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Mucopolysaccharidosis type I1IA (MPS 1114) occurs due to the deficiency of lysosomal enzyme heparan-N-sul-
fatase (sulfamidase), which is caused by mutations in the SGSH gene. Aim. To identify the characteristics of bio-
chemical diagnosis of MPS 1114 and determine the prevalence of major mutations R74C and R245H in the SGSH
gene in Ukrainian patients. Methods. After all the required phases of laboratory diagnosis of this disease, the di-
agnosis of MPS I1IA was confirmed in 12 patients from 12 families. The level of sulfamidase activity in leukocytes
did not exceed 36 % of the control in all patients. Due to very low sulfamidase activity in leukocytes it is someti-
mes difficult to interpret the results of the analysis which may lead to false-negative or false-positive diagnosis of
MPS II14. Results. The analysis of the results of molecular investigation of the patients' samples showed that the
incidence of mutation R74C was 17/24 (70.8 %), the incidence of mutation R245H was 2/24 (8.3 %). The total in-
cidence of major mutations R74S and R245H among the patients with MPS 1114 in Ukraine was the highest among
European countries — 11 out of 12 patients, these mutations were found in at least one allele. Conclusions. Given
very high prevalence of major mutations R74S and R245H in the SGSH gene among the patients with MPS 1114
in Ukraine—79.1 %— it is appropriate to have the screening of mutations in the diagnostic algorithm along with the
definition of biochemical sulfamidase activity to prevent false-negative or false-positive diagnosis of Sanfilippo

syndrome A.
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Introduction. Mucopolysaccharidosis type 111 (MPS III)
or Sanfilippo syndrome is a heterogeneous group of he-
reditary diseases with autosomal recessive mode of in-
heritance, occurring due to the decreased activity of one
out of four enzymes, involved in successive breakdown
of heparan sulfate [1], which leads to the accumulation
of the latter in the lysosomes of cells with subsequent
excretion of excessive amounts of this polysaccharide
or its fragments into biological liquids of the organism.
There are four subtypes of MPS III, depending on the
biochemical deficiency — A, B, C, D.

According to the data of different authors, the total
incidence of MPS III type is in the range of 0.28—4.1 per
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100,000 live births [2—4]. The majority of patients with
MPS III in European countries (about 70 %) have a bio-
chemical deficiency, corresponding to MPS II1A [4].

MPS IIIA is conditioned by the deficiency in the ly-
sosomal enzyme of heparan-N-sulfatase (sulfamidase)
(EU 3.10.1.1). This deficiency causes the pathological
intracellular accumulation of heparan sulfate, which re-
sults in the disorder in the functioning of different organs,
the nervous system, most notably. The study, involving
a large group of patients with MPS III, demonstrated that
the clinical course of Sanfilippo syndrome A was more
aggravated compared to other subtypes, with the mani-
festations in earlier age, severe progression of symptoms
and shorter lifespan [1].
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The heparan-N-sulfatase gene — SGSH — is locali-
zed on the long arm of human chromosome 17 in locus
17925.3 [5, 6]; itis 11 kbp long and has 8 exons, separa-
ted by 7 introns. The enzyme consists of 502 amino-
acids and has 5 N-glycosylated sites. At present there are
over 68 defined and characterized mutations in the SGSH
gene [6-9], including 48 missence-mutations, 5 nonsen-
se-mutations, 1 splicing mutation, 8 deletions and 7 in-
sertions. The most frequent mutations in European po-
pulations are mutations R74C and R245H — the total in-
cidence of these mutations varies from 56 % in Germa-
ny, Poland and the Netherlands to 33 % in Italy.

The aim of the current work was to determine the
specificities of biochemical diagnostics of Sanfilippo
A syndrome (MPS IIIA) and to define the incidence of
major mutations R74C and R245H in the SGSH gene in
Ukrainian patients.

Materials and methods. The material of the research
was the biological material (urine and blood samples)
of patients from different regions of Ukraine, who came
to the Center of Metabolic Diseases of the National
Children's Specialized Hospital Okhmatdyt with the pre-
liminary diagnosis of Sanfilippo syndrome. The work
was approved by the Ethics Committee of the State In-
stitute of Genetic and Regenerative Medicine of Natio-
nal Academy of Medical Sciences of Ukraine. All pa-
tients have signed the informed consent form for the stu-
dy. The confirmation of the diagnosis required deter-
mining the level of glycosaminoglycans (GAG) excre-
tion in the 24-h collection urine, the availability of hepa-
ran sulfate fraction while conducting the thin-layer chro-
matography of glycosaminoglycans and the activity of
sulfamidase in leukocytes.

