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Metachromatic Leukodystrophy: Diagnosis and Treatment Challenges

Abstract: Metachromatic leukodystrophy is a neurological disease of the lysosomal deposit that has a significant impact given 
the implications for the neurodegenerative deterioration of the patient. Currently, there is no treatment available that reverses 
the development of characteristic neurological and systemic symptoms. Objective. Carry out an updated bibliographic search on 
the most critical advances in the treatment and diagnosis for LDM. A retrospective topic review published in English and Spanish 
in the Orphanet and Pubmed databases. Current treatment options, such as enzyme replacement therapy and hematopoietic 
stem cell transplantation aimed at decreasing the rapid progression of the disease, improving patient survival; however, these 
are costly. The pathophysiological events of intracellular signaling related to the deficiency of the enzyme Arylsulfatase A and 
subsequent accumulation of sulphatides and glycosylated ceramides have not yet been established. Recently, the accumulation 
of C16 sulphatides has been shown to inhibit glycolysis and insulin secretion in pancreatic cells. The significant advance in 
technology has allowed timely diagnosis in patients suffering from LDM; however, they still do not have an effective treatment.
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Introduction
Metachromatic leukodystrophy (LDM) is a neurodegene-

rative lysosomal deposition disease caused by a deficiency in 
the enzyme Arylsulfatase A (ARSA), which leads to an accu-
mulation of sulfates in lysosomes, lipids of great importance in 
the structure of myelin. The lysosomal deposition of sulphati-
des in neurons and myelinating cells produces severe demyeli-
nation and neurodegeneration of central (CNS) and peripheral 
nervous systems (PNS)1,2.

According to the progress of the disease and the onset of 
symptoms, it is classified into three stages: late infantile, juve-
nile, and adult3. Although there is still no effective treatment 
to reverse the symptoms, different therapeutic strategies are 
in the research and deepening phase3.

There are no pathological mechanisms by which the ac-
cumulation of sulfates leads to lamyelination in CNS and PNS 
cells. However, in in vitro and in vivo models of pancreatic B 
cells, the accumulation of sulphatides can inhibit insulin secre-
tion and therefore disable the glycolytic function of the cells4–6. 
The main objective of this review is to carry out an updated 
bibliographic search on the most critical advances in the treat-
ment and diagnosis of LDM.

Methods
Retrospective review article consisted of searching for 

articles published in English and Spanish in the Orphanet 
and Pubmed databases with the keywords, Medical Subject 
Headings (MeSH): Metachromatic leukodystrophy, treatment, 
diagnosis, prevalence.

Review articles, meta-analyses, systematic reviews, and 
studies that preferably had descriptions of cellular mechanis-
ms in LDM were included; 80 relevant references are inclu-
ded due to their historical antecedents considered valuable 
to complement the information and have LDM criteria. Other 
references support the descriptions of essential mechanisms 
in this pathology.

Results
3086 articles containing MeSH were found: When spe-

cifying "Metachromatic leukodystrophy", 1,650 articles were 
found, 410 with the words "Metachromatic leukodystrophy, 
treatment," 932 with "Metachromatic leukodystrophy, diag-
nosis" and 94 "Metachromatic leukodystrophy, prevalence". 
Of all the articles, 80 references were located considering 
that metachromatic leukodystrophy is the infantile stage and 
studies in which new diagnostic technologies and treatments 
were mentioned, Figure 1.

LEUKODYSTROPHIES
According to the National Institute of Health of the United 

States (NIH) and the Neurological Disorders Unit, leukodystro-
phies or leukoencephalopathies7 are a group of rare diseases 
caused by genetic defects, leading to the presence of chemical 
deposits within cells of both the CNS and the PNS, resulting in 
the deterioration of the myelin sheath8,9.

This pathology is characterized by demyelinating proces-
ses that primarily affect the CNS and later the PNS10,11. Leu-
kodystrophies have an incidence of 1 in 7,500 live births; howe-
ver, only half of the patients receive a specific diagnosis7,12.

The European Association of Leukodystrophies (ELA) 
classification includes those caused by peroxisomal content, 
lysosome, vacuolation, undetermined atypical hypomyelina-
tion. All of these leukodystrophies target myelin; in some ca-
ses, its degradation occurs, and in others, there is no formation 
of it13,14.

