. Résultats: Les fonctions du SNC étaient
normales. Les vitesses de conduction nerveuse étaient diminuées. La biopsie du nerf sural a montré des inclusions
typiques delaLDM. Letaux d' arylsulfatase Aétait & moins de 5% du taux normal. Une mutation thr286pro al’ état
homozygote a été identifiée dans |e gene de I’ arylsulfatase A et on a démontré son effet délétére par des études
d’expression transitoire. Conclusions. Notre patiente était atteinte d’ une neuropathie périphérique progressive avec
préservation de la fonction du SNC a I'&ge de 57 ans. Les évaluations biochimique, physiologique et
anatomopathol ogique concordent avec un diagnostic de LDM. Une mutation thr286pro al’ état homozygote dansle
gene de I’ arylsulfatase Aa diminué |’ activité enzymatique & un niveau compatible avec une forme tardive de LDM.
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Metachromatic leukodystrophy (MLD)! is an autosomal
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progress to physical symptoms similar to those seen in the earlier
onset forms. The primary pathological changesin all forms are
demyelination and deposition of metachromatic granules in the
central nervous system (CNS) and peripheral nervous system.
The biochemical findings are of reduced or absent aryl A activity,
lysosomal storage of CS and urinary excretion of CS. Late onset
MLD associated with isolated peripheral neuropathy has been
documented rarely.>* Central nervous system involvement is
characteristic in the vast mgjority of cases of late onset MLD.

We describe here a middle-aged femae patient who has
progressive peripheral neuropathy who has been followed
clinically for at least 12 years with no obvious evidence of CNS
involvement. She has reduced aryl A activity, increased urinary
excretion of CS, decreased myelinated fibre density, axona
degeneration, partial remyelination and diagnostic inclusions in
sural nerve biopsy, al consistent with a diagnosis of late onset
MLD. She is homozygous for the mutation, thr286pro, in her
aryl A gene. Since our initial report on this mutation® it has now
been reported in a second much younger patient of similar ethnic
background whose symptoms were similar, but of limited
duration.* The authors speculated that this was a deleterious
mutation. We report here expression studies for this mutant
enzyme that confirm that the thr286pro is indeed deleterious in
decreasing the aryl A enzyme activity to a level roughly
equivalent to that expected for a partia activity or late onset
MLD mutation.

PATIENT AND METHODS

Aryl A Assay

Aryl A was assayed either in extracts of leukocytes® or of
cultured fibroblasts” using a p-nitrocatechol sulfate substrate.
Results are presented as nmoles nitrocatechol released / mg

protein / hr. Aryl A, transiently expressed in COS cells, was
assayed by a modification of the fibroblast method.?

Polymer ase chain reaction

DNA samples were screened for the pseudodeficiency
mutations and the common infantile and adult onset MLD
mutations (1VS2+1, P426L) as previously described.® A screen
for single strand conformational polymorphisms was used to
scan overlapping segments of the aryl A gene for potential
mutations.® Nucleotide numbering refers to the aryl A cDNA
sequence (GenBank 52150) where nucleotide 1 is the first
coding residue.

Electron microscopy

Sections were prepared by standard methods and stained for
electron microscopy (EM) with uranyl acetate and lead citrate.

Patient description

The patient is a woman of Punjabi descent who presented at
age 47 with cramping in her lower limbs and, to a lesser extent,
her hands. She was otherwise well. She displayed symmetrical
weakness and decreased sensation in her upper and lower limbs
bilaterally. She had generalized areflexia. At her first assessment,
EEG, visual evoked potential, somatosensory evoked potentials,
and brainstem auditory evoked potentials, and CT scan were all
normal suggesting a lack of CNS involvement. The peripheral
symptoms have worsened over a 10 year period but do not
appear to have progressed to include CNS involvement. Her
cognitive function is considered normal and sheis still employed
at age 57. Thereisno clinical or electrophysiological evidence of
CNS involvement. An MRI scan would provide a definitive
picture of the status of the patient’s CNS but this has not been
performed to date. The patient has an older brother who
reportedly suffers similar problems with his hands and feet.