The level of GAG excretion in the 24-h urine was
defined using the nephelometric test with cetylpyridini-
um chloride (CPC-test) in equivalent to a gram of creati-
nine [10].

The thin-layer chromatography (TLC) of urine gly-
cosaminoglycans was performed on Silica Gel plates of
100 um and 8-12 pm granulosity in the system of p-
propanol solvents: ammonium hydroxide: water (4:6:
1). The alcian blue was used to stain the plates [11].

The enzymatic activity of sulfamidase was determi-
ned in periphery blood leukocytes. The leukocytes we-
re isolated from the whole blood, received with the an-
ticoagulant (EDTA) using the standard method [11]. The

amount of protein in leukocytes was determined using
the standard Lowry method [12]. The sulfamidase acti-
vity in the lysate of leukocytes was evaluated by the de-
gradation of fluorogenic substrate of 4-methylumbelli-
feryl-o.-D-N-sulfoglucosaminide («Sigma», USA) [11].
The activity of sulfamidase was calculated in nmol/h/mg
of protein.

DNAs were extracted from whole heparinized blood
using the commercial kit DNA-sorb B (CSRI of Epide-
miology of the Russian Federal Service for Consumer
Rights Protection and Human Welfare). The quality of
DNA preparations was evaluated by the method of optical
density ratio at 260 and 280 nm which was defined using
Specord-40 spectrophotometer («Analytik Jena AG»,
Germany) [12]. DNA preparations were kept at 4 °C.

The molecular and genetic research was conducted
using PCR method [13]. Oligonucleotide primers, des-
cribed in the work of Bunge ef al. 1997 [14], were used
to detect the mutations R245H and R74C.

The identification of the mentioned mutations was
conducted by the RFLP method (using restriction frag-
ment length polymorphism) with the standard applica-
tion of restriction endonucleases Eco521 and BstFNI,
respectively [14]. The analysis of restriction products
was performed by the electrophoresis method in 3 %
agarose gel with subsequent staining with ethidium bro-
mide solution in the concentration of 10 g/1.

The visualization and registration of electrophore-
sis results was conducted using the ultraviolet transillu-
minator and the videosystem with the software for ima-
ge analysis Biotest-A («Biocomy, Russia).

Results and discussion. In 1995-2013 386 patients
with the suspected mucopolysaccharidosis were exa-
mined in the laboratory of the Center of Metabolic Disea-
ses, NCSH Okhmatdyt.

The diagnostics of this disease at the current level
requires both selective screening methods (the evalua-
tion of the level of excretion of total GAG with urine
using the CPC-test with further GAG fractioning) and
the methods of confirmatory diagnostics with the deter-
mination of primary biochemical (the analysis of activi-
ty of the corresponding lysosomal enzyme) and genetic
(the determination of mutations in the corresponding
gene) deficiency [10, 11].

After all the required stages of laboratory diagnos-
tics of mucopolysaccharidoses, the diagnosis of Sanfi-
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Table 1
The biochemical characteristic of patients with Sanfilippo A syndrome

GAG excretion with urine

Activity of heparan-N-sulfatase in leukocytes

R Age at the moment of
Patients L
examination, y. o.

Total GAG,
units of CPC/g of creatinine

nmol/h/mg of protein % of the control

Proband

Control

1 5 611
2 6 239
3 7 246
4 11 473
5 4 839
6 10 452
7 11 months old 747
8 4 415
9 4 605
10 6 280
11 4 299
12 3 343
Control - -

<198 0.18 23
<185 0.20 26
<173 0.20 26
<131 0.12 16
<213 0.28 36
<140 0.22 28
<280 0 0
<213 0.26 33
<213 0 0
<185 0 0
<213 0 0
<228 0.20 26
- 0.46 -1.1 100

N o te. GAG fractions — heparan sulfate + chondroitin sulfate; control — only chondroitin sulfate.

