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Abstract

Background and purpose: Autosomal dominant spinocere-
bellar ataxias (SCAs) belong to a group of neurodegenerati-
ve disorders usually of adult age at onset. Predominant clini-
cal features are progressive ataxia, dysarthria, as well as
pyramidal signs and polyneuropathy. Molecular analysis
allows particular types of SCA to be distinguished. Genetic
tests are applied in 10 types of SCA resulting from dynamic
mutations: SCA1L, SCA2, SCA3, SCA6, SCA7, SCAS,
SCA10, SCA12, SCA17 and DRPLA.

Material and methods: DNA samples from 1598 patients
with ataxia symptoms were analysed to establish the number
of CAG/CTG repeats in respective genes excluding SCA10.
Results: We diagnosed 224 cases of SCA1 (120 families) and
49 cases of SCA2 (23 families). Moreover, presymptomatic
testing was done in 85 individuals from SCA1 families and
for 21 cases from SCA2 families. An increased number of
CTG repeats in the SCA8 gene was observed in 14 families
and in 3 families a rare type of SCA, SCA17, was detected.
Conclusions: Our data suggest that frequencies of some types
of SCA in Poland are different from those in other Europe-
an countries, with irregular distribution within the country.
The most frequent types are SCA1 and SCA2. A striking
feature of the Polish population is the lack of SCA3 — the
most frequent type in Western Europe.

Sireszczenie

Wstep i cel pracy: Ataksje rdzeniowo-mézdzkowe (SCA)
o dziedziczeniu autosomalnym dominujacym naleza do gru-
py choréb zwyrodnieniowych uktadu nerwowego, zazwyczaj
o p6znym wieku zachorowania. W obrazie klinicznym domi-
nuja postepujaca ataksja i dyzartria, obserwuje si¢ réwniez
objawy piramidowe 1 polineuropati¢. Badania molekularne
umozliwiajg obecnie rozréznienie poszczegdlnych typéw SCA.
Wykonuje si¢ je w przypadkach 10 typéw SCA, u podloza
ktérych leza mutacje dynamiczne zlokalizowane w odpo-
wiednich genach: SCA1, SCA2, SCA3, SCA6, SCA7,
SCAS8, SCA10, SCA12, SCA17 i DRPLA.

Materiat i metody: Materiat do badan molekularnych stano-
wily prébki DNA od 1598 pacjentéw, u ktérych obserwo-
wano objawy ataksji. Analiza genetyczna polegata na ustale-
niu liczby powtérzen CAG/CTG we wszystkich wyzej
wymienionych genach z wyjatkiem SCA10.

Wyniki: Stwierdzono 224 przypadki SCA1 w 120 rodzinach
oraz 49 przypadkéw SCA2 (23 rodziny). Wykonano ponad-
to przedkliniczne molekularne badania u 85 o0séb z rodzin
2z SCA11iu21 0séb z rodzin z SCA2. W 14 rodzinach stwier-
dzono nieprawidlows liczbe powtdrzen CTG w genie SCAS,
a w 3 rodzinach bardzo rzadka postac¢ ataksji — SCA17.
Whioski: Uzyskane dane wskazuja, ze czesto$¢ wystepowa-
nia poszczegdlnych typéw SCA w Polsce jest odmienna niz
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Introduction

Autosomal dominant cerebellar ataxias (ADCA)
were previously termed olivo-ponto-cerebellar atrophy
type 1 or olivo-ponto-cerebellar atrophy of Menzl. Cur-
rently, they are named spinocerebellar ataxias (SCAs).
They create a heterogeneous group of genetic neurode-
generative diseases of the central nervous system (CNS)
characterized by a broad range of clinical and neuropa-
thological signs. Clinically, SCAs present most often as
the cerebellar syndrome, pyramidal and extrapyramidal
signs, as well as signs of peripheral neuropathy.

The heterogeneity of ADCA was the major problem
when it came to developing a classification of these disor-
ders. Attempts have been made to develop a classifica-
tion based on the results of a small number of patholo-
gical studies. At the beginning, neither duration of the
disease, nor the mode of inheritance was taken into acco-
unt [1]. A clinically and neuropathologically based clas-
sification of ADCA was proposed by Harding in 1995
[2], and was subsequently modified by Stevanin e a/.
in 2000 [3].

