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Abstract
Background

Lysosomal acid lipase de�ciency (LALD) is a rare autosomal recessive metabolic disorder. Mutations in
the LIPA gene that encodes LAL result in disrupted triglyceride metabolism. Presentations and severity of
the disorder are diverse and are often non-speci�c. Characterisations of LALD include dyslipidaemia and
abnormal liver function which can overlap with conditions such as familial hypercholesterolaemia and
non-alcoholic fatty liver disease (NAFLD). The rarity of LALD may mean that the condition is
unrecognised or misdiagnosed. The development of effective enzyme replacement therapy for LALD has
provided motivation for identifying the condition clinically. Diagnosis of LALD by genetic testing is costly.
However the relatively inexpensive assay of LAL activity in dried blood spot (DBS) has made the
diagnosis of LALD in clinical practice more available. We studied LALD screening in 3 cohorts: patients
from hospital Lipid and Diabetes Clinics selected using the current recommended criteria,1 patients from
hospital Liver Clinic who either had histological features in their liver biopsies that were consistent with
LALD or who had diagnoses of non-alcoholic steatohepatitis (NASH), NAFLD or cryptogenic cirrhosis, and
genetic testing for patients found to have reduced LAL activity to detect LALD carriers.

Method

Eligible patients were consented for LALD screening. A single sample of blood was obtained either from a
�nger prick or from a venous blood sample. The blood was transferred to a DBS �lter paper for
processing. LAL activity <0.03 nmol/punch/h was diagnostic of LALD.

Patients with reduced LAL activity were offered genetic testing. Consenting patients gave a venous blood
sample of 3ml.

Results

1730 patients were screened for LALD from 8 centres in the UK. None of the patients in the cohort tested
positive for LALD. 27 patients consented to have genetic testing. No abnormalities were detected. 100
patients in the Liver cohort were screened for LALD and none was positive for LALD.

Conclusion

Using the eligibility criteria we adopted, the detection rate of LALD was meagre. In our cohorts, we did not
identify any patient with undiagnosed LALD in hospital Lipid, Diabetes or Liver clinics.

Introduction
Lysosomal acid lipase de�ciency (LALD) is a rare metabolic disorder resulting from mutations in the LIPA
gene that encodes LAL, a key enzyme in triglyceride metabolism. The disorder is inherited in an
autosomal recessive fashion and presents with two distinct phenotypes historically known as Wolman’s
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disease and cholesteryl ester storage disease (CESD). Presentations of the condition are diverse and
disease severity depends on the nature of the mutation and its effect on LAL function.1 Wolman’s disease
is the most severe form of LALD and presents in infancy with liver failure from cholesteryl ester and
triglyceride accumulation. These patients rarely survive beyond 6 months of age. Patients who present
later in life with CESD tend to have varying degrees of residual LAL activity and thus less severe forms of
the disease. LALD is characterised by dyslipidaemia including hypertriglyceridaemia, low high-density
lipoprotein cholesterol (HDLC), liver steatosis and cirrhosis. Liver biopsies of patients con�rmed with
LALD on genetic testing typically show microvesicular steatosis with characteristic hypertrophic Kupffer
cells and portal macrophages and the presence of luminal cathepsin D and membrane markers of
lysosomal-associated membrane protein (LAMP1 and LAMP2) and lysosomal integral membrane protein
2 around the lipid vacuoles.1,2 The estimated prevalence of LALD varies widely from 1 in 300,000 to 1 in
40,000.3 The non-speci�c presentations and diverse phenotypes of LALD overlap with other much more
common conditions such as familial hypercholesterolaemia and non-alcoholic fatty liver disease
(NAFLD). This, coupled with a low index of suspicion among medical professionals, means the condition
has the potential to be unrecognised or misdiagnosed.4 An effective treatment for LALD is enzyme
replacement therapy (ERT).5 The introduction of Sebelipase alfa as ERT has provided the incentive in
diagnosing LALD in clinical practice. LALD can be con�rmed by genetic testing but the procedure is
costly. The development of an assay of LAL activity in dried blood spot (DBS) using Lalistat 2 as speci�c
LAL inhibitor has very much facilitated screening for LALD.6 In this study we evaluated screening for
LALD in patients attending hospital Lipid and Diabetes Clinics using criteria proposed by Reiner et al.1 We
also looked at the feasibility of performing genetic testing in patients with reduced LAL activity to detect
LALD carriers. And �nally we assessed LAL activity in patients attending Liver Clinics who had features in
their liver biopsy that might be compatible with LALD; we invited patients who had been diagnosed with
non-alcoholic steatohepatitis (NASH), NAFLD or cryptogenic cirrhosis to have DBS testing for LALD.