Table 2
The genotype of patients with Sanfilippo syndrome A

Genotype Number of patients
R74C/ R74C 6
R74C/n. d. 3
R74C/R245H 2
n. d./n. d. 1

N o te. n. d. — mutations R74C and R245H in the SGSH gene were not
determined.

lippo syndrome was confirmed by us in 19 patients,
among whom 12 had MPS IIIA, 4 had MPS IIIB and 3
had MPS IIIC.

The age of patients with MPS IIIA at the moment of
determining the diagnosis ranged from 11 months to 11
years, including 6 male and 6 female patients (Table 1).
On average the final diagnosis of patients was set in the
age of 4-6 years. All the patients were determined to ha-
ve high excretion of total GAG with urine and the avai-
lability of fractions of heparan sulfate and chondroitin
sulfate while conducting the thin layer chromatography
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of glycosaminoglycans. The level of sulfamidase acti-
vity in blood leukocytes of all the examined patients did
not exceed 36 % of the control.

After the final confirmation of the diagnosis the DNA
of all the patients was analyzed for the availability of the
most frequent mutations R74C and R245H in the SGSH
gene.

The analysis of the results of our molecular study of
the patients with MPS IIIA demonstrated that the share
of alleles-carriers of mutation R74C was the highest —
17/24 (70.8v %) (Table 2). Five patients were the hete-
rozygous carriers of this allele and six — the homozygous
ones.

The share of the alleles-carriers of mutation R245H
in the patients with MPS IIIA, examined by us, was 2/24
(8.3 %). There were no patients in our group, homozy-
gous by mutation R245H. Among our patients with ge-
notype R74C/R245H there were two patients — com-
pound heterozygotes.

One patient did not have any allele with mutations
R74C and R245H.
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ChS

HS

MPS III

Control

GAG fractioning by the thin layer chromatography at Sanfilippo synd-
rome. ChS — chondroitin sulfate; HS — heparan sulfate

The specificity of laboratory diagnostics of Sanfi-
lippo syndrome is the availability of specific changes in
biochemical indices during the analysis of the level of
GAG excretion with urine. This is the only type of mu-
copolysaccharidosis, where the isolated hyperexcretion
of heparan sulfate is observed along with chondroitin
sulfate, which is a normal constituent of urine GAG [1].
Due to this fact the determination of such excessive ex-
cretion allows defining the type of mucopolysacchari-
dosis at the stage of selective screening, but the final
confirmation of the diagnosis with the determination of
the primary biochemical deficiency and, as a consequ-
ence, the determination of the subtype of MPS III, is pos-
sible only after the enzymatic study.

The analysis of biochemical data, obtained by us,
demonstrated that the level of the total GAG excretion
with urine for all the examined patients was on the ave-
rage 2.5-fold higher compared to the norm (from 1.4 to
3.9-fold). In all the cases the hyperexcretion of GAG
was characterized by the presence of a considerable sha-
re of heparan sulfate which is abnormal and should not
be present in the urine of a healthy individual (Figure).
It allowed us to confirm the presence of Sanfilippo synd-
rome in 12 patients.

The determination of the subtype of MPS IIIA in all
the cases was based on the reduction in activity of sulfa-
midase compared to the control values (Table 1). The
control was defined as the blood of healthy individuals
who did not have any consanguinity with the proband
and were studied together with the proband and his fa-
mily. It should be noted that rather low activity of sul-
famidase in leukocytes at norm often complicates the in-
terpretation of the analysis results and may lead to both
false negative and false positive diagnostics of MPS I11A.

While analyzing the level of activity of sulfamidase
we did not find any age-related dependence of falling
ill and the disease severity on the residual activity of sul-
famidase, which is in good agreement with the results
of other authors [1].

The study on genetic specificities of a certain disea-
se and the incidence of the most common mutations
among different Eastern-European populations is of great
scientific and practical significance. The elaboration of
a maximally efficient diagnostic program of selective
screening of major mutations in patients, which allows
both identifying the patients and determining the hete-
rozygous carriers among their family members, is pos-
sible only under the condition of defining the abovemen-
tioned specificities [13].

