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Introduction

Aim: to investigate peculiarities of numerical chromosomal imbalances in spontaneous prod-
ucts of conception from Western region of Ukraine. Methods: GTG-banding, interphase mFISH
with probe panels for chromosomes 13/21, 14/22, 15, 16, 17, 18, X and Y. Results: Cytogenetic
and molecular cytogenetic studies on 419 spontaneously aborted fetuses were performed. An
abnormal karyotype was detected in 35.80 %. Most often the detected aneuploidies were
triploidy (27.3 %), monosomy X (22.7 %), and trisomy 16 (18.7 %), trisomy 21 (6.7 %), tri-
somy 15 (5.3 %) and trisomy 22 (5.3 %). Conclusion: Detection of chromosomal aneuploidies
in samples from products of conception plays a key role to find out the reasons of reproductive
failure in humans. Our study showed the effectiveness of combining karyotyping and mFISH
with the chosen probe set for increasing the detection rate in spontaneous abortions. Most
likely while including cases with normal karyotype acc. to GTG-banding in the mFISH ap-
proach it would allow detection of low level mosaics of aneuploidies as well. These studies
were conducted for the first time in the western Ukrainian region. The obtained results were
compared with the similar results from other countries.

Keywords: spontaneous abortion, G-banding cytogenetic, interphase multicolor fluorescence
in situ hybridization (mFISH), chromosome abnormalities.

Approximately 30 % to 50 % of all conceptions
and 15-20 % of clinically recognized pregnan-

Pregnancy loss is one of the most common cies (= 6 week of gestation = w.o.g.) fail to
medical problems in women over 35 years. result in a live birth; most of those occur in the
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first trimester [1-3]. Genetic defects, and pre-
dominantly chromosomal abnormalities, are
the most common causes of spontaneous mis-
carriage during the first trimester; indeed, chro-
mosomal abnormalities occur in approximate-
ly 45 % of such cases [4]. The most of these
abnormalities are numerical ones (86-95 %):
about 60 % are trisomies, 20 % are represented
by monosomy X and another 15 % by poly-
ploidy, mainly by triploidy, and only a minor
part is structural chromosomal aberrations
(6 %) or others, including chromosomal mosa-
icism (8 %) [5—6]. In case of numerical chro-
mosomal aberrations, parental chromosomes
are usually normal, thus, cytogenetic analysis
of the parents is not indicative. Like numerical
changes, structural aberrations of chromosomes
can also be the cause of pregnancy loss and
infertility. Thus, in the later case and in contrast
to the numerical aberrations, parental cytoge-
netic analyses are to be offered.

In general, chromosomal studies on spon-
taneous abortions (SAs) provide important
information for the recurrence risk of cytoge-

Table 1. Cytogenetic findings of SAs

netic abnormalities in subsequent pregnancies.
Following a pregnancy loss with trisomy, an
increased recurrence risk for other trisomies
in subsequent pregnancies is reported [6]. For
the couples who have recurrent miscarriage,
aneuploid karyotype of abortion indicates a
better chance for a normal live birth in a sub-
sequent pregnancy than if miscarriage is an
euploid [7-8]. However, the recurrence risk
for spontaneous abortion with trisomy is lower
if the fetus has a chromosomal abnormality
[8—10] and identification of a chromosomal
aberration in the fetus can identify the cause
of pregnancy loss.

The aim of the present study was to inves-
tigate peculiarities of numerical chromosomal
imbalances in spontaneous products of concep-
tion from Western region of Ukraine.

