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The pseudodeficiency of lysosomal hydrolases described as a significant reduction in enzyme activity
in vitro in clinically healthy individuals, can lead to diagnostic errors in the process of biochemical analysis
of lysosomal storage disease in case of its combination with pathology of another origin. Pseudodeficiency
is mostly caused by some non-pathogenic changes in the corresponding gene. These changes lead to the in
vitro lability of the enzyme molecule, whereas in vivo the enzyme retains its functional activity. To assess the
prevalence of the most common lysosomal hydrolases pseudodeficiency alleles in Ukraine, we have deter-
mined the frequency of alleles c.10554>G and c.* 96A>G in the ARSA gene, substitutions c.739C>T (R247W)
and ¢.745C>T (R249W) in the HEXA gene, c.1726G>A (G576S) and ¢.2065G>A (E689K) in the GAA gene,
¢.937G>T (D313Y) in the GLAI gene and c.898G>A (A300T) in the IDUA gene in a group of 117 healthy
individuals from different regions of the country and 14 heterozygous carriers of pathogenic mutations in
the HEXA gene (parents of children with confirmed diagnosis of Tay-Sachs disease). The total frequency of
haplotypes, associated with arylsulfatase A pseudodeficiency, in healthy people in Ukraine (c.1055G/c.*96G
and ¢.1055G/c.*96A haplotypes) was 10.3%. The frequency of c.739C>T (R247W) allele, associated with hexo-
saminidase A pseudodeficiency, among Tay-Sachs carriers from Ukraine was 7.1%. The total frequency of
o-glucosidase pseudodeficiency haplotypes in healthy individuals in Ukraine (c.1726A/c.20654 and c.1726G/
¢.2065A4 haplotypes) was 2.6%. No person among examined individuals with the substitution c.937G>T
(D313Y) in the GLAI gene and c.898G>A (A3007) in the IDUA gene was found. The differential diagnostics of
lysosomal storage diseases requires obligatory determination of the presence of the pseudodeficiency alleles,
particularly the ones with high incidence in the total population. Ignoring phenomenon of pseudodeficiency
may lead to serious diagnostic errors.
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somal hydrolases is associated with the develop-

ment of severe neurodegenerative diseases —
lysosomal storage disorders [1]. However, some
individuals remain clinically healthy despite a sig-
nificant decrease in the activity of a certain enzyme,
determined by standard techniques. This phenome-
non is called “pseudodeficiency” of the enzyme [2].
In practice, this situation usually refers not to the ab-
solute deficiency of the enzyme activity but, rather,
to a decrease to the level which is lower than that for
heterozygous carriers, thus resulting in impossibili-
ty of distinguishing between such individuals and
patients with lysosomal storage disorders. The pseu-
dodeficiency phenomenon is described not solely for
lysosomal hydrolases, however, it is more common
for this group of enzymes.

I n most cases, the hereditary deficiency of lyso-
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It was established that in most cases, the pseu-
dodeficiency of lysosomal hydrolases is caused by
some polymorphic changes in the corresponding
gene [2]. Usually, these changes are non-pathogenic
and lead to in vitro lability of the enzyme molecule,
whereas in vivo the enzyme retains functional activi-
ty. Such changes may be inherited either indepen-
dently, i.e. in the absence of any other changes in
the corresponding gene, or in the combination with
pathogenic mutations. In the first case, any person
in the entire population, regardless of the aggrava-
tion with pathogenic mutations of the corresponding
gene, may carry the pseudodeficiency allele and ex-
press the decreased enzyme activity at biochemical
examination [3]. As for the other case, related to the
combination of inheritance and pathogenic muta-
tions, pseudodeficiency of enzyme activity is mostly
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manifested in heterozygous carriers of pathogenic
mutations [4]. Both situations can lead to serious
errors during biochemical diagnostics of lysosomal
storage disorders when the enzyme pseudodeficiency
and pathology of some other genesis are combined.
Therefore, to avoid false diagnosis, if a decreased
activity of the corresponding enzyme was deter-
mined in a patient, the biochemical test of lysosomal
enzymes, for which pseudodeficiency had been es-
tablished, should include the determination of pseu-
dodeficiency alleles. It is also essential to assess the
pathogenicity of the identified genetic changes at the
interpretation of the proband’s genetic analysis.