The spectrum of mutations in the SGSH gene among
the patients with MPS IIIA in European populations is
considerably different. There are also some ethnic spe-
cificities regarding the incidence of major mutations.
As seen from the data in Table 3 the mutation R74C is
the most frequent in the majority of eastern European
countries (Poland, Russia) whereas the mutation R245H
is more frequent among the patients of south-western
Europe (the Netherlands, Germany). There is a notable
gradient increase in the incidence of mutation R74C
from west to east while the incidence of mutation
R245H, on the contrary, increases gradient-wise from
east to west. It was remarkable that the total incidence
of major mutations R74C and R245H among Ukrainian
patients with MPS IIIA was the highest in European
countries — 11 out of 12 patients had these mutations at
least in one allele.

Therefore, taking into consideration a very high in-
cidence of major mutations R74C and R245H in the
SGSH gene among the Ukrainian patients with MPS
IITA — 79.1 % — it is reasonable to use the screening of
these mutations in the diagnostic algorithm along with
the biochemical determination of the sulfamidase activi-
ty in order to prevent false negative or false positive di-
agnostics of MPS II1A.

Conclusions. Rather low activity of sulfamidase in
leukocytes sometimes complicates an interpretation of
the analysis results and may lead to both false negative
and false positive diagnostics of MPS IIIA.

The incidence of major mutations R74C and R245H
in the SGSH gene among the examined patients with
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Table 3

The incidence of mutations R74C and R245C in the SGSH gene in different populations

Incidence of mutant

Incidence of mutant

Country alleles of RTAC, % (¥) alleles of R24SH, % (%) Total incidence, % Reference source

Ukraine 70.8 (17/24) 8.3 (2/24) 79.1 Separate investigations
Poland 56.3 (18/32) 3.1(1/32) 59.4 [14]
Russia 47.5 (9/21) 7.5 (2/21) 55 [15]
Germany 20.8 (10/48) 35.4 (17/48) 56.2 [14]
Austria 18.2 (8/44) 11.4 (5/44) 29.6 [16]
Great Britain 13.3 (4/30) 20 (6/30) 333 [71
Italy 1.8 (1/56) 0 (0/56) 1.8 [17]
Spain 0 (0/52) 0 (0/52) 0 [18]
The Netherlands 0 (0/90) 57.8 (52/90) 57.8 [9]

*The ratio of the mutant alleles to the studied ones.

MPS IIIA in Ukraine is in good agreement with the in-
cidence indices of these mutations among the countries
of Eastern Europe (Poland, Russia) and is the highest for
the European countries.

High total incidence of mutations R74C and R245H
in the SGSH gene for the patients with Sanfilippo synd-
rome A in Ukraine allows using RFLP analysis of these
mutations as an alternative method of differential diag-
nostics of MPS IIIA.

Oco0nuBocTi 1aboparopHoi AiarHoctiku cuHapomy Candininmo A
H. C. Tpodimosa, H. B. Onbxosuy, H. I'. 'opoBenko

Pestome

Myxononicaxapuoos muny III A (MIIC III A) obymosenenuii oegiyu-
MoM 1i30COMHO20 hepmenmy cenapan-N-cynvghamasu (cyrvpamioa-
3u), AKUU BUHUKAE 6HAcAIO0K mymayiu 6 2eni SGSH. Mema. Bcmanog-
nenns ocoonugocmeti oioximiunoi oiacnocmuxu MIIC 111 A ma eusna-
ueHHs po3noscioodcenocmi maxcopruux mymayitt R74C i R245H 6 ceni
SGSH y nayicumis 3 Yxpainu. Memoou. bioximiuni ma monexyaap-
no-eenemuyni. Pesynomamu. [liaenos MIIC 111 A niomeepooicenoy 12
nayienmie. Y ecix o6cmedsicennux ocio pisens akmugHocmi cyibghami-
0asu 6 netikoyumax Kposi ne nepesuuyyeas 36 % 6io konmpoio. Ananiz
De3VIbMAmis npogeodeH020 MOICKYISAPHO20 0OCMENCeHHs NAYICHMIG 3
MIIC III A noxazas, wo yacmxa anenis, axi necymo mymayito R74C,
susgunaca Haoinbworo i cmanosums 17/24 (70,8 %). Yacmra anenie
3 mymayiero R245H y o6cmedicenux nayienmie iz cunopomom Cargpi-
ninno A dopisnrwe 2/24 (8,3 %). Cymapna wacmoma mMadjcopHux my-
mayii R74C i R245H cepeo nayienmie 3 MIIC 111 A 3 Yxpainu 6yna naii-

