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Gaucher Disease: Clinical phenotypes
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ABSTRACT

Background and Aim: Gaucher disease (GD) is a rare lysosomal storage disorder caused by mutations in the
B-glucosidase (GBA1) gene, with more than 500 variants described. This study aimed to investigate the clinical
features and spectrum of GBA1 variants in Kazakhstani patients with GD.

Methods: Medical records from the national referral center for GD in Kazakhstan were reviewed. Forty-five
patients with confirmed GD were included. Diagnosis was confirmed by reduced B-glucosidase, glucocerebro-
sidase enzyme activity, and supported by elevated plasma chitotriosidase activity. The entire coding region of
GBA1 was analyzed using bidirectional Sanger sequencing.

Results: Among 45 patients from 38 unrelated families, 15 variants were identified in 20 combinations, includ-
ing 12 missense variants, 2 nonsense variants, 1 frameshift variant, 1 splice-site variant, and 1 recombinant
variant. Of the missense variants, 10 were pathogenic, while 2 novel variants (A316L and F477R) were classi-
fied as likely pathogenic. The most frequent variants were L444P (28) and N370S (19). The N370S variant was
predominant in GD type 1 (19), whereas L444P occurred in both type 1 (15) and type 3 (11) disease.
Conclusions: This study demonstrated that 28 of 45 patients with GD in the Republic of Kazakhstan have type
1 disease, with the N370S mutation being the predominant genetic variant (28). Among the 17 patients with
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type 2 and 3 GD who had central nervous system involvement, the most frequent finding was the L444P muta-
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Introduction

Gaucher disease (GD) is a genetic disorder
caused by mutations in the GBA1 gene. These mu-
tations lead to a deficiency of the lysosomal enzyme
glucocerebrosidase (GCase), which results in the
intracellular accumulation of glycolipids. GBA1
gene variants impair the activity of the GCase en-
zyme, which normally catalyzes the hydrolysis of
glucocerebroside into glucose and ceramide. The
pathological accumulation of glucocerebroside is a
key mechanism underlying the development of GD
(1). Although GD is inherited in a monogenic pat-
tern, its clinical manifestations are highly heteroge-
neous, ranging from asymptomatic forms to severe,
life-threatening phenotypes. In its multisystemic
course, GD may present with progressive enlarge-
ment of parenchymal organs, gradual bone marrow
infiltration by lipid-laden macrophages leading to
anemia and thrombocytopenia, hepatosplenomeg-
aly, skeletal involvement (including bone pain, avas-
cular necrosis, and osteoporosis), as well as central
nervous system impairment. GBA1 gene is located
on chromosome 1q22 and consists of 12 exons and
11 introns. According to the Human Gene Muta-
tion Database (HGMD), about 560 GBA1 vari-
ants associated with GD have been reported. These
include frameshift, missense, deletion mutations,
and other genetic changes. Biallelic GBA1 variants
lead to GD, whereas both biallelic and monoallelic
GBA1 variants have been linked to an increased risk
of developing Parkinson’s disease (2). The spectrum
of GBA1 mutations varies across different popula-
tions. For instance, the p.Leu483Pro (L444P) vari-
ant is predominant in India, whereas the ¢.84dupG

(84GG) is very common among Ashkenazi Jews,
accounting for up to 96% of cases. In other popu-
lations, its frequency is significantly lower, around
50-60%. The L444P and RecNcil variants are fre-
quently observed in patients with neuropathic forms
of GD (types 2 and 3) in China, Japan, and Ko-
rea (3-5). In the Republic of Kazakhstan, 46 pa-
tients with GD have been registered over the past
10 years. However, the present study is the first to
provide a detailed description of the clinical char-
acteristics and the spectrum of GBA1 mutations
in Kazakhstani patients. The aim of this study was
to investigate the clinical features, the spectrum of
GBA1 variants, and their impact on the clinical and
laboratory manifestations of GD in the Kazakhstani
population.

Materials and Methods

This, retrospective and prospective cohort study
included patients with GD registered at the Sci-
entific Center of Pediatrics and Pediatric Surgery
and the Scientific Center of Cardiology and Inter-
nal Medicine from 2011 to 2024. A total of 46 pa-
tients were registered in the population during this
period; however, only 45 patients were enrolled in
the study, as genetic testing had not yet been per-
formed for one patient. Data were derived from the
national GD registry’s electronic health records. The
diagnosis was established based on clinical evalua-
tion, laboratory tests, genetic analysis, and imag-
ing. Clinical, laboratory, and instrumental data were
obtained from the patients’ medical records at the
time of diagnosis. Genetic analysis, determination



ACTA BIOMED 2026; VOL.97, N.1: 17731 DOI: 10.23750/ABM.2026.17731 3

of glucocerebrosidase (GCase) activity, as well as
measurement of glucosylsphingosine (Lyso-Gb1),
chitotriosidase, osteocalcin, parathyroid hormone,
and vitamin D levels were performed prospectively
at the time of diagnosis.