The most striking feature of the phenomenon of
lysosomal enzymes pseudodeficiency is rather high
incidence in the total population. For instance, popu-
lation-based studies in different countries showed
that 5 to 17% of the ARSA gene variants in the popu-
lation are represented by the variant associated with
arylsulfatase A pseudodeficiency [5-11]. At the same
time, other pseudodeficiencies, such as hexasomini-
dase A and B, B-mannosidase or -galactosidase
pseudodeficiency, occur quite rarely; at present only
single cases of such changes have been described
[12-14]. Therefore, to elaborate the most efficient
algorithms for laboratory analysis for differential
diagnostics of lysosomal storage disorders in a spe-
cific population, the frequency of alleles of pseudo-
deficiency of lysosomal hydrolases in this population
should be taken into consideration.

Our work was aimed at determining the inci-
dences of the most widespread alleles in genes ARS4,
HEXA, GAA, GLAI and IDUA, which cause the ar-
ylsulfatase A, B-hexasominidase A, a-galactosidase,
a-L-iduronidase and a-glucosidase pseudodeficiency
in the Ukrainian population.

Materials and Methods

The studies were conducted using blood sam-
ples from 117 unrelated volunteers with no signs of
lysosomal storage disorders in their clinical history
from all the regions of Ukraine and 14 heterozygous
carriers of pathogenic mutations in the HEXA gene
(parents of children with confirmed diagnosis of
Tay-Sachs disease).

All participants gave informed consent for the
study prior to the procedure of obtaining their blood
samples.

Genomic DNA was isolated from whole
peripheral blood with EDTA using Neogene com-
mercial sets (Ukraine). The determination of
¢.1049A>G and ¢.*96 A>G variants of ARSA gene
was performed by PCR method with subsequent
RFLP-analysis [8]. The design of primers and the
conditions of RFLP-analysis are presented in Ta-
ble 1.

Analysis of the products was performed by
electrophoresis in 8% PAAG followed by staining
with ethidium bromide solution.

Determination of substitutions c¢.739C>T
(R247W) and ¢.745C>T (R249W) in HEXA gene,
c.1726G>A (G576S) and c.2065G>A (E689K) in
GAA gene, ¢.937G>T (D313Y) in GLAI gene and
¢.898G>A (A300T) in IDUA gene was performed by
the allele-specific amplification method. The design
of primers for allele-specific amplification was de-
veloped by Neogene (Ukraine) (Table 2).

Analysis of the products was performed by
electrophoresis in 2% agarose gel followed by
staining with ethidium bromide solution.

Arlequin 3.5 software was used to assess al-
lele frequencies, their correspondence to the Hardy-
Weinberg equilibrium, value of linkage disequilib-

Table 1. Design of primers and conditions of RFLP-analysis of ¢.10494>G and ¢.*96 A>G of ARSA gene

variants
Presence of
Annea- . ..
lin Fragment Restriction | a restriction
Allele Primers g ; endonuc- site in case
tempera- size .
lease of genetic
ture
replacement
5“-TTGATGGCGAACTGAGTGAC-3'
¢.1049A>G 58 °C 277 bp Bsrl +
5'-CAGTGCAGGAGGCACTGAGG-3
06 ASG 5-GGTTTGTGCCTGATAACTTA-3' 61 °C 14 b Ddel N
¢ 5 TTCCTCATTCGTACCACAGG-3' P ©
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Table 2. Design of primers for allele-specific amplification

