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Introduction

Prader-Willi (PWS) and Angelman (AS) syndromes are two clinically distinct genetic diseases
associated with multiple physical and cognitive abnormalities. The genetic cause of PWS and
AS is the alteration in the 15q11.2-q13 chromosomal region; expression of genes in this region
is subject to genome imprinting. Aim. To analyse of the frequency of 15q11.2-q13 rearrange-
ments and epigenetic alterations in the group of Ukrainian patients with PWS and AS. Methods.
The methylation status of the SNRPN gene was analyzed by methylation-specific PCR (MS-
PCR). Results. The absence of unmethylated CpGs in the SNRPN gene promoter was de-
tected in 25 patients (42 %) with the PWS phenotype. In the AS group, the frequency of SNRPN
mutations (absence of the hypermethylated CpGs) was observed in 28 % of the cases. In the
PWS, group we observed a significant prevalence of males (70 %), but the frequency of the
confirmed diagnosis was higher in females (56 % vs 36 %). A lower than expected detection
rate in the PWS and AS groups could be due to both clinical and method limitations. Conclusions.
Analysis of the SRNPN gene region by MS-PCR could be used for the PWS and AS molecular
diagnostics. This test can rule out the clinical diagnosis of PWS 30 % of patients.

Keywords: Prader-Willi Syndrome, Angelman Syndrome, SNRPN gene, methyl-specific
PCR.

sive disorder. The characteristic facial features
are also evident. Angelman syndrome (AS) is

Prader-Willi syndrome (PWS) is characterized
by hypotonia, failure to thrive with poor suck,
hypogonadism, short stature with small hands
and feet, hyperphagia leading to morbid obe-
sity, beginning from early childhood; devel-
opmental delay/intellectual disability, and be-
havioral issues, including obsessive compul-

characterized by developmental delay, intel-
lectual disability, absent speech, seizures,
ataxic gait, easily excitable happy demeanor,
and characteristic faces.

PWS and AS typically result from the dele-
tion of paternal for PWS or maternal for AS
copies of the chromosome region 15q11-q13.
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Each one occurs with a frequency of approxi-
mately 1/15,000 to 1/30,000 live births [1], in
the vast majority of cases they happen de novo,
in families with no history of these syndromes.

Chromosome 15q11-ql3 is a region that
harbors several genes regulated by genomic
imprinting, a phenomenon when genes are
expressed preferentially from one parental al-
lele. As a result, the genes subjected to regula-
tion by genomic imprinting are functionally
haploid, having only a single functional
copy [2]. At least two genes SNRPN and NDN
from the 15q11-q13 region have differentially
methylated CpG islands in their promoter re-
gions that are methylated on the maternal chro-
mosome leading to the silencing of the mater-
nal allele. The alteration of the paternal copy
of the imprinted SNRPN gene will cause
PWS [3], and vice versa, the loss of maternal
allele leads to AS. The other gene in this re-
gion, encoding the ubiquitin-protein ligase
E3A — UBE34, is a parentally imprinted gene
in which the paternal allele is selectively si-
lenced in mature neurons. The promoter of
UBE3A gene is completely unmethylated and
it is active on both parental copies in all tis-
sues, silencing of the paternal allele expression
is achieved by noncoding antisense transcript
UBE3A-ATS [4], which is transcribed back-
wards to the UBE3A.

There are 4 known genetic mechanisms
which can cause PWS and AS: de novo dele-
tions involving the chromosome 15q11.2-q13
region, uniparental disomy (UPD) of 15q11.2-
ql3, imprinting center (IC) defects and point
mutations in the causative gene (Table 1).
About 20 % of cases of AS are caused by
mutations in the UBE3A4 [5] but there are no
instances of a point mutation in any gene caus-
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ing PWS, suggesting that PWS is a true con-
tiguous gene syndrome, resulting from the loss
of more than one gene.