Figure: Electron microscopy of sural nerve biopsy. A. The section includes myelinated axons, unmyelinated axons and fibroblasts. The arrow indicates
an unmyelinated axon with intracellular inclusionsin the Schwann cell cytoplasm. B. Higher magnification of the unmyelinated axon and inclusionsin
Schwann cell cytoplasm. C. High magnification of a macrophage showing prismatic inclusion bodies.
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Table 1: Nerve Conduction Studies*

Year Normal
1988 1995 Values
Motor Nerves MCV amplitude MCV amplitude MCV
m/sec mV m/sec mV m/sec
Median 20 10 24 1 >50
(elbow to wrist)
F-wave 59ms <325
Ulnar 24 35 29 3 >50
(elbow to wrist)
F-wave 57ms <325
Peroneal 20 30 no response >40
(kneeto ankle)
F-wave 98ms no response <62.5
Sensory Nerves SCV  amplitude  SCV  amplitude SCV
m/sec uv m/sec uv m/sec
Median 31 17 28 5 >50
(wrist to F2)
Ulnar 28 20 26 5 >50
(wrist to F5)
Sural 22 5 no response >40

(calf to ankle)

*Measurements were taken at ambient temperature.
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RESULTS

Electr ophysiology and neuropathology findings

Nerve conduction studies were performed several times over
the last 12 years. Results summarized in Table 1 demonstrate
marked slowing of conduction velocity in both motor and
sensory fibers of upper and lower limbs. The clinical and
neurophysiological examination were consistent with a severe
generalized periphera sensory and motor neuropathy of a
demyelinating type.

Gastrocnemius muscle biopsy showed evidence of
neurogenic atrophy with re-innervation. No ultrastructural
abnormalities were seen on EM. Microscopic examination of a
sural nerve biopsy showed decreased density of myelinated
fibers with evidence of demyelination and partial remyelination.
The most striking feature was seen on EM as cytoplasmic
inclusions in Schwann cell cytoplasm of myelinated and
unmyelinated axons as well as in scattered macrophages. The
inclusions resembled zebra bodies, tuffstone bodies and
laminated collections of fine disc-like structures. Figure (A and
B) show arepresentativefield illustrating tuffstone bodies. These
are strongly reminiscent of CS storage inclusions seen in
MLD.2011 Striking prismatic inclusions were seen in the
macrophages (Figure C). These are considered a diagnostic
feature of MLD.*?

Biochemical findings

Biochemical assessment of the patient and family members
for aryl A (Table 2) showed she had about 5% of the normal
control mean leucocyte aryl A. Enzyme levels of both her parents
and her daughter were in a probable carrier range although we
expect to find some overlap between MLD obligate
heterozygotes and normal control values. The son’senzyme level
was intermediate between the carriers and his mother.
Subsequent aryl A assay in the patient’s cultured fibroblasts
showed about 11% of normal acitivity. The residual activity in
fibroblast extracts was sufficient to determine a Km of 2.1 mM
which was comparable to a normal sample tested in parallel.

Table 2: Biochemica and Molecular Characteristics of Family Members

Individua Aryl A2 % of normal urinary DNAmutations

(leucocyte) control mean CS excreted® MLD Apd®
patient 5.0 5.4 0.17 thr286pro/thr286pro N/N
husband 52/ 64° 81 ndd N/N N/Apd
daughter 40 42.8 nd thr286pro/N N/N
son 14.9 16.0 0.04 thr286pro/N N/Apd
father 435 46.6 nd thr286pro/N N/N
mother 46.4 49.7 nd thr286pro/N N/N

2  leucocyte aryl A units given as nmoles nitrocatechol released/mg protein/hour normal value: mean 71.6; range 42.5-165

b normal value: mean 93.4; range 41-234

¢ CS(cerebroside sulfate) excreted given as nm/mg creatinine; normal value 0.03-0.1. Determined in the Biochemistry Laboratory of the Hospital

for Sick Children, Toronto, Canada.
4" nd=none detected
e Apd represents both pseudodeficiency mutations
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Cerebroside sulfate excretion was higher than the normal range
in the patient urine (see Table 2).