Gene Allele Primers Fragment size
HEXA S“TTCCCAGGTGGAAGAAGTCG-3'
e.739C 5-GAAGGAGGTCATTGAATACGCAC-3’ 228 bp
< 730T 5" TTCCCAGGTGGAAGAAGTCG-3'
5-GAAGGAGGTCATTGAATACGCAT-3'
TA5C 5" TTCCCAGGTGGAAGAAGTCG-3'
5'-GAGGTCATTGAATACGCACGGCTCC-3' 224 bp
745T 5" TTCCCAGGTGGAAGAAGTCG-3'
5'-GAGGTCATTGAATACGCACGGCTCT-3'
GAA 176G 5-GCAGTGGAGATGATTACCCAGGTTC-3'
5'-GCG ATG GCT TCG GTC AGG CC-3' 306 bp
c1T26A 5'-GCAGTGGAGATGATTACCCAGGTTC-3'
5'-GCG ATG GCT TCG GTC AGG CT-3'
©2065G 5'“TGG CCT CCA CAG CTT GAT TT-3'
5'-CA GGA GCC GTA CAG CTT CAG CG-3' 521 bp
. 2065A 5'“TGG CCT CCA CAG CTT GAT TT-3'
5'-CA GGA GCC GTA CAG CTT CAG CA-3¥
GLAI S-ACCTGTCTAAGCTGGTACCCTT-3'
¢937G 5-CTCAAGCCAAAGCTCTCCTTCAGG-3’
937T 5'-ACCTGTCTAAGCTGGTACCCTT-3' 88 bp
5'-CTCAAGCCAAAGCTCTCCTTCAGT-3'
IDUA 808G 5" TCCATCTCCATCCTGGAGCAG-3'
5'-CAGCCCACCAGCGGGTCCGC-3’ 113 bp
. 898A 5" TCCATCTCCATCCTGGAGCAG-3’
5'-CAGCCCACCAGCGGGTCCGT-3’

The allele-specific nucleotides are underlined.

rium, and incidences of haplotypes. The significance
level p = 0.05 was used to assess the statistical sig-
nificance of the differences.

Results and Discussion

To date, the pseudodeficiency of at least
eight lysosomal hydrolases: arylsulfatase A,
B-hexosaminidase A and B, f-hexosaminidase A,
a-galactosidase, B-galactosidase, a-L-iduronidase,
a-glucosidase, and B-mannosidase has been estab-
lished (Table 3).

We studied the incidence of polymorphic alleles
of genes, associated with the pseudodeficiency of five
lysosomal enzymes, namely alleles c.1055A>G and
c.*96A>G in ARSA gene and alleles ¢.739C>T and
c.745C>T in HEXA gene, as alleles with the highest
incidence rate in many populations, as well as alleles
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c.1726G>A and c¢.2065G>A in GAA gene,c.937G>T
in GLAI gene and ¢.898G>A in /DUA gene. The lat-
ter three have been chosen due to their relevance to
early and accurate diagnostics of the corresponding
diseases, related to specific enzyme replacement
therapy.

The alleles of the pseudodeficiency of other
lysosomal enzymes, such as [-galactosidase,
B-mannosidase and f-hexosaminidase A and B, were
not studied in this work.

Arylsulfatase A pseudodeficiency. 1t is known
that alleles c.1055A>G and ¢.*96A>G in ARSA gene
are the most common cause of the arylsulfatase A
pseudodeficiency in most populations [8]. They have
been discovered in individuals both with and with-
out pathogenic mutations in this gene. Therefore,
our assessment of the frequency of these alleles in
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Table 3. Alleles, which are associated with the lysosomal hydrolases pseudodeficiency

Disease, caused by the Alleles, associated with
Lysosomal enzyme . . Gene . Ref.
enzymatic deficiency enzyme pseudodeficiency
Arylsulfatase A Metachromatic ARSA | ¢.1055A>G (N350S) [3]
(EC 3.1.6.1) leukodystrophy ¢.*96A>G (polyA loss)
¢.1462C>T (Q488X)* [15]
c.1150G>A (E384K)* [16]
c.1136C>T (P379L)* [17]
c.511G>A (D17IN)* [15]
B-hexosaminidase Tay-Sachs disease HEXA | c.739C>T (R247W) [4]
A (EC3.2.1.52) ¢.745C>T (R249W)
a-glucosidase Pompe disease GAA c.1726G>A (G576S) [18]
(EC 3.2.1.20) ¢.2065G>A (E689K)
a-galactosidase Fabry disease GLAI | c.937G>T (D313Y) [19]
(EC 3.2.1.22)
[-galactosidase GM1-gangliosidosis GLBI | c.1561T>C (C521R)* [14]
(EC 3.2.1.23) c.1594A>G (S532G)
¢.1783A>T (R595W)
a-L-iduronidase Type I mucopolysaccha- IDUA | c.898G>A (A300T) [20]
(EC 3.2.1.76) ridosis (Hurler’s syndrome)
B-mannosidase B-mannosidosis MANBA | c.1922G>A (R641H)* [13]
(EC 3.2.1.25)
B-hexosaminidase A and B | Sandhoff disease HEXB |18 bp INS (HEX PARIS)* [12]
(EC3.2.1.52)
*Described single cases
the Ukrainian population included determination of A

the frequency of alleles c.1055A>G and ¢.*96A>G in
ARSA gene in 117 healthy individuals from different
regions of the country.

