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Lysosomal acid lipase (LAL), encoded by the lipase A 
(LIPA) gene in human, is the only known enzyme active 

at an acidic pH in the lysosome that hydrolyzes cholesteryl 
esters (CEs) and triglycerides. The critical roles of LAL in 
physiology and diseases are demonstrated by the phenotypes 
seen in mice and human with LAL deficiency.1,2 Loss-of-
function mutations of LIPA result in rare genetic disorders 
with massive accumulation of CEs and triglycerides in hepa-
tocytes and macrophages in multiple organs causing subse-
quent tissue damage.3 Wolman disease (WD) is infant-onset 
and fatal because of a complete loss of LAL. Cholesteryl 
ester storage disease (CESD) is later-onset because of 5% to 
10% residual LAL activity, resulting in a spectrum of clin-
ical presentation, including hyperlipidemia, hepatospleno-
megaly, and premature atherosclerosis.3 In contrast to the 
rare loss-of-function mutations causing hyperlipidemia, 
common genetic variation in LIPA is specifically associ-
ated with coronary heart diseases (CHD)4–7 but not blood 
lipid traits8 in genome-wide association studies. The biolog-
ical mechanisms underlying the CHD association of LIPA 
genetic variation in the general population remain poorly 
understood.

Please see https://www.ahajournals.org/atvb/atvb-
focus for all articles published in this series.
In our previous review,1 we have discussed the role of 

LAL in intracellular and extracellular lipid catabolism, clin-
ical studies on LAL enzyme-replacement therapy for WD 

and CESD, and the functional genomic discoveries of LIPA 
as a risk locus for CHD. This review will focus on the bi-
ochemical and molecular characterization of human LAL 
and how the lipolytic products derived from LAL-mediated 
lysosomal hydrolysis contribute to catabolic, anabolic, and 
signaling pathways both in vitro and in vivo in mice with 
Lipa deficiency. We will also discuss the transcriptional reg-
ulation of LIPA in physiology and diseases and highlight fu-
ture direction.

Biochemical and Molecular Characterization  
of LAL

The LIPA gene is located on human chromosome 10q23.2–
23.3 and consists of 10 exons spread over ≈38 kb. LIPA has 3 
transcript variants according to the RefSeq database. Variant 
2 (NM_000235) lacks an internal segment in the 5′ UTR 
compared with variant 1 (NM_001127605). The 2 variants 
encode the same protein isoform in size of 399 amino acids 
(AAs), which has been experimentally validated by cDNA 
cloning.9 The annotated variant 3 (NM_001288979) lacks 2 
consecutive exons in the 5′ region, which results in transla-
tion initiation at a downstream AUG and presumably a shorter 
protein isoform consists of 283 AAs. Previous studies on the 
structural and catalytic features of LAL and knowledge of 
other lysosomal hydrolases implicate that the signal peptide 
sequence and cotranslational/post-translational glycosylation 
modification are important for LAL expression, trafficking, 
and secretion.
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Abstract—Lysosomal acid lipase (LAL), encoded by the lipase A (LIPA) gene, hydrolyzes cholesteryl esters and triglycerides 
to generate free fatty acids and cholesterol in the cell. The essential role of LAL in lipid metabolism has been confirmed 
in mice and human with LAL deficiency. In humans, loss-of-function mutations of LIPA cause rare lysosomal disorders, 
Wolman disease and cholesteryl ester storage disease, in which LAL enzyme-replacement therapy has shown significant 
benefits in a phase 3 clinical trial. Recent studies have revealed the regulatory role of lipolytic products of lysosomal lipid 
hydrolysis in catabolic, anabolic, and signaling pathways. In vivo studies in mice with knockout of Lipa highlight the 
systemic impact of Lipa deficiency on metabolic homeostasis and immune cell function. Genome-wide association studies 
and functional genomic studies have identified LIPA as a risk locus for coronary heart disease, but the causal variants and 
mechanisms remain to be determined. Future studies will continue to focus on the role of LAL in the crosstalk between 
lipid metabolism and cellular function in health and diseases including coronary heart disease.   (Arterioscler Thromb 
Vasc Biol. 2019;39:00-00. DOI: 10.1161/ATVBAHA.119.312136.)
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LAL purified from human liver showed 2 silver-stain-
ing protein bands of 56 and 41 kDa on sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis.9 Both pro-
teins are glycosylated.9 Size-exclusion chromatography 
suggests that the fraction containing predominantly the 41 
kDa polypeptide with only a trace amount of the 56 kDa 
polypeptide is enzymatically active.9 N-terminus sequenc-
ing of both 56 and 41 kDa bands support that the 56 kDa 
band represents the proprotein of 372 AAs lacking the first 
27 AAs predicted to be the signal peptide.9 The 41 kDa 
band has 323 AAs lacking 49 N-terminal AAs compared 
with the 56 kDa band.9 It has, therefore, been postulated 
that specific proteolytic processing is involved in the mat-
uration of LAL, which removes the 49 N-terminal residues 
from the 372 AA proprotein and release the active lipase.9 
Zschenker et al10 further characterize the proprotein cleav-
age region by expressing the mutant with deletion of the 
49 N-terminal residues in insect cells, which led to a com-
plete loss of LAL activity. But the intracellular location 
where the cleavage occurs has not been experimentally de-
termined (Figure 1).

