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INTRODUCTION
 

Leukodystrophy, a neurodegenerative disorder, is known 

to affect genetically to the central nervous system of the 

human body. It is caused as a result of abnormal 

development or destruction of the myelin sheath of the 

brain as a result, a change in white matter of the brain 

also occurs. The disease progresses more quickly if not 

diagnosed at an early age. The lifespan of the patients 

depends on the age at which they are first diagnosed. 

Currently, there is no cure for the leukodystrophies but 

stem cell therapy and bone marrow transplantation have 

been tried in some cases and found to be successful. The 

benefits of transplant, however depends on the timing, 

age of onset and severity of symptoms. The damage 

caused to the white matter can lead to inflammation in 

the CNS, along with loss of myelin. Leukodystrophy is 

generally characterized by specific symptoms including 

decreased motor function (inability to walk), muscle 

rigidity, and eventually degeneration of sight and 

hearing. It has been reported to occur 1 in 7,600 of the 

human population. The disease is further subdivided into 

lysosomal, peroxisomal and mitochondrial diseases. In 

this study, we aim to discuss leukodystrophy with respect 

to its types, occurrence, symptoms, causes, diagnosis and 

also its treatment. 

 

Types of Leukodystrophies
 

Leukodystrophy is classified into nearly 40 different type 

of which major types include the following: 

1. Metachromatic leukodystrophy 
This is a common autosomal recessive disorder caused 

by the deficiency of arylsufatase, a lysosomal enzyme 

which is required for the metabolism of sulfatides, an 

important constituent of myelin sheath.
[1] [2]

 It has various 

subtypes, some of which relate to the age when 

symptoms appear such as, late infantile MLD, juvenile 

MLD and adult MLD. In the infantile form, a loss of 

motor (movement) and verbal skill may be the first 

sign.
[3]

 Symptoms typically become progressively worse.
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ABSTRACT 
Leukodystrophy is a group of metabolic and progressive disorder that genetically affects the central nervous system 

of the human body. Leukodystrophies are caused by abnormal development or destruction of the myelin sheath of 

the brain which is caused due to the specific gene abnormality. The lifespan of the patients depends on the age at 

which they are first diagnosed. The disease progresses more quickly when it is diagnosed at an early age. 

Currently, there is no cure for the leukodystrophies but stem cell therapy and bone marrow transplantation have 

each been tried in some cases and found to be successful. The benefits of transplant however, depend on the timing, 

age of onset and severity of symptoms. The damage caused to the white matter can lead to inflammation in the 

CNS, along with loss of myelin. The white matter destruction can be observed and leukodystrophy is diagnosed by 

MRI scanning. Leukodystrophy is generally characterized by specific symptoms including decreased motor 

function (inability to walk), muscle rigidity, and eventually degeneration of sight and hearing. Leukodystrophies 

has combined incidence and is estimated 1 in 7,600 of population. The inheritance of a recessive, dominant, or X-

linked trait are involved while others, although involving a defective gene, are the result of spontaneous mutation 

rather than genetic inheritance. To study the cellular processes of myelination many research groups are 

implemented which provides insights into leukodystrophy and its related disorders. Researchers in New York have 

cured leukodystrophy successfully in mice, using skin cells to repair damaged myelin sheaths of the central 

nervous system. 
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(a)                                  (b) 

Fig. 1: (a) Shows the pathway of sulfatide metabolism (b) Shows a child suffering from MLD. 

 

2. Krabbe disease 
This is an autosomal recessive disorder that affects the 

myelin of the central and peripheral nervous systems 

caused due to deficiency of an enzyme, 

galactocerebroside (GALC) which causes degradation of 

galactolipids which are heavily present in the brain.
[4] [5]

 

This degradation is due to presence of psychosine, a type 

of galactolipid which is 100 times more in the patient 

suffering with krabbe disease and is known to be the 

major reason responsible for its cause. It is also called as 

Globoid Cell Leukodystrophy since, a specific type of 

cells called Macrophage accumulates high levels of 

undegraded galactolipids resulting in lack of GALC 

activity.
[6]

 About 90 per cent of those affected are babies, 

and symptoms usually show up before they are six 

months old. Some of the babies die at the age of 2 which 

occurs as a result of respiratory infection or brain fever.
[7]

 

Other symptoms associated with infantile krabbe disease 

include; development delay, seizures, spasticity, optic 

atrophy, neurosensoral deafness, extreme irritability, 

ataxia and progressive psychomotor decline. 

 

   
(a)       (b) 

Fig. 2: (a) Shows the mechanism of krabbe disease (b) Shows a child suffering from kabbe disease. 

 

3. Canavan disease 
Canavan disease is also called as spongiform 

leukodystrophy which is caused due to the deficiency of 

N-acetylaspartase. This results in accumulation of 

aspartic acid in urine, plasma and brain leading to 

abnormal growth of myelin sheath.
[8,10]

 This disease is 

Characterized by poor head control, decreased tone, 

regression and a markedly enlarged head. Eventually, the 

decreased tone changes to stiffness. Life expectancy is 

very limited.
[11,13]

  

 

   
Fig. 3: Shows the images of the children suffering from canavan disease. 
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4. Adrenoleukodystrophy 
It is a rare peroxisomal disorder which affects the white 

matter of CNS, adrenal cortex and testes. It is due to 

genetic defect in X-linked gene located in Xq28 causing 

deficiency of an enzyme, acyl CoA synthetase, 

preventing the breakdown of very long chain fatty 

acids.
[14,16]

 The symptoms of the childhood cerebral form 

usually appear before 10 years of age and may progress 

rapidly with time. Adrenal glands of the patient are also 

affected, which indicate not enough cortisone is 

produced. Adrenomyeloneuropathy (AMN) is also 

caused by the same genetic change which is another form 

of X-linked adrenoleukodystrophy, where the patients 

generally have spinal cord dysfunction leading to 

difficulty in walking and changes in walking pattern. The 

spinal cord and the adrenal glands are affected by this 

dystrophy.
[17,19]

 Female carriers of the gene may show 

similar, but usually much milder, symptoms. In some, 

with the same genetic change, the adrenal gland may be 

affected in isolation. Other symptoms such as Ataxia, 

hypertonia, seizures, adrenal insufficiency, sexual 

dysfunction, mild peripheral neuropathy and weight loss 

are also seen. Of the people suffering with AMN, 54% of 

the patients have normal brain function, where as 46% 

have brain involvement of varying degrees. 