Table 1. Genetic alterations lead to Prader-Willi
and Angelman syndromes [6]

Genetic mechanisms PWS AS
De novo deletions 75-80 % 70-75 %
UPD 20-25 % 3 %-7%
Ii(;lziuots;l)ons (excluding 12 % 12 %
IC deletions 5-15% 5-15%
UBE3A4 mutations 5-10 %

The deletion of the 15q11.2-q13 locus oc-
curs at a frequency of about 1/15,000 new-
borns and is probably one of the most common
pathogenic deletions observed in humans.

For molecular genetic diagnostics of PWS
and AS, the most commonly used method is
the analysis of the SNRPN gene using FISH [7].
This method allows identifying only deletions
in the studied region. Therefore, the use of
methods capable of detecting UPDs and meth-
ylation defects significantly increase the infor-
mativeness of the molecular diagnosis of these
syndromes.

The aim of the study was an estimation of
15q11.2-q13 rearrangements and epigenetic
alterations frequency in the group of Ukrainian
patients with PWS and AS clinical phenotype.
The analysis of the SNRPN gene alterations by
methyl-spesific PCR was chosen because it
allowed simultaneous testing of three types of
alterations: deletions, UPDs and IC defects.

Methods

Group of 60 Ukrainian patients with PWS
phenotype (18 females and 42 males) and 32
patients with AS phenotype (21 and 11 respec-
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tively) were referred from the regional medical
genetics centers of Ukraine to the IMBG from
2011 to the present. The informed consent for
clinical and genetic study was obtained from
the patients statutory trustees in compliance
with national ethics regulation.

DNA was extracted from the patients blood
samples using proteinase K cell lysis and stan-
dard phenol-chloroform DNA purification. To
identify methylation status of the SNRPN gene
all collected samples were analyzed by meth-
ylation-specific PCR (MS-PCR). Bisulfide
(BS) conversion of genomic DNA was carried
out using EZ DNA Methylation-GOLD™ Kit
(Zymo Research) according to the manufac-
turer’s protocol. We used 1-2 pg of genomic
DNA for BS- conversion, the converted DNA
was diluted in 10—15 pl of the elution buffer.
To find out the methylation status of the 15q11-
ql3 locus we used PCR with two primers
pairs: one specific to the SNRPN gene BS-
converted methylated DNA, second — to the
SNRPN gene BS-converted unmethylated
DNA. PCR was carried out in a total volume
of 20 pl containing 1x FIREPol® Master Mix
with 2.5 mM MgCl, (Solis BioDyne), 0.75pM
primers (both for the methylated and unmeth-
ylated BS-converted SNRPN gene fragments)
and 10ul of BS-converted DNA solution. The
PCR conditions were 1 cycle — 95°C for 5
min followed by 35 cycles of the 3 step pro-
tocol: 95°C — 20 sec, 62°C — 30 sec, 72°C —
30 sec. The MS-PCR results were visualized
by 1.5 % agarose gel electrophoresis and ethid-
ium bromide staining.

Results

The MS-PCR technique used in this work al-
lows the differential detection of both types of

normal alleles of the SNPRP gene (methylated
and unmethylated). The presence of two frag-
ments (174 and 100 bp) corresponds to the
presence of two normal homologues of the
15th chromosome: methylated, inherited from
the mother (174 bp) and unmethylated - from
the father (100 bp) (fig. 1). Thus, it is possible
to reveal the presence of a deletion in methy-
lated or unmethylated allele, a uniparent di-
somy (the presence of only 2 methylated or
only 2 unmethylated alleles) and mutations in
IC, leading to the absence of one or another
type of allele. Based on the literature data
presented in Table 1, PWS can occur only as
a result of 3 types of alterations of the 15q11.2
chromosomal region: paternal deletions, ma-
ternal uniparent disomy or mutations in the IC.
So, the analysis of the SRNPN gene by MS-
PCR could detect about 100 % of the altera-
tions associated with PWS. Considering that
in a third of cases AS is caused by the UBE3A4
mutations, the informativeness of the MS-PCR
for this disease does not exceed 70 %.
Additionally, one of the disadvantages is that
this method, identifying 3 types of damage,
does not allow their differentiation.

