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Wolman’s disease and cholesteryl ester storage disorder: 
the phenotypic spectrum of lysosomal acid lipase deficiency
Marinos Pericleous, Claire Kelly, Tim Wang, Callum Livingstone, Aftab Ala

Lysosomal acid lipase deficiency is a rare, autosomal recessive condition caused by mutations in the gene encoding 
lysosomal acid lipase (LIPA) that result in reduced or absent activity of this essential enzyme. The severity of the 
resulting disease depends on the nature of the underlying mutation and magnitude of its effect on enzymatic 
function. Wolman’s disease is a severe disorder that presents during infancy, resulting in failure to thrive, 
hepatomegaly, and hepatic failure, and an average life expectancy of less than 4 months. Cholesteryl ester storage 
disorder arises later in life and is less severe, although the two diseases share many common features, including 
dyslipidaemia and transaminitis. The prevalence of these diseases has been estimated at one in 40 000 to 300 000, but 
many cases are undiagnosed and unreported, and awareness among clinicians is low. Lysosomal acid lipase 
deficiency—which can be diagnosed using dry blood spot testing—is often misdiagnosed as non-alcoholic fatty liver 
disease (NAFLD), non-alcoholic steatohepatitis (NASH), hereditary dyslipidaemia, or cryptogenic cirrhosis. There are 
no formal guidelines for treatment of these patients, and treatment options are limited. In this Review we appraise 
the existing literature on Wolman’s disease and cholesteryl ester storage disease, and discuss available treatments, 
including enzyme replacement therapy, oral lipid-lowering therapy, stem-cell transplantation, and liver transplantation. 

Introduction
Lysosomal acid lipase is an essential enzyme that 
hydrolyses cholesteryl esters and triglycerides in human 
lysosomes, generating free cholesterol and free fatty 
acids.1 Lysosomal acid lipase deficiency is an often fatal 
disease, in which lipids accumulate in different parts of 
the body, especially in the liver, spleen, lymph nodes, bone 
marrow, and macrophages—interfering with the basic 
function of these cells, tissues, and organs. Lysosomal 
acid lipase deficiency is inherited in an autosomal 
recessive fashion and shows two different phenotypes that 
lie on a clinical continuum, depending on the amount of 
functional enzyme that is produced in vivo. Prevalence is 
estimated to be one in 40 000 to 300 000, depending on 
geographical location and ethnic origin, although these 
figures are undoubtedly low given that lysosomal acid 
lipase deficiency is often misdiagnosed or undiagnosed.1–5

Wolman’s disease can be considered the infantile 
(ie, early-onset) form of lysosomal acid lipase deficiency, 
wherein patients have no or very minimal lysosomal acid 
lipase activity. These patients rarely survive beyond 
infancy and often present with hepatomegaly, failure to 
thrive, diarrhoea, vomiting, malabsorption, and hepatic 
failure. The exact incidence of this rare form of lysosomal 
acid lipase deficiency is unknown but is estimated to be 
around one in 500 000 livebirths.6

The later-onset variant of lysosomal acid lipase 
deficiency is known historically as cholesteryl ester 
storage disorder. Patients with this disorder retain some 
lysosomal acid lipase activity (up to 12%) and present 
later in life.7–28 Often, patients present with hepatomegaly, 
abdominal distension, dyslipidaemia, abnormal liver 
function tests, and gastrointestinal disturbances.7–28 The 
disorder can lead to jaundice, multiorgan failure, and 
death; because of the paucity of data on this disorder, a 
detailed understanding of the overall prognosis and life 
expectancy of patients has not been fully elucidated.

As presenting features are not pathognomonic, 
patients are often misdiagnosed as having non-alcoholic 
fatty liver disease (NAFLD), non-alcoholic steatohepatitis 
(NASH), cryptogenic cirrhosis, heterozygous familial 
hypercholesterolaemia, Fredrickson type 2a and 2b 
hyperlipoproteinaemia,8,28,29 or other forms of hyper-
cholesterolaemia. The estimated incidence of cholesteryl 
ester storage disorder is one in 40 000.7 On the Online 
Mendelian Inheritance in Man (OMIM) database, both 
Wolman’s disease and cholesteryl ester storage disorder 
are listed under the same code: OMIM number 278000.

Over the past 60 years, several case reports and studies 
have been published, leading to improved understanding 
of the epidemiology, genetics, pathogenesis, and presen-
tation of lysosomal acid lipase deficiency. Patients with 
cholesteryl ester storage disorder are frequently treated 
with lipid-lowering drugs with some benefit, and enzyme 
replacement therapy is proving successful in ongoing 
clinical trials. In this Review, we appraise the published 
literature with the aim of consolidating existing 
knowledge of these diseases and prompting their earlier 
recognition and treatment by clinicians.

Historical perspective
In 1956, Israeli physician Moshe Wolman30 published a 
case report of three siblings whose Persian-Jewish parents 
were first cousins. The infants died by 3 months of age 
and xanthomata were noted in the liver, adrenal glands, 
spleen, bone marrow, small intestine, lymph nodes, 
lungs, and thymus. Slight changes were also found in the 
skin, retina, and central nervous system. The adrenal 
glands were calcified and blood lipids were normal or 
moderately elevated. The term primary familial 
xanthomatosis was coined to describe these patients.30 In 
1963, Frederickson31 presented the case of a 12-year-old 
boy with hepatomegaly, cholesteryl ester deposition on 
the liver, and hypercholesterolaemia. By 1965, there were 
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three more reported cases15 of infants failing to thrive, 
with foam cells and high cholesterol deposits in their 
bone marrow and other organs, lymphocytes in peripheral 
blood, and adrenal calcifi cation. The authors diagnosed 
these patients with Wolman’s disease and the initial term 
of primary familial xanthomatosis fell out of favour. The 
first case report32 of Wolman’s disease in Japan (describing 
three affected siblings) was published in 1966, and the 
first Scandinavian case report33 (of a 1-month-old girl) was 
published in 1992.