 

Another form of Adrenoleukodystrophy is the “Refsum 

disease” which is caused due to inability of the 

peroxisomes to break down phytanic acid present in the 

diet.
[19]

 The symptoms of this disease do not appear from 

birth and has normal growth. However, initial symptoms 

appear after the age of 20 or sometimes after the age of 

50.
[20,21]

 Few symptoms of Refsum disease are: Retinitis 

pigmentosa, phariperal polyneuropathy, deafness, 

cerebreal ataxia, anosmia (loss of smell), papillary 

abnormalities, shortening of the toe, Nystagmus (rapid, 

involuntary rhythmic eye movements), Icthysis, 

Epiphuseal dysplasia.
[22]

 

 

   
(a)        (b) 

Fig. 4: (a) Shows the image of patient suffering from “Refsum disease” (b) Shows the pathway by which ALD 

occurs. 

 

5. Sjogren-Larsson Syndrome 
It is caused as a result of mutation in a gene called fatty 

aldehyde dehydrogenase (FADH).
[23]

 FADH produces a 

gene responsible for breaking down molecules called 

medium and long chain fatty aldehydes.
[24]

 The 

symptoms appear within first two years of life which 

include ichthyosis, mental retardation, seizures, speech 

difficulty, seizures, spasticity, glistening white dots in 

the retina of the eye, pruritis and preterm birth.
[25]

 

 

  
(a)        (b) 

Fig. 5: Shows the image of patient with the symptoms of (a) Ichthyosis (b) Glistening white dots in retina. 

 

6. Aicardi-Goutieres Syndrome 
It is also called as familial infantile encephalopathy, is an 

inherited in an autosomal recessive manner where both 

the parents of a child with aicardi-Goutieres syndrome 

carry a single copy of the defective gene responsible for 

the disease.
[26,27]

 The specific genetic defect involved in 
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the disease is yet to be identified. Therefore, the 

diagnosis of this disease is not possible. It is known to 

occur between 6-12 months of age and marked by the 

loss of acquired motor skills and spasticity. The disease 

is known to be progressive as per the age and 25% of the 

patients die before the age of 17 years.
[28,29]

 Some of the 

symptoms associated with the disease which may be 

present are microcephaly, irritability, vomiting, dystonia, 

lack of progress of motor and social skills, ocular jerks, 

intracerebral calcification and sterile cerebrospinal fluid 

lymphocytosis. Skin lesions of the toes, fingers, puffy 

hands and feet may also be observed. However, all these 

symptoms are not present in all the cases.
[29]

 

 

   
(a)       (b) 

Fig. 6: Image showing the symptoms of (a) Calcification (b) Dystonia. 

 

7. Alexander disease (AD) 
It is divided into three different forms based on the age 

of onset and type of symptoms. They are infantile, 

juvenile and adult forms. This is not genetically inherited 

but is known to occur as a result of spontaneous mutation 

of a specific gene called Glial Fibrillary Acidic Protein 

(GFAP).
[30,32]

 In AD, Rosenthal fibres are found in 

astrocytes of glial cells which are generally absent in 

healthy people. These Rosenthal cells are known to 

contain large amounts of GFAP which causes the disease 

due to mutation in its sequence.
[33]

 

 

In Infantile Alexander disease, some children die in the 

first year of life where as a large number live for about 5-

10 years of age. As the disease is progressive, it leads to 

severe mental retardation and spastic quadriparesis. 

Depending upon the severity of the disease, many 

symptoms are known to be observed such as; enlarged 

head circumference, feeding problem, hydrocephalus 

with increased intracranial pressure. Other symptoms 

are; megalencephaly, failure to thrieve, seizures, 

spasticity and progressive psychomotor retardation.
[34,35] 

 

Juvenile Alexander disease is characterized by difficulty 

in talking, swallowing and inability to cough.
[36]

 Mental 

ability and head size remains normal and the age of onset 

is believed to be between the ages 4 and 10. 

Kyphoscoliosis (an abnormal curvature of the spine in 

both a coronal and sagittal plane) and other signs such as 

swallowing or speech difficulty, ataxia and spasticity are 

known to occur during the course of the disease. 

 

Adult-onset Alexander Disease is the third form and is 

the rarest of all the forms and is believed to occur 

anywhere from late teens to very late in life.
[37]

 

symptoms are similar to that of juvenile form and other 

symptoms resemble multiple scleroses of tumour.
[38,39]

 

This form of the disease is usually unnoticed until an 

autopsy is performed which reveals the presence of 

Rosenthal fibres. 

 

     
(a)               (b)     (c) 

Fig. 7: (a) Show the image of patient with the symptom of hydrocephalus 

(b) X-ray image of normal spinal cord (c) X-ray image of the patient with kyphoscoliosis. 

 

8. Cerebrotemdinous Xanthomatosis (CTX) 
It is also called as Cerebral Cholesterinosis and is caused 

as a result of a mutation in a gene called CYP274A1 that 

produces an enzyme “sterol 27-hydroxylase” which is 

responsible for converting cholesterol to bile acids.
[40,42]

 

If it occurs to infants, symptoms such as Diarrhea, 

cataracts, psychomotor retardation and 

pyramidal/cerebellar spins are observed, where as in case 
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of adults, symptoms such as neurological dysfunction, 

mental retardation, cataract, optic disc paleness, 

premature retinal aging, xanthomas, premature 

arteriosclerosis, CAD, chronic interactable diarrhea, gall 

stones, osteoporosis, Epileptic seizures, EEG 

abnormalities and psychiatric symptoms such as 

hallucinations, aggression, depression and suicide 

attempts are observed.
[43,44]

 

 

   
(a)        (b) 

Fig 8: Image showing the symptoms of (a) Osteoporosis (b) Optic disc paleness. 