Specific leukodystrophies include metachromatic leu-
kodystrophy, Krabbé disease, adrenoleukodystrophy, Peli-
zaeus-Merzbacher disease, Canavan disease, and childhood 
ataxia hypomyelination of the central nervous system (also 
known as substance disappearance disease or white matter), 
Alexander's disease, Refsum's disease, and cerebrotendinous 
xanthomatosis15.

The progress of the disease is rapid and devastating. It can 
occur at any age, both in childhood and in adults12. Currently, 
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few reports are generated on diagnostic tests, treatment, and 
the course of this disease.  The current diagnosis is based on 
clinical history, examinations, radiological and laboratory fin-
dings, including genetic tests12,15. This review summarizes the 
knowledge about the epidemiology, pathophysiology, diagno-
sis, and treatment of Metachromatic Leukodystrophy.

Metachromatic Leukodystrophy (MLD)
MLD was first described in 1910 by Perisini and Alzhei-

mer's in adult patients3,16. In 1925, Scholz published a pa-
thological clinical study of juvenile MLD, and 34 years later, 
Peiffer showed that the neural tissues in Scholz's study had 
metachromatically stained sections. In 1958, independently, 
Jatzkewitz discovered that the metachromatic sections resul-
ted from the accumulation of sulphatides. On the other hand, 
Austin and his colleagues were the ones who discovered the 
defect in the activity of the enzyme arylsulfatase A. Greenfield 
made the first report of infantile MLD in 1933, and the term 
"metachromatic leukodystrophy" (metachromatischen Leu-
kodystrophien) was first used by Peiffer in 1959 to describe 
what was previously known as "diffuse cerebral sclerosis"16,17.

MLD (OMIM # 250100) is a lysosomal storage disorder 
with an autosomal recessive pattern of inheritance, so carriers 
of one copy of the abnormal gene are not affected by the disea-
se18,19. MLD is caused by mutations in the ARSA gene, located 
on chromosome 22q13.3320, that encodes the lysosomal en-
zyme Arylsulfatase A (ARSA) (ARSA; OMIM 607574, GenBank 
accession number, NG_009260)21,22.

Among the types of mutations that have been reported in 
ARSA are amino acid substitutions, nonsense mutations, dele-
tions, and sense-change mutation. ARSA is a crucial enzyme 
in the catabolism of sphingolipids, an abundant component of 
myelin, Figure 2. The progressive accumulation of sulphatides 
in the lysosomes of neurons and myelinating cells (Schwann 
cells in the PNS, oligodendrocytes in the CNS) causes severe 
demyelination and neurodegeneration progressive neurologi-
cal deficits, and premature death in childhood form23.

MLD has three clinical subtypes: late-infantile, juveni-
le, and adult17. Each of the subtypes has characteristics that 
make them different from each other.

Late childhood MLD
The start occurs before 30 months. Typical findings are 

weakness, hypotonia, clumsiness, frequent falls, difficulty 
walking, and dysarthria. As the disease progresses, motor, 
cognitive, and language skills deteriorate. Later signs include 
spasticity, pain, seizures, impaired vision, and hearing. Of the 
cases of MLD, 50 to 60% are of late childhood presentation24. 
In the final stages, children have tonic spasms, mindless pos-
ture, and general ignorance of their environment17.

Juvenile MLD
The clinical signs of this pathology appear between 30 

months and 16 years of age. This clinical form of the disease 
represents 20 to 30% of MLD cases25. Initial manifestations in-
clude decreased school performance and the appearance of 
behavioral problems, followed by gait disturbances. Progres-
sion is similar but slower than in the late-infant form17.

Adult MLD
Symptom presentation occurs after 16, sometimes up 

to the fourth or fifth decade, and represents 10 - 20% of the 
MLD cases25. Initial signs include problems with school or work 
performance, personality changes, emotional lability, or psy-
chosis; in other patients, neurological symptoms (weakness 
and loss of coordination that progresses to spasticity and in-
continence) or seizures predominate. Peripheral neuropathy is 
common. The course of the disease is variable, with periods of 
stability interspersed with periods of decline. The final stage is 
similar to the juvenile and infantile forms17.

Epidemiology - Prevalence
Currently, there are no relevant reports of prevalence 

worldwide, since there is talk of a set of orphan llama diseases, 
considered in the countries of the European Union as one that 
affects one in 2,000 people; less than 200,000 people affect 
the United States, less than 50,000 people in Japan, less than 
one in 10,000 in Taiwan and one in 5,000 in Colombia26.

However, in the Orphanet database that describes the 
MLD, an estimated prevalence of 1 case in 625,000, with an 
incidence of 0.5 and 1 in 50,00025,27–30.