Materials and Methods

The specimens from SAs in the period from 4
to 14 w.o.g. were obtained from 419 females
aged from 22 to 42 years. The present study
was approved by the ethical committee of the

Euploidy Abnormal Trisomy Polyploidy Monosomy
Sampl
I\f[(ethod of | SAMPES XX XY total total total |autosomal| total triploidy total | MONOSOMY
aryoty- X
PIE 1 n/%of | w/%of | n/%of | 0/%of | n/%of | n/%of | n/%of | n/%of | n/%of | n/%of | n/%of
total normal | normal | samples | samples |abnormal | abnormal | abnormal | abnormal | abnormal | abnormal
Saflfi}ing 133/31.7| 37%/41.6 | 52%/58.4 | 89/66.9 | 44/33.1 | 21/47.7 | 19/43.2 | 23/52.3 | 23/52.3 0 0
mFISH 286/66.3[101/56.1| 79/43.9 [180/62.9|106/37.1|47%/44.3 | 44/41.5|235/21.7 | 18/17.0 |36°/34.0| 34%/32.0
Total
number 419 |138/51.3(131/48.7|269/64.2|150/35.8 | 68/45.3 | 630/42.0 [ 46Y/30.7 | 415/27.3 | 364/24.0 | 34%/22.7
of studies

a XX and XY at GTG banding mean 46,XX and 46,XY respectively

bMosaic cases were included.
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Table 2. Results of GTG-banding and mFISH of SAs

Karyotype GTG-banding (n) mFISH (n) GTG- and mFISH (n)

XY 528 79 131
XX 378 101 138
monosomy X - 33 33
47, XXY 1 1 2
trisomy X 1 1 2
trisomy 3 1 - 1
trisomy 13 - 1 1
trisomy 14 - 2 2
trisomy 15 1 7 8
trisomy 16 6 22 28
trisomy 18 2 1 3
trisomy 20 2 - 2
trisomy 21 5 4 9
trisomy 22 2 5 7
triploidy 23 18 41
tetraploidy - 3 3
monosomy X[40]/ trisomy X[60] - 1 1
monosomy X[96]/ disomy X[4] - 1 1
monosomy 15[61]/ disomy 15[39] - 1 1
monosomy 15 - 1 1
disomy 21[38]/ trisomy 21[62] - 1 1
monosomy 22[26]/ disomy 22[23]/ trisomy 22[51] - 1 1
2n[63]/4n[37] - 1 1
2n[14]/3n[30]/4n[56] - 1 1
Total 133 286 419

aXX and XY at GTG banding mean 46,XX and 46,XY respectively

Institute of Hereditary Pathology NAMS of Banding cytogenetic processing
Ukraine. Informed consent for cytogenetic For SA-material-processing the cells of chori-
studies was obtained from all patients. onic villi were separated from the decidual
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Table 3. Prevalent autosomal trisomy in SAs

Abnormal Autosomal trisomy
Method of Samples total trisomy 15 trisomy 16 trisomy 18 trisomy 21 trisomy 22
karyotyping n/ % of n/ % of n/ % of n/ % of n/ % of n/ % of n/ % of
samples abnormal samples samples samples samples samples

GTG banding 44/33.1 19/43.2 1/2.3 6/13.6 2/4.5 5/11.4 2/4.5
mFISH 106/37.1 444/41.5 7%6.6 22/20.8 1/0.9 54/4.7 6%/5.7
Total number | 5,35 ¢ 639/42.0 84/5.3 28/18.7 3/2.0 104/6.7 89/5.3
of studies

aMosaic cases were included.

cells. We used the method of direct chromo-
some preparation from chorion [11] and ana-
lyzed the samples cytogenetically using
G-banding technique. Samples were visualized
under a light microscope (Zeiss, Axioscope;
Jena, Germany). A minimum of 5 metaphases
were scored per sample.

Interphase multicolor fluorescence in
situ hybridization (mFISH) analysis

Interphase nuclei from cytogenetically pre-
pared cells were used for multicolor fluores-
cence in situ hybridization (mFISH) if meta-
phase plates could not be obtained. Hybridi-

zation, post-hybridization washes and detec-
tion steps were done as it was previously de-
scribed [12]. Image acquisition was performed
by using the Axioplan II microscope (Carl
Zeiss Jena GmbH) equipped with filter sets for
DAPI, FITC, TR, Cy3 and Cy5 fluorescence
channels. Image analysis was done with the
Isis DGTSa, BGR-I and DGSoSa software
(MetaSystems Hard & Software GmbH,
Altlussheim, Germany). Three homemade
(Institute of Human Genetics, Jena, Germany)
probe sets were used as specified below:

mix 1: centromeric probes for 13p11.1-ql1
and 21pll.1-q11.1 (D13/21Z1, labeled in