 

9. Vanishing White Matter Disease (VWMD) 
It is a genetic disorder caused by mutations in one of the 

five genes EIF2B1, EIF2B2, EIF2B3, EIF2B4 and 

EIF2B5 that encodes the five subunits of a protein called 

eukaryotic initiation factor 2B (eIF2B).
[45,48]

 These genes 

are mandatory for the production of all other protein 

within the body. Therefore, any defect in one of these 

genes, causes decreased function of eLF2B and loss of 

function of the specific cells in the brain. It can also be 

inherited in an autosomal recessive manner where the 

carrier parents have a 25% chance of having the child 

affected by the disorder.
[49,50]

 Symptoms associated with 

this disease are; chronic neurological deterioration, 

febrile episodes, cerebellar ataxia, spasticity, seizures, 

ovarial dysgenesis in female patients, lethargy, coma and 

sometimes death. 

 

 
Fig. 9: Image showing the pathway of vanishing white 

matter disease. 

 

10. 4H syndrome 
It is an abbreviation for hypomyelination (lack of myelin 

sheath in the CNS), hypogonadotropic hypogonadism 

(absence of normal puberty development) and 

hypodontia (absence of all teeth).
[51,52]

 It is an autosomal 

recessive inherited disease; however, its genetic basis is 

still under study and is not completely known.
[53]

 The 

disease is associated with several neurological symptoms 

such as late walking, ealy-onset ataxia, deterioration of 

ataxia, slow progression of ataxia over time, dysarthria, 

spasticity and rarely seizures. 

 

 
Fig. 10: Image showing the symptom of hypodontia. 

 

There are other types of leukodystrophies which are not 

described since their occurrence is very rare, they are: 

 Acute Disseminated Encephalomyelotis (ADEM) 

 Adult Onset Autosomal Dominant Leukodystrophy 

(ADLD) 

 Adult Polyglucosan Body Disease 

 Fucosidosis 

 Fukuyama Congenital Muscular Dystrophy 

 Galactosialidosis 

 Tay-Sachs Disease 

 Nasu Disease 

 Zellweger syndrome 

 

Diagnosis 

The destruction of the myelin sheath can be observed in 

a basic MRI scan and is used to diagnose all types of 

leukodystrophies.
[54]

 When a leukodystrophy is 

suspected, the brain MRI becomes a crucial tool to 

formulate a diagnostic hypothesis. The first distinction to 

make when looking at the MRI is whether the white 

matter abnormalities correspond to a demyelinating or 

hypomyelinating process.
[55,57]

 Demyelinating is 

characterised by prominent hyperintensity of white 
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matter whereas in hypomyelinating, the white matter 

abnormalities appears mildly hyperintense. 

 

Oftentimes, doctors have to use several types of testing, 

including: 

1. Blood and urine analysis 

2. CT scans 

3. Genetic testing  

4. MRI scans 

5. Psychological and cognitive tests.
[8]

 

 

Leukodystrophy present in an individual is diagnosed by 

the following series of processes:  

1. Obtaining a medical history and detailed family 

history. 

2. Performing a physical examination and neurologic 

examination. 

3. Review of brain MRI findings: 

1. T2-weighted hyperintensity in the white matter is the 

MRI finding required for diagnosis of a 

leukodystrophy. 

2. T1-weighted signal may be variable: iso- or hyper- 

intense signal of T1- weighted is consistent with a 

hypomyelinating type whereas hypointense T1-

weighted signal is consistent with a demyelinating 

leukodystrophy. 

 

 
Fig. 11: MRI images showing the intensities of white 

matter. 

 

4. Performing specialized laboratory testing, often 

including molecular genetic testing (either stepwise 

single gene testing or use of a multi-gene panel 

targeted to the leukodystrophies).
[58]

 

 

 
Fig. 12: MRI scans of normal brain. 

 

    
Fig. 13: MRI scans of some of the leukodystrophies with the affected (coloured) areas in the brain. 

 

Treatment 

Treatment therapies vary with many different types and 

causes of leukodystrophy. Many studies and clinical 

trials are in progress to find better treatment and useful 

therapies for each of the different leukodystrophies. Stem 

cell transplants
[59]

 and gene therapy
[60]

 appear to be the 

most promising treatments in treating almost all types of 

leukodystrophies but it should be done as early as 

possible after diagnosis of the disease. For 

hypomyelinating leukodystrophies, therapeutic research 

is done into cell-based therapies which appears 

promising. Oligodendrocyte precursor cells and neural 

stem cells have been transplanted successfully and have 

shown to be healthy even after an year. Fractional 

anisotropy and radial diffusivity maps showed possible 

myelination in the region of the transplant. Induced 

pluripotent stem cells, oligodendrocyte precursor cells, 

gene correction and transplantation are done to promote 

the maturation, survival and myelination of 

oligodendrocytes and these seems to be the primary 

routes for possible treatments. Different therapies for the 

treatment are described below.
 

1. Stem cell transplant 

2. Gene therapy 

3. Genetic counselling 

4. Medications used for seizures 

 

i. Stem cell transplant
 

The only treatment (therapy) at present is a stem cell 

(SCT) or bone marrow transplant (BMT). But today's 

successful stem cell or bone marrow transplant (BMT) is 

not a complete cure but it slows further deterioration by 

replacing the effected marrow with healthy marrow that 

can produce the missing enzyme. Today's transplants do 

not reverse the damage that the brain has already 

experienced so they are most successful when there is 

little or no damage. The transplant teams are working 

hard to try to minimize the conditioning, which has 

https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/molecular-genetic-testing/
https://www.ncbi.nlm.nih.gov/books/n/gene/glossary/def-item/gene/
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traditionally some sort of chemotherapy to kill off the 

existing bone marrow.
[59] [61,62] 

 

 

Fig. 14: Image showing the division of stem cells to be 

used in the treatment. 

 

ii. Gene therapy
 

This is a procedure involving the insertion of a normal 

gene into an organism in order to achieve a therapeutic 

objective.
[63]

 This gene (transgene) can be the normal 

version of a defective gene causing disease or a gene that 

produces a protein with any therapeutic action. Here the 

gene responsible for making a protein is dystrophin. 

Mutations in the human dystrophin gene cause 

leukodystrophies. These are treated by gene knockout. 