Fig. 1. Analysis of the SNRPN gene in PWS and AS sam-
ples by MS-PCR, 1.5 % agarose gel: 1,4 — patients with
PWS; 2 — patient with normal methylation; 3 — patient
with AS; 5 — ladder 100 bp.
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In the analyzed group of 60 patients with
suspected PWS phenotype the absence of an
unmethylated allele of the SNRPN gene was
observed in 42 % of patients. These 25 patients
have one of three possible genetic causes of
PWS: paternal deletions, maternal UPDs or IC
alterations of SNRPN.

In the AS group the frequency of SNRPN
methylated allele loss was detected in 28 % (9
of 32) of patients. There are also 3 possible
genetic causes — maternal deletions/paternal
UPDs/IC, but the most likely one, based on
literary data, is the deletion in the 15q11.2 of
maternal origin.

Discussion

The deletions of the chromosome 15q11.2—q13
region are typically diagnosed by fluorescence
in situ hybridization (FISH) using the SNRPN
probe [7]. With this method, it is possible to
confirm the diagnosis in 60—70 % of PWS and
AS patients, but not those caused by UPDs or
IC defects.

Based on the results obtained, it can be
argued that the application of the MS-PCR
technique to verify PWS is the most informa-
tive and low-cost in comparison with the FISH.
However, in our study, close to 100 % confir-
mation of PWS was not obtained. Lower than
expected detection rate in the PWS group can
be explained by the presence of patients with
PWS-like syndromes. We can assume that
proximal spinal muscular atrophy type I (SMA
I, OMIM # 253300) may be one of the prob-
able diseases in children younger than
18 months when PWS was not confirmed. Both
of these diseases SMA I and PWS are charac-
terized by generalized hypotonia at the age of
12—-18 months [8-9]. In case of PWS, these
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symptoms do not progress and are fade away
when a patient reached the second year of life,
in contrast to SMA 1. This may be confirmed
by the fact that in one patient with suspected
PWS, we identified homozygous deletions in
the SMNI gene, which are major mutations in
SMA 1. Therefore, it is possible to recommend
additional clinical and genetic studies to the
patients under 18 months, who have idiopath-
ic hypotonia, for differentiation of the diagno-
sis. Among clinical studies, the most informa-
tive, in our opinion, may be electromyography,
which allows detecting muscular and neural
alterations that lead to muscular or neuronal
hypotonia and are not associated with PWS.
Moreover, in the PWS group we observed
the significant prevalence of males — 70 % (42
of 60), but the frequency of detected alterations
in females was higher than in males — 56 %
(10 of 18 patients) and 36 % (15 of 42) cor-
respondently. This can indicate that less strict
diagnostic criteria for males lead to incorrect
over diagnostics of PWS in the current group.
The low detection rate in AS (28 %) could
be due to both clinical misdiagnosis and limita-
tions of the used method of molecular analysis.
To improve the molecular diagnostics of AS,
the further analysis of the AS associated genes,
such as the UBE3A4 and MECP2 genes should
be done. We suggested that in addition to the
mutations in the UBE3A gene, the mutations in
the MECP?2 gene can lead to the AS phenotype.
This assumption is based on the literature data
about the similarity of the clinical phenotype in
the patients with Rett syndrome and AS [10, 11].

Conclusions

Analysis of the SRNPN gene region by MS-
PCR is cost-effective and high informative,
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therefore it could be implemented for the PWS
and AS molecular diagnostics, rather than
FISH. Our results revealed that the proposed
molecular test can exclude the clinical diag-
nosis of PWS in approximately 60 % of
Ukrainian patients with suspected PWS. In
30 % of the suspected AS patients, this analy-
sis confirms the clinical diagnosis. Our near-
term plans include implementation of further
molecular analysis of the AS associated genes,
such as the UBE3A4 and MECP2 genes, to
improve the detection rate of molecular diag-
nostics of AS.
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AHaJIi3 reHeTHYHHX TA eNnireHeTHYHUX MyTAallii
rena SNRPN y nauientiB 3 cunapomamu IIpanepa-
Binai Ta AHreibmana