Genetic analysis

The GBA1 gene was analyzed using amplicon-
based next-generation sequencing (NGS), covering
the full coding region and conserved exon—intron
junctions, with a minimum coverage of >20x. Low-
quality or missing regions were confirmed by Sanger
sequencing to achieve complete coverage. Analyses
were performed at the University Medical Center
Hamburg-Eppendorf, Centogene (Germany), Ar-
chimed Life Genomics (Austria), and the Bochkov
Research Centre for Medical Genetics (Moscow).

Measurement of glucocerebrosidase activity

The quantification of the enzymatic product,
4-methylumbelliferone, was performed by fluorometry
on a microplate reader (Victor X2, PerkinElmer). This
analysis was conducted for all patients at the labora-
tories of Centogene (Germany) and Archimed Life
Genomics (Austria).

Lyso-Gb1 measurement

Blood samples (60 pl) were spotted onto Cen-
toCard® filter paper, air-dried, and 3.2 mm diameter
discs (~3.1 pl of blood) were punched from them. The
analysis was performed by liquid chromatography us-
ing an ACE 3 C8 column on a Waters [-Class UPLC
system. The study was conducted at the laboratories
of the University Medical Center Hamburg-Eppen-
dorf (Hamburg, Germany), Centogene (Germany),
Archimed Life Genetics (Austria), and the Bochko-
vsky Medical Genetic Scientific Center and Labora-
tory (Moscow, Russia).

Chitotriosidase measurement

Chitotriosidase activity was determined by meas-
uring its hydrolytic activity in serum using a fluorescent

chitotriose analog. The analyses were performed at the
laboratories of Centogene (Germany) and Archimed
Life Genomics (Austria).

Osteocalcin measurement

Osteocalcin was determined by electrochemilu-
minescence immunoassay on a Cobas 6000 analyzer
(Roche Diagnostics, Switzerland). The Elecsys N-
MID Osteocalcin kit (Roche Diagnostics, Switzer-
land) was used as reagents. The study was conducted
according to the instructions for the reagent kit.

Parathyroid hormone measurement (PTH)

PTH was determined by a solid-phase, enzyme-
amplified, two-step chemiluminescent immunometric
assay on a Cobas 6000 system (Roche Diagnostics,
Switzerland). The Elecsys PTH (1-84) reagent kit
(Roche Diagnostics, Switzerland) was used for the
analysis. The study was conducted according to the in-
structions for the reagent kit.

Vitamin D (25-Hydroxycalciferol)
measurement

The level of 25-hydroxyvitamin D was deter-
mined by an enzyme-linked fluorescent immunoassay
(ELFA) using VIDAS family analyzers (bioMérieux,
France). The VIDAS 25 OH Vitamin D TOTAL
(VITD) reagent kit (bioMérieux, France) was used for
the analysis. The study was conducted according to the
manufacturer’s instructions.

Measurement of ionized calcium

The concentration of ionized calcium was deter-
mined in blood plasma using an ion-selective electrode
on an automated Cobas 6000 analyzer (Roche Diagnos-
tics, Switzerland). The analysis was performed according
to the manufacturer’s instructions for the reagent kit.

Laboratory findings

In the complete blood count (CBC), levels of

hemoglobin and platelets were evaluated. Anemia
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was classified as severe for hemoglobin levels below
70 g/L, moderate for levels from 70 to 109 ¢/L, and
mild for levels from 110 to 119 g/L. Thrombocytope-
nia was classified as severe for a platelet count below
50 x 10°/L, moderate for a count from 51 to 100 x
10%/L, and mild for a count from 101 to 150 x 10°/L.

Radiological assessment

X-rays of the femur including the hip and knee
joints in the anteroposterior view were obtained us-
ing a Philips PCR Eleva digital X-ray system (The
Netherlands).

Ultrasound examination of the liver and spleen
was performed in all patients upon hospitalization us-
ing a “Logiq P6” ultrasound machine (General Elec-
tric, USA). The following probes were used:

- Microconvex universal intracavitary probe,
broadband, multi-frequency, 4.2-10.0 MHz;

- Linear broadband multi-frequency probe, 4.2—
13.0 MHz;

- Convex broadband multi-frequency probe,

2.0-5.5 MHz.

LIVER AND SPLEEN FIBROELASTOMETRY

Liver and spleen fibroelastometry was performed
using a FibroScan 502 device (EchoSens SA, France)
with three probes corresponding to the patients’ chest
circumference: Small 1 (< 45 cm), Small 2 (45-75 cm),
and Medium (> 75 cm). The study was conducted at
the Institute of Gastroenterology, Hepatology and
Metabolism, LLP, in Almaty, Kazakhstan.

Statistical analysis

Statistical analysis and data visualization were
performed using the R 4.4.2 environment for statisti-
cal computing (R Foundation for Statistical Comput-
ing, Vienna, Austria), GraphPad Prism, and StatTech
v. 3.1.10 (developed by StatTech LLC, Russia). Quan-
titative variables with a normal distribution were de-
scribed using mean values (M) and standard deviations
(SD). The precision of the mean values was reported
using 95% confidence intervals (95% CI).

