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ABSTRACT

Deficiency of lysosomal acid lipase (LAL-D) is 
caused by biallelic pathogenic variants in the LIPA gene. 
Spectrum of LAL-D ranges from early onset of hepa-
tosplenomegaly and psychomotor regression (Wolman 
disease) to a more chronic course (cholesteryl ester stor-
age disease - CESD). The diagnosis is based on lipid and 
biomarker profiles, specific liver histopathology, enzyme 
deficiency, and identification of causative genetic variants. 
Biomarker findings are a useful for diagnostics of LAL-
D, including high plasma concentration of chitotriosidase 
as well as elevated oxysterols. Current treatment options 
include enzyme replacement therapy (sebelipase-alpha), 
statins, liver transplantation, and stem cell transplantation.

We present two pairs of siblings from Serbia with 
a distinctive phenotype resembling LAL-D with a novel 
variant of unknown significance (VUS) detected in the 
LIPA gene and residual LAL activity. All patients pre-
sented with hepatosplenomegaly at early childhood. In 
siblings from family 1, compound heterozygosity for a 
pathogenic c.419G>A (p.Trp140Ter) variant and a novel 
VUS c.851C>T (p.Ser284Phe) was detected. Patients from 
family 2 were homozygous for c.851C>T VUS and both 

have typical histopathologic findings for LAL-D in the 
liver. Enzyme activity of LAL was tested in three patients 
and reported as sufficient, and therefore enzyme replace-
ment therapy could not be approved. 

When confronted with a challenge of diagnosing an 
inherited metabolic disorder, several aspects are taken into 
consideration: clinical manifestations, specific biomark-
ers, enzyme assay results, and molecular genetic findings. 
This report brings cases to light which have a considerable 
discrepancy between those aspects, namely the preserved 
LAL enzyme activity in presence of clinical manifestations 
and rare variants in the LIPA gene. 

Keywords: LIPA; lysosomal acid lipase deficiency; 
variant of uncertain significance

INTRODUCTION

Lysosomal acid lipase (LAL) is a 399-amino acid 
protein encoded by the LIPA gene (1). Pathogenic variants 
in LIPA cause a rare autosomal-recessive disease belonging 
to the family of lysosomal storage disorders (LSDs) (2). 
Two types of lysosomal acid lipase deficiency (LAL-D) 
were recognized: early onset form (Wolman’s disease) and 
late-onset type (cholesteryl ester storage disease - CESD) 
(3). This classification is mostly replaced by the under-
standing that LAL-D includes a spectrum ranging from 
severe manifestations in infancy to more chronic course 
and later onset (4). The severity of clinical features of 
LAL-D is not entirely dependent on the level of enzyme 
activity and specific causative genetic variants (5,6). Se-
vere infantile phenotype includes hepatosplenomegaly, 
malabsorption, adrenal calcifications and psychomotor 
regression, while patients with residual enzyme activity 
are usually recognized due to chronic hepatosplenomegaly 
with associated laboratory abnormalities: elevated serum 
low density lipoprotein (LDL) cholesterol and triglyc-
erides (TG), low serum high density lipoprotein (HDL) 
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cholesterol and moderately elevated serum transaminases 
(5-9). Liver histopathology typically reveals microvesicu-
lar steatosis (cytoplasmic lipid vesicles stained by Oil-
red, Sudan black, Sudan IV), lysosomal accumulation of 
cholesteryl esters, and TG, along with Maltese cross-type 
birefringent needle-shaped cholesteryl ester crystals in 
frozen sections. Immunohistochemical use of lysosomal 
markers in fixed paraffin-embedded samples facilitates the 
diagnosis of CESD (10,11). Additional biomarker find-
ings that are useful for the diagnosis of LAL-D are high 
plasma concentration of chitotriosidase as well as elevated 
oxysterols (12,13). Current treatment options include en-
zyme replacement therapy (sebelipase-alpha), statins, liver 
transplantation and stem cell transplantation (14,15).

Approximately 120 disease-causing variants in LIPA 
have been reported to date, mostly located in exon 8 (16). 
The most frequently encountered pathogenic variant is 
NM_000235.4:c.894G>A, responsible for the skipping 
of exon 8 and the CESD phenotype (5). To date, clinical 
implications for heterozygous carriers of LIPA variants 
have been scarcely studied (16). There have been reports 
of reevaluation of variants detected in the LIPA gene by 
next generation sequencing in the context of the clinical 
phenotype (17). 