In parallel, case reports emerged of older patients 
presenting with similar features. In 1968, Schiff and 
colleagues34 described six siblings; the eldest brother 
(aged 19 years) and sister (aged 15 years) were found to 
have so-called orange livers, septate cirrhosis, and excess 
deposition of cholesteryl esters, whereas the four younger 
siblings showed milder changes. In 1977, Beaudet and 
colleagues12 reported the case of three sisters diagnosed 
with cholesteryl ester storage disorder, two of whom died 
of hepatic failure at the ages 7 and 9 years. In the 
following 20 years, further cases of cholesteryl ester 
storage disorder started emerging around the world, 
including in Argentina,16 Czech Republic,35 France,36 
Germany,24 Ireland,13 North America,20 and Thailand.23 

Pathogenesis
Undetectable or minimal lysosomal acid lipase activity in 
the liver and spleen of patients with Wolman’s disease led 
to the conclusion that acid esterase deficiency is the 
causative factor.14,27 In the early 1970s, acid lipase deficiency 
was first identified in fibroblasts from patients.37 In the 
early 1980s, the lysosomal acid lipase gene (LIPA) was 
localised to chromosome 10q23·2q23·3.38 The LIPA gene 
encodes a 46 kDa protein that functions as a cholesteryl 
ester hydrolase. Human lysosomal acid lipase was 
purified in small amounts in 1985.39

Balanced homoeostasis of cholesterol is essential for 
cell growth and maintenance of the phospholipid cell 
wall. The liver has a major role in lipid metabolism as it 
receives exogenous cholesterol from the intestine and 
clears LDL and remnants of VLDL. Absence, or reduced 
amounts, of lysosomal acid lipase decrease the 
metabolism of cholesteryl esters and triglycerides, which 
accumulate in lysosomes, especially in hepatocytes and 
cells of the mononuclear phagocyte system. Impaired 
hydrolysis reduces the generation of free cholesterol, 
thereby decreasing feedback inhibition (and thus 
increasing expression) of HMG-CoA reductase. 
HMG-CoA promotes biosynthesis of cholesterol, 
VLDL, and apolipoprotein B (ApoB), and downregulates 
synthesis of HDL, apolipoprotein A1 (ApoA1), and 
apolipoprotein A2 (ApoA2).29,40 Expression of cellular 
LDL receptors is also upregulated in patients with 
lysosomal acid lipase deficiency, and plasma triglycerides 
are frequently elevated.40 The lipid profile of these 
patients is often similar to those of patients with 
Fredrickson type 2a and 2b familial hyperlipidaemia. 

Epidemiology
The true prevalence of lysosomal acid lipase deficiency 
remains unknown. Reiner and colleagues1 first reported it 
to be one in 40 000 to 300 000, depending on ethnicity and 
geographical location. Attempts to elucidate the true 
prevalence have focused on analysing the frequency of 
the commonly identified LIPA mutations. More than 
40 mutations have been described, which mainly include 
missense and nonsense mutations as well as splicing 
errors and small deletions. Different types of mutation 
result in variable expression and activity of acid lipase.41 
The exon 8 splice junction mutation E8SJM (c.894G>A) is 
the most common, resulting in a mutant enzyme that 
retains 2–5% activity in homozygote carriers.4,10,22,42 In a 
German screening cohort of 1152 individuals,3 the carrier 
frequency of the E8SJM allele was reported as one in 
200 or 5000 per million and the homozygote frequency as 
25 per million. In 2013, Scott and colleagues2 assessed 
LIPA c.894G>A allele frequencies in more than 8000 blood 
samples from a multiethnic cohort from greater New York, 
NY, USA, and Dallas, TX, USA. Overall prevalence in this 
cohort was about one in 130 000 (95% CI of around one in 
90 000 to 170 000).2 The allele frequency was one in 298 
(prevalence around 0·8 in 100 000) for the white population, 
one in 296 (prevalence approximately 0·8  in 100 000) for 
the Hispanic population, one in 500 (prevalence around 
0·3 in 100 000) for the Ashkenazi Jewish population, and 
one in 1000 (prevalence around 0·1 in 100 000) for the 
Asian population.2 When these data were combined with 
those from the German cohort, the carrier frequency was 
even higher, estimated at one in 242 (prevalence around 
1·2 in 100 000).2,3 There is a paucity of data for the African-
American population, possibly because the LIPA c.894G>A 
mutation may not be the most common in this group. In a 
population study43 of all births between 1980 and 1996 in 
Australia, prevalence of Wolman’s disease was estimated 
to be one in 528 000 births, and the incidence one in 
704 000 births. A genetic analysis of Iranian or Iraqi-Jewish 
individuals estimated the incidence at one in 4200.44 

Presenting features
Wolman’s disease and cholesteryl ester storage disorder 
share common genetic and enzymatic abnormalities and 
can be considered as early-onset and late-onset variants of 
the same condition. Phenotypic expression of the disease 
depends on residual lysosomal acid lipase activity, although 
the genotype-to-phenotype relationship has not been fully 
elucidated. Similar associations have been described for 
other inherited metabolic diseases, such as Hurler’s 
(OMIM number 607014) versus Scheie’s (OMIM number 
607016) syndrome (also known as mucopolysaccharidoses I) 
and the classic (OMIM number 257200) versus visceral 
(OMIM number 607616) forms of Niemann-Pick disease.