Soluble lysosomal proteins are synthesized as precursor 
polypeptides containing an N-terminal signal peptide se-
quence of 20 to 25 AAs.11 The signal peptide sequence is 
important to direct their cotranslational translocation into 
the lumen of the endoplasmic reticulum, concomitant with 
the cleavage of the signal peptide by signal peptidase.11 The 
exact cleavage site of signal peptide sequence in LAL has not 
been experimentally validated. Peptide sequencing of puri-
fied human LAL supports 1 to 27 AAs as the signal peptide 
as described above,9 while ab initio prediction by SignalP 4.0 
suggests 1 to 23 AAs. A substitution of arginine for glycine 
(c.67G>A, p.Gly23Arg) in the signal peptide has previously 
been speculated to be one of the 2 compound heterozygous 
mutant alleles in a WD patient. In vitro expression of the 
c.67G>A mutant in insect cells caused a retained LAL activity 
in cell extracts but reduced activity in the culture superna-
tant.12 This missense variant (c.67G>A) is, however, cata-
loged as a common genetic variant (rs1051339, MAF=0.12 
in 1000 Genomes Project) being likely benign in the ClinVar 
Achieve, therefore, unlikely to be the disease-causing var-
iant for WD. Another missense variant, rs1051338 (c.46A>C, 
p.Thr16Pro), is in high linkage disequilibrium with the 
genome-wide association study lead single nucleotide pol-
ymorphism associated with CHD. The risk allele carriers of 
rs1051338 showed lower LAL activity and a trend toward 
reduced cholesterol efflux in monocyte-derived macrophages 
than the nonrisk allele carriers, but the analysis was restricted 
to 4 individuals, a sample size prone to false positive and 
underpowered to assess the smaller effect sizes typically as-
sociated with common genetic variants.13 Characterization 
of these genetic variants and the signal peptide sequence in 
human macrophages of much larger numbers coupled to gene 
editing in isogenic cell lines with endogenous LIPA expres-
sion will further address the functional significance of LAL 
signal peptide sequence.14

