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Krabbe disease (KD), also known as globoid cell leukodystrophy, is a rare autosomal recessive condition caused by mutations in the galactocerebrosidase (GALC) gene. KD is more common in infants and young children than in adults. We reported the case of an adult-onset KD presenting with progressive myoclonic epilepsy (PME) and cortical lesions mimicking mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) syndrome. The whole-exome sequencing (WES) identified a pathogenic homozygous missense mutation of the GALC gene. Parents of the patient were heterozygous for the mutation. The clinical, electrophysiological, and radiological data of the patient were retrospectively analyzed. The patient was a 24-year-old woman presenting with generalized seizures, progressive cognitive decline, psychiatric symptoms, gait ataxia, and action-induced myoclonus. The brain magnetic resonance imaging (MRI) revealed a right occipital cortical ribbon sign without any other damage. This single case expands the clinical phenotypes of adult-onset KD.
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Introduction

Krabbe disease (KD) is an autosomal recessive condition initially reported by the Danish neuropathologist Knud Krabbe (1). It is now classified as a sphingolipidosis, a lipid storage disorder caused by the deficiency of an enzyme that is required for the catabolism of lipids that contain ceramide. Mutations in the galactocerebrosidase (GALC) gene on chromosome 14q31 cause a deficiency of an enzyme called galactosylceramidase, resulting in an abnormal and toxic accumulation of psychosine in oligodendrocytes. The clinical hallmarks of KD include the demyelination and gliosis of multinuclear macrophages (globoid cells) in the white matter. The most common form of KD usually begins before the age of 1 year. Initial signs and symptoms typically include irritability, feeding difficulties, developmental delay, and seizures. Brain magnetic resonance imaging (MRI) is characterized by aberrant signals in the basal ganglia, cerebellum, corpus callosum, and demyelination of the white matter in posterior regions. Due to the severity of the condition, infants with KD rarely survive beyond the age of 2 years. Less commonly, KD begins in childhood, adolescence, or adulthood (2). Individuals with late-onset KD may survive many years after the condition begins and are identified by progressive spastic paraplegia and gait abnormalities. In the late-onset KD, brain MRI abnormalities implicated the bilateral pyramidal tracts, the posterior ventricle, parietal-occipital white matter, and the corpus callosum (3).

In this study, we described a Chinese patient with adult-onset KD and a homozygous missense mutation in the GALC gene, characterized by progressive myoclonic epilepsy and an asymmetric occipital cortical ribbon sign. The patient was previously misdiagnosed as having mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes (MELAS) syndrome. This case report describes new clinical and radiological manifestations of adult-onset KD.



Case presentation

In August 2019, a 22-year-old Chinese woman born from consanguineous parents (cousins) developed generalized tonic-clonic seizures (GTCS). There was no family history of relevant disorders. In early life, her physical and intellectual growth was unremarkable. The GTCS was treated at the local hospital. At home, the patient discontinued several anti-seizure drugs, such as valproate, clonazepam, and oxcarbazepine. The patient's family noticed limited responsiveness to external stimuli, with decreased production and fluidity of speech. The patient's behaviors became childlike with no apparent reason. The patient started to exhibit action- or posture-induced myoclonus involving the trunk and extremities, particularly the legs. She experienced difficulty in walking and intolerance to physical exercise. In January 2020, she complained several episodes of GTCS. The frequency of seizures decreased when she started taking levetiracetam and lamotrigine. To determine the epileptic cause, she was referred to our hospital in October 2021.

At the time of admission, the physical examination showed horizontal nystagmus, mild dysarthria, gait ataxia, hypotonia and hyperreflexia in all limbs, bilateral pyramidal signs, and pes cavus. The finger-to-nose and rapid alternating movement tests were abnormal. Her head and limbs showed shaking-like involuntary movements while walking or standing. Orientation in space and time was normal but attention, calculation, and comprehension were impaired. She did not cooperate during the sensory testing.

Laboratory tests and cerebrospinal fluid evaluation were normal, including the screening for autoimmune encephalitis and paraneoplastic syndromes-related antibodies. On ultrasound examination, there was no visceromegaly or evident masses. The optical coherence tomography fundus images were normal. The reduced motor nerve conduction velocity, compound muscle action potential amplitude of median nerves, and the sensory conduction velocity of peroneal and sural nerves suggested the presence of a demyelinating peripheral neuropathy. The interictal electroencephalogram (EEG) showed severe generalized slowing waves (Figure 1). Brain MRI exhibited a right occipital cortical ribbon sign on T2-weighted and fluid-attenuated inversion recovery (FLAIR) sequences, with global brain atrophy and ventricular enlargement. Diffusion-weighted imaging (DWI) and susceptibility-weighted imaging (SWI) sequences revealed no other abnormalities (Figure 2).