Results

By ethnicity, out of 45 patients, 32 were of Ka-
zakh nationality, 4 were Russian, 3 were of mixed
nationality, 1 was Uzbek, 1 was Uyghur, 1 was Tatar,
1 was Korean, and 2 were Ingush. The distribution of
patients by GD type was as follows: 28 patients with
type 1, 4 with type 2, and 13 with type 3. Analysis
of the time to diagnosis revealed significant differ-
ences depending on the disease type, with the overall
mean diagnostic delay being 5.3 years. A diagnosis was
established within the first year of clinical symptom
onset in only 3 patients with type 1. In most cases,
the diagnosis of GD was established late. A diagnostic
delay of 1 to 5 years was observed in 8 patients, 5 to
30 years in 13 patients, and in 3 patients, the diagnosis
was made only after 30 years or more following disease
manifestation. In patients with type 2 GD, the diag-
nosis was established within the first year of clinical
symptom onset in 2 children and within 1 to 3 years in
2 children. For patients with type 3, the diagnosis was
made within 1 year in 3 patients and from 1 to 3 years
in 9 patients (Table 1).

Thus, in the overall cohort, a diagnosis was es-
tablished within the first year of clinical symptom
onset in only 9 out of 45 patients. Moreover, patients
with type 2 and type 3 GD were diagnosed earlier
compared with those with type 1, in whom the pre-
diagnostic period could last for several years. In ad-
dition, the analysis demonstrated that enzyme re-
placement therapy (ERT) was not always initiated
immediately after diagnosis: on average, patients
started treatment 1.1 years after the diagnosis was es-
tablished. The determination of B-glucocerebrosidase
enzyme activity was performed in all 45 patients at the
time of diagnosis. The median enzymatic activity in
the overall cohort (n=45) was 0.89 umol/L/h, whereas
in type 1 it was 0.9 pumol/L/h, in type 2 — 0.5 pmol/
L/h, and in type 3 — 0.8 pumol/L/h. Of the 45 patients,
43 had anemia of varying degrees, with a predominance
of moderate and severe forms. Thrombocytopenia was
observed in 42 patients, most often of moderate and
severe degrees (Table 2).

The levels of the metabolic biomarkers Lyso-Gb1
and chitotriosidase were determined in 30 and 28 pa-
tients, respectively. The mean values of these markers
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Table 1. Duration of the pre-diagnostic period in GD.

N=45 Type 1n=28 | Type2n=4 | Type3n=13
Time from symptom onset to diagnosis s % 2bs 2bs s
less than 1 year 9 20 3 2 4
from 1 to 5 years of age 20 44.4 8 2 10
from 5 to 30 years of age 13 28.8 13 - -
30 years and older 3 6.6 3 - -

Table 2. Prevalence and severity of anemia and thrombocytopenia in patients with GD.

Number of patients by severity degree
Indicator M Range mild moderate severe atotal of
Hemoglobin (g/L) 78,5 47-126 13 18 12 43(95.5%)
Platelets x1079/L, 89 32-256 6 32 4 42(93.3%)

were significantly higher than normal, which confirms
metabolic disturbances (Table 3). To assess bone me-
tabolism, levels of ionized calcium, parathyroid hor-
mone, vitamin D, and osteocalcin were determined.
Patients with GD showed hypocalcemia and vitamin D
deficiency, which is associated with a high frequency of
skeletal complications (Table 3).

Spleen elastography was performed in 16 pa-
tients at the time of diagnosis, with varying degrees
of fibrosis detected in 12 of them. Splenic fibrosis was
found in 2 patients with grade 1, 6 with grade 2, 5
with grade 3, and 3 with grade 4. Splenic fibrosis was
identified with the following distribution by grade:
Grade I (n=2), Grade II (n=6), Grade III (n=5), and
Grade IV (n=3). Radiological changes in the muscu-
loskeletal system included Erlenmeyer flask deform-
ity of the bones (14 cases), rarefaction of bone tissue
(19 cases), and signs of osteonecrosis (9 cases). Mag-
netic resonance imaging (MRI) of the femur in
16 patients showed infiltration of the bone marrow
by Gaucher cells. Osteodensitometry performed in
10 patients revealed osteopenia (5 cases), osteoporosis
(3 cases), and osteonecrosis (2 cases). These findings
underscore the critical need for regular monitoring of
skeletal complications in patients with Gaucher disease.
Among 45 patients from 38 unrelated families who

underwent molecular genetic testing, a total of 15 dis-
tinct mutations were identified, represented in 20 dif-
ferent allelic combinations. These included 12 missense
variants, 2 nonsense mutations, 1 frameshift mutation,
1 splice-site mutation, and 1 recombinant mutation.
Of the 12 missense variants, 10 were classified as path-
ogenic, while 2 previously unreported variants (A316L
and F477R) were categorized as likely pathogenic,
thereby warranting inclusion in the Human Gene
Mutation Database (HGMD). In our study of GD
patients in Kazakhstan, the most frequently identified
variants were 1.444P (n=28) and N370S (n=19). The
N370S variant was dominant in Type 1 GD (p<0.001),
whereas L444P was found in both Type 1 and Type 3.
The RecNcil variant was predominantly detected in
patients with Type 2 GD (p<0.001), which confirms
its association with more severe forms. The frequen-
cies of other rare variants are presented in Table 4 and
Figure 1.

