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The deficiency of lysosomal acid lipase (DLAL) is a rare disease caused by a

congenital error of lipid metabolism, which is characterized by the deposit of
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cholesterol esters and triglycerides in the body. Clinically the disease begins in

the perinatal period but in adults develops chronic liver disease and may have
premature cardiovascular disease. The new method of diagnosis is based in the
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determination of the enzymatic activity of LAL in dried blood spots for screening

programs. The DLAL treatment had consisted in the use of support measures,
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which do not prevent its progression. Although last years, in USA has appeared
a new enzyme substitution treatment that has been associated with significant
improvements in lipid and liver parameters, with increased survival in infants with

rapidly progressive disease.
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Introduction

The deficiency of lysosomal acid lipase (DLAL, MIM#278000) is a
rare autosomal recessive disease, due to a congenital error of lipid
metabolism at the level of the lysosome, which is characterized
by the deposit of esterified cholesterol (EC) and triglycerides (TG)
in different tissues (liver, spleen, intestine, suprarenal glands
and cells of the mononuclear phagocytic system). The disease is
caused by the decrease or absence of activity of the lysosomal
acid lipase enzyme (LAL, catalyst for the hydrolysis of EC and TG
in fatty acids and free cholesterol), caused by mutations in the
LIPA gene located in long arm of chromosome 10 (10g23.2). This
lack of activity leads to the progressive accumulation of CE and
TG, leading to the development of progressive liver disease and
dyslipidemia associated with accelerated atherosclerosis, which
are the main manifestations of the disease. DLAL is presented
with 2 main phenotypes, historically known as Wolman's disease
in infants and CE storage disease in children and adults.

Physiopathological mechanisms

The cellular uptake of the low density lipopreins cholesterol
(LDL-C, "low-density lipoprotein cholesterol") is mainly carried
out through its corresponding membrane receptor (RLDL). LDLc
is transported to lysosomes, where EC and TG are hydrolyzed by
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LAL, releasing cholesterol and free AG that are involved in the
regulation of the metabolism of different lipoproteins (such as
high density lipoproteins [HDL, "high density lipoproteins"]
and the very low density lipoproteins [VLDL, "very low density
lipoproteins"]). In patients with DLAL, the decrease or absence
of LAL activity causes the accumulation of CE and TG in the
lysosomes of different tissues [1].

The lower availability of free cholesterol in the cytosol modulates
compensatory molecular mechanisms, the most important being
the upregulation of the expression of the RLDL and the enzyme
hydroxy-methyl-glutaryl-coenzyme A (HMG-CoA) reductase,
which leads to an increase in the synthesis of endogenous
cholesterol. Likewise, it increases the synthesis of apolipoprotein
B (ApoB100) to facilitate the export of intrahepatic cholesterol
through VLDL.

History

The deficiency of lysosomal acid lipase was first described in 1956
by Abramov, Schorr and Wolman when objectifying in a 2-month-
old infant born of consanguineous parents, accumulations of
cholesterol esters and triglycerides in liver, spleen, adrenal
glands and ganglia lymphatics along with adrenal calcifications.
In 1969, Patrick and Lake demonstrated that this accumulation
was secondary to the deficit of activity of lysosomal acid lipase,
which is the enzyme responsible for the hydrolysis of cholesterol
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and triglyceride esters when passing from peripheral blood to the
cell, particularly when these form low lipoproteins density [2].

Epidemiology

DLAL is a rare disease with an estimated prevalence in its early
onset form of 1/350,000 births. The prevalence of late-onset DLAL,
estimated based on the frequency of the E8SIM mutation in the
general population, is between 1/60,000 and 1/130,000 people,
depending on ethnicity and geographical location. However, it is
likely that the prevalence of the disease in the general population
is underestimated because the milder phenotypes may remain
asymptomatic and go unnoticed [3].

