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Results of Selective Biochemical Screening
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in the Risk Group Patients
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Aim: to study the prevalence of lysosomal acid lipase deficiency (Wolman disease and cholesteryl ester storage
disease) among high-risk patients using selective biochemical screening.

Material and methods. Samples from 2805 patients are collected as dried blood spots on filter paper test forms.
Biochemical study of the lysosomal acid lipase (LAL) enzyme activity was carried out according to Hamilton’s proto-
col of, using 4-methylumbelliferyl palmitate as a substrate and LAL inhibitor Lalistat-2. Changes in fluorescence in the
wells were recorded on Wallac 1420 Multilabel Counter analyzer at absorption wavelength of 355 nm and emission
wavelength of 460 nm. Sequencing of the LIPA gene (NM_001127605) was carried out on an lllumina MiSeq device
(llumina, USA) from dried blood spots from patients with reduced LAL enzyme activity to define genetic variations.
Results. As a result of biochemical screening for LAL deficiency among patients from high-risk groups, 20 patients
with reduced values of LAL enzyme activity were found. For 17 patients, search for mutations in the LIPA gene was
carried out using NGS. In 9 patients, pathogenic genetic variants were found that led to decrease in LAL activity and
the manifestation of clinical symptoms. In 100 % of detected cases, genetic mutations in the LIPA gene included
single nucleotide substitution ¢.894G>A. Along with this mutation, two previously undescribed mutations (c.35dup
and c.176A>G) were discovered in a compound heterozygous state.

Conclusions. The variety of clinical symptoms and wide range of ages at which symptoms may begin (in the case
of cholesteryl ester storage disease) can lead to errors in diagnosis. The ¢.894G>A variant is the most common vari-
ant worldwide among patients with a confirmed diagnosis of LAL deficiency and was present in all confirmed cases
in this study, suggesting that this variant is the predominant mutation in the L/PA gene in Russian population. Patho-
genicity status of previously undescribed discovered mutations (c.35dup and c.176A>G) needs to be determined.
Keywords: lysosomal acid lipase deficiency, Wolman disease, cholesteryl ester storage disease, lysosomal storage
diseases, NGS, LIPA gene
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UTorm cenekTMBHOro OMOXMMMNYECKOro CKpUHUHra gedumuurta 1IM30COMHOMN

KUCNOM Niuna3bl U ceKBeHupoBaHus reHa LIPA y nauneHTOB rpynnbl pyucka
C.B. Wtbikanoea, A.A. Eroposa, O.C. motos, A.B. Kucenes, N.10. KoraH
DrbHY «HUW akywepctsa, ruHekonorvm n penpoaykronorvm um. [1.0. Otra», CaHkT-lNeTepbypr, Poccuiickas denepadims

Llenb nccnepoBaHus: 1N3y4ntb PacnpoOCTPAHEHHOCTb AeduLMTa NTM30COMHON Kucnon nunassl (JIKJ1) (6onesHn
BonbmaHa 1 601e3HN HakonneHs aprpoB XONecTepuHa) U peaynbTatbl CEKBEHUMPOBaAHNUS reHa LIPA cpeov naum-
€HTOB M3 FPyMM BbICOKOro pycka B XOA4E NPOBEAEHNS CENEKTUBHOIO OMOXMMNYECKOTO CKPUHUHTA.

Matepuan n metogbl. O6pasupl 2805 naumMeHTOB NpeacTaBieHbl CyXMMU MATHAMU KPOBU Ha TeCT-6aHKax
13 GuUnbTpoBanbHOW Bymarn. Buoxmmmyeckoe nccneaoBaHne akTMBHOCTU pepmeHTa JIKJT npoBoAMAN NO NPOTOKO-
ny faMunbTOHAa € UCnosb3oBaHneM 4-metTunymoennudepunnanbMmmTaTa B KadecTse cybcTpaTta v uHrnbutopa J1KJ1
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Lalistat-2. [1ns nocTpoeHus kanMbpoBOYHON KPUBOW MCMONb30BaIY 3HAYEHUS CEPUIHBIX Pa3BeaeHNin 4-MeTUNyM-
6ennndepoHa. MiameHeHns GpnyopecLeHLMM B JlyHKax PErMCTPUPOBaA MpY BOJIHE MoroweHns 355 HM 1 nsny-
yeHnsa 460 HM. [Ing npoBeaneHUs reHETUYECKOro UCCNEe0BaHNS N3 CYXMUX MATEH KPOBU MALMEHTOB CO CHUKEHHOM
akTMBHOCTbLO hepmeHTa JIKJ1 npoBoannm cekBeHpoBaHue reHa LIPA (NM_001127605) Ha npubope lllumina MiSeq
(«lllumina», CLLA).

