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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.1055A>G and c.* 96A>G in the ARSA gene, substitutions c.739C>T (R247W) 
and c.745C>T (R249W) in the HEXA gene, c.1726G>A (G576S) and c.2065G>A (E689K) in the GAA gene, 
c.937G>T (D313Y) in the GLA1 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 c.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 
α-glucosidase pseudodeficiency haplotypes in healthy individuals in Ukraine (c.1726A/c.2065A and c.1726G/
c.2065A haplotypes) was 2.6%. No person among examined individuals with the substitution c.937G>T 
(D313Y) in the GLA1 gene and c.898G>A (A300T) 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. 

K e y  w o r d s: lysosomal hydrolases, pseudodeficiency of the enzyme, allele frequency.

I n most cases, the hereditary deficiency of lyso-
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.

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, β-mannosidase or β-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 ARSA, 
HEXA, GAA, GLAI and IDUA, which cause the ar-
ylsulfatase A, β-hexasominidase A, α-galactosidase, 
α-L-iduronidase and α-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 
c.1049А>G and c.*96 А>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 c.745C>T (R249W) in HEXA gene, 
c.1726G>A (G576S) and c.2065G>A (E689K) in 
GAA gene, c.937G>T (D313Y) in GLA1 gene and 
c.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-

T a b l e  1. Design of primers and conditions of RFLP-analysis of c.1049А>G and c.*96 А>G of ARSA gene 
variants

Allele Primers 

Annea-
ling 

tempera-
ture

Fragment 
size

Restriction 
endonuc-

lease 

Presence of 
a restriction 
site in case 
of genetic 

replacement

c.1049А>G
5′-TTGATGGCGAACTGAGTGAC-3′

58 °C 277 bp BsrI +
5′-CAGTGCAGGAGGCACTGAGG-3′

c.*96 А>G
5′-GGTTTGTGCCTGATAACTTA-3′

61 °C 114 bp DdeI +
5′-TTCCTCATTCGTACCACAGG-3′
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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, 
β-hexosaminidase А and В, β-hexosaminidase А, 
α-galactosidase, β-galactosidase, α-L-iduronidase, 
α-glucosidase, and β-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.1055А>G and 
c.*96А>G in ARSA gene and alleles c.739C>T and 
c.745C>T in HEXA gene, as alleles with the highest 
incidence rate in many populations, as well as alleles 

T a b l e  2. Design of primers for allele-specific amplification

Gene Allele Primers Fragment size
HEXA

c.739C
5′-TTCCCAGGTGGAAGAAGTCG-3′

228 bp
5′-GAAGGAGGTCATTGAATACGCAC-3′

c.739T
5′-TTCCCAGGTGGAAGAAGTCG-3′
5′-GAAGGAGGTCATTGAATACGCAT-3′

c.745C
5′-TTCCCAGGTGGAAGAAGTCG-3′

224 bp
5′-GAGGTCATTGAATACGCACGGCTCC-3′

c.745T
5′-TTCCCAGGTGGAAGAAGTCG-3′
5′-GAGGTCATTGAATACGCACGGCTCT-3′

GAA
c.1726G

5′-GCAGTGGAGATGATTACCCAGGTTC-3′

306 bp
5′-GCG ATG GCT TCG GTC AGG CC-3′

c.1726A
5′-GCAGTGGAGATGATTACCCAGGTTC-3′
5′-GCG ATG GCT TCG GTC AGG CT-3′

c.2065G
5′-TGG CCT CCA CAG CTT GAT TT-3′

521 bp
5′-CA GGA GCC GTA CAG CTT CAG CG-3′

c.2065A
5′-TGG CCT CCA CAG CTT GAT TT-3′
5′-CA GGA GCC GTA CAG CTT CAG CA-3′

GLA1
c.937G

5′-ACCTGTCTAAGCTGGTACCCTT-3′

88 bp
5′-CTCAAGCCAAAGCTCTCCTTCAGG-3′

c.937T
5′-ACCTGTCTAAGCTGGTACCCTT-3′
5′-CTCAAGCCAAAGCTCTCCTTCAGT-3′

IDUA
c.898G

5′-TCCATCTCCATCCTGGAGCAG-3′

113 bp
5′-CAGCCCACCAGCGGGTCCGC-3′

c.898A
5′-TCCATCTCCATCCTGGAGCAG-3′
5′-CAGCCCACCAGCGGGTCCGT-3′

The allele-specific nucleotides are underlined.