We present four Serbian patients from two families 
with clinical manifestations which are highly suggestive of 
LAL-D, harboring a novel LIPA variant with preserved en-
zyme activity. Our study was approved by the Institutional 
Ethics Committee and informed consent was obtained by 
the involved patients.

CASE SERIES PRESENTATION

Family 1
Patient 1 presented with hepatosplenomegaly at the 

age of three years. Initial laboratory evaluation showed 
elevated serum transaminases with preserved synthetic 
liver function, mild leukopenia and thrombocytopenia. 
He is the second child of non-consanguineous parents, 
from an uneventful pregnancy and perinatal period and 
normal psychomotor development. His plasma lipid pro-
file revealed very low high density lipoprotein (HDL) 
cholesterol, elevated TG and normal total cholesterol. 
Significant liver and spleen enlargement were verified 
via an abdominal ultrasound exam. A biomarker study 
was indicative of LSD with high chitotriosidase, ACE and 
acid phosphatase levels in the blood. On account of hepa-
tosplenomegaly, lipid profile abnormalities and biomarker 
findings, LAL-D was suspected. Enzyme diagnostics for 
LAL-D and other LSDs (Gaucher disease, Niemann-Pick 
disease type A/B and C, Farber disease) were performed 
at the Metabolic Laboratory of the University of Mainz 

and results returned negative. Over the following years, 
hepatosplenomegaly progressed with a further decrease 
in platelet count. Repeated plasma measurements of chi-
totriosidase showed elevated values, reaching the highest 
level at 8083 nmol/ml/hr. With the advent of next genera-
tion sequencing, patient 1 was tested by clinical exome 
sequencing (Quantitative Genomic Medicine Laborato-
ries, SL., Barcelona), and compound heterozygosity for 
variants in the LIPA gene was found. This consisted of 
a pathogenic variant NM_000235.4(LIPA):c.419G>A 
(p.Trp140Ter) and a novel variant of uncertain signifi-
cance NM_000235.4(LIPA):c.851C>T (p.Ser284Phe). 
Since enzyme activity remained normal in the leukocytes 
over repetitive analyses, whole genome sequencing was 
used to discern changes in the LIPA gene, and findings 
from the Centogene lab confirmed the previous result from 
Barcelona, thus categorizing Ser284Phe as a VUS. The 
enzyme activity of lysosomal acid lipase in a dried blood 
spot was measured at the Biochemistry Department of 
NHS Greater Glasgow and Clyde at Glasgow, UK and was 
reported as normal (0.14 nmol/punch/hour).

Patient 2 (the younger sibling) presented with hepato-
splenomegaly upon clinical examination at the age of one 
and a half. He is the third child from uneventful pregnancy, 
with a normal perinatal period and normal psychomotor 
development. Elevated liver enzymes with preserved liver 
function and thrombocytopenia were observed during the 
initial laboratory evaluation. A lipidogram revealed re-
duced HDL cholesterol, along with hypertriglyceridemia, 
and normal total cholesterol (Table 1). An echographic 
abdominal evaluation confirmed hepatosplenomegaly, ob-
served in clinical examination. Taking clinical findings and 
similarity with patient 1 into consideration, enzyme testing 
on a dry blood spot for LAL-D was performed and reported 
as normal. In the following years, hepatosplenomegaly 
showed progression, with persistent thrombocytopenia and 
consistent finding of reduced HDL cholesterol and elevated 
TG. Clinical exome sequencing was carried out (Quantita-
tive Genomic Medicine Laboratories, SL., Barcelona) and 
patient 2 was found to be a compound heterozygote for 
the same variants in the LIPA gene as the older brother. 
Whole genome sequencing confirmed results previously 
obtained from Barcelona, categorizing p.Ser284Phe as a 
variant of uncertain significance, nevertheless vouching 
for the genetic diagnosis of CESD should be considered. 