PesynbraTtbl. B pe3ynbrate nNpoBeAeHHOro GMOXMMUYECKOro CKpUHUHra Ha geduuunt JIKJT cpeoy naumMeHTOB
13 rpynmn BbICOKOro pucka 6110 06HapyxeHo 20 naumMeHTOB CO CHUXEHHbIMY 3HaYEHUSIMU aKTUBHOCTU (pepMeHTa
JIKJ1. Ons 17 naumeHToB Obl1 NPOBEAEH MOVCK BapMaHTOB B reHe LIPA MeTO40M CEKBEHMPOBAHMS HOBOIO MOKOMe-
HUSA. Y 9 nauMeHToB ObINV HalAEHbI NAaTOreHHbIE FTEHETUYECKME BapuaHTbl, 0OYCNaBIMBaOLLME CHUXEHNE aKTUB-
HocTu JIKJ1 1 nposiBneHne knvHmudyecknx cumntomMoB. B 100 % obHapyXeHHbIX Cly4aeB reHeTU4eCcKne HapyLIeHS
B reHe LIPA BkJ0Hanu OOHOHYKNEOoTuaHyto 3aMeHy ¢.894G>A. BmecTe ¢ AaHHbIM BapaHToOM Obiii 06HapPY>KEeHbI
[Ba paHee He onucaHHbIX BapuaHTa (¢.35dup u ¢.176A>G) B kOMNayHA4-reTepo3vroTHOM COCTOSHUM.

BbiBOoAbl. PasHoobpasne KIMHMYECKUX CUMMTOMOB M LUMPOKWIA AManal3oH BO3pacTa MpPOSsiBIEHUS CUMMTOMOB
(B cnyyae 6051€3HM HaKonneHns 3bUpPoB XoNecTepnHa) odycnasanBaloT OLLIMOKM NPU NOCTAHOBKE AMarHosa. Bapu-
aHT ¢.894G>A aBnseTcs Hanbosiee pacnpocTpaHeHHbIM B MUPEe Cpeay NaLMeHTOB C NoATBEPXXAEHHBIM AMAarHO30M
nedvumta JIKJT 1 npucyTCTBYET BO BCEX MOATBEPXKAEHHbLIX Cly4asax AaHHOro UCCIe40BaHVs, YTO NO3BOJISET MNpes-
MOJIOXUTb, YTO AAHHbLIA BAPUAHT SBNSETCH NPeBaIMPYIOLLMM CPean NaTOreHHbIX BapuaHToB B reHe LIPA B poccuin-
ckoii nonynauuun. Ctatyc naToreHHOCTM 0OHAPYXXEHHBLIX paHee He onvcaHHbIX BapuaHToB (c.35dup u ¢.176A>G)
TpebyeT AOMNOJIHUTENIBHOIO UCCNIEA0BaHNS.

KnioueBble cnoBa: neduLmT TIM30COMHOM KUCIOM nunasbl, 6one3Hb BonbMaHa, 601e3Hb HakonieHms 3hnpoB Xo-
JIECTEPMHA, NMM30COMHbIe 6one3Hn HakornneHus, NGS, reH LIPA

KoHdnukT HTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMNNKTA UHTEPECOB.

BnarogapHocTu: aBTOpbl BblpaxaloT O6narogapHoctb HO.A. OiicmonTty, F0.C. Koweson, B.B. Koponesoim
1 B.A. IpeLLHSIKOBO 3a MOMOLLB B HAOope MaTepuana 1 NPoBEAEHWM 3Tarna reHETUYECKOr0 TECTUPOBAHMS.
duHaHcupoBaHue: cTaTbsl MOArOTOBJIEHA K MNYyGAMKALMN B paMKax BbIMOMHEHUSI FOCYAapCTBEHHOro 3agaHns Mu-
HUCTEPCTBAa HaykK 1 BbicLLero obpasoBaHunsa Poccuinckoit @epepaumm Ne 1021062812133-0-3.2.2 «OnTuMnsaums
METOZ0B NpeauKumm, NPodUNakTUKA U neveHns “6onbLUnMX akyLLepCKUX CUHOPOMOB”, @ Tak)Xe CTpaTernn poaopas-
peLleHns y 6epeMeHHbIX U3 Py BbICOKOrO PUCKA C LESbIO YYHLLIEHMS aKyLLIEPCKUX U NepUHaATaNIbHbIX MICXOO,0B>.