Clinical characteristics

The phenotypic spectrum of lysosomal acid lipase (LAL) deficiency
ranges from the infantile-onset form (Wolman disease) to
later-onset forms collectively known as cholesterol storage
storage disease (CESD). Both entities have their own clinical
characteristics but are based fundamentally on the deposit of
esterified cholesterol (EC) and triglycerides (TG) in different
tissues [4].

Wolman disease is a serious and rapidly progressive pathology. It
is characterized by infantile-onset malabsorption that results in
malnutrition, storage of cholesterol and triglycerides in hepatic
macrophages that result in hepatomegaly and liver disease,
and adrenal gland calcification that results in adrenal cortical
insufficiency. Unless successfully treated with hematopoietic
stem cell transplantation (HSCT), infants with classic Wolman
disease do not survive beyond age one year [5].

CESD may present in a similar way to Wolman disease or
later in life with such findings as serum lipid abnormalities,
hepatosplenomegaly, and/or elevated liver enzymes long before
diagnosis is made. The morbidity of late-onset CESD results from
atherosclerosis (coronary artery disease, stroke), liver disease
(eg, altered liver function + jaundice, steatosis, fibrosis, cirrhosis
and related disorders of esophageal varices, and/or liver failure),
secondary hypersplenism (ie, anemia and/or thrombocytopenia),
and/or malabsorption. Individuals with CESD may have a normal
life span depending on the severity of disease manifestations [6].

The progressive accumulation of CE and TG in hepatocytes and
the associated alteration of lipid metabolism justify the main
clinical signs (hepatomegaly) and biochemical signs (elevation
of transaminases, LDL-C, and TG in serum, usually with low
concentrations of HDL-C) of the disease. In the absence of hepatic
insufficiency, patients can develop atherosclerosis in an accelerated
way, with an early onset of cardiovascular problems [7].

Diagnosis

Initial and differential diagnosis: The low prevalence of DLAL,
together with the great clinical overlap with other more frequent
diseases, makes its recognition difficult. In general, the presence
of abnormalities in liver function tests and/or lipid profile without
an obvious cause should raise the suspicion of a possible DLAL.
The average age of onset of the first signs and symptoms is around
5 years. Patients with early onset DLAL and those in childhood
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tend to start with liver signs and symptoms, while in adults the
most striking manifestation may be hyperlipidemia.

The initial diagnosis of DLAL is mostly made based on the clinical
history, physical examination of the patient (hepatomegaly)
and the findings in the biochemical tests such as elevated
transaminases with a typical serum lipid profile: high total
serum concentrations of cholesterol, low-density lipoprotein
and triglycerides and low serum concentration of high-density
lipoprotein [8].

The lipid phenotype observed in patients with DLAL is similar
to that of other diseases, such as heterozygous familial
hypercholesterolemia caused by mutations of the LDLR, APOB or
PCSK9 genes, combined familial hyperlipidemia (HFC), autosomal
recessive hypercholesterolemia (HAR). The DLAL distinction of
these pathologies is carried out through a detailed analysis of
family history [9,10].

The hepatomegaly and the persistent hypertransaminasemia
observed in patients with DLAL, together with the fatty infiltration
of the liver, could lead to the erroneous diagnosis of much more
frequent hepatic complaints, such as non-alcoholic fatty liver
disease or non-alcoholic steatohepatitis. It should be noted that
hypercholesterolemia (in the absence of cholestasis) observed in
infants affected with DLAL during the first year of life can lead to
the suspicion of glycogenosis type vi/ix or Niemann-Pick disease
before the development of neurological symptoms [11,12].

Confirmation diagnosis (Determination of lysosomal acid lipase
activity): The determination of the enzymatic activity of LAL is a
reliable and reproducible method for the screening and diagnosis
of DLAL from different biological samples (peripheral blood
leukocytes, fibroblasts, dry blood spots [DBS]).