Knockout gene is a process which involves deleting a 

gene or distrupting a gene’s function in a mice 

organism.
[64]

 For example, Metachromatic 

Leukodystrophy (MLD) is caused by genetic deficiency 

of Aryl sulfatase A enzyzme. Failure in catalysing the 

degradation of sulfatide leads to demyelination in 

peripheral and central nervous system. The ARSA 

knockout mice develop a disease that resembles MLD 

but is milder.
[65] 

 

 
Fig. 15: Image showing gene transfer therapy to treat 

MLD. 

 

iii. Genetic counselling
 

Genetic counselling is the process of advising and 

counselling the patients or relatives who are at risk of an 

inherited disorder by making them aware of the 

consequences and nature of the disorder, the probability 

of developing or transmitting it, and the options which 

are open for them in management and family planning. 

Some types of leukodystrophies have an identified 

genetic cause which is either inherited in a dominant 

manner, recessive manner of an autosomal gene, or an X-

linked recessive manner. Genetic counselling regarding 

risk to the family members mainly depends on accurate 

diagnosis, determination of the mode of inheritance in 

each family, and the results of molecular genetic testing. 

Prenatal testing is done in pregnancies which are at 

higher risk of developing some types of leukodystrophies 

if the pathogenic variant(s) in the family are known. 

Many leukodystrophies are still with an unidentified 

genetic cause and once a genetic cause is identified, 

other inheritance patterns may emerge.
[58] 

 

iv. Medications
 

For the treatment of leukodystrophies there are no such 

medications used. But the anti-epileptic and anti-

convulsant drugs are used to curb the symptoms of 

leukodystophy. Some of these medications include: 
 

 Acetazolamide
 

 Carmustine 

 Carbamazepine 

 Nitrazepam 

 Pregabalin 

 

Acetazolamide 

It is a sulfonamide derivative with diuretic, antiglaucoma 

and anticonvulsant properties. The mechanism of action 

of acetazolamide is as a Carbonic Anhydrase Inhibitor so 

it’s antiepileptic effect is due to its inhibitory effect on 

brain carbonic Anhydrase. This leads to an increased 

transneuronal chloride gradient, increased chloride 

current, and an increased inhibition.
[66,68]

 

 

Carmustine 

These are compounds that have nitroso (R-NO) group 

and a urea. Hence, come under the class of nitroureas. 

They have little cross resistance with other alkylating 

agents. Drugs like carmustine, lomustine can easily cross 

blood-brain barrier. So they are used to treat brain 

disorders.
[69,70]

 

 

Carbamazepine 

It is a tricyclic compound chemically related to tricyclic 

antidepressants (TCA) with anticonvulsant and analgesic 

properties.  The mechanism of action 

of carbamazepine is as a Cytochrome P450 inducer. 

Carbamazepine exerts its anticonvulsant activity by 

reducing polysynaptic responses and blocking post-

tetanic potentiation.
[70,73]

 

 

Nitrazepam 

It belongs to a group of medicines called 

benzodiazepines. It acts on benzodiazepine receptors in 

the brain which are associated with the GABA receptors 

(gamma amino butyric acid). GABA acts as a major 

inhibitory neurotransmitter in the brain which is involved 
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in inducing sleepiness, relaxation of muscles and control 

of anxiety, depression and fits.
[74,76]

 

 

Pregabalin 

It is a 3-isobutyl derivative of gamma-amino butyric 

acid (GABA) with anti-convulsant, anti-epileptic, 

anxiolytic and analgesic activities. Pregabalin selectively 

binds to alpha2delta (A2D) subunits of presynaptic 

voltage-dependent calcium channels (VDCCs) located in 

the central nervous system (CNS).  Pregabalin is an 

inhibitor of neuronal activity used for therapy of 

neuropathy.
[77,78]

 

 

Treatment depends on the type of leucodystrophy. Many 

of the drugs are under clinical trials in order to find the 

treatment and therapies for different leukodystrophies. 

Lorenzo’s oil, which is a mixture of two oils (Glyceryl 

trierucate and glyceryl trioleate) is commonly used to 

normalize the fatty acid levels in case of 

adrenoleukodystrophy
[79,82]

, but, its activity is unclear if 

it can prevent progression prior to onset of brain 

involvement.
[83,84]

 However, stem cell transplants and 

gene therapy appear to be the most promising in treating 

almost all types of leucodystrophies unless performed in 

the early stages.
[59,60]

 

 

Researches 

A Foundation was established for studying 

Metachromatic Leukodystrophy which provides updates 

on MLD research, including (as of 2017) three clinical 

trials as it evaluates therapies related to gene and enzyme 

replacement and various lines of basic research. They are 

also active in newborn screening. 

 

The Global Leukodystrophy Initiative was formed in 

2013 to bring together clinicians, researchers and 

advocacy groups to focus and improve both clinical care 

and research. 

 

Many research groups have been studied to understand 

the cellular processes of myelin growth and which 

provides the insights into leukodystrophies. Researchers 

in New York have successfully cured leukodystrophy in 

mice, using skin cells to repair damaged myelin sheaths. 

Researchers have hypothesized that the treatment by 

stem cell transplant may possibly be used in curing 

human multiple sclerosis also.
[22] 

 

CONCLUSION 

Leukodystrophy is a brain disorder that effects the white 

matter of the brain called the myelin sheath which 

insulates the central nervous system. It causes loss of 

normal voluntary and involuntary functions of the brain 

like movements of limbs, hearing loss, difficulty in 

speech etc. This article provides the detailed information 

regarding the brain disorder called as leukodystrophy. 

Most of the leukodystrophies are inherited that means 

they are passed down through family genes to their 

offsprings.  In some they may not be inherited, but are 

still caused by a genetic mutation that is rapid change in 

the genes. 

 

The onset of symptoms are variable depending upon the 

type of disorder. Some specific symptoms vary from one 

type of leukodystrophy to the next but the vast majority 

of symptoms are shared as the causes for the disease 

generally have the same effects. Symptoms mainly 

depends on the age of onset, which is predominantly in 

infancy and early childhood, although the exact time of 

onset may be difficult to determine. 

 

There is no complete cure for leukodystrophies till date, 

but supportive treatment can help manage and curb some 

of the symptoms. The insights into the histopathological 

and cellular consequences of sulphatide storage have 

been provided by the knock-out mouse model of MLD. 