Ansa untuporaHua: LLteikanosa C.B., Eroposa A.A., ImoToB O.C., Kucenes A.B., KoraH W.10. 'Ttorn cenekTBHOro broxnmmye-
CKOIro CKpUHUHra geduumta IM30COMHON KUCON Nunasbl 1 CEKBEHNPOBaHUA reHa LIPA y naumeHTOoB rpynnbl pucka. Poccuiickmin

XXYPHan raCTpoO3HTEPOSIOrMK, renaTonornmn, kononpoktonorun. 2024. https://doi.org/10.22416/1382-4376-2024-1360-3612

Introduction

Lysosomal acid lipase deficiency (OMIM
278000) is an orphan disease from lysosomal
storage disorders. This disease is caused by a
malfunction of the lysosomal acid lipase (LAL)
enzyme due to mutations in the LIPA gene.
LAL is involved in the breakdown of complex
lipids and triglycerides; deficiency of this en-
zyme leads to their accumulation in cells and
tissues [1]. The main clinical manifestations of
LAL deficiency include hepatomegaly, liver fi-
brosis, dyslipidemia, and elevated serum transam-
inase levels [2]. Depending on the severity of the
disease and the time of manifestation, LAL defi-
ciency is usually divided into two forms: infan-
tile LAL deficiency and cholesterol ester storage
disease [3]. The infantile form of LAL deficiency,
also known as Wolman disease, is characterized by
the early onset of symptoms, typically within the
first six months of life, and death due to rapidly
progressing multi-organ failure before the age of
one year [4]. Cholesterol ester storage disease is
characterized by wide variability in both clinical
symptoms and time of manifestation, which often

complicates diagnosis [5]. The main symptoms of
cholesterol ester storage disease include dyslipid-
emia and progressive liver damage [6].

The frequency of LAL deficiency varies
and, according to various sources, lies between
1:40,000 and 1:300,000 [7]. The meta-analysis of
the available data allowed clarifying the frequen-
cy of this disease, establishing that it corresponds
to 1:177,000 [8]. No study has been conducted
to establish the incidence of LAL deficiency in
Russia; the expected frequency is determined as
1:100,000—1:150,000 [4, 6]. However, the anal-
ysis conducted to establish the frequency of the
mutation carriage in the LIPA gene indicates
a frequency of 1:67,600, which is twice as high
as expected [9]. According to the latest data,
the frequency of the major pathogenic variant
c.894G>A (rs116928232) in Russia is estimated
at approximately 0.001919 C(http://ruseq.ru/#/
variant,/10-89222511-C-T) [10]. However, there
is insufficient information on other variants.
Therefore, the available data indicates the need
for an expanded population study to establish the
real frequency of the disease.
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The disease is inherited in an autosomal re-
cessive manner. The most common genetic defect
of the LIPA gene, leading to disruption of LAL
function, is a mutation in exon 8, affecting the
splicing site (c.G894A, p.delS275 Q298). The
splicing defect results in a shortened protein
lacking enzymatic activity due to the absence of
24 amino acids. The detected residual activity of
the LAL enzyme is associated with splicing errors
of the “mutant” form [11]. This genetic variant in
the LIPA gene is found in approximately 50 % of
patients diagnosed with LAL deficiency [5].

This paper presents the interim results of selec-
tive screening for lysosomal acid lipase deficiency
for 2019—2024.

Aim: to study the prevalence of lysosomal acid
lipase deficiency (Wolman disease and cholesterol
ester storage disease) among high-risk patients.