N-linked oligosaccharide side chains, particularly the 
presence of M6P (mannose 6-phosphate) residues, are 
found on all soluble lysosomal enzymes.11 Deficiency in 

synthesizing M6P causes I-Cell disease, in which the ly-
sosomal hydrolases fail to be sorted properly in the Golgi 
apparatus, therefore, are secreted rather than transported to 
lysosomes. Indeed, decreased intracellular and increased ex-
tracellular LAL activities were found in I-Cell disease fibro-
blasts.15 M6P residues also mediate intercellular exchange 
of lysosomal enzymes. Secreted LAL in the culture medium 
can be taken up by fibroblast of WD patients and maintained 
capacity to correct CE accumulation. The uptake was abol-
ished by adding M6P in the media or by phosphatase treat-
ment, supporting an M6P receptor-mediated endocytosis 
pathway.15,16 Pretreatment of LAL with endoglycosidase H 
abolished its uptake by fibroblasts, suggesting that glyco-
sylation of secreted LAL is essential for its uptake and traf-
ficking to the lysosome.17 Indeed, intravenous delivery of 
recombinant human LAL purified from egg white of geneti-
cally engineered chicken was effective in WD and CESD in 
a Phase 3 clinical trial, indicating efficient uptake of LAL by 
tissues from circulation.18

To summarize, the cleavage of the signal peptide and 
the first 49 N-terminal AAs appear to be important for the 

Figure 1. A schematic illustration of the expression, glycosylation mod-
ification, lysosomal targeting, and secretion of human lysosomal acid 
lipase (LAL) based on experimental evidence and knowledge on other 
soluble lysosomal hydrolases. Human LAL consists of 399 amino acids 
(AAs).9 The first 27 AAs are predicted to be the signal peptide (SP) se-
quence.9 In many lysosomal proteins, the signal peptide directs their 
cotranslational translocation to the endoplasmic reticulum (ER) for 
cleavage by the signal peptidase,11 although the role of signal peptide 
sequence in LAL has not been experimental confirmed. The proprotein 
of 372 AAs after signal peptide cleavage undergo cotranslational/post-
translational glycosylation modification in the ER,9,48 and then transport 
to Golgi for the addition of M6P (mannose 6-phosphate),15 which is im-
portant for lysosomal targeting of the hydrolase. It is postulated that the 
372 AA proprotein undergoes cleavage of the first N-terminal 49 AAs 
to form the mature lipase of 323 AAs, which is enzymatically active as 
suggested by size-exclusion chromatography.9 Extracellular LAL with 
M6P modification can be taken up by other cells through M6P receptor-
mediated endocytosis and remain catalytically active.15–17 The functional 
significance of signal peptide sequence, the intracellular location where 
the proprotein cleavage occurs, and the secretory pathway of mature 
LAL remain to be further characterized.
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generation of the mature lipase. M6P modification is essen-
tial for LAL lysosomal targeting, secretion, and intercellular 
exchange. It remains to be determined whether lysosomes are 
responsible for propeptide cleavage, and how LAL is secreted 
(Figure 1).

Regulatory Role of LAL-Derived Lipolytic 
Products

LAL hydrolyzes CEs and triglycerides and releases free cho-
lesterol (FC) and fatty acids (FAs) that serve as important en-
ergy sources, structural components of cell membranes, and 
signaling molecules. LAL has recently been found to hydro-
lyze retinyl esters and regulate retinoid homeostasis.19 Here, 
we will discuss how LAL couples intracellular lipid metab-
olism to cellular function through the regulatory role of lipo-
lytic products (Figure 2).

LAL mediates both intracellular and extracellular li-
polysis in a cell type-specific mechanism. LAL hydrolyzes 
neutral lipids delivered to the lysosome through endocy-
tosis of lipoproteins in many cell types. Macrophages can 
also form extracellular lysosomal synapse where LAL re-
mains active and mediates catabolism of aggregated LDL 
(low-density lipoprotein).20 In macrophages and hepato-
cytes, LAL was found to hydrolyze neutral lipids stored in 
lipid droplets (LDs) through lysosome-dependent autoph-
agy pathways termed lipophagy. Ablation of autophagy by 
deletion of critical autophagy genes led to increased lipid 
content in these cells, suggesting impaired LD delivery to 
lysosomes.21 This autophagy-mediated delivery of LDs to 
the lysosome can be selectively active in a certain pool of 