C. 1O. Yepnymmun, H. B. I'pumienko

Cunppomu [Ipanepa-Bimni (CI1B) ta Anrensmana (CA) —
Ie Pi3Hi 32 KIIHIYHAMH O3HaKaMW T€HETHYHi 3aXBOPIO-
BaHHs, SIKI CYNPOBO/DKYIOThCS (DI3UUHHMH Ta KOTHITHB-
HuMH posnagamu. ['enernunoro npuunHoo CIIB Ta CA
€ TIOIITKODKCHHS B XPOMOCOMHIN mimstH 15q11.2-q13,
EKCIIPECisi TeHIB SIKOi MiJJIsirac TeHOMHOMY IMIIPUHTHHTY.

365



S. Yu. Chernushyn, N. V. Hryshchenko

Merta. O1iHKa YaCTOTH T€HOMHUX I1epe0y/10B Ta eIlireHe-
TUYHUX TopylieHs B 15q11.2-q13 y rpymi namieHTiB 3
Vkpainy, sxi manm (enorunosi nposisu CIIB Ta CA.
MeTtomn. J{yist oHOUACHOT IETEKIIT SIK TCHETHYHHUX, TaK 1
eNireHeTHYHUX TOpYIIeHb, siKi npu3BonsiTh 10 CIIB Ta
CA, anHami3yBaBcsi cTaTyc MeTHIyBaHHsI reHa SNRPN 3
BUKOpPUCTaHHIM MeTwi-crenudivnoi IIJIP (MC-TLJIP).
Pesynwsraru. [lopymienns, ske npusBoauts 1o CIIB —
BIJICYTHICTh HEMETWJIbOBaHOTO TeHa SNRPN — Oyio
BUsIBIIEHO y 25 (42 %) xBopux 3 ¢denoruriom CIIB. B
rpymi 3 CA gacrora mytatiid SNRPN (BifcyTHICTb TiNo-
METHIILBAHOTO TeHa) BHsIBIICHA Y 28 % xBopux. B rpyti 3
CIIB BiaMi4eHO JOCTOBIpHE MEpEeBaKaHHSI MAIli€EHTIB
yoItoBivoi crari. [Ipore yacTka >KIHOK 3 MiTBEPIKEHUM
JIiarHO30M B 11i# rpymi Oys1a BuIor0 — 56 % mnpotu 36 %.
MeHmnit 3a o4ikyBaHHii BicoTok miareepmkents CI1B
ta CA MOXKe OyTH HACJIIIKOM SIK TIOMIJIOK KIIIHIYHOI Jia-
THOCTHKH, TaK 1 METOAWYHUX OOMEKeHL. BHCHOBKH.
Amnani3 ninsaku rera SRNPN 3 Bukopuctanasm MC-TTJTP
MOKe OyTH 3aIIPOTIOHOBAHHH [Tt MOJISKYJISIPHOT AiarHOC-
Tuku CIIB ta CA. IIporHosyerscs, 10 BUKOPUCTaHHS
[IBOTO METO/Y TECTYBAHHS JIO3BOJISIE BUKJIFOYUTH JiarHO3
CIIB y npubmusso 60 % XBOpHX 3 KIITHIYHUMH O3HAKaMH
uporo cunapomy, y 30 % mnauientiB 3 o3Hakamu CA —
MIATBEPUTH 3aXBOPIOBAHHSI.

Kaw4uosi caosa: cunapom [Ipanepa-Bimri, cuaapom
Awnrenbmana, red SRNPN, metuii-crierpdivna [TJIP.