The DBS technique, which greatly facilitates the screening of the
disease, is based on the in vitro determination of the activity
of LAL in the presence of substrates (palmitate, oleate, etc.)
covalently modified with a fluorocromo (4-methylumbelliferone),
allowing the quantification of the fluorescent product released
by emission spectroscopy or fluorimetry. Due to the presence of
different lipases, both in intra and extracellular media, and the
use of modified substrates not specific for LAL, the development
of a potent inhibitor of LAL was crucial for the standardization of
the technique. The activity of the LAL results from the difference
in the results obtained by incubating the enzyme in the presence
or absence of the inhibitor Lalistat 2. The results of activity in the
DBS within the reference range or higher (activity between 0.50-
2.30nmol/punch/h) allow discarding the enzymatic deficiency. In
the case of obtaining results below the reference interval (activity
<0.5nmol/punch h), preanalytical anomalies should be ruled out
in the sample by testing other lysosomal reference enzymes such
as beta-galactosidase [13].

If this last fact is discarded, it is advisable to carry out enzymatic
studies of DLAL in cell extracts and/or molecular analysis of the
LIPA gene. In view of a result of practically undetectable enzymatic
activity, the analysis of the LIPA gene must be considered in order
to identify the responsible genetic alteration and thus obtain the
molecular diagnosis of certainty of DLAL [1,8].
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Molecular analysis of the LIPA gene: The study by molecular
genetic techniques of the coding regions of the LIPA gene
provides information on the genotype of patients with reduced
activity of LAL or in those with suspected DLAL. The functional
genetic defect will always be found in homozygosity or compound
heterozygosity. The distribution of the E8SIM mutation in
different ethnic groups is very unequal, so in populations with
a lower prevalence of this allele, the genetic screening of this
mutation may not be the optimal diagnostic approach [14,15].

Diagnostic tests by imaging and liver biopsy: 3T nuclear magnetic
resonance imaging (MRI) of liver is a non-invasive method that
guantifies the liver fat content in the diagnosis and follow-up
of patients with DLAL. In pediatric patients, in whom the use of
sedation is necessary in this procedure, hepatic ultrasound can
be considered.

Liver biopsy can provide morphological information that suggests
the existence of a DLAL, such as the existence of microvesicular
steatosis with involvement of Kuppfer cells or the accumulated
imprint indicative of free cholesterol crystals, together with the
use of certain techniques of immunohistochemistry that detect
lysosomal proteins [16].

Liver biopsy is considered to be the reliable gold standard for
assessing liver damage and monitoring the progression of the
disease, although it is an invasive method and should be assessed
individually.

Treatment

Support treatments: Classically, the treatment of patients with
DLAL has been based on support measures aimed at reducing the
complications of the disease. Although some of these measures
have been related to some clinical improvement, there are no
controlled studies on their efficacy and safety, and the available
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data are scarce and inconclusive [17].

Hypolipidemic treatment: Treatments for the control of
dyslipidemia in patients with DLAL include the introduction
of a low-fat diet and the use of lipid-lowering drugs. In
relation to statins, and despite the fact that beneficial effects
have been demonstrated in patients with DLAL, its use in
monotherapy or in combination with other lipid-lowering agents
is not always as effective in reducing LDL-C as in patients with
hypercholesterolemia due to other causes [18].

Enzyme replacement therapy: Enzyme replacement therapy
(ERT) with sebelipase alfa was recently approved by the FDA and
is administered at a dose of 1 mg/kg body weight every other
week; this treatment can be life saving for those with severe
Wolman syndrome and life improving with prolonged survival in
those who have CESD. Consider referral to a liver specialist [19].

Liver transplantation: Liver transplantation may be indicated
when liver disease progresses to cirrhosis and liver failure [20].

Conclusions

e DLALis arare autosomal recessive disease of lipid metabolism
at the level of the lysosome, caused by mutations in the LIPA
gene and characterized by the systemic and progressive
accumulation of EC and TG.

¢ Patients with no LAL activity, the disease begins in perinatal
period but in most of cases are adults who develop chronic
liver disease and some have early cardiovascular disease

¢ The screening of the disease is determined by measure the
activity of LAL in DBS and confirmed with the molecular
analysis of LIPA gene.
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