Figure 1. List of findings and selection of references for this review article.
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In Latin America, the reports generated so far are focused 
on describing cases and mutations in the ARSA gene31–37.

PATHOPHYSIOLOGICAL MECHANISMS OF THE DISEASE
MLD is a neurodegenerative disease characterized by the 

accumulation of sulfates (sulfated glycosphingolipids, espe-
cially sulfogalactocerebrosides or sulfogalactosylceramides) 
in the central nervous system, kidneys, and in other organs 
such as the retina, liver, testes, pancreas, sweat glands, adre-
nal cortex, and tissue. rectal38. The PNS is systematically 
affected, causing a decrease in nerve conduction velocities. 
This disorder progresses to a state of decerebration after a 
few years, resulting in death within 5 years after the onset of 
symptoms39.

Galactosylceramide (GalC) and its sulfated form, the sul-
phatides, are two glycosphingolipids found in high concentra-
tions in the CNS and PNS cell membranes. GalC and sulpha-

tides comprise 23% and 4% of the total mass of myelin lipids, 
respectively, and together account for about a third of the 
content of the myelin sheath40,41. Among the primary myeli-
nating cells, oligodendrocytes and sulfate-producing Schwann 
cells42. In the nervous system, sulphatides are related to inter-
cellular recognition, cell differentiation, the interaction of the 
myelinating cell with the axon, the maintenance of the axonal 
structure, and nerve conduction39-42.

The myelin sheath is an extended membrane, which spi-
rally wraps around a portion of the axon. Each myelin sheath is 
extended by modifying the cell membrane of oligodendrocytes 
and Schwann cells, forming a structure with several myelin 
segments surrounding the axon (Figure 3)40.

Each oligodendrocyte can contribute to the protection of 
around 50 different axons. In addition to its importance in driving 
the nerve impulse, myelin may have a symbiotic relationship 
with the axon45. Other publications suggest that the develop-

Figure 2. Synthetic sulfatide route.

Figure 3. Structure of the myelin sheath. Source: Figure adapted from Poitelon Y. et al., 202026. Diagram of the structure of the 
myelin sheath, (I) myelinated axon, (II) myelin sheath, (III) Bilayer membrane, and (IV) Lipid classes. Myelin is formed by the opposition 
of the external surfaces and the internal surfaces of the myelin bilayer that constitute the intraperiodic line and the dense main line, 
respectively (II, III). The myelin bilayer has an asymmetric lipid composition (III, IV). The myelin protein is also distributed asymmetrica-
lly, such as PLP (Proteolipid Protein) and P0 in the intraperiodic line and the dense mainline, the PMP2 protein in the dense main line 
(III), as well as the composition of cholesterol, phospholipids (e.g., Plasmogen, lecithin, sphingomyelin), glycolipids (eg, Galactosylce-
ramide) and other phospholipids. Proteins P0, PMP2, and enrichment of sphingomyelin in myelin are specific for myelin PNS.
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ment of myelin occurs synergistically with the axon and that 
the axonal cytoskeleton does not form correctly in the absence 
of myelin46. Myelin is usually synthesized in MLD. However, the 
progressive accumulation of sulfatides induces instability of the 
myelin membrane, leading to final demyelination.

Myelin formation occurs in two ways. In the CNS, widely 
branched oligodendrocytes form myelin around multiple axons 
at the same time, allowing for higher neuronal density in the 
brain. On the other hand, in the PNS, Schwann cells circulari-
ze an axon with several layers of myelin, forming a multilayer 
structure. Although the primary function of myelin is the same 
in the CNS and PNS, the molecular requirements for myelin 
formation differ. In general terms, myelination is a complex 
process during which a set of proteins and lipids are synthe-
sized in a coordinated way by glial cells (Schwann cells and 
Oligodendrocytes). i) the pluripotent precursors of Schwann 
and Oligodendrocyte cells must differentiate; for this, a set 
of transcription factors is involved in the cell's potential de-
velopment and its myelinating function. ii) the precursor cells 
must migrate to the myelination site; this step is believed to 
require communication between the migrant cells and the 
axons. iii) when the cell contacts the axon, transcriptional and 
post-transcriptional changes force the exit of the cell cycle 
and the differentiation of the cell into a mature Oligodendro-
cyte or Schwann cell. iv) Myelin synthesis is carried out around 
the axon to form a compact and functional structure to finally 
v) ensure that the structure and function of myelin are preser-
ved through the continuous expression and synthesis of each
of the components of myelin46.