30,00% -
2500% 1
Btrisomy 15
20,00% 1
A trisomy 16
15,00% - .
Btrisomy 18
i e
10,00% M trisomy 21
5,00% 1 s @ trisomy 22
0,00%

monosomy X trisomy

Fig. 1. The most often detected aneuploidies in SA samples

triploidy
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Table 4. The results of cytogenetic studies using the interphase FISH of the reported series of samples of

Total Abnormal Aneuploidy (monosomy or trisomy),
Study oba karyotype
numoer n (n, % in all cases) 1 9 13 13/21 14 14/22
Gao et al, 2012
d > * * * * *
China 100 42(42) 2 (4.8)
Vorsanova et al, 11a 102
2005, Russian 148 89 (60.1) 13(1.1) | 22(2.2) * *
- (12.4) (11.2)
Federation
Jobanputra et al, * * * * *
2011, USA 153 68 (44.4) -
Russo et al, 2016, 255 430 (50.3) % % 13 (10) % * *
Italy
Present study, % % * *
Ukraine 286 106 (37.1) 1(0.9) 2(1.9)

* — CEP label not used, ® — mosaicism is included, ® — monosomy X.

Spectrum Green = SG), 15q11 (D15Z3 labelled
in Texas-red = TR), and 18p11.1-q11.1 (D18Z1
labeled in — Diethylaminocoumarin = DEAC);

mix 2: centromeric probes for 14p11.1-q11.1
and 22p11.1-q11.1 (D14/22Z1 labeled in SG)
and 16pl1.1-q11.1 (D16Z2 labeled in TR);

mix 3: centromeric probes for 17pl1.1-
qll.1 (D17Z1 labeled in Spectrum Orange =
SO) andXpll.1-q11.1 (DXZ1 labeled in
DEAC), together with a probe for Yq12 (DYZ1
labeled in SG).

In cases where we detect the 5™ signal of
13/21 we applied the fourth mFISH set consist-
ing of three bacterial artificial (BAC) probes:

— RP11-2P5 in 13q14.11 labeled with SG;

— RP11-89H21 in 21q11.2 labeled with TR;

and

—RP11-973L24 in 21g21.1 labeled with

DEAC.

In cases where we detect the 5t signal of
14/22 we performed interphase FISH using a
probe for 22p11.2 (D22Z74), labeled with SG.

All probe sets were preliminarily tested
separately on human metaphase spreads
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prior to use them in the probe mixes to eval-
uate quality and to exclude contamination.
The region specific probes were mapped
cytogenetically based on the inverted DAPI
banding pattern of chromosomes. At least
100 interphase nuclei per sample were ana-
lyzed.

Results

We performed GTG-banding and/or molecu-
lar cytogenetics on 419 chorionic villus sam-
ples (CVS) received from women with
echographically diagnosed missed abortions
or blighted ovum (from 4 to 14 w.o.g.).
Banding cytogenetic results were received
from 133 of the remainder 419 cases. For the
analysis of SAs where banding analysis was
not possible due to the absence of metaphas-
es, interphase mFISH analysis was performed.
Interphase mFISH with the probe panel for
chromosomes 13/21, 14/22, 15,16, 17, 18 X
and Y was performed on 286 uncultured cell
suspensions from spontaneous abortions sam-
ples. Additional probe sets to distinguish tri-
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the spontaneous abortions received in different countries and Western regions of Ukraine

n (% of abnormalities) Sex chro- Polyploidy Double
mosome
15 16 17 18 21 22 X polysomy 3n 4n anomaly
16 10 10
* %k B B 3
(38.1) LD 1 238) | (238 | 1O 4(9.5)
112 . 3 . . 122 . 122 9a
D 104 (3.4) (135 | WD 35 | oy | 709
8 9 . 12 14 10
(1L8) | (132) ST 176 [ O] 206 | P | qany | I 269
362 61 . 14 524 87 602 91 .
(84) | (142) 32 | azn | @02 | azo | 0D | @iy |2TED] 209
ot 22 5 6 352 18 .
65 |8 | — [TV wn | s | @o | 20 | ag [UD] -

somy 13 from trisomy 21 and identify trisomy
22 were applied when indicated (Table 1,
Table 2).