The ¢.1448T>G (1.444P) variant was the most
common and was identified in 28 patients, of whom
22 were heterozygous and 6 were homozygous. In the
heterozygous state, L444P was combined with F2521
and RecNcil variants in 4 patients. The ¢.1448T>G
(L444P) variant was the most prevalent and was de-
tected in 28 patients, of whom 22 were heterozygous
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Table 3. Biomarker surveillance in the investigated patient cohort.

Biomarkers

Indicators, M

Lyso-Gb1 (ng/ml), Me (Q1-Q3) n=30

271 (121.2-560)

Chitotriosidase (nM/ml/hour), Me (Q1-Q3), n=28

541,5 (188.8-1459.2)

Ionized Calcium (pmol/L/h), Me (Q1-Q3), n=35

0.69 (0.47-0.99)

Osteocalcin, (ng/ml), Me (Q1-Q3), n=35

1.33 (1.2-1,8)

Parathyroid hormone, (pg/ml), M + SD, n=35

8.34+3.59

Vitamin D, (ng/ml), Me (Q1-Q3), n=35

11.4 (7.45-15.6)

Table 4. Frequency of mutations identified based on the type of GD.

Mutation The entire patient cohort (n=45) Typel (n=28) Type 2 (n=4) Type 3 (n=13) P
L444P 28 (62.2%) 15 (54%) 2 (50%) 11 (85%) 0.120
N370S 19 (42.2%) 19 (68%) 0 (0%) 0 (0%) <0.001
F2131 5(11.1%) 2 (7,1%) 0 (0%) 3(23.1%) 0.337
RecNeil 4 (9%) 0 (0%) 3 (75%) 1 (8%) <0.001
E233D 4 (9%) 1(3.6%) 1(25%) 2 (15.4%) 0.159
R120W 3 (7%) 3 (11%) 0 (0%) 0 (0%) 0.654
W184R 2 (4.4%) 2 (7.1%) 0 (0%) 0 (0%) >0.999
G85E 2 (4.4%) 2 (7.1%) 0 (0%) 0 (0%) >0.999
V398L 1(2.2%) 1 (4%) 0 (0%) 0 (0%) >0.999
R87QQ 1(2.2%) 1 (4%) 0 (0%) 0 (0%) >0.999
R285H 1(2.2%) 1 (4%) 0 (0%) 0 (0%) >0.999
N188S 1(2.2%) 1 (4%) 0 (0%) 0 (0%) >0.999
F477R 1(2.2%) 0 (0%) 0 (0%) 1(7.7%) 0.378
D315H 1(2.2%) 1 (3.6%) 0 (0%) 0 (0%) >0.999
A316L 1(2.2%) 0 (0%) 0 (0%) 1 (8%) 0.378

and 6 were homozygous. In the heterozygous state,
1.444P was found in combination with the F252I and
RecNeil variants in 4 patients. The L444P/F2521 gen-
otype was identified in one patient with Type 1, who
had a high risk of progression to Type 3, as well as in
one patient with Type 2. The L444P/N370S, L444P/
E233D, L444P/G85E, L444P/N188S, and 1.444P/?
(unknown allele) genotypes were found in 23 cases
(85.1%) among patients with Type 1 disease. In the
homozygous state, the variant was found in 5 patients
with Type 3 and 1 patient with Type 1 disease. The sec-
ond most frequent variant in the GBA1 gene, N370S,
was found in 19 cases, of which 13 were in a heterozy-
gous state in combination with the L444P, R120W,

and W184R variants. In the homozygous state, it was
found in 5 cases, exclusively in patients with Type 1
GD. The next most frequently identified variant in this
study was the complex recombinant RecNil allele in
exon 11 (Table 5). This variant was detected in the ho-
mozygous state in 3 patients with Type 2 GD, as well
as in a complex heterozygous genotype in 1 patient
with Type 3 disease. The F252Ile variant was identi-
fied in a compound heterozygous state in 3 patients
with Type 3 GD. Similarly, the E233D variant was
detected in a heterozygous form in 3 patients in com-
bination with another variant. In this study, new vari-
ants F477 and A316L were identified, associated with
Type 3 GD. In a patient with the F477 variant, who
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Figure 1. Spectrum of variants in GD in Kazakhstani patients.

phenotypically corresponded to Type 3, this varjant
was detected in a heterozygous state, with the second
allele being L444P. A second patient with the A316L
variant in a homozygous state phenotypically corre-
sponded to Type 2 GD.