The extent of tissue deposition of cholesteryl esters and 
triglycerides appears to be directly proportional to the 
severity of the disease and inversely proportional to the age 
of presentation. In Wolman’s disease, lysosomal acid 
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lipase activity is absent or severely deficient (<1% of normal 
activity). As a result, patients present soon after birth, 
usually within 2–4 months, because of the heavy 
accumulation of cholesteryl esters and triglycerides in 
visceral organs.7–28 There is even some evidence of 
Wolman’s disease in utero, including adrenal necrosis, 
polyhydramnios, cholesteryl ester accumulation, and 
microvesicular steatosis.45 Adrenal infiltration leading to 
necrosis in the fetal stage could be the precursor of the 
adrenal calcification described in about 50% of infants 
born with the condition.7,9,11,12,20,23,25,30,46 Infants with Wolman’s 
disease will often present with hepatosplenomegaly, 
vomiting, and hepatic failure. One of the most important 
presenting features of the disease relates to intestinal 
involvement, with patients often presenting with chronic 
diarrhoea or steatorrhoea secondary to the disease process 
itself and the resulting severe malabsorption. Invariably, 
these conditions lead to cachexia and profound failure to 
thrive.7,25,30,32,33 Intestinal malabsorption coupled with 
hepatic impairment and adrenal insufficiency explain the 
dire prognosis of these young patients. The median life 
expectancy of an infant with Wolman’s disease is 
3·7 months.47

Patients with cholesteryl ester storage disorder have 
residual lysosomal acid lipase activity of about 1–12%, 
and for this reason they present much later in childhood 
or adulthood.7–28 Patients often present with dyslipidaemia, 
accelerated atherosclerosis, abnormal hepatic function, 
hepatosplenomegaly, hepatic fibrosis and cirrhosis, 
portal hypertension, decompensated liver disease, and 
gastrointestinal disturbances.7–28 Clinical features can be 
subtle, leading to misdiagnosis of patients as having 
NAFLD, NASH, hereditary dyslipidaemia, or cryptogenic 
cirrhosis.8,28,29 The prognosis of Wolman’s disease is very 
poor without prompt diagnosis and treatment. The life 
expectancy and prognosis for patients with cholesteryl 
ester storage disorder has not been fully elucidated, and 
extension arms of ongoing clinical trials are looking to 
answer this question.

In the largest case series of these patients in the literature, 
Bernstein and colleagues7 explored the presenting clinical 
features of 135 patients with lysosomal acid lipase deficiency, 
and Zhang and colleagues28 assessed those of 71 patients. 
These authors did not clearly differentiate between 
Wolman’s disease and cholesteryl ester storage disorder, 
and both studies included a subset of patients aged 5 years 
or younger. In these mixed pools of adult and paediatric 
patients, hepatomegaly (often leading to abdominal 
distension) was universal with the exception of one patient. 
Hepatosplenomegaly occurred in 74–86% of patients, and 
30% had gastrointestinal symptoms such as malnutrition, 
cachexia, diarrhoea, steatorrhoea, and vomiting. 

Lipid profile and cardiovascular manifestations
Patients with lysosomal acid lipase deficiency can 
have dyslipidaemia and are often misdiagnosed with 
heterozygous familial hypercholesterolaemia, familial 

combined hypercholesterolaemia, familial defective 
ApoB, sitosterolaemia, and polygenic hypercholestero-
laemia.1,8,28 Many infants can have normal total cholesterol 
and plasma triglycerides since it can take several months 
for the lipid-metabolic and cardiovascular sequelae to 
manifest. Moreover, this might be related to the associated 
malabsorption or due to the fact that cholesterol is a 
negative acute phase reactant. By contrast, older patients 
will often have high VLDL and LDL cholesterol, high 
ApoB concentrations (or low ApoA1 concentrations), and 
reduced HDL cholesterol.1,25

In the case series described by Bernstein and 
colleagues,7 elevated total cholesterol was reported in 
81% of patients, elevated LDL cholesterol in 95%, and 
reduced HDL cholesterol in 89%, whereas Zhang and 
colleagues28 reported elevated total cholesterol in 90% of 
patients, elevated LDL cholesterol in 95%, and reduced 
HDL cholesterol in 85%. Zhang and colleagues28 also 
reported 48% of patients having raised triglycerides, 
whereas Bernstein and colleagues7 provided only a range 
for triglyceride concentrations in 96 patients. In another 
report of 33 individuals with lysosomal acid lipase 
deficiency,48 average lipid concentrations were: total 
cholesterol 291 mg/dL (7·53 mmol/L), LDL 228 mg/dL 
(5·90 mmol/L), HDL 30 mg/dL (0·78 mmol/L), and 
triglycerides 200 mg/dL (2·3 mmol/L). 