The total incidence of alleles was found to be
5.56% for the substitution of ¢.1055A>G and 4.7%
for the substitution of ¢.*96 A>G. The genotype
distribution among the investigated individuals cor-
responded to Hardy-Weinberg equilibrium for both
substitutions (P > 0.05). It is known that in the vast
majority of cases these two alleles are inherited to-
gether. A significantly linkage disequilibrium of al-
leles ¢.1055A>G and ¢.¥*96 A>G (> = 0.84, P < 0.05)
was observed in the investigated individuals. The
total incidence of the haplotype with two substitu-
tions (c.1055G/c.*96G haplotype) was found to be
9.4%. One person was homozygous for these two
alleles, and nine patients were heterozygous. The
isolated substitution c.1055A>G was revealed in two
heterozygous individuals. No isolated substitution

114 bp 277 bp
97 bp 159 bp
118 bp
17 bp
17 2 3 4 1 2

A — allele ¢.*964>G of ARSA gene (I — PCR frag-
ment before restriction, 2-4 — PCR fragments after
treatment with restriction endonuclease Ddel: 2,3 —
wild type allele, 4 — * allele Y64>G heterozygous);
B —allele c.10554>G of ARSA gene (PCR fragments
after treatment with restriction endonuclease Bsrl:
1 —allele c.10554>G heterozygous, 2 — wild type al-
lele)
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¢*96 A>G was found in any of the cases. Thus, the
total incidence of haplotypes, associated with the
arylsulfatase A pseudodeficiency among the patients
from Ukraine (c.1055G/c.*96G and c.1055G/c.*96A
haplotypes) was 10.3%.

Hexosaminidase A pseudodeficiency. Two
substitutions, associated with hexosaminidase A
pseudodeficiency, namely ¢.739C>T (R247W) and
c.745C>T (R249W), were described for the HEXA
gene [4]. These substitutions were found in heterozy-
gous carriers of pathogenic mutations in HEXA gene
in all to date published cases. Therefore, to estimate
the frequency of these alleles in Ukraine we exami_
ned 117 healthy donors and 14 heterozygous carri-
ers of pathogenic mutations in HEXA gene (parents
of children with the confirmed Tay-Sachs disease)
for the presence of substitutions ¢.739C>T (R247W)
and c¢.745C>T (R249W) in HEXA gene. No individ-
ual with at least one of the mentioned substitutions
was found among the healthy volunteers. Among
the carriers of pathogenic mutations in HEXA gene,
there was one person (the father of a sick child) who
had substitution ¢.739C>T (R247W). Thus, the fre-
quency of allele ¢.739C>T (R247W), associated with
the hexosaminidase A pseudodeficiency, among the
carriers of pathogenic mutations in HEXA gene in
Ukraine was determined to be 7.1%.

Acid a-glucosidase pseudodeficiency. At pre-
sent, the acid a-glucosidase pseudodeficiency is as-
sociated with the substitutions ¢.1726G>A (G576S)
and ¢.2065G>A (E689K) in GAA gene [18]. Similar
to arylsulfatase A pseudodeficiency alleles, these
alleles occur regardless of pathogenic mutations
in the mentioned gene. Therefore, a group of 117
healthy volunteers was examined for the presen-
ce of these substitutions. The total incidence of
alleles, associated with the a-glucosidase pseudo-
deficiency, in our population was 0.43% for the sub-
stitution of ¢.1726G>A and 1.28% for the substitu-
tion of ¢.2065G>A. The distribution of genotypes
among the investigated individuals corresponded
to Hardy-Weinberg equilibrium for both substitu-
tions (P > 0.05). Linkage disequilibrium of alleles
c.1726G>A and c.2065G>A was less pronounced
than that for the arylsulfatase A pseudodeficiency
alleles (7> = 0.33, p = 0). The total frequency of the
haplotype with two substitutions (1726A/2065A
haplotype) was 0.9% (Table 3). One person was
heterozygous for these two alleles. No isolated sub-
stitution ¢.1726G>A was observed in any of the in-
dividuals, and isolated substitution ¢.2065G>A was
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found in two individuals, which is consistent with
published data [21]. Thus, the total frequency of
haplotypes, which cause the a-glucosidase pseu-
dodeficiency, among the individuals from Ukraine
(1726A/2065A and 1726G/2065A haplotypes) was
determined to be 2.6%.