Materials and methods

Biological samples from patients

The selective screening program for LAL defi-
ciency included patients with at least one of the
following symptoms: enlarged liver/spleen; per-
sistent diarrhea; malabsorption syndrome; under-
weight; growth retardation; elevated cholesterol;
elevated alanine aminotransferase / aspartate
aminotransferase, low-density lipoproteins, gam-
ma-glutamyl transferase; decreased high-density
lipoproteins; anemia; thrombocytopenia; elevated
lactate dehydrogenase, ferritin; steatosis/fibrosis/
cirrhosis of the liver; enlarged and calcified adrenal
glands; history of non-viral liver disease. Samples
from 2805 patients were presented as dried blood
spots on filter paper test forms. Informed consent
for the study was signed by all patients and/or
their legal representatives.

LAL enzyme activity assay

Biochemical study of the LAL enzyme activ-
ity was carried out according to the protocol of
J. Hamilton et al. [12] using 4-methylumbelliferyl
palmitate (Sigma-Aldrich, USA) as a substrate and
LAL inhibitor Lalistat-2 (Sigma-Aldrich, USA).
To construct a calibration curve, the values of seri-
al two-fold dilutions of 50 puM 4-methylumbellifer-
one were used (Sigma-Aldrich, USA). Changes in
fluorescence in the wells were recorded on Wallac
1420 Multilabel Counter (Perkin Elmer, USA) at
an absorption wavelength of 355 nm and an emis-
sion wavelength of 460 nm.

Genetic analysis of the LIPA gene

using next-generation sequencing

To conduct a genetic study, genomic DNA was
isolated from dried blood spots of patients with
reduced LAL enzyme activity using the Blood
DNA Mini Kit (Foregene, China) according to the

manufacturer’s protocol. Sample concentrations
were measured using the Qubit dsDNA HS Assay
Kit on a Qubit 3.0 fluorimeter (Thermo Fisher
Scientific, USA). To prepare libraries for targeted
sequencing, KAPA CustomPanel was used (Roche,
Switzerland). The LIPA gene (NM_001127605)
was sequenced on an Illumina MiSeq (Illumina,
USA) using the V2 reagent kit (300 cycles).
“The 1000 Genomes” (b37) human genome assem-
bly was used as a reference for data analysis [13].
All samples were analyzed using bioinformatics
processing based on BWA-MEM v.0.7.15-r1140,
PicardTools v.2.2.2 (broadinstitute.github.
io/picard/) and the genome analysis toolbox
(Genome Analysis Tool kit, GATK) v. 3.5 (github.
com/broadinstitute/gatk /releases) according to
the GATK Best Practices (software.broadinstitute.
org/gatk /best-practices/) [14] considering fre-
quencies in RUSeq. Sequence enrichment metrics
were obtained using Picard CalculateHsMetrics.
All samples included in the dataset were geno-
typed using the GATK GenotypeGVCFs tool.
Variants were filtered using the thresholds recom-
mended by GATK. Variant annotation was per-
formed using the SnpEff and SnpSift packages.
The following resources and databases were used
for variant annotation: dbSNP build 146, 1000
Genomes phase 3; Exome Aggregation Consortium
r. 0.3.1; ClinVar v. 2018-04-01 u dbNSFP v. 2.9.
NetGene?2 server (cbs.dtu.dk/services/NetGene2)
was used to detect splicing changes.

Results and discussion

Algorithm for the implementation

of selective screening for LAL deficiency

The established algorithm for conducting a
study to identify LAL deficiency is shown in Fig. 1.

At the initial stage, biological material and the
necessary accompanying documents (referral for
the study and informed consent) were collected.
Then the biological material (dried blood spots)
and referrals were sent to the laboratory, where a
biochemical analysis of the activity of the LAL en-
zyme was carried out. The results of the biochem-
ical analysis were processed and compared with
the value ranges presented in Table 1, according
to which a conclusion was made about the activity
of the LAL enzyme.

Samples from patients with reduced enzyme
activity were sent for genetic testing — searching
for pathogenic variants in the LIPA gene using
next-generation sequencing. At the same time, the
material was re-sampled and a biochemical anal-
ysis of the activity of the LAL enzyme was per-
formed. After genetic testing, conclusions were
sent to the attending physicians.
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Figure 1. Algorithm for selective screening for LAL deficiency

Pucynox 1. Anroput™ NpoBe/leHNs CEJIEKTUBHOTO CKPUHUHTA Ha BbisiByenue nedunura JIKJI

Results of biochemical screening

During the selective biochemical screening,
2,805 samples were analyzed. The LAL activity
in 2,785 samples corresponded to the established
reference values, while decreased enzyme activity
was recorded for 20 samples.