As the molecular basis of SCAs was progressively
unravelled, the above-mentioned classification became
less and less useful, because particular types of SCA can
be differentiated unequivocally with genetic testing only.

An important subgroup of SCAs consists of nine
distinct types of SCA caused by dynamic mutations in
the following genes (names of the diseases are provided
in parentheses): ATXN1 (SCA1), ATXN2 (SCA2),
ATXN3 (SCA3/MJD1), CACNAIA (SCA6), ATXN7
(SCA7), ATXN0S8 (SCASR), ATXN10 (SCA10),
PPP2R2B (SCA12), TBP (SCA17), ATN1 (dentato-
rubral pallidoluysian atrophy, DRPILA) [4]. Mutations
in all those SCA types lead to the expansion of the
microsatellite repeats within particular genes. Expan-
sion of the repeats and related instability are the basis
for the typical tendency for the earlier age at onset and
more severe course of the disease in subsequent gene-
rations, i.e. anticipation. Proteins with expanded poly-
glutamine stretch have abnormal conformation, tend to
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w innych krajach Europy, a ich rozmieszczenie na terenie kra-
ju nieréwnomierne. Najczescie] wystepuja SCAL 1 SCA2,
podczas gdy brak jest SCA3 — najbardziej rozpowszechnio-
nego typu SCA w Europie Zachodniej.

Stowa kluczowe: ataksje rdzeniowo-mézdzkowe (SCA),
mutacje dynamiczne, powtérzenia CAG.

sequestrate other proteins and may be visible as nucle-
ar or cytoplasmic aggregates within neurons [4].

It is estimated that the prevalence of SCAs in gene-
ral (without differentiation into subtypes) reaches
about 3 per 100 000 in the general population [4,5] but
the prevalence of particular SCA subtypes differs among
various populations. This probably results from the
founder effect that can be found in studies of mutation-
related haplotypes. It is known, for example, that SCA3
and DRPLA are common in Japan and Portugal, SCA2
is frequent in Cuba [6-9] and Korea, and SCA6 is
found most commonly in Germany and Japan [10,11].

Clinical characteristics of SCAs caused by dynamic
mutations are presented in Table 1. Additionally, bro-
ader characteristics of four SCAs occurring in the Polish
population [12-14] are provided below.

Spinocerebellar ataxia type 1 (SCA1, OMIM#
164400) is one of the commonest ADCA. Age at onset of
symptoms ranges from 6 to 74 years, and the time from
onset to death ranges from 12 to 38 years. Progressive gait
disturbances and dysarthria are the earliest symptoms in
the majority of patients. Other initial symptoms and signs
include: ataxia and hypermetria of upper limbs, causing
difficulties with writing, and nystagmus. Pyramidal syn-
drome is often observed, with spasticity and exaggerated
deep tendon reflexes. Ataxia and dysmetria increase as the
disease progresses. Marked weakness of all four limbs is
noted. During the most advanced stage of the disease, ata-
xia increases markedly, and signs of brain stem damage
appear, including atrophy and weakness of facial muscles,
dysphagia and disordered breathing, as well as extrapyra-
midal signs, such as dystonia and chorea. Death usually
results from the inability to cough and from respiratory
failure [12,15]. Neuropathologically, SCA is characteri-
zed by cerebellar atrophy with the significant loss of Pur-
kinje cells. Loss of neurons in the inferior olivary nucleus
and in the nuclei of the third, tenth and twelfth cranial
nerve is additionally seen [16].