LDs. For example, in hepatic stellate cells, LAL hydrolyzed 
preexisting LD pools, but not newly synthesized LDs la-
beled by deuterated FAs.22 In adipose tissue macrophages 
generated by coculturing bone marrow-derived macrophage 
with adipose tissue explant, however, the deficiency of Atg7 
did not increase the cellular lipid content, suggesting alter-
native pathways for the mobilization of LD pools in adipose 
tissue macrophages.23

LAL-mediated hydrolysis of CEs and triglycerides pro-
vides a source of FAs that are important metabolites for the 
generation of energy via fatty acid oxidation (FAO) and 
substrates for the biosynthesis of other lipids. FAO fueled 
by LAL-derived FAs was thought to be essential for IL (in-
terleukin)-4 mediated macrophage M2 polarization,24 but 
the role of FAO is found to be more complex than previ-
ously envisioned. Recent studies have found that loss of 
Cpt1a or Cpt2, encoding the rate-limiting enzymes in FAO, 
in myeloid cells has little impact on the expression of M2 
markers despite significantly decreased FAO.25 Thus, al-
though knockdown of Lipa in macrophage has been shown 
to reduce the expression of M2 markers on IL-4 treat-
ment,24 the mechanisms must be independent of reduced 
FA pools. LAL-mediated lipolysis also provides source of 
precursors for lipid mediator synthesis. Peritoneal macro-
phages of mice with knockout of Lipa (lal−/−) showed an 
accumulation of 18:2 and 20:4 FAs, important precursors 
for lipid mediator generation, in CE fraction, but not in 
phospholipids or triglyceride fractions.26 LAL inhibition by 
Lalistat 2 in wild-type macrophages with acetylated-LDL 
loading increased intracellular CE concentration, reduced 

Figure 2. Lysosomal acid lipase (LAL)–mediated lysosomal lipolysis links lipid metabolism to diverse cellular functions. LAL hydrolyzes cholesteryl ester (CE) 
and triglyceride (TG) in the lysosome to release fatty acids (FAs) and free cholesterol (FC). Modified LDL (low-density lipoprotein) internalized through scav-
enger receptor-mediated endocytosis is an important source of CE and TG for lysosomal hydrolysis. The hydrolyzed FAs and FC can be re-esterified and 
form lipid droplets in the endoplasmic reticulum (ER) for storage. Lipid droplets can be delivered to the lysosome for LAL-mediated hydrolysis via autophagy 
to provide energy supply and maintain cellular homeostasis. The engulfed apoptotic cells by macrophages through a process called efferocytosis also deliver 
neutral lipids to the lysosome, and LAL is essential for maintaining the efferocytosis capacity of macrophages.29 The lipolytic products of LAL have active bio-
logical roles. Hydrolyzed FAs are substrates for fatty acid oxidation (FAO) and synthesis of VLDL (very low-density lipoprotein).32 CE-derived FAs also provide 
precursors for the synthesis of lipid mediators that have a broad spectrum of functional impact on inflammatory response and resolution.26 Lysosomal flux of 
FC is essential for the production of oxysterol that triggers the activation of LXR (liver-X-receptor),28 resulting in increased ATP-binding cassette transporter 
A1 (ABCA1) expression and cholesterol efflux to remove cholesterol from the cells. How is LIPA expression regulated remains incompletely understood? 
Under conditions of lysosomal stress induced by atherogenic lipids, such as oxidized-LDL, TFEB (transcription factor EB) triggers lysosomal biogenesis, in-
cluding increased expression of the LIPA gene.42
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the release of several lipid mediators that have a variety of 
biological functions, including linoleic acid derivative com-
pound 9-hydroxyoctadecanoic acid, a PPAR-γ ligand, which 
reduced lung inflammation in lal−/− mice when administered 
intranasally.27