The majority of LAL activity values were de-
termined in the range of 0.6—1.5 nmol/punch/hour.
The average value of LAL activity was 1.22 +
0.77 nmol/punch/hour, ~ the  median  was
1.06 nmol/punch/hour.

Among the samples values of which did not
correspond to the reference values for healthy
individuals, the activity of the LAL enzyme was
insignificantly reduced in 5 samples, decreased in
3 samples, and significantly reduced in 12 samples
(Fig. 3). Some of the samples with reduced ac-
tivity of the LAL enzyme were sent to search for

mutations in the LIPA gene using next-generation
sequencing as part of the confirmatory stage of
diagnosis.

Results of genetic diagnostics

For patients whose LAL enzyme activity was
within the ranges corresponding to reduced val-
ues suggesting pathology, a confirmatory genetic
diagnosis was carried out — a search for pathogen-
ic variants in the LIPA gene through sequencing.
The search for variants in the LIPA gene was per-
formed for all samples with significantly reduced
enzyme activity. Since the end of 2023, it was
decided to expand the selection criteria for con-
firmatory diagnostics by including samples with
reduced and insignificantly reduced LAL activity
into the analysis. Two samples with decreased ac-
tivity and three samples with insignificantly de-
creased activity of the LAL enzyme were analyzed.

Table 1. Reference values for LAL activity and conclusions
Tabauua 1. Pedepencupie 3HaueHns: aktuBHocTu depmenTa JIKJI u 3axarouenns

Ranges of LAL enzyme activity values
(nmol /punch /hour)
Humepeganvl 3nauenuil akmusHocmu
pepmenma JIKJI (wmoan /nanu /uac)

3axatouenue 06 axkmuenocmu pepmenma JIKJI

Conclusion on the activity of LAL enzyme

0—0.061 Significantly reduced / Pesko cnusxena
0.061—0.080 Reduced / Chuxena
0.080—0.110 Insignificantly reduced / Hesnauumenvno cnuxena

> 0.110 Within reference values / B npedenax pechepencnvix snavenuu
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Figure 2. Distribution of LAL enzyme activity values among healthy individuals

Pucynox 2. Pacupenenenue 3nauenuit akruBHoctu dpepmenta JIKJI cpeay 3/10pOBbIX HHINBHU/IOB

m insignificantly reduced (0,08—0,11)
= reduced (0,061—0,08)
m significantly reduced (0—0,061)

Figure 3. Number of samples with reduced LAL ac-
tivity

Pucynox 3. KoandecTBO 06pasiioB €O CHIKEHHON aK-
tuBHOCTbIO hepmenta JIKJI

The results of the confirmatory diagnostic stage
are presented in Table 2. In several cases, a sharp
decrease in the activity of the LAL enzyme was
registered, but there were no genetic abnormal-
ities in the LIPA gene, which suggests the pres-
ence of other pathological processes affecting the
activity of this enzyme. The most common abnor-
mality in the LIPA gene leading to decreased LAL
activity was the pathogenic variant ¢.894G>A. In
6 cases of confirmatory diagnostics, it was detect-
ed in the homozygous state, and in three more

cases — in the compound heterozygous state. The
¢.796G>T variant, which is the second most com-
mon in patients with LAL deficiency, was detect-
ed in one patient [15]. Tt was previously reported
that a patient with the ¢.796G>T variant had a
significantly reduced activity of the LAL enzyme
(0.030 nmol/punch/hour), which corresponds to
the activity ranges for LAL deficiency and may
cause a number of clinical manifestations of the
disease [16]. Previously undescribed variants were
detected — substitution ¢.176A>G (p.Tyr539Cys)
and single nucleotide duplication ¢.35, leading to
a shift in the reading frame during translation, in
a compound heterozygous state with the variant
c.894G>A. Tt has been previously noted that the
presence of the ¢.894G>A variant in both homo-
zygous and heterozygous states is associated with
cholesterol ester storage disease and a milder phe-
notype of LAL deficiency in general [15].