On the basis of the neurophysiological, neuropathol ogical and
biochemical findings, a diagnosis of atypical late onset MLD
was made.

Molecular analysis

The common early and late onset MLD mutations were
absent in this patient. Both the husband and the son were carriers
of the pseudodeficiency mutations (Apd). Single strand
conformational polymorphisms screening and subsequent DNA
sequencing of the patient's DNA revedled a homozygous
transversion, A856C, in exon 5 that would result in a thr286pro
missense mutation. Both children, aswell asthe patient’s parents
were heterozygous carriers of this mutation. These results are
summarized in Table 2. The son's Apd/MLD carrier genotype
accounted for hisaryl A levels being lower than that of his sister
or grandparents. The A856C mutation was associated with the
most common haplotype of intragenic polymorphisms, Bsrl(1)-
BamHI(1)-Nlalll1}(1)-Nlall12-(1).13

Site-directed mutagenesisand transient expression

The A856C mutation was introduced into the pSVl-aryl A
expression vector by unique site elimination.** The mutant vector
was transfected into COS cells as described previousy.® The
resultant aryl Aactivity after correction for endogenous aryl A and
transfection efficiency was 15% of that seen for aparallel wild-type
pSVI-aryl A plasmid. For comparison, an infantile onset MLD
mutation,A212V, tested in parallel, showed less than 5% compared
to the wild type. Thisleve of residua activity is equivalent to that
normally seen in mutations causing adult onset MLD.

DiscussioN

Thelevel of residual aryl A activity seen in the patient and in
the transient expression system suggests that thr286pro is a
partial activity mutation. Thr286 follows a conserved region in
aryl A® but is itself minimally conserved. Thr286 appears at the
corresponding location in human arylsulfatase B and N-
acetylglucosamine-6-sulfate sulfatase but not in the other human
sulfatases' and not in mouse aryl A.*®> The 3-dimensional
structure of aryl A suggests thr286 is part of an amino acid
seguence connecting regions with significant secondary structure
and does not appear to be directly involved in the active site or
regions important for dimerization.’® Introduction of a proline
residue might be expected to disrupt normal secondary structure.
The norma Km seen for the patient’s residual aryl A activity
suggests there is no alteration in substrate binding. All these
observations are consistent with a partial deficiency causing a
mild late onset MLD. Thr286pro behaves like a true MLD
mutation rather than anovel pseudodeficiency mutation since the
patient excretes urinary CS dlightly above normal levels and
shows stored material in a nerve biopsy sample.

Adult onset MLD may be manifest as early as 14 and as late
as 62 years of age.! Psychiatric problems are the most common
initial symptom and the disease may be mistaken for
schizophrenia, Alzheimer’s disease, or depression.t”? It has
been observed that symptoms of peripheral neuropathy may not
be obvious clinically athough they will be evident on nerve
conduction studies.?-? | solated peripheral neuropathy associated
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with late onset MLD may be mistaken for Charcot-Marie-Tooth
disease in the absence of EM studies and biochemical analyses.

Three cases have been reported where periphera neuropathy
was the sole presenting problem.? In the first two cases (ages 38
and 45), the Apd alele was absent but no other causative
mutation was identified. The most recent case® was very similar
to our own. The levels of aryl A activity were reduced but still
significant in both cases. Both the case reported by Felice et a*
and our own were homozygous for the same thr286pro mutation.
Our expression studies confirmed this mutation as a partial
activity mutation consistent with a late onset for MLD.

Our patient did not present until her late 40s and has since
followed a dowly progressive course of peripheral neuropathy
over 12 years of observation. Thisisin contrast to the other case®
where the patient was a young adult, age 22, whose symptoms
resolved after one year. It will be interesting to see how this case
develops as the young man ages.

Both our case and the previous one occurred in individuals of
Asian/Indian descent. On the basis of only two cases we can only
speculate about ethnic correlations especially since this atypical
late onset disease may well be under-diagnosed given the
mildness of symptoms.
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