[image: Figure 1]
FIGURE 1
 An interictal electroencephalogram (EEG). The EEG showed generalized slowing waves (20–40 μV) and theta waves (6–7 Hz).
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FIGURE 2
 Brain magnetic resonance imaging (MRI). Axial diffusion-weighted imaging (DWI), T1-weighted, and susceptibility-weighted imaging (SWI) sequences (1, 2, and 6) revealed no other abnormalities. Axial T2-weighted and fluid attenuated inversion recovery (FLAIR) sequences (3 and 5) showed a right occipital cortical hyperintense signal. Sagittal T2-weighted scan (4) showed global brain atrophy and ventricular enlargement with occipital cortical hyperintense signal.


There were other manifestations of psychiatric, cognitive, or movement disorders. Although antibodies were negative for autoimmune encephalitis, we used high-dose glucocorticoid therapy (500 mg/day for 5 days). The treatment, however, was ineffective. Meanwhile, we diagnosed a progressive myoclonic epilepsy (PME). Based on clinical presentations and MRI findings, we suspected probable MELAS syndrome or atypical autosomal-recessive cerebellar ataxia (ARCA). The whole-exome sequencing (WES) analysis identified pathogenic homozygous missense mutations of the GALC gene, c.1901T>C (p.Leu634Ser). The Sanger sequencing confirmed that these mutations were inherited from her parents (Figure 3). Then, we diagnosed an adult-onset KD. Serum GALC enzyme activity was found to be ~3.3 nmol/17 h/mg protein (normal range > 12.7 nmol/17 h/mg protein), providing additional support for the clinical diagnosis. There are currently no approved treatments for KD. Adult-onset KD might benefit from hematopoietic stem cell transplantation, as described in a single case report (4). The family refused the treatment due to the high risk of failure.


[image: Figure 3]
FIGURE 3
 Pedigree of the family with Krabbe disease (A) and genetic evaluation of GALC (B). The pedigree chart shows that the patient's father (I-1) and mother (I-2) were cousins. The proband (II-1) is indicated by a black arrow. The genetic evaluation showed that the c.1901T>C (p.Leu634Ser) mutation of the proband was inherited from her parents.


A few months later, the patient experienced new GTCS with a general deterioration of neurological function, such as persistent confusion, cataphasia, and insomnia. Her family reported a transient gaze paresis of the right side, with involuntary twitch-like movements affecting her right upper limb and mouth. The EEG findings showed numerous irregular left-sided delta waves mixed with a large number of sharp waves, spikes, and wave discharges (Figure 4). Brain MRI showed a damage to the left cerebral hemisphere (Figure 5). Magnetic resonance spectroscopy (MRS) found an increased peak of choline, a decreased peak of N-acetylaspartate and an inverted peak of lipid-lactate in bilateral basal ganglia (Figure 6). She was treated with levetiracetam (1,500 mg/day) and lamotrigine (200 mg/day). She gradually returned to consciousness, the frequency of abnormal involuntary movements decreased.


[image: Figure 4]
FIGURE 4
 An ictal EEG. The EEG showed left-sided abnormalities with numerous delta waves, including slow waves mixed with sharp waves, spikes, and wave discharges.
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FIGURE 5
 Brain magnetic resonance imaging. Axial DWI, T2-weighted and FLAIR sequences (1, 3, 5, and 6) showed damage in the left cerebral hemisphere covering the frontal, temporal, and occipital lobes. Axial T1-weighted sequences (2) revealed hypointense signal in corresponding areas. Coronal FLAIR MRI (4) revealed high signal changes in the hippocampal area and the left temporal cortex.
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FIGURE 6
 Brain magnetic resonance spectroscopy (MRS) showed an increased peak of choline, a decreased peak of N-acetylaspartate, and an inverted peak of lipid-lactate around bilateral basal ganglia.




Discussion

We described an adult case of KD with atypical clinical and neuroimaging characteristics. We reported for the first time an adult-onset KD presenting PME, a rare epileptic syndrome most commonly inherited in a recessive manner. PME usually appears in late childhood or adolescence with myoclonus, multiple seizure types, cerebellar symptoms, and a progressive degeneration of neurological function (5). The most common causes of PME are lysosomal storage disorders (e.g., neuronal ceroid-lipofuscinoses, Gaucher disease, and sialidosis), mitochondrial disorders (e.g., myoclonic epilepsy with ragged red fibers), spinocerebellar ataxia, Lafora disease, and Unverricht-Lundborg disease (6). Delays in diagnosis are common due to the lack of disease awareness, non-specific clinical presentation, and limited access to diagnostic testing resources in some areas. Our case was early misdiagnosed as an autoimmune encephalitis and incorrectly treated with glucocorticoids. When epilepsy or autoimmune encephalitis is suspected but patients do not respond well to immunotherapies or show no radiological improvements, there is a possibility of misdiagnosis. Only four provinces and cities in China have implemented newborn screening for lysosomal storage disorders. In addition, the test of enzyme is very common in pediatric departments, while it tends to be ignored in adult neurology, which may lead to the underestimation of the late-onset KD prevalence. Therefore, more attention should be directed to adult-onset genetic disorders, especially when common causes have been excluded.