In our study mFISH detected more abnor-
malities than karyotyping (37.1 % versus
33.1 %). Less than half of the numerical aber-
rations were trisomy (47.7 % versus 44.3 %).
Monosomy, especially monosomy X, was
detected only by mFISH. The percentage of
polyploidy was higher among the samples
analyzed by karyotyping — 52.3 % (23/44)
compared to 21.7 % (23/106). Mosaicism
could be detected exclusively in the samples
analyzed by means of interphase mFISH, i.e.
in 4.7 % of the cases.

In 150/419 cases (35.80 %) an abnormal
karyotype was detected. None of the chromo-
somal abnormalities were identified to be
gender-specific (male/female 205/214). The
most often detected aneuploidies, as shown in
Table 3 and Figure 1 were: triploidy (27.3 %),
monosomy X (22.7 %), trisomy 16 (18.7 %),
trisomy 21 (6.7 %), trisomy 15 (5.3 %) and
trisomy 22 (5.3 %).

Mosaicism was detected in 7(4.7 %) sam-
ples: gonosomal mosaicism — monosomy
X[96]/disomy X[4] and monosomy X[40]/
trisomy X[60]; autosomal mosaicism — mono-
somy 15,XX[61]/disomy 15,XX[39], disomy
21,XY[38]/ trisomy 21,XY[62] and monosomy
22, XX[26]/disomy 22,XX][23]/trisomy
22,XX[51]; mosaic form of polyploidy —
2nXY[63]/4nXXYY[37] and 2nXX[14]/
3nXXX[30]/4nXXXX[56].

Discussion

Karyotyping of SAs has limitations such as the
absence of cell growth, bacterial/fungal con-
tamination or insufficient metaphase quality. The
success rate of karyotyping in miscarriages tissue
is dependent on experience of the performing
lab, ranging from 46 to 89 %, but in general
~70 % [7-9, 13-22]. The effectiveness of karyo-
typing in directly prepared, not cultivated CVS
cells is even lower because of the absence of
metaphases or their low quality. In our study, the
later method was successful in only 133 (31.7 %)
of 419 cases. The frequency of numerical chro-

429



I. R. Tkach, N. L. Huleyuk, D. V. Zastavna et al.

mosomal abnormalities was 33.1 % and is simi-
lar to the data of other authors [13, 14, 16, 17,
20, 23, 24]. The most frequent were triploidies
(52.3 %) and trisomies (47.7 %) whereas mono-
somies were not detected. Our results do not
coincide with the data of other studies [7-9,
13-24] in which trisomies (5968 %), polyploi-
dies (6-19 %) and monosomy X (4—14 %) pre-
vail in descending order. We assume that this is
a feature of our region. Predominated autosomal
trisomies are observed for chromosomes 16, 21,
and 22 [18, 22, 24-27]. Although double or triple
aberrations were found by other investigators at
the early pregnancy losses [13, 18, 20, 25-28],
they were not found in our study.

The molecular cytogenetic techniques such
as interphase FISH allow diagnosis of uncul-
tured cells, but they are also limited to a certain
spectrum of cytogenetic abnormalities detec-
table and effectiveness of mFISH within 25—
68.9 % [19, 24, 28-31]. The chromosomal
abnormalities were detected in 37.1 % of SAs
studied by mFISH compared with 33.1 % by
conventional karyotyping. The underlying ab-
errations were autosomal trisomies in 41.5 %,
monosomy X in 32.0 % and triploidy in 17.0 %
of the cases, that is in concordance with other
studies [24, 25, 28-31].