Family 2
Patient 3 presented with hepatosplenomegaly at two 

months of age. Initial laboratory evaluation showed only 
slightly elevated serum transaminases. He is the third child 
of non-consanguineous parents with an uneventful perinatal 
period and normal psychomotor development. A lipid profile 
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revealed normal total cholesterol, with HDL cholesterol 
below normal and elevated TG. An abdominal ultrasound 
confirmed hepatic enlargement with structural dyshomoge-
neity and hyperechogenicity. Chitotriosidase was extremely 
elevated (Table 1). The enzyme activity of LAL was tested 
in a dry blood spot sample in the University Medical Center 
Hamburg-Eppendorf lab and revealed sufficient activity. On 
the basis of a clinical suspicion of a diagnosis of LSD, a liver 
biopsy was done at the age of five. The specimen appeared 
bright yellow-orange in color. Standard HE and special 
staining were performed on paraffin and frozen sections. 
Microvesicular steatosis with pronounced liver fibrosis was 
established, and characteristic groups of uniform, foamy 
macrophages and Kupffer cells with PAS-positive, granular 
cytoplasm were found in portal spaces and focally in fibrous 
septa (figure 1A). The analysis of the Sudan IV stained 
frozen sections under polarized light revealed numerous, 
diffuse infiltrate of birefringent, anisotropic, needle-like 
crystals (figure 1B, 1C). The crystals were lost after heating 
the tissue sections in a thermostat to 60 degrees Celsius, 
which demonstrated the thermal sensitivity of the crystals. 
Hepatosplenomegaly showed progression over the course of 
time, levels of transaminases increased with development of 
splenomegaly, thrombocytopenia and a constant finding of 
low levels of HDL cholesterol (Table 1). Clinical exome se-
quencing (Illumina TruSight One, Illumina MiSeq) revealed 
that the patient 3 is homozygous for a missense variant 
of uncertain significance, NM_000235.4(LIPA):c.851C>T 
(p.Ser284Phe) in the LIPA gene.

Patient 4 is the older sister of patient 3 and she also 
presented with hepatosplenomegaly at the age of 2.5 years. 
Laboratory evaluation showed elevated transaminases, dys-
lipidemia (elevated total cholesterol and LDL cholesterol, 
low HDL cholesterol and elevated TG) alongside anemia. 
A liver biopsy, performed at 3 years of age, revealed mi-
crovesicular steatosis with pronounced portal fibrosis and 
the presence of thermal-sensitive birefringent crystals in 
frozen tissue sections under polarized light. After the biopsy 
findings, a diagnosis of CESD was established. 

In the years that followed, hepatosplenomegaly 
showed regression, with persistent findings of elevated 
transaminases, TG, and low HDL cholesterol. Leukopenia 
and thrombocytopenia developed as well. Upon receiving 
the results of patient’s brother’s exome sequencing, genetic 
testing confirmed that patient 4 was homozygous for the 
same variant as her brother.

DISCUSSION

It has been observed that the clinical spectrum of LAL 
deficiency varies from the classic Wolman phenotype of 
early infantile cholestasis to a non-specific presentation of 

Figure 1. Liver histology of patient 3. 1A. Foamy macrophages 
with pyknotic nuclei loaded in the portal space and uniform mi-
crovesicular steatosis with accompanying marked fibrosis. (Paraffin 
section stained with Masson’s trichrome, x200). 1B. Histological 
picture of liver steatosis with evenly distributed, Sudan IV positive 
microvesicles in hepatocytes and crystalloid clefts of cholesteryl 
ester that are only hinted at due to light birefringence. (Frozen section 
stained with Sudan IV, x25). 1C. Birefringent, anisotropic crystals are 
seen under polarized light on frozen sections stained by the Sudan 
IV method. Maltese cross-type birefringence is visible here and 
there. (Frozen section stained with Sudan IV, polarized light, x40).
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chronic liver disease with much later onset (2). However, a 
pattern of clinical (hepatosplenomegaly) and biochemical 
(dyslipidemia, elevated liver enzymes) abnormalities is 
present in most of the patients (2,7,8). The disease which 
affected the two pairs of siblings that we present herein fit 
well into the pattern of LAL deficiency, especially after 
the exclusion of LSDs with a more common occurrence 
among the Serbian population. It has been reported that 
approximately two thirds of CESD patients have a disease 
onset before the age of 5 years. This corresponds to the age 
range of our case series (2 months – 3 years) (18). Clinically, 
all patients developed progressive hepatosplenomegaly, 
complicated by hypersplenism. Esophageal varices were 
present in one pair of siblings. Furthermore, three of our 
patients manifested with growth faltering, which has been 
previously described as a relatively common finding in late 
onset LAL-D (19). A disturbed serum lipid profile is one 
of the biochemical hallmarks of LAL deficiency (8). All 
of the patients in our series have persistently low serum 
HDL cholesterol concentration (Table 1), corresponding to 
the proposed diagnosis. Patients 3 and 4 also had elevated 
serum concentrations of total cholesterol and LDL fraction 
in most of the measurements. Normal serum total and LDL 
cholesterol in family 1 does not exclude the possibility of 
LAL-D, especially in the presence of typically low HDL 
cholesterol (20). Liver enzyme elevation in the serum is 
present in the whole series we presented herein and these 
findings correspond to previous clinical reports of LAL-D 
patients (21). In two of our patients (one from each couple 
of siblings), chitotriosidase activity in plasma was obtained, 