At the time of diagnosis, all patients exhibited
hepatosplenomegaly. This was more pronounced in
patients with Type 1 and Type 2 GD compared to
those with Type 3. Subsequently, 14 of the 45 patients
underwent splenectomy. At the onset of GD, a hemor-
rhagic syndrome was detected in 30 patients, primarily
in the form of epistaxis and subcutaneous hematomas,
more often in patients with Type 1 disease. Bone pain
was observed in 28 patients, 3 of whom developed
episodes of bone crises mimicking acute osteomyeli-
tis. Over time, 12 patients developed severe skeletal
complications, including avascular necrosis, pathologi-
cal fractures, and compression fractures. At the time

of GD diagnosis, fractures were detected in 9 pa-
tients, predominantly in those with Type 1 and Type
2 disease. Kyphoscoliosis was diagnosed in 3 patients
with Type 3 GD. Respiratory system involvement was
observed in 15 children, mainly as pneumonia, more
frequently in Type 2 and Type 3 disease. Neurological
symptoms (bulbar disorders, tetraparesis, oculomotor
disturbances, parkinsonian syndrome) were observed
in 17 children and occurred exclusively in Type 2 and
Type 3. All patients with Type 2 GD were found to
have the RecNcil variant, which is associated with
an aggressive disease course. A comparison of clini-
cal manifestations based on GD type is presented in
Table 6.

Analysis of the clinical manifestations of GD
depending on the disease type showed that hemor-
rhagic and bone pain syndromes with fractures were
most pronounced in type 1, which is associated with



10.23750/ABM.2026.17731

DOl

17731

ACTA BIOMED 2026; VOL.97, N.1:

01/6 sno3£zoxa12y RIANSYA: oxdggyoar] nTLEPTRA (AP DOVL8YY T (T86EA)D¥DE0ET I aN
L/ snogAzoxayoy ObVLy0S3 dsyzzzno i (AEETA)IPYIIS™ “(OL8W)d I an
01/6 AT EVA oxdggy,00] BSE0FUSY (¥ DOVL8YT ™ (SOLEN)DYVITTT I S
01/L snogAzoxayoy O¥A8TLY BSE0FUSY SIHpZE8IY (SOLEN)DYV9IZTT ™ ‘(HSSTT) I1¥rD0L6™ I a4z
01/6 snoSAzoxayoy OrL61ELS oxdggi,00] BSE0rUSY (¥ TDOVL8YT ™ (SOLEN)DYVITTT I kel
01/6 snoSfzowoy OrL61ELS oxdggy,00] BSE0rUSY (¥ DOVL8YFT (SOLEN)DYVITTT I qd
6 snogfzowoy oxdggi00] DSEOFUSY (SOLEN)OYVITTL™ I LA
6 snogfzowoy oxdggi00] SEOFUSY (SOLEN)OYVITTL™ I SA
01/6 snogAzoxayoy OrL61ELS oxdggi,00] BS60rUSY (A7 DOVL8YFT ™ (SOLEN)DYVITTT I av
01 snogfzowoy oxdgg00] (d¥vyDOPL8PP1I™ | III IV
01 snofzowoy oxdggy0a] (dPvyDOVISPPI™ | III AL
01 snogAzowoy oxdggy0a] (dPryDOPL8YP1™ | III nL
01/9 snogAzororay OrL6lELS oxdggyoa] dMeszaud (dvryDOVL8YY I ‘GIETTDYIYSL?2 | 11T LL
9/6 sn08£zo1219y OPY9SErS g zzusyd (oxdggpoaT (S8SIN)I¥V089™ ‘(di#¥ 1) Dt L8rr17 I IN
L/6 snogAzoxayoy ObVH0S/3 dsyzzzniod oxdgg00] (AEETA)OPYI8™ (drvy DOVISHPI™ | III HY
S sno3{zowoy dipes18ry (MOTTI).LYOSLY ™ I v
01 snofzowoy oxdggy0o] (d¥PvyDOPL8Yr1I™ | III v
01/6 snogAzororay OvL61ELS oxdggy0a] 1S607USY (d¥yyTDOVL8YY I (SOLEN)DYVITTL I ax
01/6 sn084201239¢ Ol ATI VA oxdggy0a] BSEOPUSY (dvyyTDOVL8YY I (SOLEN)DYVITTL I T
01/9 sn084201219Y Or1L6lELS oxdggyoa] aMeszyd (dPrr DOPI8YPT 2 ‘(IETCVIYSL™ | IIT 20
9/8 sn08£201213Y Or10EryS dMeszaud STy Sgdsyd (GIETTDVIFSL™ (HEITA)V <D0901 I )
01/6 sn034201239Y OvL61ELS oxdggi00] G607 USY (d¥yy OV L8YY1 (SOLEN)DYVITLI I C59)
01/6 sn084201239Y OvL61ELS oxdggi,00] DGEOPUSY (dPPrDOFL8YY L™ “(SOLEN)DYVITTL D I G1)
/6 sn084201239Y LyOr6es dipesr8ry 1S60FUSY (MOTTI)IFISLY™ (SOLEN)DYVITTL I )
6 snogAzowoy DYEOPUSY (SOLEN)OYVITTL™ I qq
S/6 sn084201219Y LyOr6es dipest8ry 1S607USY (MOTTA)LFISLY™ (SOLEN)DYVITTI ™ I dd
01 snogAzowoy oxdggy0o] (d¥rr DOYL8PYL™ I a9
9/6 sno8£zora)ay OVNPEPS SryeriL DSEOPUSY (I¥8TM)IDYNLII™ (SOLEN)DYVITTI ™ I VA
01/9 sn0842012197 Or1L6lELS oxdggyoa] aMeszyd APy DOV LYY GIETTDPLYSL™ I vd
6 snokzowoy - - GEOFUSY (SOLEN) DYV9ITTL™ I IV
uoxyy £1so3L7 VN3 d od adfyouany | adLy, | yuameg
ao