LAL hydrolyzes CEs and release FC, important cell 
membrane components and precursors for other cholesterol 
derivatives. Increased FC flux from the lysosome inhib-
ited SREBP (sterol regulatory element binding protein)-
dependent de novo cholesterol synthesis and LDL-receptor 
expression.2 Lysosomal release of FC also allows the pro-
duction of oxysterol, potent endogenous Liver-X-Receptor 
agonists that activate the transcription of ATP-binding cas-
sette transporter A1 (ABCA1), and cholesterol efflux to re-
move cholesterol from cells.28 Peritoneal macrophages from 
lal−/− mice showed reduced Abca1 expression and choles-
terol efflux with lipoprotein loading.28 In addition to endo-
cytosis of lipoproteins, the engulfment of apoptotic cells 
(efferocytosis) also delivers neutral lipid to macrophages for 
lysosomal processing. Knockdown or chemical inhibition of 
LIPA in human THP-1 macrophages caused a defective effe-
rocytic response of apoptotic cells.29 Mechanistically, inhi-
bition of LIPA led to decreased production of oxysterol on 
ingestion of apoptotic cells, resulting in reduced cholesterol 
efflux and expression of MERTK that mediates apoptotic 
cell uptake.29

Thus, lysosomal lipolysis links lipid metabolism to di-
verse cellular functions because many metabolic derivatives 
of FC and FAs serve as ligands for nuclear receptors and tran-
scription factors that have profound effects.

LAL Deficiency in Mice: Systemic Effects on 
Metabolic and Immune Homeostasis

The lal−/− mice were first generated by Du et al.30 The 
mouse model has been widely used to study the role of 
Lal in multiple organ systems. The lal−/− mice on a mixed 
genetic background of 129Sv and CF-1 survive into adult-
hood, and are fertile, but die at ages of 7 to 8 months.30 
The lal−/− mice show massive accumulation of triglycer-
ides and CEs in liver, spleen, adrenal glands, and small 
intestine. These mice resemble hepatosplenomegaly, the 
major clinical manifestation of CESD in human, but not 
many of the clinical presentations in WD. The lal−/− mice 
provide a model to study human CESD, but more impor-
tantly, serve as a powerful tool to investigate the systemic 
impacts of lysosomal lipolysis on metabolic and immune 
homeostasis.

Deficiency in Lipa causes severe accumulation of lipids 
in hepatic lysosomes and progressive loss of white adipose 
tissue, which triggers alternative energy pathways. In liver 
of lal−/− mice on a C57BL/6J background, deficient CE 
and triglyceride hydrolysis leads to reduced FA flux and 
hepatic acyl-CoA availability, and consequently, reduced 
VLDL (very low-density lipoprotein) synthesis and plasma 
triglyceride levels,31 which induced metabolic adaptations 
for increased systemic glucose usage. Intraperitoneal glu-
cose tolerance tests and insulin tolerance tests revealed 
improved glucose tolerance and insulin sensitivity in 

lal−/− mice. Plasma glucose levels were reduced, together 
with reduced liver glucose, glycogen and glutamine con-
centrations, as well as increased insulin sensitivity and 
glucose clearance in skeletal muscle to compensate for 
decreased energy availability.32 The lal−/− mice also showed 
defective functionality of brown adipose tissue with 
decreased expression of uncoupling protein 1, leading to 
transient hypothermia in mice housed at room temperature 
and life-threatening cold intolerance. These phenotypes 
in lal−/− mice highlighted the critical roles of Lipa in FA 
mobilization, adipocyte differentiation, and systemic met-
abolic homeostasis.31

Lipa deficiency causes systemic malfunction of 
immune cells in mice. The lal−/− mice showed neutral 
lipid accumulation and impaired T-cell development in 
thymus and spleen and reduced peripheral T-cell number 
and maturation. These defects are also accompanied by 
impaired T-cell function, characterized by increased ap-
optosis, reduced proliferation, and impaired response to 
T-cell receptor stimulation.33 Lipa deficiency significantly 
increased systemic myeloid cell expansion, particularly a 
CD11b+Gr-1+ MDSCs (myeloid-derived suppressor cells) 
population that infiltrated in multiple organs, including 
thymus, spleen, lung, liver, and small intestine.34,35 MDSCs 
also directly facilitate tumor cell proliferation, growth, and 
metastasis in lal−/− mice through mammalian target of ra-
pamycin pathway.36 These studies provide a mechanistic 
basis for the role of LAL-mediated lipolysis in immune 
homeostasis.