a-Galactosidase and a-iduronidase pseudo-
deficiency. The samples from 117 volunteers were
investigated for the presence of the substitution
¢.937G>T (D313Y) in GLAI gene (a-galactosidase
pseudodeficiency) and the substitution ¢.898G>A
(A300T) in /DUA gene (o-iduronidase pseudodefi-
ciency). No person with the mentioned substitutions
was found among the examined individuals.

Arylsulfatase A is a lysosomal enzyme, a
deficiency of which results in development of me-
tachromatic leukodystrophy (MLD), a severe neu-
rodegenerative disorder [1]. It was shown that the
functionally active enzyme is produced in the cells
of individuals with the arylsulfatase A pseudodefi-
ciency, but it differs somewhat structurally from the
normal one due to the loss of one of three oligosac-
charide residues [3]. In most cases, the arylsulfatase
A pseudodeficiency allele is a complex of two mu-
tations in ARSA gene — ¢.1055A>G and ¢.*96A>G.
The first one corresponds to the substitution N350S
and substitutes asparagine for serine, impairing the
glycosylation site. The second substitution A>G in
the position *96 impairs the work of polyadenyla-
tion signal.

Analyzing the obtained results on the distri-
bution of the incidence of alleles c.1055A>G and
c.*96A>G in ARSA gene, it should be noted that the
isolated substitution ¢.*96A>G does not practically
occur in Ukraine, as in other European populations
(Table 4) [8]. The total incidence of haplotypes asso-
ciated with the arylsulfatase A pseudodeficiency in
Ukraine is close to incidences, obtained by Middle
European researchers.

The lowest incidence is observed in Finland,
which is known for its peculiarities of gene inciden-
ces due to the demographic specificity of this count-
ry — a sparseness of first “settlers”, the isolation
due to low settlement density and geographic loca-
tion. The highest incidence is in Portugal and Great
Britain, which is close to the incidence of the aryl-
sulfatase A pseudodeficiency allele in America (to-
tal incidence of haplotypes is about 0.2) and on the
African continents (total incidence of haplotypes is
0.26-0.33) [8, 22]. This may be related to the great
navigation history of these countries and the con-
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sequent migration of the population. The similarity
between the incidences of the arylsulfatase A pseu-
dodeficiency alleles in Ukraine, and those in Polish
and Turkish populations may also be explained by
the common centuries-long history and the popula-
tion migration.

The deficiency in hexosaminidase A activity,
which occurs due to the mutations in HEXA gene,
usually results in Tay-Sachs disease [1]. However,
there were described healthy individuals with pro-
nounced deficiency of hexosaminidase A activity in
vitro [4]. The vast majority of individuals with the
pseudodeficiency of the mentioned enzyme had one
of the polymorphic substitutions ¢.739C>T (R247W)
or ¢.745C>T (R249W) in the compound with patho-
genic mutation in HEXA gene. This combination led
to a considerable decrease in the hexosaminidase A
activity regarding the 4-methylumbelliferyl-derived
synthetic substrate (0-25% of the control value),
whereas the ability of this enzyme to hydrolyze the
natural substrate was not impaired. The studies of
the incidence of hexosaminidase A pseudodeficien-
cy alleles demonstrated that about 2% of carriers of
pathogenic mutations in HEXA gene among Ashke-
nazi Jews and 35% carriers of non-Jewish ethnici-
ty had one of the polymorphic substitutions in the
compound with the pathogenic mutation [4]. The
incidence of the hexosaminidase A deficiency al-
lele among the carriers of pathogenic mutations in
HEXA gene from Ukraine was found to be 7.1%. It
should be noted that all the families with Tay-Sachs
disease, examined by us, were of Ukrainian ethnici-
ty. Thus, the determined incidence of the hexo-
saminidase A pseudodeficiency allele is related to
the data for non-Jewish populations. Such high inci-
dence of hexosaminidase A deficiency alleles among
the carriers of pathogenic mutations in HEXA gene
of non-Jewish ethnicity may lead to false-positive
diagnosis of this disease.