 

Because of the inheritance pattern of X-linked diseases, 

males are more often affected by this type of 

leukodystrophy, although female carriers are often 

symptomatic, though not as severely so as males. Till 

today, no cases of a leukodystrophy have been found in 

which the effected gene is carried on the Y chromosome. 

 

Once a leukodystrophy is considered in an individual, the 

following approach can be used to determine the specific 

leukodystrophy to aid in discussions of prognosis and 

genetic counseling. Certain clinical features are required 

to know the history of the patient as they may be helpful 

in identifying a specific leukodystrophy. However, in the 

majority of cases, only nonspecific loss of function 

occurs that are primarily motor functions and medical 

history alone does not provide insight into a specific 

diagnosis.  

 

REFERENCES 

1. Hess B, Saftig P, Hartmann D, Coenen R, Lüllmann-

Rauch R, Goebel HH, Evers M, Von Figura K, 

D’Hooge R, Nagels G, De Deyn P. Phenotype of 

arylsulfatase A-deficient mice: relationship to 

human metachromatic leukodystrophy. Proceedings 

of the National Academy of Sciences, 1996 Dec. 10; 

93(25): 14821-6. 

2. Stevens RL, Fluharty AL, Kihara H, Kaback MM, 

Shapiro LJ, Marsh B, Sandhoff K, Fischer G. 

Cerebroside sulfatase activator deficiency induced 

metachromatic leukodystrophy. American journal of 

human genetics., 1981 Nov.; 33(6): 900. 

3. Hyde TM, Ziegler JC, Weinberger DR. Psychiatric 

disturbances in metachromatic leukodystrophy: 

insights into the neurobiology of psychosis. 

Archives of neurology., 1992 Apr. 1; 49(4): 401-6. 

4. Kobayashi T, Yamanaka T, Jacobs JM, Teixeira F, 

Suzuki K. The Twitcher mouse: an enzymatically 

authentic model of human globoid cell 

leukodystrophy (Krabbe disease). Brain research., 

1980 Dec. 8; 202(2): 479-83. 

5. Miyatake T, Suzuki K. Globoid cell leukodystrophy: 

additional deficiency of psychosine galactosidase. 



Wasfiya et al.                                                                European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

228 

Biochemical and biophysical research 

communications, 1972 Aug. 7; 48(3): 538-43. 

6. Rafi MA, Luzi P, Chen YQ, Wenger DA. A large 

deletion together with a point mutation in the GALC 

gene is a common mutant allele in patients with 

infantile Krabbe disease. Human molecular 

genetics., 1995 Aug.; 4(8): 1285-9. 

7. Hagberg B, Kollberg H, Sourander P, Åkesson HO. 

Infantile Globoid Cell Leucodystrophy–(Krabbe's 

Disease) A clinical and genetic study of 32 Swedish 

cases 1953–1967. Neuropaediatrie., 1969 Jul.; 1(01): 

74-88. 

8. Matalon R, Michals K, Sebesta D, Deanching M, 

Gashkoff P, Casanova J, Optiz JM, Reynolds JF. 

Aspartoacylase deficiency and N‐acetylaspartic 

aciduria in patients with Canavan disease. American 

Journal of Medical Genetics Part A., 1988 Feb. 1; 

29(2): 463-71. 

9. Matalon R, Kaul R, Casanova J, Michals K, Johnson 

A, Rapin I, Gashkoff P, Deanching M. 

Aspartoacylase deficiency: the enzyme defect in 

Canavan disease. Journal of inherited metabolic 

disease., 1989 Apr. 1; 12(2): 329-31. 

10. Baslow MH. Brain N-acetylaspartate as a molecular 

water pump and its role in the etiology of Canavan 

disease. Journal of Molecular Neuroscience., 2003 

Nov. 1; 21(3): 185-9. 

11. Traeger EC, Rapin I. The clinical course of Canavan 

disease. Pediatric neurology., 1998 Mar. 1; 18(3): 

207-12. 

12. Gordon N. Canavan disease: a review of recent 

developments. European Journal of Paediatric 

Neurology., 2001 Mar. 1; 5(2): 65-9. 

13. Kumar S, Mattan NS, de Vellis J. Canavan disease: 

a white matter disorder. Developmental Disabilities 

Research Reviews, 2006 Jan. 1; 12(2): 157-65. 

14. Laureti ST, Casucci GI, Santeusanio FA, Angeletti 

GA, Aubourg PA, Brunetti PA. X-linked 

adrenoleukodystrophy is a frequent cause of 

idiopathic Addison's disease in young adult male 

patients. The Journal of Clinical Endocrinology & 

Metabolism., 1996 Feb. 1; 81(2): 470-4. 

15. Moser HW, Mahmood A, Raymond GV. X-linked 

adrenoleukodystrophy. Nature Reviews Neurology., 

2007 Mar.; 3(3): 140. 

16. Khan M, Singh J, Gilg AG, Uto T, Singh I. Very 

long-chain fatty acid accumulation causes lipotoxic 

response via 5-lipoxygenase in cerebral 

adrenoleukodystrophy. Journal of lipid research, 

2010 Jul. 1; 51(7): 1685-95. Sadeghi-Nejad A, 

Senior B. 

17. Adrenomyeloneuropathy presenting as Addison's 

disease in childhood. New England Journal of 

Medicine., 1990 Jan. 4; 322(1): 13-6. 

18. Spurek M, Taylor-Gjevre R, Van Uum S, 

Khandwala HM. Adrenomyeloneuropathy as a cause 

of primary adrenal insufficiency and spastic 

paraparesis. Canadian Medical Association Journal., 

2004 Oct. 26; 171(9): 1073-7. 

19. Budka H, Sluga E, Heiss WD. Spastic paraplegia 

associated with Addison's disease: adult variant of 

adreno-leukodystrophy. Journal of neurology., 1976 

Sep. 1; 213(3): 237-50. 

20. Tagawa A, Ono S, Inoue K, Hosoi N, Kaneda K, 

Suzuki M, Nagao K, Shimizu N. A new familial 

adult-onset leukodystrophy manifesting as cerebellar 

ataxia and dementia. Journal of the neurological 

sciences., 2001 Jan. 15; 183(1): 47-55. 