A detailed discussion on the development of 
atherosclerosis is beyond the scope of this Review, but it is 
worth noting that the abnormality of lipid metabolism and 
accumulation of LDL cholesterol can lead to accelerated 
atherosclerosis. Since patients with Wolman’s disease 
have a poor prognosis, and most die within the first year 
of life, it is unlikely that they would have developed 
accelerated atherosclerosis by the time of their death. 

In 13 European patients heterozygous for the E8SJM 
mutation,5 lipid profiles were similar to those of 
patients with polygenic hypercholesterolaemia, possibly 
suggesting increased risk of adverse cardiovascular 
outcomes in these patients. However, Stitziel and 
colleagues49 studied more than 27 000 individuals and 
found no association between E8SJM heterozygosity and 
abnormal lipid profiles or increased cardiovascular risk. 

Cardiovascular disease is reported as a risk in cholesteryl 
ester storage disorder, but there are infrequent reports of 
individual patients with cholesteryl ester storage disorder 
presenting with clinically relevant cardiovascular sequelae 
(table 1). 

Liver profile and hepatic histopathology
Patients with Wolman’s disease and cholesteryl ester 
storage disorder often present with transaminitis. 
Zhang and colleagues28 reported transaminitis in 80% 
of paediatric cases, with aspartate aminotransferase 
being approximately twice as high as alanine 
aminotransferase. Data for the enzymatic activity of 
these patients in relation to their liver function were not 
available. Similarly, Bernstein and colleagues7 reported 
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elevated aspartate aminotransferase or alanine amino-
transferase, or both, in all cases where these parameters 
were measured. 

Abnormal liver function tests are often further 
investigated with a liver biopsy. However, lysosomal 
acid lipase deficiency remains under-recognised, and 
histological analysis can be challenging and is often 
misinterpreted as NAFLD, NASH, or cryptogenic fatty 
liver disease.56 Accumulation of cholesteryl esters and 
triglycerides in hepatocytes and Kupffer cells often 
leads to microvesicular steatosis and micronodular 
cirrhosis.26,34,46,56 

Macroscopically, livers of patients with lysosomal acid 
lipase deficiency appear to be orange-yellow in colour.1,7 
Microvesicular steatosis cannot be distinguished from 
other causes of fatty liver disease when livers are stained 
with haematoxylin and eosin, but this feature is unusual 
in liver diseases with other metabolic causes.7,18,46,56 Nile 
red stain can be used in real-time microscopy for 
detection of cholesteryl ester accumulation in acid-lipase-
deficient fibroblasts, and labelling with Filipin stain can 
be useful in identification of cholesterol complexes 
in tissues.57 Lipid-filled vacuoles and vesicles with 
cholesteryl-ester aggregates can often be seen without 
displacement of the nucleus. It should be noted that 
vacuolation is not specific for lysosomal acid lipase 
deficiency and can often be seen in histological samples 
from patients with Niemann-Pick disease type B, 
mucopolysaccharidoses, and GM1 gangliosidosis. 
However, these metabolic disorders can often be 
differentiated when clinical presentation, enzyme assays, 
and electron microscopy are considered in combination. 

In an attempt to devise reliable histological criteria for 
the diagnosis of lysosomal acid lipase deficiency, Hůlková 
and Elleder56 studied a series of 16 liver biopsy samples 
from patients with cholesteryl ester storage disorder. They 
reported that histological labelling of paraffin sections 
with cathepsin D, lysosomal-associated membrane 
protein 1 (LAMP1) and LAMP2, lysosomal integral 
membrane protein 2 (LIMP2), and CD68 effectively 
discriminated between cytosolic and lysosomal lipid, thus 
facilitating diagnosis of cholesteryl ester storage disorder.56

Moreover, polarised light can be used to identify 
cholesterol crystals in hepatocytes and Kupffer cells. These 
birefringent needle-shaped crystals can be examined with 
electron microscopy and can be cytosolic or lysosomal.7 
Their presence, which is believed to be pathognomonic 
for lysosomal acid lipase deficiency, is often evident in 
frozen biopsy samples, provided that the crystals are 
processed appropriately and viewed with electron 
microscopy.7,17,18,58 In the case series described by Bernstein 
and colleagues7 these crystals appear in 83% of the 
samples examined, and have been reported in extrahepatic 
sites such as the conjunctiva.58  Liver fibrosis, cirrhosis, or 
both, have been reported in approximately two-thirds of 
cases.7,18,28,46 Specifically, Bernstein and colleagues7 reported 
septal, sinusoidal, or periportal fibrosis in 50%, cirrhosis 

in 29%, fibrosis and cirrhosis in 15%, and hepatic necrosis 
in 7% of 112 patients with lysosomal acid lipase deficiency 
who had a biopsy. Cirrhosis has been reported in children 
as young as 4 years.

Radiology
CT scans can be supportive in establishing the diagnosis 
of adrenal hypertrophy, hepatosplenomegaly, and portal 
hypertension in patients with lysosomal acid lipase 
deficiency.23 High cholesterol can correlate with reduced 
hepatic density on CT scans, but this observation is 
neither reliable nor exclusive to patients with lysosomal 
acid lipase deficiency.23 MRI is a well-recognised method 
for measurement of hepatic lipid content. Thelwall and 
colleagues59 used ¹H magnetic resonance spectroscopy to 
measure hepatic triglyceride and cholesteryl ester 
concentrations in a non-invasive way and reported that 
¹H signatures can be used to identify abnormal lipid 
substrate content in the livers of patients with cholesteryl 
ester storage disorder. They also treated Lal-deficient 
mice with the recombinant lysosomal acid lipase, 
sebelipase alfa, and found improvements in hepatic 
triglycerides and cholesteryl ester. This finding suggests 
that ¹H magnetic resonance spectroscopy could be used 
as a non-invasive method to monitor patients receiving 
enzyme replacement therapy for cholesteryl ester storage 
disorder.59 The utility of successive hepatic elastography 
has not yet been formally assessed. 