Method
Approvals for the study were obtained from Greater Manchester Central Research Ethics Committee and
Health Research Authority. The study was sponsored by Manchester University NHS Foundation Trust.

There were 3 patient cohorts in this study.

I. Screening cohort:

The inclusion criteria in our study were adapted from those proposed by Reiner et al.1 Eligibility included
non-obese patients (BMI≤30) who have at least 3 of the following: 1. Low HDL (<1.0 mmol// in men and
<1.3 mmol/l in women). 2. Elevated triglycerides >1.7 mmol/l. 3. Elevated total cholesterol >6.2 or low-
density lipoprotein cholesterol (LDLC) >4.7 mmol/l. 4. Raised liver alanine aminotransferase (ALT) 1.5 x
upper limit of normal with no known metabolic cause or viral disease or alcohol excess. 5. Diagnosed
with NAFLD with or without hyperlipidaemia.
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Patients eligible for LALD screening were recruited between 2014 and 2017 from hospital Lipid and
Diabetic clinics in Manchester and 7 other remote sites and consented to give a DBS sample for LAL
enzyme testing. Remote sites contributing samples for LALD screening included Lipid and Diabetic
Clinics from Manchester, Chorley, Devon/Exeter, Dudley, Isle of Wight, Oldham, Sandwell and Yeovil. There
was no upper limit to the number of patients recruited in the study period.

The DBS samples were processed at all the recruiting sites where they were collected, batched and
forwarded to the Inherited Metabolic Disease Laboratory, Royal Hospital for Children, in Glasgow. LAL
enzyme activities were measured �uorimetically using 4-methylumbelliferone labelled substrate and the
inhibitor Lalistat 2.6 LAL activity <0.03 nmol/punch/h was accepted to be diagnostic of LALD. β
galactosidase (β-gal) activity was measured on the study samples as a control enzyme to ascertain
sample quality. Samples with β-gal activity within the normal reference range (85 – 450 pmol/punch/h)
were deemed to be of reasonable quality. All the enzyme activity results were sent from Glasgow to
Manchester for collation.

II. Genetic testing to detect LALD carrier:

A previous series showed that LALD carriers had enzyme activities of 0.13 – 0.40 nmol/punch/h.6

Patients from the LALD screening cohort from all participating sites who had LAL activity of <0.25
nmol/punch/h and β-gal activity >85 pmol/punch/h were consented and invited to give a blood sample
of 3 ml for genetic testing. Blood samples from remote sites were sent to Manchester on the day of
collection and on arrival in Manchester, were stored at - 80°C. Frozen samples were batched and
forwarded to Viapath, Guy’s Hospital London for LALD genetic testing.

III. Liver cohort:

Patients were selected from Lipid and Liver Clinics in Manchester if they had had a liver biopsy which
showed features consistent with LALD or if they had not had liver biopsy but had been diagnosed with
NASH, NAFLD or cryptogenic cirrhosis. Exclusion criteria for this cohort include 1. Liver disease caused by
alcohol excess, chronic viral hepatitis, haemachromatosis, primary biliary cirrhosis, primary sclerosing
cholangitis, autoimmune hepatitis, Wilson’s disease, alpha 1-antittrypsin de�ciency. 2. HIV positive. 3.
Cystic �brosis. 4. Galactosaemia. 5. Glycogen storage disease. 6. Liver damage caused by hepatotoxic
drugs or toxins.

Eligible patients who consented to DBS sampling until the proposed sample size of 100 was reached.
DBS samples were forwarded to Glasgow for LAL activity assays.

DBS sample

DBS cards were provided by the Glasgow Laboratory. It is imperative when preparing blood spot samples
that the �lter paper is completely saturated with fresh blood. It is preferable to completely �ll one circle on
the card rather than partially �lling all 5 circles. To prevent deterioration of enzyme activity prior to
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analysis good sample preparation and handling guidelines must be followed. The cards can be spotted
from either a �nger prick or from a fresh venous blood sample with the latter being transferred to the card
as soon as possible after collection. The cards should be left to dry for a minimum of 4 hours but
preferably overnight. Once dry, the cards are placed in a sealed plastic bag with a sachet of dessicant.
They can then be stored in a refrigerator at 4°C until being sent to the testing laboratory at ambient
temperature.

Results
1730 patients were screened for LALD between 2014 and 2017 from 8 centres in the UK using the
inclusion criteria described above. The numbers of recruits from each site are shown in Table 1. Enzyme
activity <0.03 nmol/punch/h is diagnostic of LALD.6 None of the patients in our cohort was found to have
LALD. LAL activity results from the screening cohort are shown in Figure 1. The mean LAL activity in our
screening cohort was 0.4 nmol/punch/h.