21. Steinberg D. Refsum disease. The metabolic and 

molecular bases of inherited disease., 1995; 2:  

2351-69. 

22. Mihalik SJ, Morrell JC, Kim DO, Sacksteder KA, 

Watkins PA, Gould SJ. Identification of PAHX, a 

Refsum disease gene. Nature genetics., 1997 Oct. 1; 

17(2): 185-9. 

23. De Laurenzi V, Rogers GR, Hamrock DJ, Marekov 

LN, Steinert PM, Compton JG, Markova N, Rizzo 

WB. Sjögren–Larsson syndrome is caused by 

mutations in the fatty aldehyde dehydrogenase gene. 

Nature genetics., 1996 Jan.; 12(1): 52. 

24. Rizzo WB, Craft DA. Sjögren-Larsson syndrome. 

Deficient activity of the fatty aldehyde 

dehydrogenase component of fatty alcohol: NAD+ 

oxidoreductase in cultured fibroblasts. The Journal 

of clinical investigation. 1991 Nov. 1; 88(5): 1643-8. 

25. Jagell S, Liden S. Ichthyosis in the Sjögren‐Larsson 

syndrome. Clinical genetics., 1982 Apr. 1; 21(4): 

243-52. 

26. Goutières F, Boulloche J, Bourgeois M, Aicardi J. 

Leukoencephalopathy, megalencephaly, and mild 

clinical course. A recently individualized familial 

leukodystrophy. Report on five new cases. Journal 

of child neurology., 1996 Nov.; 11(6): 439-44. 

27. Lebon P, Meritet JF, Krivine A, Rozenberg F. 

Interferon and Aicardi-Goutieres syndrome. 

European Journal of Paediatric Neurology., 2002 

May 1; 6: A47-53. 

28. Knopman D, Sung JH, Davis D. Progressive familial 

leukodystrophy of late onset. Neurology., 1996 Feb. 

1; 46(2): 429-34. 

29. Lanzi G, Fazzi E, D’arrigo S, Orcesi S, Maraucci I, 

Uggetti C, Bertini E, Lebon P. The natural history of 

Aicardi–Goutieres syndrome: follow-up of 11 Italian 

patients. Neurology., 2005 May. 10; 64(9): 1621-4. 

30. Brenner M, Johnson AB, Boespflug-Tanguy O, 

Rodriguez D, Goldman JE, Messing A. Mutations in 

GFAP, encoding glial fibrillary acidic protein, are 

associated with Alexander disease. Nature genetics., 

2001 Jan; 27(1): 117. 

31. Rodriguez D, Gauthier F, Bertini E, Bugiani M, 

Brenner M, N'guyen S, Goizet C, Gelot A, Surtees 

R, Pedespan JM, Hernandorena X. Infantile 

Alexander disease: spectrum of GFAP mutations 

and genotype-phenotype correlation. The American 

Journal of Human Genetics., 2001 Nov. 1; 69(5): 

1134-40. 

32. Li R, Messing A, Goldman JE, Brenner M. GFAP 

mutations in Alexander disease. International journal 



Wasfiya et al.                                                                European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

229 

of developmental neuroscience, 2002 Jun 1; 20(3-5): 

259-68. 

33. Quinlan RA, Brenner M, Goldman JE, Messing A. 

GFAP and its role in Alexander disease. 

Experimental cell research., 2007 Jun 10; 313(10): 

2077-87. 

34. Rodriguez D, Gauthier F, Bertini E, Bugiani M, 

Brenner M, N'guyen S, Goizet C, Gelot A, Surtees 

R, Pedespan JM, Hernandorena X. Infantile 

Alexander disease: spectrum of GFAP mutations 

and genotype-phenotype correlation. The American 

Journal of Human Genetics., 2001 Nov. 1; 69(5): 

1134-40. 

35. Farrell DF. Neonatal adrenoleukodystrophy: a 

clinical, pathologic, and biochemical study. Pediatric 

neurology., 2012 Nov. 1; 47(5): 330-6. 

36. Srinivasan J, Coleman L, Kornberg AJ. Juvenile 

onset globoid cell leukodystrophy masquerading as 

XL‐adrenoleukodystrophy. Journal of paediatrics 

and child health., 2008 Jul. 1; 44(7‐8): 459-61. 

37. Namekawa M, Takiyama Y, Aoki Y, Takayashiki N, 

Sakoe K, Shimazaki H, Taguchi T, Tanaka Y, 

Nishizawa M, Saito K, Matsubara Y. Identification 

of GFAP gene mutation in hereditary adult‐onset 

Alexander's disease. Annals of neurology., 2002 

Dec. 1; 52(6): 779-85. 

38. Rosebush PI, Garside S, Levinson AJ, Mazurek MF. 

The neuropsychiatry of adult-onset 

adrenoleukodystrophy. The Journal of 

neuropsychiatry and clinical neurosciences., 1999 

Aug.; 11(3): 315-27. 

39. Garside S, Rosebush PI, Levinson AJ, Mazurek MF. 

Late-onset adrenoleukodystrophy associated with 

long-standing psychiatric symptoms. The Journal of 

clinical psychiatry., 1999 Jul.; 60(7): 460-8. 

40. Cali JJ, Hsieh CL, Francke U, Russell DW. 

Mutations in the bile acid biosynthetic enzyme sterol 

27-hydroxylase underlie cerebrotendinous 

xanthomatosis. Journal of Biological Chemistry., 

1991 Apr. 25; 266(12): 7779-83. 

41. Gallus GN, Dotti MT, Federico A. Clinical and 

molecular diagnosis of cerebrotendinous 

xanthomatosis with a review of the mutations in the 

CYP27A1 gene. Neurological Sciences., 2006 Jun 1; 

27(2): 143-9. 

42. Salen G. Cholestanol deposition in cerebrotendinous 

xanthomatosis: a possible mechanism. Annals of 

internal medicine., 1971 Dec. 1; 75(6): 843-51. 

43. Setoguchi T, Salen G, Tint GS, Mosbach EH. A 

Biochemical Abnormality in Cerebrotendinous 

Xanthomatosis IMPAIRMENT OF BILE ACID 

BIOSYNTHESIS ASSOCIATED WITH 

INCOMPLETE DEGRADATION OF THE 

CHOLESTEROL SIDE CHAIN. The Journal of 

clinical investigation., 1974 May 1; 53(5):             

1393-401. 