c.1726G>A and c.2065G>A in GAA gene,c.937G>T 
in GLA1 gene and c.898G>A in IDUA 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 β-galactosidase, 
β-mannosidase and β-hexosaminidase А and B, were 
not studied in this work.

Arylsulfatase A pseudodeficiency. It is known 
that alleles с.1055А>G and с.*96А>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 



99

T a b l e  3. Alleles, which are associated with the lysosomal hydrolases pseudodeficiency

Lysosomal enzyme Disease, caused by the 
enzymatic deficiency Gene Alleles, associated with 

enzyme pseudodeficiency Ref.

Arylsulfatase A 
(EC 3.1.6.1)

Metachromatic 
leukodystrophy

ARSA c.1055А>G (N350S)
c.*96А>G (polyA loss)
c.1462C>T (Q488X)* 
c.1150G>A (E384K)*
c.1136C>T (P379L)*
c.511G>A (D171N)*

[3]

[15]
[16]
[17]
[15]

β-hexosaminidase 
А (EC 3.2.1.52)

Tay-Sachs disease HEXA c.739C>T (R247W)
c.745C>T (R249W) 

[4]

α-glucosidase
(EC 3.2.1.20)

Pompe disease GAA c.1726G>A (G576S)
c.2065G>A (E689K)

[18]

α-galactosidase
(EC 3.2.1.22)

Fabry disease GLA1 c.937G>T (D313Y) [19]

β-galactosidase
(EC 3.2.1.23)

GM1-gangliosidosis GLB1 c.1561T>C (C521R)*
c.1594A>G (S532G)
c.1783A>T (R595W)

[14]

α-L-iduronidase 
(EC 3.2.1.76)

Type I mucopolysaccha-
ridosis (Hurler’s syndrome)

IDUA c.898G>A (A300T) [20]

β-mannosidase
(EC 3.2.1.25)

β-mannosidosis MANBA c.1922G>A (R641H)* [13]

β-hexosaminidase А and B
(EC 3.2.1.52)

Sandhoff disease HEXB 18 bp INS (HEX PARIS)* [12]

*Described single cases

the Ukrainian population included determination of 
the frequency of alleles с.1055А>G and с.*96А>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 с.1055А>G and 4.7% 
for the substitution of с.*96 А>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 с.1055А>G and с.*96 А>G (r2 = 0.84, p < 0.05) 
was observed in the investigated individuals. The 
total incidence of the haplotype with two substitu-
tions (с.1055G/с.*96G haplotype) was found to be 
9.4%. One person was homozygous for these two 
alleles, and nine patients were heterozygous. The 
isolated substitution с.1055А>G was revealed in two 
heterozygous individuals. No isolated substitution 

A – allele с.*96А>G of ARSA gene (1 – PCR frag-
ment before restriction; 2-4 – PCR fragments after 
treatment with restriction endonuclease Ddel: 2,3 – 
wild type allele, 4 – * allele 96A>G heterozygous); 
B – allele с.1055А>G of ARSA gene (PCR fragments 
after treatment with restriction endonuclease Bsrl: 
1 – allele с.1055А>G heterozygous; 2 – wild type al-
lele)

А                                        В

1    2   3   4 1           2

114 bp
97 bp

17 bp

277 bp
159 bp
118 bp
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с.*96 А>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 (с.1055G/с.*96G and с.1055G/с.*96А 
haplotypes) was 10.3%. 