Lipa deficiency-induced pathological changes can be 
reversed by tissue-specific human LAL reconstitution. 
Hepatocyte-specific expression of LAL corrects liver in-
flammation and tumor metastasis in lal−/− mice.37 Lung 
epithelial cell-specific expression of LAL reversed lung 
inflammation.38 Macrophages appear to play important 
roles in Lipa deficiency induced systemic pathogenesis. 
Inducible macrophage-specific expression of LAL under 
the control of a c-fms promoter in lal−/− mice partially cor-
rected adipose tissue atrophy, myeloid cell abnormality, 
and pathogenic phenotypes in liver, lung, and intestine.39 
The systemic effects of macrophage LAL reconstitution 
may be attributable to the presence of foamy macrophages 
throughout multiple organs in lal−/− mice as the major di-
sease driver. It is also plausible that macrophage-secreted 
LAL can be taken up by other cell types, allowing intercel-
lular exchange within the tissue or through circulation to 
exert systemic effects.

Although LAL deficiency is disease causing, increas-
ing LAL activity to above normal levels may not confer 
benefits. Epithelial cell-specific overexpression of human 
LAL in wild-type mice accelerated neutral lipid hydrol-
ysis and perturbed the surfactant homeostasis, therefore, 
disrupting lamellar body genesis and alveolar structure 
in the lung.40 A study by Zschenker et al41 also described 
LAL-overexpressing transgenic mice fed with Western diet 
showing increased plasma VLDLs. Therefore, it is impor-
tant to maintain a homeostasis of lysosomal neutral lipid 
metabolism.
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Transcriptional Regulation of LIPA in 
Physiology and Diseases

Genotype-tissue expression data on the gene expression 
in different tissues (https://gtexportal.org/home/) suggest 
that LIPA is most abundantly expressed in spleen, and 
highly expressed in lung, intestine, and adipose tissue. 
The protein expression data by immunohistochemistry 
in Human Protein Atlas suggests that LAL is expressed 
in spleen red pulp macrophage and lung alveolar macro-
phages, supporting a macrophage-enriched expression of 
LAL in humans. How LIPA expression is transcriptionally 
regulated remains incompletely understood. Finding new 
molecular pathways and strategies modulating LIPA ex-
pression has therapeutic potentials in diseases involving 
lysosomal lipid accumulation and pathways mediated by 
lysosomal lipolysis.

Transcription factors involved in autophagy pathways, 
such as transcription factor FOXO1 (forkhead homeobox type 
protein O1) and TFEB (transcription factor EB), have been 
shown to induce LIPA expression in response to nutrient re-
striction.2 Under conditions of lysosomal stress induced by 
atherogenic lipids, such as oxidized-LDL, TFEB, are dephos-
phorylated and translocated to the nucleus and upregulated 
the expression of Lipa, Atp6v0d2, and Lamp1 genes involved 
in lysosomal biogenesis.42 TFEB overexpression augmented 
Lipa expression and lysosomal biogenesis, rescued the pro-
apoptotic and proinflammatory effects of atherogenic lipid 
loading in mouse peritoneal macrophage42 and reduced ather-
osclerosis in mice model.43

Consistent with the effects of atherogenic lipids in vitro, 
atherosclerosis is associated with lysosomal lipid accumula-
tion but increased LAL levels. Several studies have reported 
higher LAL activity in atherosclerotic tissue and lipid-laden 
lysosomes isolated from atherosclerotic tissue homogenates.2 
Transcriptome profiling of nonfoamy and foamy macro-
phage from mouse plaque showed that foamy macrophage 
expressed higher levels of genes involved in cholesterol and 
FA transport pathways, including Lipa, Abca1, and Fabp4, 
while nonfoamy macrophages are enriched in proinflamma-
tory genes, such as Il1b, Il12a, Tnf, and Nlrp3.44 Collectively, 
these data argue that macrophages contribute quantitatively to 
an increase in expression and LAL activity in atherosclerotic 
plaque, and that lipid-loaded plaque macrophages may play 
a role in lipid trafficking and homeostasis in atherosclerotic 
plaques independent of more inflammatory subpopulations of 
macrophages.