Although many of the myelin components have been rela-
ted to the assembly and maintenance of the structure of this47, 
Galactolipids and sulfatides, the main components of myelin, 
have received significant attention. The synthesis and matura-
tion of most of these compounds begin in the endoplasmic re-
ticulum and rapidly spreads to the extracellular space through 
the early secretion system48,49.

As already mentioned, this myelination process is continuous, 
establishing a balance in the amount of each of its compounds.

Diverse studies50–52 have shown that mitochondria and 
lysosomes are critical organelles for the maintenance of ho-
meostasis in myelinating cells; likewise, there is a close rela-
tionship between these two and the interaction directly with 
cellular stress50, In this way, communication between mito-
chondria and lysosomes can lead to mitophagy, processes 
in which damaged mitochondria target autophagosomes for 
lysis. Autophagosomes subsequently fuse with lysosomes / 
late endosomes to generate autolysosomes that mediate the 
degradation of mitochondria, or in contrast, mitochondria and 
lysosomes can also interact directly through nondegradable 
processes through the dynamic formation of sites of Membra-
ne contact between organelles in healthy mammalian cells, 
leading to transfer of lipid, calcium, and iron metabolites, re-
gulation of organelle dynamics, such as mitochondrial division 
and endosomal division50.

However, the misregulation of mitochondria or contacts 
with lysosomes can simultaneously lead to the dysfunction of 
both organelles in various lysosomal storage disorders (LSD) 
such as MLD, which has been genetically and functionally re-
lated to mitochondrial and lysosomal defects53.

DIAGNOSIS
Diagnosis of MLD requires a high level of complexity; 

however, Technological development is allowing the evolu-
tion of new diagnostic strategies aimed not only at identifying 

ARSA enzyme deficiency but also at the presence of findings 
such as progressive neurological dysfunction or evidence of 
typical lesions on magnetic resonance imaging, characteristic 
of the disease.

For the diagnosis of MLD, one of the following events must 
be present: 

• Identification of biallelic ARSA pathogenic variants in
molecular genetic tests (see Table 1).

• Identification of increased urinary excretion of sulfa-
tides.

• Identification of metachromatic lipid deposits in a
nerve or brain biopsy.

THERAPIES - TREATMENT
Due to the lack of information on this disease, few treat-

ments aimed at safeguarding the lives of patients, mainly be-
cause the barrier between the blood and the brain limits the 
access of the recombinant product to the nervous tissues54,55.

Currently, there is no treatment available to reverse the 
fatal outcome of this devastating disease; therapy is only su-
pportive, disease severity and lack of effective therapies des-
cribe the need for innovative therapeutic approaches54, howe-
ver, according to the database of clinicaltrials.gov, To date, 36 
clinical trials have been registered, of which 6 are in an active 
state, focused on determining the natural history of the di-
sease, efficacy, and safety of HGT-1110 (recombinant human 
arylsulfatase A), gene therapy based on lentiviral vectors, bio-
marker search, Human placental-derived stem cell transplan-
tation in participants with MLD.

Symptom treatment and support
At the beginning of the disease, the patient is treated with 

remedies for epilepsy, muscle relaxants for contractures, phy-
sical therapy to improve nerve and muscle function, stimula-
tion to maximize the intellect, and finally support to the fa-
milies of those affected so that the parents and/or caregivers 
can anticipate decisions about wheelchairs, feeding tubes, and 
other care9,36,56.

Enzyme replacement therapy
Enzyme replacement therapy has become the most pro-

mising therapeutic option for various lysosomal diseases due 
to its potential to compensate for the deficiency; it is current-
ly available as a treatment for some disorders such as Fabry, 
Gaucher, Pompe, mucopolysaccharidosis I, II, VI and it's under 
development for others like MLD54. However, this type of the-
rapy remains challenging because the blood-brain barrier is 
impervious to lysosomal enzymes57,58.

Currently, there are three-phase I and II studies reporting 
the safety, efficacy, and pharmacodynamics of this type of 
therapy in patients with MLD59–61. In this therapy, recombinant 
human arylsulfatase A (rhASA) has been used, which has ge-
nerated changes in the concentrations of sulfates in CSF and 
urine of the patients from the beginning to the end of the study, 
demonstrating an excellent therapeutic start61,62.