Determination of lysosomal acid lipase activity and dry 
blood spot testing
Total lipase activity is measured and then re-assayed after 
the addition of a specific lysosomal acid lipase inhibitor 
so that lysosomal acid lipase activity alone can be 
determined. Two studies60,61 tested about 40 000 potential 

Age at 
presentation

Cardiovascular manifestation

vom Dahl et al (1999)41 36 years Stroke, atrial fibrillation

Pisciotta et al (2009)50 82 years Cardiac failure

Marshall et al (1969)25 17 weeks Extensive atheromatous plaques 
at post-mortem analysis

Marshall et al (1969)25 14 months Extensive atheromatous plaques 
at post-mortem analysis

Ambler et al (2013)51 42 years Left ventricular diastolic 
dysfunction

Beaudet et al (1977)12 9 years Large aortic plaque

Longhi et al (1988)52 15 years Hypertension

Elleder et al (1990);53 
Elleder et al (2000)54

58 years Myocardial infarction

Elleder et al (1990)53 47 years Hypertension, stroke

Elleder et al (2000)54 51 years Hypertension, aneurysm, 
peripheral vascular disease

Decarlis et al (2009)55 8 years Hypertension

Table 1: Summary of identified cases of lysosomal acid lipase deficiency 
with cardiovascular sequelae
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lysosomal acid lipase inhibitors, and identified lalistsat 1 
and 2 as specific, competitive inhibitors of lysosomal acid 
lipase. Hamilton and colleagues60 used dry blood spot 
testing in the presence of lalistat 2, with mercuric 
chloride (355 nm wavelength) as a quenching reagent, to 
identify patients who are normal, mutation carriers, or 
deficient in lysosomal acid lipase. Dairaku and 
colleagues62 used dry blood spot testing at basic pH, 
a wavelength of 365 nm, and with EDTA (edetic acid) to 
quench the reaction. The absence of mercuric chloride as 
a quenching agent and the use of a wavelength filter 
commonly used in laboratories to test other lysosomal 
abnormalities enables dry blood spot testing for 
lysosomal acid lipase deficiency to be done safely and 
more widely.62 The use of dry blood spot testing for 
lysosomal acid lipase deficiency in the presence of 
lalistat 2, and testing in fibroblasts and leucocytes, has 
been validated, and clearly discriminates between normal 
controls and affected patients (p<0·001).63

Treatment
Infants with Wolman’s disease develop symptoms soon 
after birth, so it is imperative that they are diagnosed 
promptly and treated without delay. At present, there are 
no consensus guidelines for management of these 
patients. In 1985, Meyers and colleagues64 treated an 
infant with parenteral nutrition for 6 weeks and observed 
a halt in the patient’s deterioration. Because the bulk of 
lipids that accumulate in the tissues of infants with 
Wolman’s disease comes from their diet,65 diets free of 
hydrophobic esters, such as breastmilk, were considered 
for these patients.66 However, dietary adjustment did not 
appear to improve long-term survival of these infants. 
Haemopoietic stem-cell transplantation has also been 
described in the literature. In theory, the transplanted 
bone marrow can provide a healthy source of lysosomal 
acid lipase, and although successful bone marrow 
transplantation has been described in one infant,67 fatal 
post-transplantation complications have also occurred.67,68 
Stem cells derived from umbilical cord blood were 
used successfully by Stein and colleagues69 to treat a 
3-month-old infant from Uzbekistan, resulting in 
normalisation in clinical symptoms and biochemical 
variables, and achievement of developmental milestones. 
Enzyme replacement therapy has also been considered 
for treatment of early-onset lysosomal acid lipase 
deficiency in infants with Wolman’s disease. Results of 
these studies are discussed below.

In patients with late-onset lysosomal acid lipase 
deficiency, low-fat diets, statins, ezetimibe, and 
colestyramine have been used to treat dyslipidaemia and, 
to a lesser extent, hepatic impairment. Treatment success 
with statins has been mixed. Ginsberg and colleagues40 
treated a 9-year-old female patient with lovastatin for 
6 months and reported reductions in LDL and 
VLDL, whereas Di Bisceglie and colleagues18 treated 
three patients aged 3, 5, and 6 years with lovastatin for 

12 months without any improvement in the lipid and 
histological profiles. In 2006, Dalgıç and colleagues17 
treated a 2-year-old boy with simvastatin at a dose of 
10 mg once daily, and reported biochemical 
improvements. In 1992, Levy and colleagues70 treated a 
13-year-old boy with lovastatin at a dose of 20 mg per day 
and subsequently increased the dose over the next 
4 weeks to 80 mg per day. The patient remained on the 
same dose (80 mg per day) for 3 years, with improved 
total cholesterol and LDL concentrations but minimal or 
no change in triglyceride and HDL concentrations. Liver 
function tests in this patient were within three times the 
upper limit of normal, and liver histology was unaffected 
by treatment.70