The deficiency of lysosomal acid a-glucosidase
causes intralysosomal accumulation of glycogen,
primarily in muscle tissues, that results in a severe
progressive neuromuscular pathology — Pompe
disease or type II glycogenesis [1].

In view of the introduction of enzyme re-
placement therapy of the disease into clinical prac-
tice, there is now urgency for early diagnostics for
achievement maximized treatment efficiency. One of
the approaches to early diagnostics of Pompe disea-
se is the conducting of neonatal screening with the
assessment of the acid a-glucosidase activity in dry
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blood spot [21]. One of the difficulties in interpre-
ting results of such a study is the described phe-
nomenon of acid a-glucosidase pseudodeficiency
associated with two polymorphic substitutions in
the GAA gene — ¢.1726G>A (G576S) and ¢.2065G>A
(E689K) [18]. It was demonstrated that the substi-
tution c.1726 G>A often occurs in the cis-position
with the substitution ¢.2065 G>A, and leads to a
considerable decrease in the acid a-glucosidase ac-
tivity, to practically pathological levels, in healthy
individuals. In Asian population, the incidence of
the acid a-glucosidase pseudodeficiency allele is
rather high — 3.3-3.9% of the total population [18].
The isolated substitution ¢.2065G>A occurs with ap-
proximately the same incidence, whereas the isolated
substitution ¢.1726G>A was not found in any person.
The information about the incidence of substitution,
associated with acid a-glucosidase pseudodeficiency
in European populations is very limited (Table 5).
There are only published data on the incidence of
acid a-glucosidase pseudodeficiency alleles in the
Netherlands, which is very close to our results, in
contrast to the very high incidence of these alleles
among the population of Japan and China.

No substitution ¢.937G>T (D313Y) in GLAI
gene (a-galactosidase pseudodeficiency) or substitu-
tion ¢.898G>A (A300T) in /DUA gene (a-iduronidase
pseudodeficiency) were found in any of the tested
individuals. This indicates that the frequency of
such mutations in Ukraine is smaller than 0.004,
however, they may still be found. Therefore, in the
process of diagnostics of Fabry disease and type I
mucopolysaccharidosis, it is worth remembering that
the presence of the mentioned mutations in patients
requires obligatory further study to detect other dis-
ease-causing mutations.

Thus, taking into consideration the significant
clinical polymorphism and genetic heterogeneity of
lysosomal storage disorders, the differential diag-
nostics of this large group of hereditary diseases
requires a wide application of different biochemi-
cal and molecular-genetic methods. At present,
the assessment of the specific enzyme activity is a
method of choice not only at the stage of confirming
nosological diagnostics but also for examination of
family members of the sick person with the purpose
of medical and genetic consultation. Therefore, the
results of the enzyme activity assessment should
obligatorily be interpreted with consideration of the
data about the presence or absence of the pseudodefi-
ciency allele in the proband. According to our study,
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Table 5. Theincidence of acid a-glucosidase pseudodeficiency alleles in Ukraine (our study) and other populations [18]
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N.d. — the individual incidence of alleles and haplotypes was not determined