Using the chosen LAL activity cut-off of <0.25 nmol/punch/h in combination with a normal β-gal activity
(>85 pmol/punch/h) 37 samples from 6 sites were eligible for genetic testing for LALD carrier status.
Results are shown in Table 2. 27 patients consented to have genetic testing. No pathogenic mutations
were identi�ed in any of the patients tested.

Between 2011 and 2015, 412 liver biopsies were carried out in Manchester University NHS Foundation
Trust. 188 of the biopsy results showed features that might be consistent with LALD. These patients’
medical records were screened for eligibility based on the de�ned exclusion criteria. 23 were found to be
eligible and 9 patients consented to participate. In addition, patients were recruited who had been
diagnosed with NASH, NAFLD or cryptogenic cirrhosis. 28 eligible participants were recruited from Lipid
Clinic, 61 from Liver Clinic and 2 participants were self-volunteers. In the liver cohort of 100 participants,
none was found to have LALD. Figure 2 shows the LAL activity results in the liver cohort. The mean LAL
activity in this cohort was 0.35 nmol/punch/h. Barrata et al 7 described reduced LAL activities observed
in NAFLD patients, we did not see this pattern in our liver cohort.

Discussion
In this study, we did not identify any patients with LALD in the 1730 patients recruited from hospital Lipid
and Diabetic clinics screening using the eligibility criteria described above1. This �nding is similar to the
outcome of a substudy in the PATHFINDER project where laboratory databases were used to identify
patients with combination of low HDLC and raised liver transaminases who were then invited for DBS
testing. No LALD affected cases were identi�ed in this cohort either.8 Similar results were reported in a
paediatric population.9

Strong associations between LALD and other liver pathologies such as NASH, NAFLD and cryptogenic
cirrhosis are well recognised.4,7 In our liver cohort, we did not �nd any patients with LALD. It would seem
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that even in patients with diagnosed NASH, NAFLD and cryptogenic cirrhosis, LALD is rare.

LALD is a rare condition and LALD carrier identi�cation is di�cult. Carriers are known to have
intermediate enzyme activity. Previously a cohort of 15 con�rmed carriers were found to have enzyme
activities in the range of 0.13 – 0.40 nmol/punch/h (Normal reference range 0.37 – 2.30).6 In our study, a
cut-off of 0.25 nmol/punch/h was chosen for carrier testing as it was anticipated that approximately two
thirds of carriers might be captured at this level. β-gal activity within the normal reference range (>85
pmol/punch/h) was used to ascertain good sample quality. However, none of the subjects identi�ed
using these cut-offs were found to have mutations within the LIPA gene. We recognise that a higher cut-
off of LAL activity (e.g. 0.4 nmol/punch/h) might capture more potential carriers, however this would
mean conducting genetic testing for a much larger cohort and this was necessarily constrained by
funding issues. Whilst being excellent at diagnosing LALD affected cases the DBS LAL enzyme assay is
not really designed to identify carriers. The issues with sample degradation make the identi�cation of
carriers particularly challenging: the quality of DBS samples from the multiple different centres was
variable and di�cult to control. Ideally mutation analysis would need to be performed on all subjects to
determine the true carrier frequency but as mentioned previously this was not possible due to funding
constraints.

There were limitations to our study. We acknowledge that to screen for a rare condition like LALD, a much
larger number of participants would be required. It is thought that LALD is an under-diagnosed condition
but, even using the triggers for LAL testing of combined dyslipidaemia and liver dysfunction, the
detection rate remains low. Interestingly a recent epidemiological study looking at the incidence of all
currently known LAL mutations has given an estimated prevalence of 1 in 177,000 therefore con�rming it
to be within the ultra-rare classi�cation of diseases.10

Conclusion
Based on the eligibility criteria we adopted,1 our results do not suggest that a signi�cant number of
patients being seen in Lipid, Diabetic or Liver Clinics have undiagnosed LALD. However given the ease of
diagnostic testing using a DBS and the potential availability of ERT, testing for LALD is probably still
recommended in atypical cases albeit not as �rst line.
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Tables
Table 1. Sites and numbers recruited for LALD screening.
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Site Collaborator Number of recruits

Dudley Jacqueline Smith 543

Chorley Satyan Rajbhandari 418

Manchester Handrean Soran 337

Sandwell Ansu Basu 280

Yeovil Alex Bickerton 81

Devon/Exeter Bijay Vaidya 54

Isle of Wight Ali Al-Bahrani 8

Oldham Deepak Bhatnagar 9

Table 2. Samples eligible for LALD genetic testing.
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Figure 1

LAL activities in screened cohort. Mean LAL activity=0.4 nmol/punch/h.
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Figure 2

LAL activities in liver cohort. Mean LAL activity=0.35 nmol/punch/h.