44. Moghadasian MH, Salen G, Frohlich JJ, Scudamore 

CH. Cerebrotendinous xanthomatosis: a rare disease 

with diverse manifestations. Archives of neurology., 

2002 Apr. 1; 59(4): 527-9. 

45. Van der Knaap MS, Pronk JC, Scheper GC. 

Vanishing white matter disease. The Lancet 

Neurology., 2006 May 1; 5(5): 413-23. 

46. Elroy-Stein O, Schiffmann R. Vanishing white 

matter disease. In Rosenberg's Molecular and 

Genetic Basis of Neurological and Psychiatric 

Disease (Fifth Edition) 2015 (pp. 1015-1030). 

47. Van der Knaap MS, Leegwater PA, Könst AA, 

Visser A, Naidu S, Oudejans C, Schutgens RB, 

Pronk JC. Mutations in each of the five subunits of 

translation initiation factor eIF2B can cause 

leukoencephalopathy with vanishing white matter. 

Annals of neurology., 2002 Feb. 1; 51(2): 264-70. 

48. Leegwater PA, Vermeulen G, Könst AA, Naidu S, 

Mulders J, Visser A, Kersbergen P, Mobach D, 

Fonds D, van Berkel CG, Lemmers RJ. Subunits of 

the translation initiation factor eIF2B are mutant in 

leukoencephalopathy with vanishing white matter. 

Nature genetics., 2001 Dec.; 29(4): 383. 

49. Van der Knaap MS, Barth PG, Gabreëls FJ, 

Franzoni E, Begeer JH, Stroink H, Rotteveel JJ, 

Valk J. A new leukoencephalopathy with vanishing 

white matter. Neurology., 1997 Apr. 1; 48(4):       

845-54. 

50. Van Kollenburg B, van Dijk J, Garbern J, Thomas 

AA, Scheper GC, Powers JM, van der Knaap MS. 

Glia-specific activation of all pathways of the 

unfolded protein response in vanishing white matter 

disease. Journal of Neuropathology & Experimental 

Neurology, 2006 Jul; 65(7): 707-15. 

51. Wolff A, Koch MJ, Benzinger S, van Waes H, Wolf 

NI, Boltshauser E, Luder HU. Rare dental 

peculiarities associated with the hypomyelinating 

leukoencephalopathy 4H syndrome/ADDH. 

Pediatric dentistry, 2010 Oct. 15; 32(5): 386-92. 

52. Sato I, Onuma A, Goto N, Sakai F, Fujiwara I, 

Uematsu M, Osaka H, Okahashi S, Nonaka I, 

Tanaka S, Haginoya K. A case with central and 

peripheral hypomyelination with hypogonadotropic 

hypogonadism and hypodontia (4H syndrome) plus 

cataract. Journal of the neurological sciences, 2011 

Jan. 15; 300(1): 179-81. 

53. Outteryck O, Devos D, Jissendi P, Boespflug-

Tanguy O, Hopes L, Renard D, Ferri J, Vermersch 

P, Labauge P. 4H syndrome: a rare cause of 

leukodystrophy. Journal of neurology, 2010 Oct 1; 

257(10): 1759-61. 

54. Schiffmann R, van der Knaap MS. Invited article: an 

MRI-based approach to the diagnosis of white 

matter disorders. Neurology, 2009 Feb. 24; 72(8): 

750-9. 

55. Faerber EN, Melvin J, Smergel EM. MRI 

appearances of metachromatic leukodystrophy. 

Pediatric radiology, 1999 Aug. 1; 29(9): 669-72. 

56. Bergui M, Bradac GB, Leombruni S, Vaula G, 

Quattrocolo G. MRI and CT in an autosomal-

dominant, adult-onset leukodystrophy. 

Neuroradiology, 1997 Jun. 1; 39(6): 423-6. 

57. Baumann N, Turpin JC, Lefevre M, Colsch B. 

Motor and psycho-cognitive clinical types in adult 



Wasfiya et al.                                                                European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

230 

metachromatic leukodystrophy: genotype/phenotype 

relationships?. Journal of Physiology-Paris., 2002 

May 1; 96(3-4): 301-6. 

58. Vanderver A, Tonduti D, Schiffmann R, Schmidt J, 

van der Knaap MS. Leukodystrophy overview. 

59. Koc ON, Day J, Nieder M, Gerson SL, Lazarus HM, 

Krivit W. Allogeneic mesenchymal stem cell 

infusion for treatment of metachromatic 

leukodystrophy (MLD) and Hurler syndrome (MPS-

IH). Bone marrow transplantation, 2002 Aug.; 

30(4): 215. 

60. Matalon R, Rady PL, Platt KA, Skinner HB, Quast 

MJ, Campbell GA, Matalon K, Ceci JD, Tyring SK, 

Nehls M, Surendran S. Knock‐out mouse for 

Canavan disease: a model for gene transfer to the 

central nervous system. The journal of gene 

medicine, 2000 May 1; 2(3): 165-75. 

61. Krivit W, Shapiro EG, Peters C, Wagner JE, Cornu 

G, Kurtzberg J, Wenger DA, Kolodny EH, Vanier 

MT, Loes DJ, Dusenbery K. Hematopoietic stem-

cell transplantation in globoid-cell leukodystrophy. 

New England Journal of Medicine., 1998 Apr. 16; 

338(16): 1119-27. 

62. Krivit W, Peters C, Shapiro EG. Bone marrow 

transplantation as effective treatment of central 

nervous system disease in globoid cell 

leukodystrophy, metachromatic leukodystrophy, 

adrenoleukodystrophy, mannosidosis, fucosidosis, 

aspartylglucosaminuria, Hurler, Maroteaux-Lamy, 

and Sly syndromes, and Gaucher disease type III. 

Current opinion in neurology, 1999 Apr. 1; 12(2): 

167-76. 

63. Biffi A, Montini E, Lorioli L, Cesani M, Fumagalli 

F, Plati T, Baldoli C, Martino S, Calabria A, Canale 

S, Benedicenti F. Lentiviral hematopoietic stem cell 

gene therapy benefits metachromatic 

leukodystrophy. Science, 2013 Aug. 23; 341(6148): 

1233158. 