“UeISYNBZEY] UI syuoned (10 JO UONBZLIAIORIRYD u%@ocu&mlu&uoqumu ‘G 9[qe ],




-opndad [eusis poe ourwre—gg o) Surpnpout ‘Ouas ygo) ayp Jo 1onpord uonepsuen Arewrtrd o) wo paseq paqusap are (d, se pareusisop) soSueyd proe ourury

“(1°090€0[ Jueguan) Jy gD 2uasop
-nasd oy pue (1°650€0[ Jueguon)) Yo 10§ seouanbas aouarayar ay3 03 SUIPIOdIE ‘I T IPHIO[INU WOIJ SUNILIS Paroqunu e ('3 se pareusisap) suontsod apnoapnu (YN S) YN (I drwouas) |

10.23750/ABM.2026.17731

17731 DOL:

ACTA BIOMED 2026; VOL.97, N.1:

01366¢TeA"d
o1gS6yyd
1 snog{zowoy o1gggpnoTd (PN IYDLEYT ™ DFDESYT ™ OFI8PH1™2 I a1
-dxo
oH snog{zors1ay “duo spg ‘dyo oy u E(T91€3TY) IyOLy6™ | TII aN
/L snog{zors1ay OP161ELS oxdggy00] é (AvPrDOVISYPT™ ‘(CaLLvd )i | TIT V1
01/L sno3{zors1ay OvILe1ELS oxdgg00T (drry DOVL8YY1I™ (ACETAIPYIISD | TII 1L
o1J66¢TeA'd
o1gs6yyd
1 sno3{zowoy orgggynoTd (PN DPOLEYT ™ DFOESHTD OV ISHyI? | TII VL
01/6 sn084zo12127 OvLeTELS oxdggyoa] dMeseaud (drry DOVI8YY T2 ‘(GIETCVIFSL™ | 11T VS
9/01 sno3£zoxaay OYNpEY™S 3ryeTaL REINT (IP8TM)IPYNLIY? (SOLEN) DYV ITTI D I A2
01 sno3{zowoy BSEOPUSY (SOLEN)OVYVITZTI ™ I| VI
L/0T sno3£zoxa)ay OYVH05/3 dsyzzgngod oxdggy0o] (AEETA)DPVIS™ (divr 1) IVI8PF1™ I v
01 sno3{zowoy oxdggy00] (v DOVISYYI™ | III bl
01/6 snog4zorx)ay OPIL61ELS oxdggy00] PS60FUSY (d¥PyDOVPL8FP12 (SOLEN) DYVITTID I 7
o1d66+eA"d OYOLEVT™
01dS6kyd PN DPOESHT™
T sn034zoxoyoy orgggynoyd OPL8FPID | 1T NI
(01d66+TeA d (PNP?Y)IYOLEVT
01156y v d PO €8P17
11/6 sno3{zors1ay o1gggynoTd) nOASSAIO OVIL8FI2 “(A9D)IVOYSST? I A%
€/6 sno3{zors1ay V¥D7E973 nOSSAID o1dggyoar] (A9¥D)DYOPSST™ “(d¥by 1) OYL8PY L™ I XS
6/€ sno3{zors1ay RIATI YA oxdggy00] nOASSAIO (drhyDOYL8PPT™ (A9YD)IVOFSST™ I VS




10 ACTA BIOMED 2026; VOL.97, N.1: 17731 DOI: 10.23750/ABM.2026.17731

marked thrombocytopenia and infiltration of the skel-
etal system by Gaucher cells. CNS and respiratory sys-
tem involvement were characteristic of types 2 and 3
(neuronopathic forms) of the disease.