In Table 4, the results of our study are com-
pared with the results of investigations [24, 25,
28, 30, 31] carried out in other countries. Such
analysis revealed some peculiarities of the SA
found in the population of the Western regions
of Ukraine comparing with China, Russian
Federation, USA and Italy. Particularly, we did
not detect double and triple aberrations, where-
as the ratio of the gonosomal monosomy was
much higher in the Western Ukraine compared
to the above listed countries.
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In contrast to the cases analyzed by karyo-
typing, it was found 7 samples (4.7 %) with
mosaicism. This difference can be explained
by the fact that significantly more nuclei were
studied (minimum 100 per mix) compared to
the number of metaphases (5-15) in each sam-
ple. Double and triple aberrations were not
observed that could be related to limitations
of number of chromosomes analyzed by the
mFISH set. The frequency of autosomal tri-
somy of chromosomes 15, 16, 18, 21 and 22
is different from conventional karyotyping:
15—-6.6 % vs. 2.3 %, 16 —20.8 % vs. 13.6 %
18 —0.9 % versus 5 % 21 —4.7 % vs 11.522 %
and — 5.7 % vs. 4.5 %. However, overall they
are comparable to the data of other researchers
[24, 25, 28, 29, 31].

It should be emphasized that 53 cases
(35.3 %) of anomalies, namely, monosomy X,
trisomy 13, 18, 21, X and XXY, are among
live births. However, it is well known that
certain percentages of these imbalances are
lethal before birth.

Overall, the combination of GTG-banding
and mFISH data enabled detection of the rea-
sons for SAs in significantly more cases.
Among 419 analyzable cases the diagnoses
could be given to 150 cases. After GTG-
banding alone only 44 cases could be solved;
i.e. the rate of cases with identified SA-
causative chromosomal imbalance could be
enhanced by 340% with the application of
described approach.

Conclusion

1. Our study showed the effectiveness of com-
bining karyotyping and mFISH with the cho-
sen probe set for increasing the detection rate
in SAs.
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2. Cytogenetic and molecular-cytogenetic

investigations of SA material identified karyo-
type anomalies in 35.8 % of cases with preva-
lence of autosomal trisomy — 42.0 %, triploidy —
27.3 % and monosomy X — 22.7. Mosaicism
was detected only by iFISH in 4.7 %.
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XpomocomHi aGepanii y maTepiajii MUMOBIJILHO
BTPauyeHHUX BariTHocTel 3 Ykpainu

I. P. Tkau, H. JI. I'ymerok, /1. B. 3acraBHa, A. Baiice,
T. Jlip, E. Limkosiy, M. Tupka

MeTa: TOCTiIUTH O0COOIMBOCTI YUCETHHIX XPOMOCOMHIX
aHOMaJliil y Marepiai MUMOBLUJIBHO BTPa4eHUX BariTHOC-
Tel 13 3axizHOTO periony Ykpainn. MeToau: cTanapTHUH
UTOTeHETHYHUI Meto, iHnTepdazanit mFISH metox 3
LICHTPOMEPHUMH 30HIaMH 10 XpomocoMm 13/21, 14/22, 15,
16,17, 18, X ta Y. Pe3yabrarn: BukoHaHO IUTOT€HETHY-
Hi Ta MOJIEKYISPHO ITATOTCHETHYHI MOCHTiHKeHHS 419
3pa3KiB BOPCHH XOpiOHA paHHIX MUMOBUIBHO BTPAueHUX
BaritHocTei. Y 35,80 % BHSBIICHO YHMCENBHI 3MiHH Kapi-
otumy. Haffuacrimie 3ycTpidyanuce HACTYITHI aHEYTUTOiIiT:
tpuruioifis (27,3 %), monocomist X (22,7 %), Tpucomis
16 (18,7 %), Tpucomis 21 (6,7 %), Tpucomis 15 (5,3 %)
ta Tpucomis 22 (5,3 %). BucnoBku: [liarHoctuka aHey-
TUIOIH Y 3pa3kaXx MHMOBLIBHO BTPaY€HHMX BariTHOCTEH
BiJlirpa€ KIIIOYOBY POJIb MPH 3’SICYyBaHHI PUYUHN PETIPO-
nyktuBHOI Heradi. [TokasaHa BUCOKa e(heKTHBHICTD KOM-
6inyBanust GTG kapiorunyBanss Ta mFISH 3 Bubpanum
HabopoM MiTok. 3acrocyBannst mFISH no3Bosniio BusiBu-
TH HU3bKOJ030BHI MO3aillM3M y BUIIA/IKAX HOPMAJILHOIO
GTG-kapiorumy. Taki ToCHiKEHHsI 110 3aXiHOYKpaiH-
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CHKOMY PErioHy IPOBE/ICHI BIepIlie, OTPHUMAaHI Pe3yJIbTaTh
CITIBCTABJICHI 3 Pe3y/IbTaTaMH 0 1HIITNX KpaiHax.