The age at onset of symptoms in cases of spinocere-
bellar ataxia type 2 (SCA 2, OMIM#183090) ranges
between 2 and 65 years. The disease begins with cere-
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Table 1. Typical dlinical signs in spinocerebellar ataxias caused by dynamic mutations*

SCA Age at onset, Characteristic clinical signs OMIM
type years mean
(range)

SCA1 37 (4-74) ataxia, dysarthria, nystagmus, saccadic slowing, ophthalmoplegia, spasticity, 164400
peripheral neuropathy

SCA2 32 (1-65) ataxia, dysarthria, saccadic slowing, hyporeflexia, tremor, dementia, parkinsonism, 183090
peripheral neuropathy

SCA3 36 (5-70) ataxia, dysarthria, nystagmus, eyelid retraction, diplopia, fasciculations of the tongue 109150
and facial muscles, dystonia, parkinsonism, restless legs syndrome, polyneuropathy
with sensory disturbances

SCA6 52(30-71) pure ataxia, dysarthria, nystagmus, diplopia, rarely mild peripheral neuropathy, 183086
pyramidal signs; benign course, often advanced age at onset

SCA7 35 (0-70) ataxia, dysarthria, vision loss due to retinopathy, saccadic slowing, pyramidal signs 164500

SCAS 40 (1-73) ataxia, dysarthria, nystagmus, tremor 603680

SCA10 36 (26-45) ataxia, dysarthria, nystagmus, epilepsy 603516

SCA12 35(8-55) ataxia, nystagmus, tremor, bradykinesia, hyperreflexia, cognitive disturbances 604326

SCA17 33 (6-48) ataxia, dysarthria, nystagmus, saccadic slowing, akinesia, dystonia, chorea, psychosis, 600075
dementia, mutism, epilepsy

DRPLA 40 (0-62) ataxia, myoclonus, epilepsy, choreoathetosis, psychosis, dementia 125370

DRPILA — dentatorubral pallidoluysian atrophy

*for some parts of the table material previously published by Schols et al., 2004 [4], Rakowicz et al., 2005 [12] and in GeneClinics: Hereditary Ataxia Overview (www.geneclinics.org)

was used. The four types of SCAs diagnosed in Poland so far have been discussed in greater detail in the text

bellar signs, including gait instability and speech distur-
bances, and hypotonia with concomitant painful muscle
cramps. Saccadic slowing that precedes ophthalmople-
gia is noted in many patients. Belal ez a/. [17] observed
extrapyramidal signs (23% of patients), myoclonus (38%)
and dementia (3%) in addition to the typical cerebellar
signs. Parkinsonian signs, including stiffness, bradyki-
nesia, and postural or intentional tremor are alleviated
with levodopa [18]. Axonal sensorimotor polyneuropa-
thy was noted in most patients [8,12,15]. Neuropatho-
logical studies revealed marked loss of Purkinje cells.
Neuronal atrophy in the olivary nuclei, pons, and cere-
bellum, as well as atrophy of the cerebral grey matter,
were found. Significant demyelination was seen in the
posterior column of the spinal cord. Less prominent alte-
rations were noted within spinocerebellar tracts [8,19].

Spinocerebellar ataxia type 8 (SCA8, OMIM#
608768) is characterized by relatively slow progression.
Gait instability increases gradually, followed by rest tre-
mor and dysarthria [20]. Scanned and slowed speech
is typical. Some patients exhibit nystagmus, dysmetria
of saccades, and, rarely, ophthalmoplegia. Neuroima-
ging reveals atrophy of cerebellar hemispheres and ver-
mis [20].
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Spinocerebellar  ataxia type 17 (SCAL17,
OMIM#607136) is a rare SCA subtype. It presents
usually with gait instability, progressive dementia and
psychiatric symptoms, including depression, personali-
ty disorder, hallucinations and aggressive behaviour.
These signs are followed by stiffness, bradykinesia, and,
rarely, tremor. Because of similarity of some symptoms
and signs, this SCA subtype is sometimes misdiagno-
sed as Huntington’s disease. Magnetic resonance ima-
ging (MRI) shows atrophy of the striatum and cere-
bellum; neuropathological studies confirm this notion
and reveal neuronal loss in the striatum and putamen,
as well as loss of Purkinje cells in the cerebellum. Less
prominent neuronal loss in the frontal and temporal cor-
tex has also been observed in some patients [21].