Discussion

This study aims to present the GBA1 gene vari-
ants and their association with the clinical mani-
festations of GD in Kazakhstani patients. Of the
45 patients included in this study, the disease mani-
fested during childhood in 91.1%. The most prevalent
phenotype in the Kazakhstani population was Type 1
GD, which was detected in 62.2% of patients; Type
3 was observed in 29% of patients, and Type 2 was
recorded in only 9%. Thus, the non-neuronopathic
form of GD (Type 1) was predominant among the
studied cohort. These results are consistent with pre-
viously published global studies (6), confirming that
Type 1 GD remains the most common disease phe-
notype. This study aims to present the GBA1 gene
variants and their association with the clinical mani-
festations of GD in Kazakhstani patients. Of the 45
patients included in this study, the disease manifested
during childhood in 91.1%. The most prevalent phe-
notype in the Kazakhstani population was Type 1 GD,
which was detected in 62.2% of patients; Type 3 was
observed in 29% of patients, and Type 2 was recorded
in only 9%. Thus, the non-neuronopathic form of GD
(Type 1) was predominant among the studied cohort.
These results are consistent with previously published
global studies (6), confirming that Type 1 GD re-
mains the most common disease phenotype. Genetic
analysis revealed that the L444P variant was present
in 62.2% of patients. The frequency of this variant var-
ied, ranging from 54% in patients with Type 1 GD
to 85% in those with Type 3. This distribution aligns
with trends previously reported in the literature. For
instance, according to Tylki-Szymafiska et al. (7), the
L444P variant is predominant in patients with neu-
ronopathic forms of GD, reaching 70-90% of cases.
Similar data were also presented in the work by Wang
et al. (8), where the frequency of L444P was 61.5% in
patients with Type 3 disease. The N370S variant was
found in 42.2% of patients in the present study, which

is expected for populations with a predominance of
non-neuronopathic forms of the disease. This is con-
sistent with data from Western European and Jewish
populations (45% to 70%) as reported by Beutler et al.
(9) and Horowitz & Zimran (10). The high frequency
(75%) of the RecNil variant in Type 2 patients within
our study cohort deserves special attention. This sig-
nificantly exceeds the data from the global ICGG reg-
istry, where it is found in 10-30% of Type 2 cases (11).
This finding may indicate specific features of the vari-
ants distribution within this population or may be due
to the limited size of our sample. The F213I variant,
found in 23.1% of patients with Type 3 GD, is also of
interest, as it is mentioned as being extremely rare in
most studies, such as that by Nalysnyk et al. (12). Such
an increase in frequency may be related to regional or
ethnic specificities. The R120W genotype was found
in 3 (7%) patients with Type 1 disease in our study. Al-
though it has been previously reported in the literature
that the R120W variant is associated with Type 2 GD
(5), in this study it was identified among 6 (13.3%)
rare alleles and was found in combination with the
neuroprotective N370S variant, predominantly in pa-
tients with Type 1 disease. The rare variants A316L
and F477R, found in two of our GD patients, have
not been previously described in the literature. CNS
involvement in these patients was observed from the
age of 1.5 years, manifesting as severe epilepsy and oc-
ulomotor apraxia. Both patients also had visceral and
hematological manifestations, with a fatal outcome
before the age of 4. In a study by Hruska et al. (13), it
is noted that rare variants in the GBA1 gene can influ-
ence the clinical course of GD, including more severe
forms that present in infancy with rapid progression of
neurological deficits. This may also be associated with
variants such as A316L and F477R. The observed fre-
quency of the rare variants (W184R, G85E, V398L,
R87Q, R285H, N188S, F477R, D315H, A316L) is
within the range of 2.2-7%, which is comparable to
data in the literature. For instance, according to Ko-
privica et al. (14), the total frequency of rare alleles
accounts for approximately 10% of all GBA1 gene
mutations. Thus, we conducted a literature review, the
results of which are presented in a comparative ta-
ble (Table 7). According to our study, the frequently
found L444P alleles in the Kazakhstani population are
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Table 6. Comparison of clinical manifestations based on GD type.

General population, n=45 Type 1,n=28 Type 2,n=4 Type 3,n=13
Clinical manifestations abc % abe abc abe
Hemorrhagic syndrome 30 66.6 25 - 5
Bone pain syndrome 28 62.2 22 2 4
Bone crises 6.7 3 _ _
Fractures 9 20 8 1 -
Respiratory system engagement 15 333 5 3
Central Nervous System involvement 17 37.7 4 4

Table 7. A comparative study of the most common GD variants in Kazakhstan and other populations.

P Commonly observed mutant alleles Other alleles*
Kazakhstan L444P | N370S F2131 | Rec | G85E | W184R E233D
Japan (19) L444P - F2131 - - - - D409H
China (20) L444P | - F2131 | - - - - R353W | N382K | L383L
Korea (5) L444P - F2131 - GS85E - - R296Q N227S
Turkey 21) | L444P | N370S | - - - - . L385R
Israel (22) L444P N370S - - - - - 84GG- Ashkenazi ; L29Afs18
Eyrope (23) | L444P | N370S | - Rec | - - E233D | D409H | G377S | P266l
Russia (24) L444P N370S - - - W184R -
India (25) L444P - - - - - -

*Mutations characteristic of these countries, not found in the Republic of Kazakhstan.

characteristic of almost all countries, including those
in Asia, Europe, Israel, Turkey, and India. In addition,
the N370S allele found in our population in 42.2% of
cases was also characteristic of patients in Turkey, Eu-
ropean countries and Russia. The F2131 variant, which
is characteristic of the Kazakhstani population, is also
found in Japan, Thailand, and Korea, but not observed
in other countries. The G85E variant, most character-
istic of the Korean population, was also found in one
patient of Korean ethnicity in our study. The W184R
allele has been described in Russian studies, and the
E233D variant in studies from Europe.

