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ABSTRACT: A case of late-infantile Krabbe disease in a patient who presented with developmental regression and spastic quadriplegia in late infancy
is reported. Brain magnetic resonance imaging (MRI) at 11 months of age showed predominant corticospinal tract involvement, which usually appears
in adult Krabbe disease. Galactocerebrosidase activity in lymphocytes and skin fibroblasts was very low. Genetic testing revealed compound heterozygous
mutations of the galactocerebrosidase (GALC) gene, ¢.635_646 delinsCTC and ¢.1901T>C [p.L618S], both of which are known pathogenic mutations.
It has been reported that the ¢.1901T>C [p.L618S] mutation is associated with the late-onset phenotype and, in a past case, a homozygous mutation at this
location showed predominant corticospinal tract involvement on MRI. Although further analysis is needed to identify the pathophysiological mechanism,
this combination of mutations is likely to be associated with this unusual MRI finding in late-infantile Krabbe disease. Because these types of mutations
are common for Japanese patients, it is possible that there are more undiagnosed and late-diagnosed patients of late-infantile Krabbe disease who display

limited lesions on MRI. Pediatricians should be aware that patients with late-infantile Krabbe disease can present with predominant corticospinal tract

involvement on MRI.
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Introduction

Krabbe disease is a rare neurodegenerative disorder caused by
galactocerebrosidase (GALC) deficiency due to GALC gene
mutations. Four clinical forms of Krabbe disease are classi-
fied based on the age of onset and severity of disease: early-
infantile (onset before six months), late-infantile (onset six
months to three years), juvenile (onset three to eight years),
and adult (onset after nine years) forms. The latter three forms
are also categorized into late-onset form in contrast to the typ-
ical early-infantile form.»? To date, more than 120 mutations
in the GALC gene have been found in patients with Krabbe
disease, and the pattern of mutations is partly reflected in the
phenotypes of the disease.’

Magnetic resonance imaging (MRI) pattern recognition
studies have indicated characteristic radiologic phenotypes for
this disorder.* Several reports have identified unusual radio-
logic findings in Krabbe disease patients.® However, genetic
mutations in cases of those exhibiting unusual images have
not been reported.

A case of late-infantile Krabbe disease in which brain
MRI findings showed predominant corticospinal tract
involvement in white matter, which usually appears in the adult
form is described; genetic testing revealed two GALC muta-
tions (c.635_646 delinsCTC and ¢.1901T>C [p.L618S]).

The patient’s next of kin gave consent for publication of
images and details of the case.

Case

This female patient was born after an uncomplicated
40-week gestation period. She was the first child of healthy,
nonconsanguineous parents. There was no family history of
neurodegenerative disorders. Her development was normal
during early infancy, and she could sit alone, crawl, and stand
assisted at eight months of age. Thereafter, her development
regressed. She was observed to have unsteady sitting, and she
startled easily to even soft sounds. At 11 months of age, she
was referred to our hospital for evaluation of developmental
regression. She smiled, tracked, and looked around. Neuro-
logical examination revealed spastic quadriplegia, involving
the lower limbs predominantly, as well as exaggerated deep
tendon reflexes.

Blood tests were all within the normal range. Pro-
tein in the cerebrospinal fluid was slightly elevated (52 mg/
dL; normal: 10-40 mg/dL). Nerve conduction studies of
the right median and right tibial nerves were within the
normal ranges (median nerve: motor conduction velocity
[MCV] 47.2 m/s, normal 42.3 £ 6.4 m/s; compound mus-
cle action potential [CMAP] 10.45 mV, normal 4-25 mV;
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Figure 1. Axial FLAIR (A-E) and coronal T2-weighted (F) MRI images.

Notes: Figure shows high intensities in the bilateral corticospinal tracts from the centrum semiovale through the posterior internal capsule to the
brainstem (white arrows). There are no abnormalities of the dentate and cerebellar white matter.
Abbreviations: FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging.

tibial nerve: MCV 35.2 m/s, normal 40.8 + 6.2 m/s, CMAP:
19.8 mV, normal 7-40 mV). Brain stem auditory-evoked
potentials revealed V-wave latency delays (6.52 milliseconds
in the right ear and 6.60 milliseconds in the left ear, normal
6.16 = 0.38 milliseconds).

Brain MRI showed bilateral symmetric T2-weighted/
fluid-attenuated inversion recovery (FLAIR) hyperinten-
sities in bilateral corticospinal tracts (Fig. 1). There was
no involvement of cerebellar white matter and the deep
gray nuclei. Apparent diffusion coeflicient (ADC) map-
ping revealed increased signal intensities in the bilat-
eral corticospinal tracts (Fig. 2). The ADC value was
1.12x 107 mm?/sin the right and 1.08 x 10 mm?/s in the left
corticospinal tracts.

GALC activity in the patient’s lymphocytes and cultured
fibroblasts was 0.1 nmol/mg protein/hour and 0.029 nmol/mg
protein/hour, respectively; both were much lower than
the normal range (0.75 £ 0.27 nmol/mg protein/hour and
0.55 £ 0.18 nmol/mg protein/hour, respectively). The clinical
course and the laboratory findings confirmed the diagnosis of
late-infantile Krabbe disease. Genetic analysis was performed
after obtaining informed consent from her parents; com-
pound heterozygous mutations, ¢.635_646delinsCTC and
¢.1901T>C [p.L618S] (old nomenclature), were identified.