64. Matsuda J, Vanier MT, Saito Y, Tohyama J, Suzuki 

K, Suzuki K. A mutation in the saposin A domain of 

the sphingolipid activator protein (prosaposin) gene 

results in a late-onset, chronic form of globoid cell 

leukodystrophy in the mouse. Human molecular 

genetics, 2001 May 15; 10(11): 1191-9. 

65. Sevin C, Verot L, Benraiss A, Van Dam D, Bonnin 

D, Nagels G, Fouquet F, Gieselmann V, Vanier MT, 

De Deyn PP, Aubourg P. Partial cure of established 

disease in an animal model of metachromatic 

leukodystrophy after intracerebral adeno-associated 

virus-mediated gene transfer. Gene therapy, 2007 

Mar; 14(5): 405. 

66. Fukumizu M, Matsui K, Hanaoka S, Sakuragawa N, 

Kurokawa T. Partial seizures in two cases of 

metachromatic leukodystrophy: electrophysiologic 

and neuroradiologic findings. Journal of child 

neurology, 1992 Oct.; 7(4): 381-6. 

67. Pastores GM, Sathe SA. 

Leukoencephalopathies/leukodystrophies. Non-

Alzheimer's and Atypical Dementia, 2016 Feb.; 23: 

150. 

68. Salman MS, Chodirker BN. Neuro-ophthalmological 

findings in children and adolescents with chronic 

ataxia. Neuro-Ophthalmology, 2015 May 4; 39(3): 

125-31. 

69. Hernandez SH, Wiener SW, Smith SW. Case files of 

the New York City poison control center: 

paradichlorobenzene-induced leukoencephalopathy. 

Journal of medical toxicology, 2010 Jun 1; 6(2): 

217-29. 

70. Thompson MD, Botha H, Katz BS. Clinical 

Reasoning: A woman with subacute progressive 

confusion and gait instability. Neurology, 2014 Jul 

29; 83: e63. 

71. Kapaun P, Dittmann RW, Granitzny B, Eickhoff W, 

Wulbrand H, Neumaier-Probst E, Zander A, 

Kohlschüetter A. Slow progression of juvenile 

metachromatic leukodystrophy 6 years after bone 

marrow transplantation. Journal of child neurology, 

1999 Apr.; 14(4): 222-8. 

72. Kolodny EH, Raghavan S, Krivit W. Late-onset 

Krabbe disease (globoid cell leukodystrophy): 

clinical and biochemical features of 15 cases. 

Developmental neuroscience, 1991; 13(4-5): 232-9. 

73. Tobias JD. Anaesthetic considerations for the child 

with leukodystrophy. Canadian journal of 

anaesthesia, 1992 Apr. 1; 39(4): 394-7. 

74. Hernández‐Palazón J. Anaesthetic management in 

children with metachromatic leukodystrophy. 

Pediatric Anesthesia, 2003 Oct. 1; 13(8): 733-4. 

75. Balslev T, Cortez MA, Blaser SI, Haslam RH. 

Recurrent seizures in metachromatic 

leukodystrophy. Pediatric neurology, 1997 Sep. 1; 

17(2): 150-4. 

76. Vembu P, Khaffaji S, Yadav G, Khan RA. Juvenile 

metachromatic leukodystrophy in a boy with 

epilepsy. Neurosciences, 2009 Jul. 1; 14(3): 290-1. 

77. Lecture I. Pediatric Neurology Conference. Journal 

of Pediatric Neurology, 2009; 7: 433-43. 

78. Ouvrier R, Menezes M. Neuroaxonal dystrophy. 

Peripheral nerve disorders: pathology and genetics. 

Wiley Blackwell, New York, 2014 Aug.; 1: 146-8. 

79. Aubourg P, Adamsbaum C, Lavallard-Rousseau 

MC, Rocchiccioli F, Cartier N, Jambaque I, 

Jakobezak C, Lemaitre A, Boureau F, Wolf C, 

Bougneres PF. A two-year trial of oleic and erucic 

acids (“Lorenzo's oil”) as treatment for 

adrenomyeloneuropathy. New England Journal of 

Medicine, 1993 Sep. 9; 329(11): 745-52. 

80. Moser HW, Raymond GV, Lu SE, Muenz LR, 

Moser AB, Xu J, Jones RO, Loes DJ, Melhem ER, 

Dubey P, Bezman L. Follow-up of 89 asymptomatic 

patients with adrenoleukodystrophy treated with 

Lorenzo’s oil. Archives of neurology, 2005 Jul. 1; 

62(7): 1073-80. 

81. Rasmussen M, Moser AB, Borel J, Khangoora S, 

Moser HW. Brain, liver, and adipose tissue erucic 

and very long chain fatty acid levels in 

adrenoleukodystrophy patients treated with glyceryl 

trierucate and trioleate oils (Lorenzo's oil). 



Wasfiya et al.                                                                European Journal of Pharmaceutical and Medical Research 

www.ejpmr.com 

 

231 

Neurochemical research, 1994 Aug. 1; 19(8):            

1073-82. 

82. Poulos A, Gibson R, Sharp P, Beckman K, 

Rattan‐Smith PG. Very long chain fatty acids in 

X‐linked adrenoleukodystrophy brain after treatment 

with Lorenzo's oil. Annals of neurology, 1994 Nov. 

1; 36(5): 741-6. 

83. Van Geel BM, Assies J, Haverkort EB, Koelman JH, 

Verbeeten BW, Wanders RJ, Barth PG. Progression 

of abnormalities in adrenomyeloneuropathy and 

neurologically asymptomatic X-linked 

adrenoleukodystrophy despite treatment with 

“Lorenzo’s oil”. Journal of Neurology, 

Neurosurgery & Psychiatry, 1999 Sep. 1; 67(3): 

290-9. 

84. Moser HW, Moser AB, Hollandsworth K, Brereton 

NH, Raymond GV. “Lorenzo’s oil” therapy for X-

linked adrenoleukodystrophy: rationale and current 

assessment of efficacy. Journal of Molecular 

Neuroscience, 2007 Sep. 1; 33(1): 105-13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