Laboratory analysis showed that the mean level
of B-glucocerebrosidase activity was 0.89 pmol/L/h,
compared to a normal value of 4.1 pmol/L/h. This
finding is consistent with data from other studies. A

reduction in activity to less than 15% of the normal
value is considered the “gold standard” for diagnos-
ing Gaucher disease and is typically accompanied by
an increase in chitotriosidase (22). In the examined
patients, chitotriosidase activity ranged from 188.8
to 1459.2 nM/ml/h, which was significantly higher
than the normal range. An increase in Lyso-Gb1 was
also detected (median 271 ng/ml), which is consid-
ered a reliable biomarker for the severity and prog-
nosis of Gaucher disease in international studies,
especially in patients with Type 3, who have a high
risk of neurodegenerative complications, including
Parkinson’s disease (23). The phenotypic manifesta-
tions of GD in our cohort were highly variable, rang-
ing from an asymptomatic course to severe forms
with pronounced cytopenia, hepatosplenomegaly,
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and osteoarticular complications. The severity of the
laboratory and instrumental findings can likely be
explained by the late diagnosis. For instance, in the
majority of children, anemia and thrombocytopenia
were moderate to severe, which led to the develop-
ment of hemorrhagic syndrome (67%), while bone
pain was noted in 62% and hepatosplenomegaly was
present in all 100% of patients. Similar results are
consistent with data from Korean authors, who also
noted more pronounced bone complications in pa-
tients after splenectomy (24). In our cohort, 31% of
children underwent splenectomy before the start of
enzyme replacement therapy (ERT), and a third of
them later developed severe skeletal complications,
including the need for joint replacement. Respira-
tory system involvement was observed in a third of
the patients, most often in the form of pneumonia
and broncho-obstructive syndrome. Similar data are
provided by Gawad et al. (25), who noted respiratory
manifestations in 33% of GD patients, as well as by
Beutler and Grabowski (9), who associate them with
a predisposition to infections and aspiration in Type
2 and 3 of the disease. Neurological involvement in
our patients was also characteristic of Types 2 and
3. In three cases, the initial diagnosis of Type 1 was
revised to Type 3 due to the development of CNS
symptoms. Similar observations have been described
in Japanese cohorts, where the diagnosis was reclas-
sified from Type 1 to Type 3 in 43% of patients as
neurological manifestations progressed (26).

Conclusion

In the Kazakhstani cohort, 62% of patients
with GD were classified as type 1, whereas 38%
demonstrated CNS involvement (types 2-3). Nota-
bly, 7% of children initially diagnosed with type 1
subsequently developed neurological manifestations
and were reclassified as type 3, suggesting that the
prevalence of type 3 GD may increase with age. This
may suggest that the prevalence of Type 3 GD may
increase with age. This suggests that the prevalence
of Type 3 GD may increase with age. Molecular ge-
netic analysis revealed the presence of alleles com-
monly observed in both Caucasian (N409S, L444P)

and Asian (L444P, F2131, G85E) populations. Fur-
thermore, our findings provide novel evidence that
the A316L and F477R variants of the GBA1 gene
may be pathogenic and contribute to the neuro-
pathic phenotype of GD. These results expand the
known phenotypic and mutational spectrum of the
disease and may serve as a valuable resource for fu-
ture GBA1 genetic investigations in GD patients.
Long-term, detailed clinical follow-up is required to
clarify the neuronal effects of the A316L and F477R
alleles and to elucidate the mechanisms underlying
these associations. Long-term and detailed clinical
observation is required to clarify the neural effects
of the A316L and F477R alleles and to elucidate
the mechanisms underlying these associations. The
delay in diagnosis and the initiation of ERT in Ka-
zakhstani patients led to severe hematological, vis-
ceral, and skeletal complications, many of which
could have been avoided with timely treatment.
These results underscore the genetic and phenotypic
heterogeneity of GD in Kazakhstan and provide the
first detailed description of its molecular spectrum
in this population. This is important for increasing
the accuracy of diagnosis, ensuring more precise
prognostication, and providing informative genetic
counseling for affected families, which will lead to
improved long-term outcomes for GD patients in
Kazakhstan.

Strengths and limitations

This study represents the first comprehensive
description of the clinical and genetic spectrum of
GD in Kazakhstan. Its strengths include the iden-
tification of new GBA1 gene variants (A316L and
F477R) and the emphasis on the importance of early
diagnosis. Furthermore, a key strength of the work
is its comprehensive approach, combining clinical,
biochemical, and molecular methods. However, the
study has limitations: a relatively small sample size,
the retrospective nature of some data, and incom-
plete information on certain parameters. Further-
more, the majority of patients belonged to a single
ethnic group, which limits the generalizability of the
results.
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