10.3% of the Ukrainian population is carrier of the
gene ARSA haplotypes associated with the arylsul-
fatase A pseudodeficiency, 2.6% of the population
is carrier of acid a-glucosidase pseudodeficiency al-
leles, and 7.1% of the carriers of pathogenic muta-
tions in HEXA gene from Ukraine are carriers of the
hexosaminidase A pseudodeficiency allele. Given a
sufficiently high frequency of certain alleles in the
total population of Ukraine, ignoring this phenome-
non at biochemical analysis can lead to significant
diagnostic errors.
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[cernomeinuT  aKTUBHOCTI  JII30COMHHX
rizponas, ONHCAaHUH K ICTOTHE 3HUIKCHHS
EH3UMAaTUYHOI aKTHUBHOCTI in Vitro y KIIHIYHO
3I0POBUX 0Ci0, 3arpoXkye TIarHOCTUYHUMH TI0-
MHJIKaMU 3a 010XIMIYHOI JIarHOCTHUKHU J130COMHUX
XBOpOO HAKONHMYEHHS B pasi HOro MOEJIHAHHS 3
NaTOJIOTIEI0 THIIOTO I'eHe3y. Y OLIBIIOCTI BUTIAIKIB
ncepnogedinuT 00OyMOBIICHHI TICBHHUMHU Hema-
TOTCHHUMH 3MiHAMH Yy BIJIMOBIJIHOMY T€Hi, SKi
MPU3BOIAATH IO JIAOLIBHOCTI CH3UMATHYHOI MO-
JeKYJM in Vitro, TOII SIK in vivo eH3uM 30epirae
(yHKIIOHAIBHY ~ aKTMBHICTB.  JIjs  OIlIHKHU
MOIIUPEHOCTI  HAMPO3MOBCIOJKCHIIMX  aJIeJliB
niceBoePiUTy JTI30COMHUX TiAposiaz B YKpaiHi
Hamu OyJi0 BU3HAuUeHO YacToTy ajieniB c.1055A>G
1 ¢.*96A>G B reni ARSA, a Takox 3amin ¢.739C>T
(R247W) ta c.745C>T (R249W) B reni HEXA,
c.1726G>A (G576S) ta ¢.2065G>A (E689K) B reHi
GAA, ¢.937G>T (D313Y) B reni GLAI ta c.898G>A
(A300T) y reni IDUA cepen 117 3mopoBux ocid i3
Ppi3HUX perioHiB KpaiHu Ta 14 reTepo3UroTHUX HOCITB
naToreHHuX MyTaliii B reHi HEXA (0ateku giteit 3
MiTBEP/KEHUM JiarHo3oM xBopobu Tes-Cakca).
CyMapHa 4acToTa TalIOTHIIIB, Ki 00yMOBIIIOIOThH
ncepnonedinuT apuicynbharazy Ay 370pOBHX
oci6 (c.1055G/c.*96G Tta ¢.1055G/c.*96A ramioTu-
), nopisaroBana 10,3%. Yacrora anens ¢.739C>T
(R247W), acomiiioBanoro 3 tceBaoaedinuToM
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reKkco3amiHiziasu A, cepel HOCIiB MaTOreHHUX
MyTaniil B reni HEXA 3 Ykpaiau cranouna 7,1%.
CyMapHa yacToTa TaluIOTHIIIB, 5IKi 00YMOBIIOIOTh
nceBnoAePiuT O-TIIOKO3UAA3H B 3A0POBHX OCI0
(1726A/2065A Ta 1726G/2065A ramnotunm), cTa-
HoBmia 2,6%. Cepen 00CTeKEHUX BOJIOHTEPIB, SIKi
0 mamnu 3aminu ¢.937G>T (D313Y) y reni GLAI ta
¢.898G>A (A300T) y reni IDUA »omHOi ocodu He
BHUSIBIICHO.

3po0iieHO BHCHOBOK, IO IHTEPIpETAlilo
pe3ynbTaTiB BU3HAYCHHS EH3MMAaTHYHOI aKTHB-
HOCTI y pa3i 010XiMiUuHOT A1arHOCTUKH JII30COMHUX
XBOpOO HAKOMUYEHHS HEOOXiJTHO IMPOBOHU-
TH 3 ypaxyBaHHAM JaHHX PO HAasBHICTH abo
BIICYTHICTh y Tpo0OaHaa ajeis mnceBaonedilnury.
SIKmo BpaxoByBaTH NOCUTH BEIUKY YacTOTy Aes-
KHX aJIeNliB y 3arajibHill MOMyJIsiii, TO irHOpYBaHHS
UBOTO SBHINA MOXE TMPU3BECTH MO0 3HAYHUX
JiarHOCTHYHUX MOMHUJIOK.