Ezetimibe reduces cholesterol absorption and alters 
cholesterol metabolism and LDL concentrations by 
interfering with Niemann-Pick C1-like 1 (NPC1L1) 
protein. Ezetimibe has been shown to cause a reduction 
in liver mass, hepatic cholesterol concentration, 
and serum aminotransferases in Lal-deficient mice.71 
Tadiboyina and colleagues72 treated an 11-year-old boy 
with ezetimibe at a dose of 10 mg daily in combination 
with 40 mg lovastatin for 12 months following a period 
of lovastatin monotherapy. Combination treatment 
resulted in significantly lower LDL concen trations 
compared with lovastatin alone (p<0·05). In the case 
series described by Bernstein and colleagues,7 only 
35 patients were treated with a statin. Among them, 
17 had persistently elevated LDL cholesterol.7 We could 
not find any studies focusing on the effect of statins, 
ezetimibe therapy, or a combination of both, on 
accelerated atherosclerosis and cardiovascular outcomes 
in patients with lysosomal acid lipase deficiency.

Orthotopic liver transplantation is an option for patients 
with cholesteryl ester storage disorder. Eight patients who 
have received this treatment have been identified in 
the literature, with a mean age of transplantation of 
15·7 years.20,73–81 Outcomes following orthotopic liver 
transplantation were favourable and included accelerated 
growth,20,73,74 improved lipid profiles,73,76 and normalised 
liver function tests.20,74,76

Enzyme replacement therapy
Enzyme replacement therapy has already been shown 
to be effective for several metabolic disorders, such as 
Gaucher’s disease and Fabry’s disease. Sebelipase alfa 
is a recombinant human lysosomal acid lipase that has 
been expressed in egg whites from transgenic hen 
oviduct cells.82,83 Treatment with sebelipase alfa in 
Lal-deficient rats for 8 weeks resulted in normalised 
growth, correction of liver abnormalities, and improve-
ment of the lipid profile.83 To date, eight clinical 
investigations with sebelipase alfa have been initiated 
(table 2). 

Only two studies have investigated enzyme replacement 
therapy in infants with Wolman’s disease. In an open-label 
phase 2/3 study (NCT01371825),84 nine infants were 
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treated with sebelipase alfa, and six infants reached the 
primary endpoint of survival at 1 year. Five patients 
survived beyond 2 years. Preliminary data showed 
improvements in liver function tests, platelets, albumin, 
haemoglobin, weight, degree of hepatosplenomegaly, 
gastrointestinal symptoms, and developmental screening 
scores after treatment. The estimated completion date for 
the trial is mid-2018.84,87,88 A trial investigating the long-term 
safety and efficacy of enzyme replacement therapy in 
early-onset lysosomal acid lipase deficiency is ongoing, 
and aims to recruit ten infants younger than 8 months; 
the estimated completion date is May, 2018 (NCT02193867).

The success of enzyme replacement therapy among 
those with late-onset lysosomal acid lipase deficiency is 
better established, and there are six trials ongoing in 
this population. In one phase 1/2 trial (LAL-CL01),80 
nine patients were treated with four once-weekly 
intravenous infusions of sebelipase alfa at doses 
of 0·35 mg/kg, 1 mg/kg, or 3 mg/kg. Patients who 
completed the LAL-CL01 trial were eligible to enrol in an 
extension trial (LAL-CL04), in which they resumed 
treatment (after a median washout period of 15 weeks) 
with the same dose for another 4 weeks before 
transitioning to infusions (1 mg/kg or 3 mg/kg) every 
other week for a total of 12 weeks. One patient who did 
not enrol in LAL-CL04 developed liver failure after several 
months, and had a successful liver transplantation.81 The 
seven patients who completed 12 weeks of treatment 
showed reductions from baseline in mean aspartate 
aminotransferase and alanine aminotransferase con-
centrations (p≤0·05), triglycerides (p=0·016), total 
cholesterol (p=0·047), and LDL (p=0·078), and increases 
in HDL (p=0·016). All seven patients had adverse events, 
including headache, nausea, and diarrhoea. This cohort 
was further treated with infusions every other week for 
52 weeks, demonstrating the long-term efficacy of 
this treatment.81 None of the patients developed auto-
antibodies, and all patients had statistic ally significant 
reductions in concentrations of aspartate amino-
transferase and alanine aminotransferase (p=0·016), 
γ-glutamyltransferase, and alkaline phosphatase, along 

with improvements in total cholesterol (p=0·016), LDL 
(p=0·016), triglycerides (p=0·047), and HDL (p=0·016).81 
There is also evidence for continued efficacy beyond 
52 weeks, with preliminary reports showing statistically 
significant improvements in liver function tests and 
lipid profiles at 78 weeks89 and 90 weeks90 of this 
long-term extension study (LAL-CL04).