'The patient’s condition then worsened until she gradually
became unable to control her head, and she had little visual
attention. However, she could ingest orally and turn her atten-
tion to sounds at 29 months of age.

Figure 2. Axial ADC map images show high intensities in bilateral
corticospinal tracts (arrow heads).

Note: The ADC value was 1.08 x 103 mm?/s in the left and 1.12 x
10-3 mm?/s in the right corticospinal tracts.

Abbreviation: ADC, apparent diffusion coefficient.
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Predominant corticospinal tract involvement in Krabbe disease

Discussion

This was a case of an eight-month-old child showing onset
of Krabbe disease, classified as late-infantile-onset disease.
The patient presented with progressive spastic quadriplegia
without apparent cognitive impairment, and she had pre-
dominant corticospinal tract involvement on MRI three
months after onset. The diagnosis was based on clinical evalu-
ation, enzymatic findings, and genetic analysis. We searched
PubMed MEDLINE for late-infantile Krabbe disease with
predominant corticospinal tract involvement?” and con-
cluded that this is the first report to include these reported
gene mutations.

The MRI findings of Krabbe disease differ among
clinical phenotypes.* In the early-infantile form, MRI classi-
cally shows widespread supra- and infratentorial white matter
signal changes, predominantly in the dentate/cerebellum and
corticospinal tract, with sparing of subcortical U-fibers early
in the disease. In the late-onset forms, MRI shows parieto-
occipital periventricular white matter and posterior corpus
callosal signal changes, with sparing of subcortical U-fibers
and cerebellar white matter.”” Particularly, MRI in the late-
infantile phenotype (onset 7-12 months) shows extensive signal
abnormality in the deep cerebral white matter. Predominant
corticospinal tract involvement has been reported as a charac-
teristic pattern in adult-onset forms.*1® Although rare, there
have been reports of young children with Krabbe disease.>®
Predominant corticospinal tract involvement could be an ini-
tial finding in late-infantile-onset forms, and this could spread
to the parieto-occipital white matter with time.> In the pres-
ent case, in spite of an eight-month-old onset, MRI at three
months after onset showed predominant corticospinal tract
involvement, clinically corresponding to spastic quadriplegia
without cognitive impairment. Because the patient’s develop-
ment, including cognitive ability, then regressed slowly, it is
possible that her MRI lesion had spread. Moreover, this corti-
cospinal tract region showed hyperintensity on the ADC map,
which suggests that the corticospinal tract was vulnerable.
Based on diffusion-weighted images, active demyelinating
areas usually show hyperintensity in the early stage of the dis-
ease, and demyelinated areas become hypointense in the more
advanced stages. ADC reflects the mobility of water mole-
cules in the tissue. Normal white matter is a highly structured
tissue with a strong orientational bias. Therefore, diffusion of
water in normal white matter is constrained by the molecu-
lar structure and content of that tissue and is anisotropic. In
pathologic states, the molecular structure of white matter is
altered, and thus the degree of diffusion anisotropy changes.
In the early stage of leukodystrophies, the actively demyelin-
ating areas display increased anisotropy due to myelin edema.
In advanced stages, complete destruction of myelin areas leads
to increased water in the extracellular space and decreased
anisotropy, which lead to increased ADC values.!'™'® The
present patient carried two mutations. Genotype—phenotype
correlations have been reported for Japanese patients with

Krabbe disease.*!* If a patient has one allele of the p.L.618S
mutations (old nomenclature), the phenotype will likely be a
later-onset phenotype.3 A homozygous p.L.618S mutation has
been reported in a patient with the adult form, in which a brain
MRI showed predominant corticospinal tract involvement.!®
Previous studies have suggested that selective vulnerability of
the corticospinal tracts might be attributable to their poten-
tially greater myelin turnover compared with the other white
matter regions, where the low GALC activity is sufficient for
their maintenance.'® The molecular basis for the range of sever-
ity of the disease is not completely understood, but it is proba-
bly related to differences in the enzymatic effects of individual
GALC mutations.® The precursor form of GALC is processed
into two fragments, an N-terminal fragment and a C-terminal
fragment (active GALC), and enzyme activity depends on the
amount of protein processed from the precursor. Late-onset
mutations result in enzymes with higher GALC activity and
somewhat-processed protein.? The combination of mutations
found in the present case might be related to predominant
corticospinal involvement on MRI. Further case studies that
include genetic mutation information are needed because the
GALC mutation pattern in late-infantile Krabbe disease with
predominant cortical lesions has not been reported.

In conclusion, it has been previously reported that 90%
of Krabbe disease cases are of the early infantile-onset type;
however, recent reports indicate that about half of Krabbe
disease cases are later-onset forms.®> The two mutations in
this case were common mutations in Japanese patients. If
the mutation pattern is related to unusual images showing
predominant corticospinal tract involvement without exten-
sive deep cerebral white matter lesions during infancy, there
may be more undiagnosed and late-diagnosed patients with
late-infantile Krabbe disease. Krabbe disease is a progressive
disease, and early diagnosis before symptoms progress may
lead to better treatments.!® Performing MRI before the symp-
toms progress in the late-onset form might reveal a limited
lesion. Corticospinal tract involvement is apparent in both
early- and late-onset Krabbe disease.”” Late-infantile Krabbe
disease should be considered even when the regressed infant
shows predominant corticospinal tract involvement on brain

MRI images.
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