Hexosaminidase A pseudodeficiency. Two 
substitutions, associated with hexosaminidase A 
pseudodeficiency, namely с.739C>T (R247W) and 
с.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 с.739C>T (R247W) 
and с.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 с.739C>T (R247W). Thus, the fre-
quency of allele с.739C>T (R247W), associated with 
the hexosaminidase А pseudodeficiency, among the 
carriers of pathogenic mutations in HEXA gene in 
Ukraine was determined to be 7.1%. 

Acid α-glucosidase pseudodeficiency. At pre-
sent, the acid α-glucosidase pseudodeficiency is as-
sociated with the substitutions c.1726G>A (G576S) 
and c.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 α-glucosidase pseudo-
deficiency, in our population was 0.43% for the sub-
stitution of с.1726G>A and 1.28% for the substitu-
tion of с.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 
с.1726G>A and с.2065G>A was less pronounced 
than that for the arylsulfatase А pseudodeficiency 
alleles (r2 = 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 с.1726G>A was observed in any of the in-
dividuals, and isolated substitution с.2065G>A was 

found in two individuals, which is consistent with 
published data [21]. Thus, the total frequency of 
haplotypes, which cause the α-glucosidase pseu-
dodeficiency, among the individuals from Ukraine 
(1726A/2065A and 1726G/2065A haplotypes) was 
determined to be 2.6%. 

α-galactosidase and α-iduronidase pseudo-
deficiency. The samples from 117 volunteers were 
investigated for the presence of the substitution 
c.937G>T (D313Y) in GLA1 gene (α-galactosidase 
pseudodeficiency) and the substitution c.898G>A 
(A300T) in IDUA gene (α-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 – c.1055А>G and c.*96А>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.1055А>G and 
c.*96А>G in ARSA gene, it should be noted that the 
isolated substitution c.*96А>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-



101

T
a

b
le

 4
. T

he
 in

ci
de

nc
e 

of
 a

lle
le

s o
f t

he
 a

ry
ls

ul
fa

ta
se

 A
 p

se
ud

od
efi

ci
en

cy
 in

 U
kr

ai
ni

an
 a

nd
 o

th
er

 E
ur

op
ea

n 
po

pu
la

tio
ns

Po
pu

la
-

tio
n

N
um

be
r

of
 e

xa
m

in
ed

in
di

vi
du

al
s

In
ci

de
nc

e 
of

 a
lle

le
s

In
ci

de
nc

e 
of

 h
ap

lo
ty

pe
s

To
ta

l i
nc

id
en

ce
of

 h
ap

lo
ty

pe
s,

as
so

ci
at

ed
w

ith
 A

SA
ps

eu
do

-
de

fic
ie

nc
y

Re
fe

-
re

nc
e

10
55

А
10

55
G

*9
6А

*9
6G

10
55

А
/*

96
А

10
55

А
/*

96
G

10
55

G
/*

96
А

10
55

G
/*

96
G

U
kr

ai
ne

11
6

0.
94

4
0.

05
6

0.
95

3
0.

04
7

0.
89

7
0

0.
02

6
0.

07
7

0.
10

3
O

ur
 

st
ud

y
G

re
at

 
Br

ita
in

15
4

0.
82

5
0.

17
5

0.
87

7
0.

12
3

0.
82

5
0

0.
05

2
0.

12
3

0.
17

5
[1

6]

Fi
nl

an
d

10
0

0.
94

0.
06

0.
96

5
0.

03
5

0.
94

0
0

0.
02

5
0.

03
5

0.
06

[2
2]

Po
la

nd
50

0.
91

0.
09

0.
94

0.
06

0.
91

0
0

0.
03

0.
06

0.
09

[2
3]

Cr
oa

tia
12

5
0.

93
2

0.
06

8
0.

97
2

0.
02

8
0.

93
2

0
0.

02
8

0.
04

0.
06

8
[2

4]
Po

rt
ug

al
16

1
0.

82
0.

18
0.

90
4

0.
09

6
0.

81
7

0.
3

0.
08

7
0.

09
3

0.
18

0
[2

5]
Tu

rk
ey

52
N

.d
.

N
.d

.
N

.d
.

N
.d

.
N

.d
.

N
.d

.
N

.d
.

N
.d

.
0.