In neurological disorders, an imaging examination is an essential component in the differential diagnosis. In our patient, the MRI findings lead to diagnostic pitfalls. The main imaging feature of KD is leukoencephalopathy, but our patient revealed no widespread supra- or infratentorial white matter signals. The corticospinal tracts, regarded as the most frequent areas involved in adult-onset KD, were not damaged. On initial inspection, the occipital lobe showed a unilateral cortical ribbon sign. When combined with clinical symptoms, the cortical ribbon sign is highly suggestive of mitochondrial disorders. When the cortical ribbon sign is present, multiple autoimmune or metabolic encephalitis, or sporadic Creutzfeldt-Jakob disease should be considered in the differential diagnosis. MELAS syndrome is a relatively common mitochondrial disorder characterized by stroke-like episodes involving the cerebral cortex and diagnosed by genetic testing. We detected no mutations in mitochondrial or nuclear DNA, but we found a homozygous missense variant carrying a c.1901T>C (p.Leu634Ser) mutation in the GALC gene. So far, more than 300 mutations of the GALC gene have been found in patients with KD. The identified pathogenic variant indicated that thymidine at the 1901st position of the coding region of GALC changed to a methylated cytosine, leading to an amino acid substitution (leucine to serine, the 634th amino acid). Her parents were phenotypically normal with a heterozygous GALC gene missense variant. According to the GnomAD database, the frequency of this variant is 0.006 in the East Asian population. This variant was predicted to be “probably damaging” by PolyPhen-2 and “deleterious” by the Sorting Intolerant from Tolerant (SIFT). Previous research demonstrated that this missense mutation inhibited protein synthesis in vitro. Of interest, all patients carrying this variant were associated with a late-onset and mild form of KD. They all were Asian people, particularly from Japan (7), China (8), and Korea (Table 1). Unlike previous reported cases with a relatively benign phenotype, our patient was associated with a more rapid course and worse outcomes (9).


TABLE 1 The clinical and radiological characteristics of Krabbe disease (KD) patients with p.L634S (also known was L618S) mutation previously reported.

[image: Table 1]

The GALC gene dysfunction lowers the activity of the GALC enzyme, which catalyzes the hydrolysis of galactose from several glycosphingolipids (10). Psychosine, a substrate of the GALC enzyme, is a biomarker for infant KD. In the late-onset KD, the diagnosis is supported by a low activity of the GALC enzyme (0–5% of normal activity) in leukocytes. The age of onset and severity of lysosomal storage disorders are often related to the activities of enzymes involved in the disease, with individuals with some enzymatic activity having a higher age of occurrence. In KD, the loss of enzymatic activity does not always predict the development of the disease (11). We found a relatively low activity of the GALC enzyme (about 25.98% of normal activity) in leukocytes, suggesting that KD patients with the p.Leu634Ser mutation may exhibit a broader range of GALC activities. The severity of phenotype may not be necessarily represented by very low enzymatic activity. It is possible that different activities of the GALC enzyme coexist between peripheral blood and the central nervous system. The activity measured in leukocytes may not accurately reflect the activity necessary to maintain an appropriate myelination in neural tissues.

Bascou et al. suggested that vision loss could be the first indicator of late-onset KD due to a p.Leu634Ser variant (12). Our patient was able to see and count fingers but the visual acuity was not tested because of cognitive impairment. The loss of GALC activity can cause oligodendrocyte toxicity, demyelination, and poor remyelination in the brain and peripheral nerves (13). Electrophysiological findings and high arches in the feet supported the presence of a peripheral neuropathy. Previously, a restricted diffusion on DWI suggested an acute aggravation of KD in a few individuals (9). In our patient, we found a limited high signal on DWI in the interictal stage and a high signal in the acute period. DWI appears to be useful in assessing disease progression in people with KD.

We reported the case of a single patient with adult-onset KD, PME, and a cortical ribbon sign. At the beginning, the clinical and neuroimaging characteristics were strongly suggestive of MELAS syndrome. This study could help extending genetic and clinical aspects of adult-onset KD. We acknowledge that our study investigated only a single individual. Skin or muscle samples, if available, could better inform the specificities of adult-onset KD.
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