KnmodoBi ciroBa: JI30COMHI TiApojasH,
rceBoneimUT eH3MMaTHIHOI aKTHBHOCTI, 9acTo-
Ta aJIeiB.
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[cermonepuUT aKTUBHOCTH JIM30COMHBIX
TUJIpOJIa3, OMMUCAHHBIA KakK CYIIECTBEHHOE CHHU-
J)KEHHE HH3UMATHUYECKONM aKTUBHOCTHU in Vitro 'y
KJIMHUYCCKH 3A0POBBIX JIMIL, I'PO3UT AUArHOCTU-
YECKUMHU OLIMOKAMHU B X0/1€ OMOXMMUYECKON auar-
HOCTHKHM JIM30COMHBIX OOJIE3HEH HAaKOIICHHUS
NPy €ro COYETAHWH C TATOJOTHEW WHOTO TeHe3a.
B OonbmmHCTBE ciy4aeB mceBioaeuuur o0y-
CJIOBJICH OIPECACICHHBIMHU HCHNATOICHHBIMU H3-
MCHCHUAMU B COOTBETCTBYIOIIEM TI'CHC, KOTOPLIC
MPHUBOSIT K JTAOWMIBHOCTH DH3MMATHYECKOH MoJie-
KyJIbl in Vitro, TOTIA KaK in Vivo dH3UM COXpaHs-
eT (YHKIMOHAIBHYK aKTUBHOCTh. [l oOleHKH
pacmpocTpaHEeHHOCTH HaunboJyiee YacThIX aJiieseit
riceBnoneUIINTa TM30COMHBIX THIPOJIa3 B YKpau-
HE ompeneisau 4yacTtoTy asieneh c.l055A> G u
¢.¥96A> G B rene ARSA, a Taxxke 3amen ¢.739C>
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T (R247W) u ¢.745C> T (R249W) B rene HEXA,
c.1726G> A (G576S) u ¢.2065G> A (E689K) B rene
GAA, c.937G>T (D313Y) Brene GLAI u c.898G> A
(A300T) B rene IDUA cpenu 117 3m0pOBBIX YEIIOBEK
13 pa3HbIX PETUOHOB U 14 reTepO3UTOTHBIX HOCH-
TeJlel maTOreHHBIX MyTanuii B rene HEXA (ponu-
TEJH JeTel C TIOATBEPKACHHBIM AUAarHO30M 00J1e3-
Hu Tes-Cakca). CymMmapHas 4acToTa TaluIOTHIIOB,
KOTOpbIe OOYCIIOBIUBAIOT TICEBAOJCHUIIAT aPUII-
cyiabdarassl A y 3n0poBeix Jul (c.1055G/c.*96G
u ¢.1055G/c.*96A ramrotumnsl), coctaBmia 10,3%.
Yactota amnens ¢.739C>T (R247W), accomuupo-
BaHHOTO C TICEBAONE(HUIINTOM TeKCO3aMUHHUIA3HI
A, cpenu HOCHTENEH MAaTOTCHHBIX MyTAaIllUi B TCHE
HEXA w3 Ykpaunsl coctaBuna 7,1%. CymmapHasd
4acTOTa TaIlJIOTHIIOB, KOTOpBIE OOYyCIOBIHBAIOT
NCceBIOACPUUUT O-TIIOKO3UIA3bl Y 3A0POBBIX JIHIL
(1726A/2065A u 1726G/2065A rammioTUIBI), paB-
Hsutack 2,6%. Cpeau 00caeI0BaHHBIX BOJIOHTEPOB,
KoTopele umenn Obl 3amensl ¢.937G>T (D313Y) B
reie GLAI n 3amensl c.898G>A (A300T) B rene
IDUA ne HaiiIcHO HU OJTHOTO YEJIOBEKa.

CnenaH BBIBOJ], YTO MHTEPIPETAIIUIO PE3YIIb-
TaTOB ONpEJENICHUs YH3UMATUYECKOH aKTHBHOCTH
MIPH TIPOBEJICHUH OMOXMMHUYECKON THArHOCTHUKHU
JM30COMHBIX OOJIE3HEH HAKOIJICHHUS HEOOXOIUMO
MIPOBOANTH C YYETOM JAaHHBIX O HAIIMYUU WU OT-
CyTCTBHHM y TpoOaHma ajurelis ICeBAOACPHUIINTA.
Ecnu y4uThIBaTh JIOCTATOYHO OOJBIIYID YaCTOTY
HEKOTOPBIX aJljiesiell B 00IIeld oMy IS, TO UTHO-
pUPOBaHME TOTO SIBJICHUS MOXKET IPUBECTH K 3HA-
YUTEITHHBIM JUATHOCTUYECKUM OIIHOKAM.

K JIOYEBBIC CJOBa: JU30COMHEBIC FI/I,Z[pO-
Ja3bl, TICEBIOACHUIINT SH3UMATHUCCKONH aKTHBHO-
CTHU, 4aCTOTa aJlJICJICH.
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