Burton and colleagues85 investigated the effectiveness of 
sebelipase alfa in the phase 3, multicentre, randomised, 
placebo-controlled ARISE trial in 66 adults and children 
(NCT01757184; 24 patients were <12 years). A dose of 
1 mg/kg was infused every other week for 20 weeks 
followed by an open-label period for another 16 weeks 
during which both groups received treatment. More 
patients in the treatment group than in the placebo group 
achieved the primary outcome of normalisation of alanine 
aminotransferase levels at 20 weeks (31% vs 7%; p=0·03). 
The treatment group also had more favourable changes 
from baseline in LDL cholesterol (p<0·001), non-HDL 
cholesterol (p<0·001), triglycerides (p=0·04), HDL 
cholesterol (p<0·001), and aspartate aminotransferase 
(p<0·001) than did the placebo group. Hepatic fat content 
(p<0·001), steatosis (p=0·42), and liver volume (not 
significant) were also improved in the treatment group.85 
Normalisation of γ-glutamyltransferase occurred in 62% of 
treated patients who had elevated γ-glutamyltransferase 
concentrations at baseline versus only 8% in the placebo 
group; reduction in spleen volumes (p<0·001) was also 
reported after treatment. There were no reported deaths 
during the study period and the most common side-
effects were headache, pyrexia, and diarrhoea. Antidrug 
antibodies were detected in six patients at low titres, but 
the presence of antibodies did not affect response to 
treatment.81,85 An open-label extension of the trial included 
65 patients who continued treatment for up to 130 weeks. 
At 52 weeks’ exposure to sebelipase alfa, concentrations of 
alanine aminotransferase normalised in 47% of patients 
and aspartate aminotransferase in 56%.91 Reductions in 
baseline hepatic fat (25% of patients) and hepatic volume 
(13%) were also seen. The degree of hepatic fibrosis was 
also assessed at week 52 for 20 patients who had a biopsy 

Name of trial (NCT number) Phase Year Type of patients Status

Balwani et al (2013)80 LAL-CL01 (NCT01307098) 1/2 2013 Adults (n=9) Completed

Valayannopoulos et al (2014)81 LAL-CL04; extension of LAL-CL01 
(NCT01488097)

2 2014 Adults (n=8) Ongoing but not recruiting

Jones et al (2015)84 LAL-CL03 VITAL (NCT01371825) 2/3 2015 Infants (n=9) Ongoing but not recruiting

Burton et al (2015)85 LAL-CL02 ARISE (NCT01757184) 3 2015 Children and adults (n=66) Ongoing but not recruiting

Alexion Pharma LAL-CL06 (NCT02112994) 2 2014 Children >8 months and 
adults (n=30)

Ongoing but not recruiting

Friedman et al LAL-CL08 (NCT02193867) 2 2014 Infants <8 months (n=10) Ongoing but not recruiting

Jones et al (2016)47 LAL-1-NH01 (NCT01358370) Observational 2010 Children and adults (n=35) Completed

Burton et al (2015)86 LAL-2-NH01 (NCT01528917) Observational 2011 Children and adults (n=49) Completed

NCT number=ClinicalTrials.gov identifier. 

Table 2: Summary of all clinical trials of sebelipase alfa in patients with lysosomal acid lipase deficiency
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at baseline and at 52 weeks, with reductions in fibrosis 
appearing to increase with longer exposure to the drug. 
Regression of liver fibrosis by at least one stage was also 
seen in four patients with 30 weeks of exposure and in 
eight patients with 52 weeks of exposure.92 The long-term 
76-week data from the ARISE study (LAL-CL02)93 suggest 
that improve ments were sustained at 76 weeks, with 
normal isation of alanine aminotransferase in 52% of 
patients and aspartate amino transferase in 65%, and 
improvements in total cholesterol, LDL, and HDL 
concentrations.93 

Conclusions
Lysosomal acid lipase deficiency is a rare, autosomal 
recessive disorder that remains underdiagnosed and 
under-reported.8 This condition can present in early 
infancy as Wolman’s disease (with some features evident 
in utero45) or later in life as cholesteryl ester storage 
disorder. The non-specific presentation often misleads 
even the most vigilant clinicians, resulting in patients 
being incorrectly diagnosed with NAFLD, NASH, 
cryptogenic cirrhosis, or hereditary dyslipidaemia.

The frequency of the causative E8SJM mutation has 
been estimated to be one in 242 and prevalence about 
1·2 in 100 0002,4 in white populations, and is reportedly 
similar in Hispanic populations. There are few case 
reports from Asian and African populations, possibly 
because of a genuine low incidence or because of the 
presence of an unidentified LIPA mutation.11 Full-gene 
LIPA sequencing could be warranted for these patients. 
The discordance between the estimated prevalence of 
1·2 in 100 000 for E8SJM and the cases presented in the 
literature (n<200) highlights the fact that patients with 
lysosomal acid lipase deficiency remain unrecognised 
and could die from the disease. 

Patients with lysosomal acid lipase deficiency, 
particularly cholesteryl ester storage disorder, are thought 
to have an increased risk of cardiovascular, cerebro-
vascular, and aneurysmal disease (patients with Wolman’s 
disease often die before they develop cardiovascular 
sequelae) because of their dyslipidaemic profiles, although 
there is little hard evidence of increased cardiovascular 
events in these patients.7,21,29,41,94 Heterozygosity to E8SJM 
was not found to be associated with increased 
cardiovascular risk.5,49 This difference can be explained by 
the fact that not all patients with lysosomal acid lipase 
deficiency are E8SJM carriers and that heterozygotes still 
have sufficient amounts of lysosomal acid lipase, which 
ameliorates their cardio vascular risk. Future studies 
should focus on all mutations described in lysosomal acid 
lipase deficiency and assess the residual enzymatic activity 
for each mutation before conclusions can be made about 
the association between lysosomal acid lipase deficiency 
and increased risk of premature atherosclerosis. The 
unclear genotype–phenotype relationship and the rarity of 
this disease challenge our understanding of the true 
cardiovascular risk.