and in both cases it showed starkly elevated values. Chitot-
riosidase is a well-known and widely used marker of LSDs 
(12,22). Although not entirely specific to metabolic disor-
ders, high chitotriosidase in pediatric patients with familial 
occurrence of hepatosplenomegaly should direct further 
testing toward LSDs. Due to the absence of neurologic 
manifestations in our patients, we suspected the possibil-
ity of Gaucher disease type 1 and LAL-D. After negative 
results of specific enzyme assays for LSDs, whole exome 
sequencing revealed the aforementioned variants in the 
LIPA gene, hereby excluding other LSDs. Plasma oxysterol 
concentration was available only for patient 1, and its eleva-
tion was in line with the previously described biochemical 
abnormalities in certain LSDs, including LAL-D (13). 

Uniform microvesicular steatosis on light micros-
copy, liquid crystals of cholesteryl esters with Maltese 
cross-type birefringence in frozen section and staining with 
Oil Red O or Sudan Black are the features of liver pathol-
ogy that strongly suggest CESD (10). Foamy macrophages 
rich in lipid and ceroid content are one of the hallmarks 
of histopathology in younger patients (2). Immunohisto-
chemistry reveals lysosomal markers, such as cathepsin 
D, LAMP1, LAMP2 and LIMP2 (10). 

Histology changes in the liver biopsies of patients 3 
and 4 were entirely in accordance with the CESD diag-
nosis. Progression to fibrosis and micronodular cirrhosis 
is probable in untreated patients (2), and despite the early 
age at the time of biopsy of patients 3 and 4 (3 and 5 years, 
respectively), portal fibrosis was pronounced. The case of 
patient 4 has already been reported in an article describ-

Table 1. Genetic, hematologic and biochemical findings in four Serbian patients with chronic hepatosplenomegaly and variants 
detected in the LIPA gene

Patient 1 Patient 2 Patient 3 Patient 4
LIPA gene variant #1 c.419G>A (p.Trp140Ter) c.419G>A (p.Trp140Ter) c.851C>T (p.Ser284Phe) c.851C>T (p.Ser284Phe)
LIPA gene variant #2 c.851C>T (p.Ser284Phe) c.851C>T (p.Ser284Phe) c.851C>T (p.Ser284Phe) c.851C>T (p.Ser284Phe)

Enzyme activity 0.14 nmol/punch/hr (normal >0.1) Not available 0.32 nmol/punch/h (normal >0.1) Not performed
Total cholesterol (mmol/L) 3.1 - 4.4 4.13 - 4.3 2.4 - 5.44 3.56 - 5.12
LDL cholesterol (mmol/L) 2.04 - 2.6 2.66 - 2.9 1.35 - 4.47 2. 44 - 3.9
HDL cholesterol (mmol/L) 0.14 - 0.42 0.13 - 0.14 0.23 - 0.73 0.07 - 0.51

TG (mmol/L) 1.34 - 6.6 2.94 - 3.18 0.61 - 1.63 1.7 - 3.22
AST (IU/L) 61 - 153 109 - 128 55 - 200 60 - 154
ALT (IU/L) 49 - 98 50 - 76 40 - 105 38 - 102

Hemoglobin (g/L) 107-126 92-115 80-118 75-127
WBC count 3.65 - 5.7 5.4 -5.8 2.66 - 14.4 2.6 - 8.54

Platelet count 57.7 -203 14 - 204 73 - 399 66 - 406
ACE (IU/L) 120 - 223 ND ND ND

Chitotriosidase (nmol/ml/hr) 2106 - 8083 ND 10805 ND
Oxysterols (mcmol/L) 0.597 (normal < 0.05) ND ND ND

LDL – low density lipoprotein, HDL – high density lipoprotein, TG – triglycerides, WBC – white blood cells, ACE – angiotensin converting enzyme
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ing the usefulness of histopathology in diagnosis of this 
particular lysosomal storage disorder (23). 