12
[6

]
Sp

ai
n

18
2

0.
95

6
0.

04
4

0.
95

1
0.

04
9

0.
90

1
0.

01
0

0.
08

8
0.

09
8

[2
6]

Ita
ly

89
N

.d
.

N
.d

.
N

.d
.

N
.d

.
N

.d
.

N
.d

.
N

.d
.

N
.d

.
0.

10
1

[2
7]

N
.d

. –
 th

e 
in

di
vi

du
al

 in
ci

de
nc

e 
of

 a
lle

le
s a

nd
 h

ap
lo

ty
pe

s w
as

 n
ot

 d
et

er
m

in
ed

N. V. Olkhovych, N. G. Gorovenko



102

ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 5

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 c.739C>T (R247W) 
or c.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 α-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 α-glucosidase activity in dry 

blood spot [21]. One of the difficulties in interpre­
ting results of such a study is the described phe-
nomenon of acid α-glucosidase pseudodeficiency 
associated with two polymorphic substitutions in 
the GAA gene – c.1726G>A (G576S) and c.2065G>A 
(E689K) [18]. It was demonstrated that the substi-
tution c.1726 G>A often occurs in the cis-position 
with the substitution c.2065 G>A, and leads to a 
considerable decrease in the acid α-glucosidase ac-
tivity, to practically pathological levels, in healthy 
individuals. In Asian population, the incidence of 
the acid α-glucosidase pseudodeficiency allele is 
rather high – 3.3–3.9% of the total population [18]. 
The isolated substitution c.2065G>A occurs with ap-
proximately the same incidence, whereas the isolated 
substitution c.1726G>A was not found in any person. 
The information about the incidence of substitution, 
associated with acid α-glucosidase pseudodeficiency 
in European populations is very limited (Table 5). 
There are only published data on the incidence of 
acid α-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 c.937G>T (D313Y) in GLA1 
gene (α-galactosidase pseudodeficiency) or substitu-
tion c.898G>A (A300T) in IDUA gene (α-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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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 α-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. 

Визначення частоти 
алелів, пов’язаних 
Із псевдодефіцитом 
лізосомних гідролаз, серед 
населення України

Н. В. Ольхович, Н. Г. Горовенко 

ДУ Інститут генетичної та регенеративної 
медицини НАМН України, Київ;
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Псевдодефіцит активності лізосомних 
гідролаз, описаний як істотне зниження 
ензиматичної активності in vitro у клінічно 
здорових осіб, загрожує діагностичними по-
милками за біохімічної діагностики лізосомних 
хвороб накопичення в разі його поєднання з 
патологією іншого генезу. У більшості випадків 
псевдодефіцит обумовлений певними непа-
тогенними змінами у відповідному гені, які 
призводять до лабільності ензиматичної мо-
лекули in vitro, тоді як in vivo ензим зберігає 
функціональну активність. Для оцінки 
поширеності найрозповсюдженіших алелів 
псевдодефіциту лізосомних гідролаз в Україні 
нами було визначено частоту алелів с.1055А>G 
і с.*96А>G в гені ARSA, а також замін с.739C>T 
(R247W) та с.745C>T (R249W) в гені HEXA, 
с.1726G>A (G576S) та с.2065G>A (E689K) в гені 
GAA, с.937G>T (D313Y) в гені GLA1 та с.898G>A 
(A300T) у гені IDUA серед 117 здорових осіб із 
різних регіонів країни та 14 гетерозиготних носіїв 
патогенних мутацій в гені HEXA (батьки дітей з 
підтвердженим діагнозом хвороби Тея-Сакса). 
Сумарна частота гаплотипів, які обумовлюють 
псевдодефіцит арилсульфатази  А у здорових 
осіб (с.1055G/с.*96G та с.1055G/с.*96А гаплоти-
пи), дорівнювала 10,3%. Частота алеля с.739C>T 
(R247W), асоційованого з псевдодефіцитом 
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гексозамінідази А, серед носіїв патогенних 
мутацій в гені HEXA з України становила 7,1%. 
Сумарна частота гаплотипів, які обумовлюють 
псевдодефіцит α-глюкозидази в здорових осіб 
(1726A/2065A та 1726G/2065A гаплотипи), ста-
новила 2,6%. Серед обстежених волонтерів, які 
б мали заміни с.937G>T (D313Y) у гені GLA1 та 
с.898G>A (A300T) у гені IDUA жодної особи не 
виявлено. 