Gene therapy
Therapy based on the overexpression of wild-type ARSA 

in different cell types. This type of therapy has been success-
ful when autologous hematopoietic stem cells obtained from 
patients with MLD are used, in which the ARSA gene is ove-
rexpressed by gene transfer using retroviral or lentiviral vec-
tors63. The wild-type synthesized ARSA secreted by these ge-
netically engineered autologous hematopoietic stem cells are 
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Table 1. Diagnostic methods for the identification of MLD.

absorbed by adjacent ARSA-deficient cells through the man-
nose-6-phosphate receptor system64.

Today, there are complete and ongoing clinical trials in which 
gene therapy has been used as an adjunct in patients with MLD65.

Hematopoietic stem cell therapy
With this type of therapy, it is possible to reach the 

blood-brain barrier by using hematopoietic stem cells that di-

fferentiate into microglial cells66. In principle, once the donor's 
microglial cells cross the blood-brain barrier, they can secrete 
the wild-type ARSA enzyme, taken up by ARSA-deficient re-
ceptor neuronal cells. This uptake is performed by the man-
nose-6-phosphate receptor system, which carries the enzyme 
directly to the lysosomes, where the sulfatides accumulate in 
the ARSA receptor-deficient neural cells63,67.
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Despite being a promising therapy in clinical trials, it has 
been shown that the main complication that can occur in trea-
ted patients is the presence of graft-versus-host disease. The 
drugs used for this type of therapy have been busulfan, cyclo-
phosphamide, anti-thymocyte globulin (ATG), tested on both 
children and adults67,68.

Brain gene therapy with adeno-associated virus (AAV) 
vectors

This type of therapy is ideal for treating MLD patients 
since the genetic message for the ARSA gene could be sent 
directly to the SNC. This therapy has the use of AAV vectors 
that have low immunogenicity, low oncogenic potential throu-
gh insertion mutagenesis, and in addition to this, three main 
characteristics that make it unique:

- Because it is safe, it can be administered directly in
the CNS to Through the intraparenchymal, intracerebroven-
tricular, and intracisternal routes where the ARSA protein is 
expressed persistently and permanently in a single dose.

- Once this therapy is administered at the site of action, 
it has the ability to prevent the symptoms of the disease69–71. 

- The ARSA protein when expressed in healthy cells is
capable of cross-correcting neighboring cells, therefore cells 
that are corrected will secrete the protein that is endocitated 
through the mannose-6-phosphate receptor (M6P) pathway72.

AAVs that have been used so far for the treatment of MLD 
have been AAV5, and then with the discovery of serotypes deri-
ved from non-human primates, studies with AAVrh were conduc-
ted71,73–75.

CRISPR Cas9
This technique has become a novel and widely used research 

tool with which rapid, easy and efficient genetic modification is 
achieved76, with which alleles that cause disease are repaired by 
changing the DNA sequence at the exact location of the chromo-
some10. The acronym CRISPR Cas9 comes from Clustered Re-
gularly Interspaced Short Palindromic Repeats, in Spanish "Short 
Palindromic Repeats Grouped and Regularly interspaced".

This technology has enabled two-stage genome editing. In 
the first, guide RNA, which is specific to a DNA sequence, is asso-
ciated with the enzyme Cas9 endonuclease, which works by cut-
ting DNA. In the second stage, natural repair mechanisms of the 
cut DNA are activated. In which indel (insertion-deletion) can be 
generated or, moreover, a specific sequence is incorporated exact-
ly at the original cut site. For this, the sequence of interest is su-
pplied to the cell in such a way that it is integrated into the DNA77.

This technology brings hope of a cure not only for MLD but 
for many other genetic diseases such as Alzheimer's, Cancer, 
AIDS, Cystic Fibrosis, etc., for many genetic diseases. It should 
be noted that to date it has not been used as a treatment for 
patients with this type of disease78.

Conclusions
Despite great research efforts to find an effective treat-

ment for MLD, these approaches have not been effective not 
only because of the low efficiency of gene editing but becau-
se gene therapies must cross the blood-brain barrier. which 
becomes a challenge. Therefore, patients with MLD continue 
without any treatment and, above all, there are still gaps in 
knowledge about the management of this disease.

Given the limitations presented by existing therapies in the 
treatment of MLD, it is necessary to investigate new therapies 

to increase the effectiveness of the treatment.
Considering the panorama in MLD, it is essential to conti-

nue in the constant search that points to the understanding of 
epidemiology and diagnostic tools for the disease.
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