KnmouyoBi cJ10oBa: MUMOBIIBHO BTpaveHi BariTHOCTI,
GTG-kapiorum, inTepdazumii FISH, xpomocomHi anoMatii.

XpomocoMHbIe abeppalu y MaTepuaJie
CAMONPOU3BOJILHBIX BHIKH/BIIIEH ¢ YKPAUHbBI

N. P. Tkau, H. JI. I'ynerok, /. B. 3actaBna, A. Baiice,
T. JIup, E. Humkosuu, M. Teipka

Iesb: nccnenoBarh 0COOEHHOCTH KOJNYECTBEHHBIX XPO-
MOCOMHBIX aHOMaJIMi B 00pasliax caMONpPOU3BOJILHBIX
BBIKUJIBILIEH 13 3anaJHoro peruoHa YkpauHol. MeToasbl:
CTaHAPTHBIN IIUTOTCHETHYECKUI METOA, MHTEep(a3HbIi
mFISH meTon ¢ IeHTpoMepHBIMHU 30HaMH K XpOMOCOMaM
13/21, 14/22, 15, 16, 17, 18, X u Y. Pe3yabrarsnI:
BBINOIHEHBI TUTOTEHETUYECKUE U MOJIEKYISIPHO-LIUTOTe-
HeTndeckue uccinenosanus 419 o0pa3oB BOPCHH XOpH-
OHa paHHUX CaMONPOU3BOJIBHBIX BEIKHBIIIEH. B 35,80 %
BBISIBIICHO M3MEHEHMs Kaprotuna. Hanbomnee qacto BeTpe-

YaJHCh CIICMYFOIIHE aHeyIUIONuH: Tpurutonauns (27,3 %),
monocomust X (22,7 %), Tpucomust 16 (18,7 %), Tprcomust
21 (6,7 %), Tpucomus 15 (5,3 %) u Tpucomus 22 (5,3 %).
BeiBonbI: /{narsoctika aHEYTUIONINI B 00pa3iiax camo-
MIPOM3BOIBGHBIX BRIKHBIIICH UTPACT KITIOUEBYIO POIIb IIPH
BBISICHCHUM TPUYUHBI PEMPOAYKTHBHOW HEyIauH.
[MoxazaHo BBICOKYFO 2(PEeKTHBHOCTH KOMOMHUPOBAHHOTO
npumerenns GTG kapuorurupoBanus U metoga mFISH
C MpeIIOKEHHBIM HabopoM MeTok. [Ipumenenne mFISH
ITO3BOJIAJIO BBIIBUTH HA3KOO30BBI MO3AHIIA3M B CITy4a-
six HopMastbHOTO GTG-KapuoTuna. Takue uccaenoBaHMs
IO 3araJHOYKPANHCKOMY PErMiOHY MPOBEICHBI BIICPBBIC,
a IOJTyYCHHBIC PE3YIIBTaThl COITIOCTABUIIA C Pe3yJTbTaTaMH
JIPYTUX CTpaH.

KioueBble ¢J10Ba: caMONPON3BOJILHBIC BHIKHIBIIIN,
GTG-xapuotur, narepdasusiii FISH, xpomocomHbIe aHO-
MaJiuu.
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