AHaJIN3 reHeTHYeCKUX M JMUTeHeTHYeCKUX
myTanuii rena SIVNRPN y nauueHToB
¢ cunapomamu Ilpagepa-Buiuiu u AHreanbmMaHa

C. 10. Yepnymmn, H. B. I'pumienko

Cunnpowmsl Ilpagepa-Bumm (CIIB) u Anrensmana
(CA) — 910 pasHble TI0 KIMHAYECKUM TPHU3HAKAaM TeHe-
THYecKre 3a00JIeBaHus, KOTOPBIC COTPOBOXKIAIOTCS (pr-
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3UYECKUMH W KOTHHUTHUBHBIMH PacCTPOHCTBAMM.
I'enernaeckoii npramHoit CI1B 1 CA sBrisieTcst moBpekae-
HUE B XpoMocoMHOM obmactu 15q11.2-q13, skcnpeccust
TEeHOB KOTOPO# TOJUICKUT T€HOMHOMY WMITPHHTHUHYT.
Iesn. OneHka 4acTOThl TEHOMHBIX NEPECTPOEK U AIUTe-
HeTHYeCKHUX HapymeHuil B 15q11.2-q13 B rpynne nmanu-
SHTOB C YKpawWHbI ¢ (PCHOTUIIHYCCKUMH TIPOSBIICHISIMA
CIIB u CA. Metonapbl. /17151 OMHOBPEMEHHOM TETEKITHIA Kak
TEHETUUYECKHX, TaK U SIUTCHETUYECKUX HAPYIICHUH, KO-
Topsle puBoaaT K CIIB u CA, ananu3upoBascs cTaryc
meTuipoBanusi reHa SNRPN ¢ MCHOIb30BaHUEM Me-
tri-crierudundeckoit [P (MC-TILP). Pe3yasrarsl.
Hapymenne, xoropoe npusomut k CIIB — otcyTcTBHE
HEMETMILOBAaHOTO reHa SNRPN — ObU10 0OHApYKEeHO Y
25 (42 %) 6ombubIx ¢ penorunom CIIB. B rpymme ¢ CA
yactora MmyTtauuiit SNRPN (OTCYTCTBHE THITOMETHIILBAHO-
TO TeHa) BBLBIICHO Y 28 % OompHbIX. B rpymme ¢ CIIB
OTMEUYCHO JOCTOBEPHOE MPeoOIialaHNe MAIEHTOB MYXK-
ckoro mona. OHAKO OIS HKEHIIWH C TIOATBEP KICHHBIM
JIMAarHO30M B ATOM TpyIme Oblia Bbime — 56 % MpoTHB
36 %. MeHbIHMit 0)KHUIaeMOTr0 MPOLEHT MOATBEPKICHHS
CIIB u CA MOXeT OBITB CICICTBUCM KaK OIMTMOOK KITHHU-
YECKOU TMArHOCTUKH, TaK M METOIUYCSCKIX OTPAHIMICHHM.
BsiBoabl. AHanmu3 ygactka reHa SRNPN ¢ HCTIONTb30BaHH-
eM MC-IILIP moxeT Gitb IPeTOKEH T MOJICKYIISIPHOK
nuarnoctrku CIIB u CA. [IporHosupyercsi, 4To UCIOb-
30BaHUE TOTO METO/Jla TECTUPOBAHMUS TTO3BOJISET UCKITIO-
ynth auarHo3 CI1B y npumepro 60 % O0ibHBIX ¢ KIIMHU-
YEeCKMMH MPU3HAKAMH 3TOTO CHHAPOMA, ¥ 30 % manmueHToB
¢ npu3HakaMu CA — TONTBEPANTH 3a00IEBaHHS.

KnwueBbie ciaosa: cugapoMm Ilpanepa-Bumnn,
cunapoM AHrenbsMaHa, TeH SRNPN, meTuin-cienuduye-
ckas I1LIP.

Received 01.08.2018



	OLE_LINK30
	OLE_LINK31
	OLE_LINK1
	OLE_LINK2
	OLE_LINK34
	OLE_LINK35
	OLE_LINK28
	OLE_LINK29
	OLE_LINK52
	OLE_LINK53
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK8
	OLE_LINK9
	OLE_LINK10
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	OLE_LINK7
	OLE_LINK19
	OLE_LINK20
	OLE_LINK21
	_GoBack