Histopathological diagnosis remains challenging. 
The use of immunostaining with cathepsin D, LAMP1, 
LAMP2, LIMP2, and CD68 is invaluable when 
examining a suspected patient. The presence of 
birefringent needle-shaped cholesterol crystals during 
electron microscopy could be pathognomonic.

The use of dry blood spot testing appears to be a simple 
and effective way of diagnosing lysosomal acid lipase 
deficiency. We advocate the use of dry blood spot testing 
for all patients in whom a diagnosis of lysosomal acid lipase 
deficiency is considered, including those with cryptogenic 
cirrhosis, unexplained hepatomegaly, NAFLD, NASH, and 
unexplained dyslipidaemia. Early diagnosis and treatment 
is imperative, particularly for infants with Wolman’s 
disease. Dietary adjustments do not appear to improve 
prognosis in these infants, and haemopoietic stem-cell 
transplantation has been used with mixed results. 
Although the use of short-term enzyme replace ment 
therapy as a bridging therapy for haemopoietic stem-cell 
transplantation in early-onset lysosomal acid lipase 
deficiency has not been described in the literature, we 
recognise that such practices might improve outcomes 
following haemopoietic stem-cell trans plantation, as seen 
in other metabolic disorders.95 Furthermore, this approach 
could arguably be more economical than lifelong enzyme 
replacement therapy. Late-onset lysosomal acid lipase 
deficiency has been managed with oral lipid-lowering 
medication in several studies, with mixed outcomes. 
Long-term outcomes with orthotopic liver transplantation 
are also en couraging, and this intervention should be 
considered for all patients with lysosomal acid lipase 
deficiency following a careful clinical assessment. 

Enzyme replacement therapy with sebelipase alfa has 
been studied in both early-onset and late-onset lysosomal 
acid lipase deficiency. It has been approved in several 
countries, including the USA and the European Union. 
However, we recognise that its use is restricted in infants 
younger than 6 months. Many more patients with 
cholesteryl ester storage disorder have been treated with 
enzyme replacement therapy, with promising results. The 
treatment appears to be well tolerated and substantially 
improves lipid and hepatic profiles, hepatic fat content, 
and spleen volume. Nevertheless, large inter-individual 
variability exists in the clinical and biochemical responses 
of individual patients participating in these studies. The 
long-term efficacy of enzyme replacement therapy and its 
safety for pregnant patients remain unknown. Open-label 
extension trials in both early-onset and late-onset 
lysosomal acid lipase deficiency are ongoing to answer 
these questions. Despite the encouraging clinical results 
observed in the small number of patients treated with 
enzyme replacement therapy in several interventional 
trials, we cannot ignore the impediments of cost, frequent 
infusions, and access to this lifelong treatment. 
Furthermore, variability in the severity of symptoms in 
cholesteryl ester storage disorder suggests that some 
patients might not require enzyme replacement therapy. 
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Therefore, the use of concomitant or standalone lipid-
lowering therapy has been recom mended by some 
authors.42,96 To date, there are no clinical trials comparing 
lipid-lowering therapy with enzyme replacement therapy. 
Moreover, the long-term efficacy data for patients treated 
with statins (lovastatin or simvastatin) or other lipid-
lowering agents are scarce. For these reasons, we are 
unable to make any recommendations regarding the 
effectiveness of lipid-lowering therapy as monotherapy or 
in combination with enzyme replacement therapy in 
patients with lysosomal acid lipase deficiency. 

Although no formal guidelines are in place for 
management of patients with lysosomal acid lipase 
deficiency, we recommend that all patients (treated and 
untreated) should be carefully monitored and kept 
under surveillance within a multidisciplinary setting. We 
recognise the importance of nutritional and dietary 
support, especially for infants with Wolman’s disease. 
Growth and weight, as well as achievement of develop-
mental milestones, should be measured regularly. 
Patients should have repeat full blood counts and lipid 
profile, liver function, synthetic function, and renal profile 
tests every 6–12 months. Radiological investigations 
should be considered for the hepatic anatomy and for 
adrenal infiltration and calcification. For patients with 
cholesteryl ester storage disorder who survive beyond 
infancy, we recommend investigations for cardiovascular 
risk factors, including annual carotid Doppler, 
echocardiography, hypertension screening, aneurysmal 
assessment, and electrocardiography. Further more, 
patients with cholesteryl ester storage disorder should 
undergo hepatic elastography and liver biopsy if indicated, 
in the event of a diagnostic conundrum (or for assessment 
of the true extent of fibrosis). Hepatocellular carcinoma in 
the context of advanced fibrosis and liver cirrhosis is 
recognised, and these patients should be under regular 
surveillance. The benefit of MRI spectroscopy over 
ultrasonography could help in the overall assessment of 

liver and spleen volumes, as well as hepatic fat content. 
Patient should also be considered for endoscopic review if 
portal hypertension is suspected. 

In conclusion, lysosomal acid lipase deficiency 
(Wolman’s disease and cholesteryl ester storage disorder) 
is rare and associated with significant morbidity and 
increased mortality. The condition can pose a diagnostic 
challenge and is often undiagnosed or misdiagnosed. 
Early recognition is essential so that appropriate treatments 
can be initiated and long-term risk factors are prevented 
and managed effectively.
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