Whether supplementation of LAL would be atheroprotec-
tive is an open question. Studies in LDL-receptor knockout 
mice suggest that supplementation of recombinant human 
LAL resulted in regression of lesions in coronary and aortic 
tissue but the mechanisms are unknown.45 The LAL treatment 
reduced plasma CEs and hepatic lipid levels, and therefore in 
this model may promote atherosclerosis regression indirectly 
through hepatic effects and modulation of systemic lipopro-
teins rather than direct actions on the lesions or lesion mac-
rophages. Direct targeting of LAL to lesional macrophage 
may contribute to enhanced lipolysis and reduced lysosomal 
lipid accumulation in the lesion. Yet, it is uncertain at what 

level of substrate presentation to the lysosome does endog-
enous LAL become insufficient to maintain normal CE and 
triglyceride hydrolysis in the lysosome, considering LAL 
levels are already increased in plaque macrophages. In addi-
tion, because lesional macrophages have apparent impaired 
lysosomal acidification42 that impedes the proper function of 
LAL, the effectiveness of augmented LAL levels on lyso-
somal lipolysis in an atherogenic environment in vivo remain 
very uncertain.

Human genetics and functional genomic studies provide 
additional insights into the role of LIPA in human CHD as 
highlighted in our previously published Editorial.14 Although 
some CESD patients develop premature atherosclerosis, 
hyperlipidemia, and hepatomegaly are the major clinical 
manifestation and likely the major driver of atherosclerosis 
progression. Furthermore, heterozygosity of CESD muta-
tion resulting in ≈50% loss of LAL activity carries no asso-
ciation with CHD or myocardial infarction risk in a cohort 
of >27 000 individuals.46 In contrast, the risk alleles of the 
CHD-associated genetic variants are associated with higher 
LIPA expression in monocytes5 and monocyte-derived mac-
rophages,47 supporting a potential gain-of-function effect of 
the LIPA common alleles in CHD. Therefore, despite the 
effectiveness of enzyme-replacement therapy on reducing 
multiple disease-related hepatic and lipid abnormalities in 
CESD patients,18 the long-term effects of recombinant LAL 
on cardiovascular events and mortality among patients with 
LAL deficiency and potentially in the general population 
should be assessed. It is also critical to determine the bio-
logical mechanisms of the CHD-associated genetic variants 
before increasing the activity of LAL beyond the normal 
cellular response may be considered as therapeutic strate-
gies for CHD.

Summary and Future Directions
LAL has increasingly been recognized as an important reg-
ulator in a broad spectrum of pathophysiological conditions. 
LAL-mediated lipolysis connects intracellular lipid metab-
olism to cellular functions through lipolytic products that 
regulate catabolic, anabolic, and signaling pathways. Future 
studies are to further characterize the biochemical and struc-
tural features of human LAL, understand the biological mech-
anisms underlying the genetic association between LIPA and 
CHD, and the potential benefits and risks in therapeutic target-
ing of LAL in CHD.
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• Lysosomal acid lipase, encoded by the LIPA gene in human, is the only known enzyme active at an acidic pH in the lysosome that hydrolyzes 
cholesteryl esters and triglycerides.

• Lysosomal acid lipase-mediated lysosomal lipolysis links lipid metabolism to diverse cellular functions through the regulatory role of lipolytic 
products.

• In vivo studies in mice with knockout of Lipa highlight the systemic impact of Lipa deficiency on metabolic and immune homeostasis.
• Genome-wide association studies and functional genomic studies have identified LIPA as a risk locus for coronary heart disease, but the causal 

variants and mechanisms remain to be determined.
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