BULIOI0 3-NOMIdC €6ponelicokux Kpain—y 11 3 12 nayienmis yi mymayii

3apeecmposano xoua 6 6 o0nomy aneni. Bucnoexu. 3sasicaiouu na 0y-
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aice sucoky wacmomy maxcoprux mymayiv R74C i R245H ¢ eeni SGSH
cepeo nayienmie 3 MIIC 111 4 3 Ykpainu — 79,1 % — 0oyinvro uxopu-
CMo8y8amu CKPUHiHZ MAKUX Mymayiti 6 OlaeHOCMUYHOMY A120PUMMI
napanenvHo 3 GIOXIMIYHUM BUSHAYEHHAM AKMUBHOCMI CYIbhamioasu
07151 3anobieants XubHoHe2amusHoi abo XubHono3umusHol diaznocmu-
Kku cunopomy Cangpininno A.

Knwouosi cnosa: mykononicaxapuoos, enik03amiHO2HIKAHU, 2e-
napan-N-cynepamasa, 2emn, cenomun, aieib.

OcobeHHocTH J1aOOPaTOPHON JUarHocTHkU cuHapoma Canduiunmo A
H. C. Tpopumona, H. B. OnbxoBuy, H. I'. 'opoBenko

Pestome

Myrxononucaxapuoos muna Ill A (MIIC 111 A) obycnosnen oedpuyumom
JU30COMHO20 (hepmenma eenapan-N-cyispamasel (cyrvghamudasut),
so3HUKaOueeo 6 pesynomame mymayui ¢ ceve SGSH. Ileny. Ycma-
noenenue ocobennocmeil ouoxumuueckou ouaznocmuxu MIIC 111 A u
onpeoenenue pacnpocmpaneHnocmu madxcopnvlx mymayuti R74C u
R245H 6 2ene SGSH y nayuenmog ¢ Yxpaunvi. Memoowt. buoxumuuec-
Kue u monexyusipHo-eenemuyeckue. Pesynomamut. /luacnoz MIIC 111
A noomeepaicoen y 12 nayuenmos. ¥ 6cex 06¢c1e006antbix iy yposeHs
AKMUBHOCMU CYIbPAMUOA3L 8 NEUKOYUMAX KpOGU He npegbiutan 36 %
om Konmpons. Ananuz pe3yibmamos npoeedeHno20 MONeKYIAPHOO
obcneoosanus nayuenmos ¢ MIIC III A nokaszan, umo dons annenetl,
necyuux mymayuro R74C, okazanrace naubonvuteti u cocmaeisiem 17/
24 (70,8 %). Hdonsn anneneu, necywux mymayuio R245H, pasna 2/24
(8,3 %). Cymmapnas wacmoma madxcopnvix mymayuii R74C u R245H
cpeou nayuenmos ¢ MIIC 111 A uz YVkpaunwl Ovina camoii 8b1coKoll cpe-
ou esponetickux cmpan —y 11 uz 12 nayuenmos smu mymayuu oonapy-
Jicenvl xoms Obl 6 00HOM annene. Buleoowvl. Yuumuleas ouens gbicokyio
uacmomy madxcoproix mymayuii R74C u R245H ¢ cene SGSH cpedu
nayuenmos ¢ MIIC 111 A uz Ykpaunwr — 79,1 % — yenecoobpasno uc-
NONbL308AMb CKPUHUHE MAKUX MYMAYUtl 6 OUASHOCMUYECKOM all20-
pumme napaiienbHo ¢ OUOXUMULECKUM ONnpedesieHueM aKmugHoCmu
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cynbamuoazel 01 nPpeoomMepaeHus LOHCHOOMPUYAMENbHOU UTU

JIOJICHONONIOdICUMeNbHOU OuacHocmuku cunopoma Cangpununno A.
Kniouegvie crosa: mykonoaucaxapuoos, 2AuK03aMUHOAUKAHDL,

eenapan-N-cynvpamasa, 2en, cenomun, aineib.
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