We have referred samples of one patient from each 
pair of siblings (patients 1 and 3) to referent metabolic 
laboratories (Mainz, Glasgow, Hamburg) and received 
results stating that LAL activity in plasma was below the 
normal range in both cases. However, LAL activity was 
above the cut-off value defined as diagnostic for CESD. 
Different methods of activity measurement have been em-
ployed as diagnostic tools for LAL deficiency worldwide, 
making it difficult to compare the findings of individual 
patients. A residual enzyme activity of 2-11% is considered 
as diagnostic for CESD (24). However, there has been a 
report of severe LAL-D phenotype associated with sub-
stantially higher LAL-D of 16% (25). Therefore, the pre-
dictive value of enzymatic activity in regard to the clinical 
course is not firmly established. Certain authors suggest 
that precise cutoffs for low LAL activity are still dubious 
for late-onset CESD, and that clinicians dealing with LSDs 
should take into account other biomarkers (chitotriosidase, 
serum transaminases, lipid profile) during the diagnostic 
process (26-28). Over the years, assays of enzyme activity 
employed in the diagnostics of different lysosomal stor-
age disorders have been subjected to critical evaluation, 
pointing out the reduced possibility of false negativity with 
a more recent methodology (29). Therefore, a borderline 
enzyme result in the case of LSD suspicion, such as in 
cases from our report, is recommended for further evalu-
ation by molecular genetic testing (30). 

In patients 1 and 2 from our report, two vari-
ants were detected in the LIPA gene in a compound 
heterozygous state by clinical exome sequencing: 
NM_000235.4:c.419G>A (p.Trp140Ter) (designated as 
pathogenic) and NM_000235.4:c.851C>T (p.Ser284Phe) 
(designated as VUS), while segregation testing confirmed 
the carrier status of the parents. Both brothers share the 
clinical pattern resembling LAL and have the same geno-
type. The same VUS was detected in a homozygous state 
in siblings from family 2 (patients 3 and 4) presented in 
this study. However, the final diagnosis could not be made, 
despite clinical and biochemical findings, in absence of 
an indisputable enzyme deficiency and in the context of 
uncertain nature of the c.851C>T (p.Ser284Phe) variant 
in the LIPA gene. In a very recent study of infants treated 
for severe LAL deficiency, a diagnosis based on a clini-
cal phenotype and supported by the variant of uncertain 
significance (VUS) was reported in at least one case (31). 
More authors address the possibility of the impact of VUS 
in patients with probable lysosomal storage disease (32). 
There are estimates that approximately a quarter of vari-
ants designated as VUS contribute significantly to enzyme 
deficiency in Mucopolysaccharidosis type III (33).

The pathogenic c.419G>A (p.Trp140Ter) variant in 
the LIPA gene, present in heterozygous state in one pair 
of siblings from our study, is considered as a severe null 
variant (24). As recently stated by Reiner et al., the clinical 
importance of heterozygosity (carriership) for variants in 
the LIPA gene has yet to be elucidated in the future (34). 
On the other hand, pathogenicity of LIPA gene variants is 
a subject of critical reevaluation, primarily by means of 
in vitro functional studies (17). There have been reports 
that even polymorphisms in the LIPA gene can contribute 
significantly to the occurrence of metabolic complica-
tions in patients with obesity (35). The interpretation of 
genetic findings in the context of the clinical condition is 
further complicated in CESD due to the lack of genotype-
phenotype correlation in this specific disorder (9). 

The possibility of incongruence between genetic 
findings and enzyme activity, as observed in this series 
of patients, prompts further investigations. Nonsense, 
frameshift, and splice mutations typically cause severe 
(Wolman) forms of the disease (36) while the effect of 
missense mutations (typically causing the milder CESD) 
has recently been shown to be related with the structural 
domain compromised (37). In the case of the missense 
mutation described herein, we could speculate that it could 
be related to the compromised ability of the mutated en-
zyme to reach the optimal subcellular location, while the in 
vitro biological activity remains normal, since the catalytic 
domain is not compromised. A similar pathophysiologic 
scenario has been described in several different rare genetic 
diseases (38,39). 

When confronted with a challenge of confirming the 
diagnosis of a treatable inherited metabolic disorder, a 
clinician should consider a multitude of aspects: clinical 
manifestations, specific biomarkers, enzyme assay results, 
and molecular genetic findings. We hope that this report 
calls cases with considerable discrepancy between those 
aspects to attention. 
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