Other subtypes of SCAs

Other SCAs caused by dynamic mutations include
SCA6, SCA7, SCA10, and SCA12 [22-26]. Only
SCAG is relatively frequent among them, especially in
Germany and Japan; SCA 10 is found mostly in Mexi-

co, and SCA12 in India. Clinical signs of these SCAs
are summarized in Table 1.
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Other autosomal dominant SCAs caused by muta-
tions other than dynamic ones are not precisely charac-
terized in terms of their molecular biology and clinical
manifestations, because observations in those subtypes
are based on several cases in single families only. Point
mutations are the molecular basis of the disease in SCAs
4,5, 11,13, 14,15, 16, and 27; only the location of the
gene within the chromosome is known for genes respon-
sible for SCAs 18, 19, 20, 21, 22, 23, 24, 25, 26, 28, 29,
and 30. Axonal sensorimotor neuropathy accompanies
ataxia in SCA4 and SCA25. Farly onset is typical for
SCAS. SCA11 has been described in two families only.
Mental retardation is typical for SCA13, and epilepsy
for SCA14, described in one Japanese family only.
The term SCA9 has not been associated with any spi-
nocerebellar ataxia and the name is reserved for the next
identified and defined SCA subtype (according to Here-
ditary Ataxia Overview at www.geneclinics.org).

Effective treatment of SCA is lacking so far. Research
related to the pathomechanism of these disorders and
efforts aimed at development of treatment are ongoing.

The aim of this study was to present the results of
molecular studies performed in Polish patients with
suspected particular subtypes of SCAs caused by dyna-

mic mutations.

Material and methods

DNA samples were collected from 1598 patients with
ataxia who were diagnosed between 1998 and 2008 in
genetic and neurological outpatient clinics or hospitali-
zed in neurological departments of the Institute of Psy-
chiatry and Neurology in Warsaw. Some DNA samples
included in the present analysis were collected in various
neurological outpatient clinics and departments in Poland
and referred for genetic testing in the Department of
Genetics, Institute of Psychiatry and Neurology.

Molecular studies consisted of analysis of the num-
ber of repeats in the following genes: ATXN1, ATXN2,
ATXN3, CACNAIA, ATXN7, ATXNSOS, PPP2R2B,
TBP, and ATNI.

DNA was isolated from peripheral blood leukocy-
tes using the phenol-chloroform method extraction
method.

PCR reaction with amplification of the DNA region
that contained the polymorphic CAG/CTG sequence
within the studied genes was performed with pairs of
primers specific for each gene. One primer within the
pair of primers was labelled fluorescently. The following
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reports were used to establish PCR conditions and pri-
mer sequences: SCA1 — Orretal. [27]; SCA2 — Pulst
etal. [28]; SCA3 — Stevanin ez al. [29]; SCA6 — Zhu-
chenko ez al. [30]; SCA7 — David ez al. [31]; SCA12
— Holmes ez al. [26]; SCA17 — Koide et al. [21];
DRPLA — Nagafuchi ez al. [32].

Electrophoretic separation of PCR products was
visualized with an automated ABI PRISM 377 sequ-
encer in 4% denaturing polyacrylamide gel; the size was
established by comparison of the PCR product with the
TAMRA350/500 size standard.

Patients’ age at onset was established according to
the data included in the medical records and in the refer-
rals for the genetic studies; data were not complete. Pla-
ce of birth and the present address were analysed in an
attempt to characterize the Polish population in terms
of prevalence of SCAs in particular regions of Poland.

Patients were informed of the indications for mole-
cular analysis and provided written consent for the gene-
tic testing and DNA samples collection in Department
of Genetics, Institute of Psychiatry and Neurology, War-
saw. Patients gave their consent to publish the results of
their genetic studies with preserved anonymity. Most of
the discussed patients with SCA receive genetic coun-
selling and neurological care from our Institute.

Statistical analysis of the results was performed with
STATISTICA software. Descriptive statistics were
performed; means and standard deviations were cal-
culated.

Results

Two hundred and twenty-four cases of SCA1 were
diagnosed in 120 families; 49 cases of SCA2 were found
in 23 families. Additionally, studies in presymptomatic
subjects were performed in 85 persons from the fami-
lies affected by SCA1 and in 21 subjects from the fami-
lies affected by SCA2. Table 2 presents data obtained
from 206 patients with SCA1 because data related to
age at onset were lacking in 18 patients.