Зроблено висновок, що інтерпретацію 
результатів визначення ензиматичної актив­
ності у разі біохімічної діагностики лізосомних 
хвороб накопичення необхідно проводи-
ти з урахуванням даних про наявність або 
відсутність у пробанда алеля псевдодефіциту. 
Якщо враховувати досить велику частоту дея-
ких алелів у загальній популяції, то ігнорування 
цього явища може призвести до значних 
діагностичних помилок. 

К л ю ч о в і  с л о в а: лізосомні гідролази, 
псевдодефіцит ензиматичної активності, часто-
та алелів.

Определение частоты 
аллелей, связанных 
с псевдодефицитом 
лизосомных гидролаз, среди 
населения Украины

Н. В. Ольхович, Н. Г. Горовенко

ГУ Институт генетической и регенеративной 
медицины НАМН Украины, Киев;
e-mail: e-mail: nolhovich@gmail.com

Псевдодефицит активности лизосомных 
гидролаз, описанный как существенное сни-
жение энзиматической активности in vitro у 
клинически здоровых лиц, грозит диагности-
ческими ошибками в ходе биохимической диаг­
ностики лизосомных болезней накопления 
при его сочетании с патологией иного генеза. 
В большинстве случаев псевдодефицит обу­
словлен определенными непатогенными из-
менениями в соответствующем гене, которые 
приводят к лабильности энзиматической моле-
кулы in vitro, тогда как in vivo энзим сохраня-
ет функциональную активность. Для оценки 
распространенности наиболее частых аллелей 
псевдодефицита лизосомных гидролаз в Украи­
не определяли частоту аллелей с.1055А> G и 
с.*96А> G в гене ARSA, а также замен с.739C> 

T (R247W) и с.745C> T (R249W) в гене HEXA, 
с.1726G> A (G576S) и с.2065G> A (E689K) в гене 
GAA, с.937G> T (D313Y) в гене GLA1 и с.898G> A 
(A300T) в гене IDUA среди 117 здоровых человек 
из разных регионов и 14 гетерозиготных носи-
телей патогенных мутаций в гене HEXA (роди-
тели детей с подтвержденным диагнозом болез-
ни Тея-Сакса). Суммарная частота гаплотипов, 
которые обусловливают псевдодефицит арил-
сульфатазы А у здоровых лиц (с.1055G/с.*96G 
и с.1055G/с.*96А гаплотипы), составила 10,3%. 
Частота аллеля с.739C>T (R247W), ассоцииро-
ванного с псевдодефицитом гексозаминидазы 
А, среди носителей патогенных мутаций в гене 
HEXA из Украины составила 7,1%. Суммарная 
частота гаплотипов, которые обусловливают 
псевдодефицит α-глюкозидазы у здоровых лиц 
(1726A/2065A и 1726G/2065A гаплотипы), рав-
нялась 2,6%. Среди обследованных волонтеров, 
которые имели бы замены с.937G>T (D313Y) в 
гене GLA1 и замены с.898G>A (A300T) в гене 
IDUA не найдено ни одного человека.

Сделан вывод, что интерпретацию резуль-
татов определения энзиматической активности 
при проведении биохимической диагностики 
лизосомных болезней накопления необходимо 
проводить с учетом данных о наличии или от-
сутствии у пробанда аллеля псевдодефицита. 
Если учитывать достаточно большую частоту 
некоторых аллелей в общей популяции, то игно-
рирование этого явления может привести к зна-
чительным диагностическим ошибкам.

К л ю ч е в ы е  с л о в а: лизосомные гидро-
лазы, псевдодефицит энзиматической активно-
сти, частота аллелей.
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