Based on the clinical presentation, age of onset,
and results of molecular genetic testing, 9 patients
were suspected to have cholesterol ester storage
disease. The age range of patients experiencing
clinical symptoms was between 4 and 17 years
old. Thus, the frequency of LAL deficiency among
patients with clinical manifestations characteris-
tic of the disease is 1:312, while the frequency
of homozygous carriage of the pathogenic variant
c.894G>A was 1:500 patients. The results of re-
peated biochemical diagnostics of three samples
with significant reduced LAL enzyme activity, for
which no genetic abnormalities in the LIPA gene
were found, were within reference range, which
suggests possible technical errors in the prepara-
tion of dried blood spots, leading to false-positive
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Table 2. Results of confirmatory diagnostics in patients with reduced values of LAL activity
Tab6auua 2. Pe3yibraTbl NOATBEPIKIAIONIENH AUATHOCTUKY Y TAITMEHTOB CO CHUKEHHBIME 3HAUYEHUSIMU

aktuBHOCTH (hepMmenTa JIKJI

LAL activity
Material Age (years) (nmol /punch /hour) Mutations in the LIPA gene
Mamepuan Bospacm (aem) | Axmuenocmov JIKJI Mymauuu @ 2zene LIPA
(nmoav /nanu /uac)

Patient 1
i i 43 0 Not found / He obnapyxeno
Patient 2 3 0 ¢.894G>A in a homozygous state
Iayuenm 2 ¢.894G>A 6 20mM03uz20MHOM COCTNOAHUU
Patient 3
Hauuenm 3 5 0 c.894G>A /c.35dup
Patient 4 o
e ¢ 14 0 c.894G>A /c.796G>T (p.G266*)
Patient 5
Mg 5 1 0.0010 Not found / He obnapysxeno.
Patient 6 7 0.0080 ¢.894G>A in a homozygous state
Il avyuenm 6 ) ¢.894G>A 6 20M03uz20mMHOM COCMOSIHUU
Patient 7
e 14 0.0100 Not found / He obuapysxeno
Patient 8 1 0.0288 ¢.894G>A in a homozygous state
Havyuenm 8 ) ¢.894G>A 6 20M03Uz20MHOM COCTNOSHUU
Patient 9
Timoen 9 26 0.0378 Not found / He o6Hapyxero.
Patient 10 17 0.0400 ¢.894G>A in a homozygous state
Havyuenm 10 ' ¢.894G>A 6 20mM03uz20MHOM COCTNOAHUU
Patient 11 4 0.0430 ¢.894G>A in a homozygous state
Havuenm 11 ) ¢.894G>A 6 20M03uz20mMHOM COCMOSHUU
Patient 12
e 19 6 0.0510 ¢.894G>A /c.176A>G (p.Y39C)
Patient 13
Menpin 15 3 0.0640 Not found / He obnapyxeno
Patient 14 5 0.0645 ¢.894G>A in a homozygous state
Havyuenm 14 ) ¢.894G>A 6 20M03uz20mHOM COCMOSIHUU
Patient 15
oz 15 1 0.09075 Not found / He o6Hapy:xemovl
Patient 16
T 118 46 0.1000 Not found / He o6Hapy:xetol
Patient 17
e 17 11 0.1024 Not found / He o6Hapy:xetol

results [17]. To exclude the possibility of obtain-
ing a false-positive result, it is recommended to
conduct a further study of the activity of the con-
trol enzyme, B-galactosidase, in samples with re-
duced activity of the LAL enzyme [17]. No patho-
genic variants affecting the LIPA gene were found
in samples with insignificant reduced LAL enzyme
activity (patients 15—17). This finding suggests
the need to reconsider the ranges of enzyme activ-
ity levels indicating pathology.

Conclusion

Lysosomal acid lipase deficiency is a hereditary dis-
ease caused by pathogenic variants in the LIPA gene.

The diversity of clinical symptoms and a wide range
of ages of symptoms onset (in the case of cholesterol
ester storage disease) lead to errors in diagnosis. Due
to the lack of knowledge about the prevalence of LAL
deficiency among Russian population and the avail-
ability of mathematically derived expected frequencies
of LAL deficiency in Russia, a large-scale study is re-
quired. Variant ¢.894G>A is the most common variant
worldwide among patients with confirmed diagnosis of
LAL deficiency (cholesterol ester storage disease) and
is present in all confirmed cases at this study, which
suggests that this variant is also prevalent in the LIPA
gene in the Russian population. The pathogenicity sta-
tus of previously undescribed variants (c.35dup and
¢.176A>G) remains to be determined.
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