Dynamic mutation was found in 26 persons (30.6%)
among presymptomatic adults from SCA1-affected
families, and in 6 subjects (28.6%) among presympto-
matic adults from SCA2-affected families.

Statistical analysis revealed a significant inverse cor-
relation between the number of CAG repeats and age at
onset (7 = —0.66 for patients with SCA1 and » = —0.67
for patients with SCA2). This means that the age at
onset is significantly determined by the number of CAG
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Table 2. Demographic data and molecular results of examined groups

SCA1 SCA2 SCA8 SCA17

(n = 206) (n = 49) (n=28) (n=4)
Sex (F/M) 115/91 22/27 4/4 3/1
Age at onset, years mean (SD) 37.5(11.0) 32.8 (14.5) 18.1 (14.7) 32.5
Age at examination, years mean (SD) 43.9 (12.5) 42.9 (16.7) 38.5(23.0) 44.0
CAG/CTG repeat range (pathogenic alleles); 40-72 36-52 80-150 48-53
mean (SD) 49.6 (5.8) 40.8 (3.4) 106.7 (41.4)
Number of patients with confirmed mutation 15 0 10 0
but with incomplete demographic data,
who were not included in above calculations

80
70
60
50
40
30
20

Age of onset (years)

r=-0.67

T T T
0 10 20 30 40 50 60 70 80
Repeat number

SCAT n = 206
«S(A2 n =49

Fig. 1. The correlation of the CAG repeat number and the age of onset in SCA]
and SCA2

repeats (in 66% and 67% for SCA1 and SCA2, respec-
tively) (Fig. 1).

An abnormal number of CTA/CTG repeats in the
ATXN8OS gene (SCAS8) was found in 18 patients from
14 families (data provided in Table 2 are derived from
8 subjects who had both clinical signs and mutation
within that gene).

A rare subtype of SCA, SCA17, was found in
4 patients from 3 families. One case of SCA3 was also
diagnosed in a female patient, whose symptomatic
mother was of German descent.

Almost all SCA cases were found in families with
several affected members (data related to the family
history were lacking in 28 cases).

Discussion

According to the results of similar studies performed
in European countries, the authors of the current paper
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expected that the most common SCAs in Europe, i.c.
SCA1 and SCA3 [33], would also be prevalent in the
Polish population. Therefore, molecular studies among
Polish patients began with the diagnostics of SCA1 and
SCAS3. They revealed SCA1-affected families (a total of
120 pedigrees), but none of the remaining patients was
diagnosed with SCA3.

Introduction of the SCA2 diagnostic method in
1999 enabled the diagnosis of expansion repeats in the
SCA2 gene in 23 Polish families and also showed popu-
lation differences in the frequency of particular SCAs
in Poland [34].

Molecular studies in so far undiagnosed patients did
not reveal any case of SCA6, SCA7, or DRPLA. Thus,
two well-known SCAs — SCA1 and SCA2 — are predo-
minant among studied Polish patients. Overall, muta-
tions were found in 160 families (SCA1 —75%, SCA2
—14.3%, SCA8 — 8.8%, SCA17 — 1.9%).

SCAL constitutes between 6% and 50% of ADCA
type I and between 5% and 33% of all ADCA, depen-
ding on the population studied [5]. Higher proportions
of SCA1 were noted in England [35], France [36], and
Ttaly [37,38], while lower proportions of SCA1 were
noted among German [33], Russian [39], and Japa-
nese patients [40].

Prevalence of SCA2 also depends on the ethnicity
of studied patients. This SCA subtype is specifically
prevalent in the Cuban province Holguin (41 per
100 000) [8,9].

The frequency of SCA2 in German patients and in
several large multiethnic groups (studies performed
among Italian, Indian, and Chinese populations) was
estimated to be 13-15% of all ADCA [15,41-43].

The proportion of SCA3/M]D in German [33],
Chinese [44] and American [45] populations is estima-
ted to reach 25-50% of all ADCA, while in Russian and
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South African populations this proportion is much lower.
SCA3/M]C is the most common ataxia in the Azores
(1 per 3600 inhabitants) [46]. The one and only case of
SCA3 diagnosed in a patient of German descent confirms
the practical lack of SCA3 in the Polish population.

According to our findings, SCA 1 is more prevalent
in Poland than in other countries, while SCA2 occurs
with a frequency similar to some parts of Italy [37],
where SCA1 was diagnosed in 30%, and SCA2 in 21%
of patients from families with clinically diagnosed SCA.

Further studies among Italian patients showed geo-
graphical diversity and more frequent occurrence of
SCAL in northern Italy (41%), while other authors sug-
gested that SCA2 occurs in 47% and SCAL in 24%
among 116 families from Central and Southern Italy, in
whom the diagnosis of SCA was verified with molecular
studies. These were the most common types of dominant
ataxias in that population, while SCA6, SCA7, and
DRPLA occurred in 2%, 2%, and 1%, respectively [37].

Figure 2 shows the frequency of particular SCA sub-
types among Polish cases with a family history sugge-
stive of autosomal dominant mode of inheritance.
Among all referred Polish patients, the available family
history distinguished 286 families with ADCA, in whom
the following SCAs were diagnosed: SCA1 — 42%,
SCA2 — 8%, SCA8 —4.9%, SCA17 — 1%. The rema-
ining 44.1% were families with ADCA in whom the
mutation was not identified.

The Polish population seems to be similar to the Ita-
lian one, with the most prevalent SCA1 and SCA2.

The unexpected distribution of SCA subtypes in
Poland led to the initiation of studies aimed at haploty-
pe analysis to search for a founder effect (an ongoing
study) and at the analysis of geographical distribution
of SCA families. It seems that SCA1 is most prevalent
in Mazowieckie, Y.6dzkie, Lubelskie, and Pomorskie
voivodships (i.e. in central and eastern Poland), while
SCAZ2 was observed more often in Slaskie, Swietokrzy-
skie, Mazowieckie, ¥.6dzkie, and Lubelskie voivodships
(i.e. in central and southern Poland). It should be noted,
however, that this differential distribution may result
from selection bias related to unequal access to specia-
lized medical services throughout the country.

Other subtypes of SCA, i.e. SCA6, SCA7, SCA12,
and DRPLA, were not found among the studied gro-
up of Polish patients. Those subtypes might be so rare
in the Polish population that their detection would requ-
ire a much larger group of patients. SCA6 was found to
be one of the more common subtypes of inherited ata-
xias in Japan [6,47]; it also occurs in Spanish, German,
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Fig. 2. Frequency of particular SCA subtypes in families with autosomal domi-
nant spinocerebellar ataxia in various populations; data according fo Schols
et al. [4], modified by adding the results of the present study

Italian and Indian populations [10,11,25,42]. SCA7
is very rare, with a prevalence of less than 1 : 100 000
in most populations (Australia, North America,

Furope, China, India, Korea, South Africa, Taiwan)

[11,43,44,48,49]. DPRLA is a rare neurodegenerati-

ve disorder, with the highest prevalence (6 per 100 000)

in Japan; it is much less prevalent or even absent in Spa-

nish, Italian, Chinese and South African populations

[7,37,42,43,51]. SCA17 is a rare SCA in all popula-

tions studied; we found it in 3 families in Poland.

According to the results, the following algorithm of
the genetic testing was established in patients with ata-
xia, regardless of age or family history:

1. The first-line molecular studies should be directed to
SCA1, SCA2, and SCA3 (the last one only because
it is the most frequent SCA worldwide);

2. After exclusion of the above-mentioned SCA subty-
pes, genetic testing for other SCA subtypes, especially
SCAS8 and SCA17, should be considered;

3. Priority in molecular testing should be given to fami-
lial cases, especially those suggestive of autosomal
dominant mode of inheritance.

Conclusions

1. Our data suggest that frequencies of some types of
SCA in Poland are different from those in other
Furopean countries, with irregular distribution within
the country.
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2. The most frequent types are SCA1 and SCA2.
3. A striking feature of the Polish population is the lack
of SCA3 — the most frequent type in Western Furope.
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