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Abstract. Miscarriage is an important problem in human reproduction, affecting 10-15 % of clinically recognized preg-
nancies. The cases of embryonic death can be divided into missed abortion (MA), for which the ultrasound sign of the
embryo death is the absence of cardiac activity, and anembryonic pregnancy (AP) without an embryo in the gestational
sac. The aim of this study was to compare the frequency of chromosomal abnormalities in extraembryonic tissues de-
tected by conventional cytogenetic analysis of spontaneous abortions depending on the presence or absence of an
embryo. This is a retrospective study of 1551 spontaneous abortions analyzed using GTG-banding from 1990 to 2022
(266 cases of AP and 1285 cases of MA). A comparative analysis of the frequency of chromosomal abnormalities and
the distribution of karyotype frequencies depending on the presence of an embryo in the gestational sac was carried
out. Statistical analysis was performed using a chi-square test with a p <0.05 significance level. The total frequency
of chromosomal abnormalities in the study was 53.6 % (832/1551). The proportion of abnormal karyotypes in the AP
and MA groups did not differ significantly and amounted to 57.1 % (152/266) and 52.9 % (680/1285) for AP and MA,
respectively (p=0.209). Sex chromosome aneuploidies and triploidies were significantly less common in the AP group
than in the MA group (2.3 % (6/266) vs 6.8 % (88/1285), p=0.005 and 4.9 % (13/266) vs 8.9 % (114/1285), p=0.031, re-
spectively). Tetraploidies were registered more frequently in AP compared to MA (12.4 % (33/266) vs. 8.2 % (106/1285),
p=0.031). The sex ratio among abortions with a normal karyotype was 0.54 and 0.74 for AP and MA, respectively. Thus,
although the frequencies of some types of chromosomal pathology differ between AP and MA, the total frequency of
chromosomal abnormalities in AP is not increased compared to MA, which indicates the need to search for the causes
of AP at other levels of the genome organization, including microstructural chromosomal rearrangements, monogenic
mutations, imprinting disorders, and epigenetic abnormalities.
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AHHoTauuA. HeBblHalWMBaHMe 6epeMeHHOCTN ABNAETCA Cepbe3HOl NPO6IeMoil B penpomyKumn yenoseka, 3atparu-
Batoweir 10-15 % KIMHMYECKM pacno3HaBaeMbix 6epemeHHocTein. Cpean cyyaeB SMOPUOHANBHON rMbeny MOXHO
BblAeNnTb 3amepLure (Hepassusatowmnecs) bepemeHHocTr (HB), Npy KOTOPbIX YNbTPa3BYKOBbIM MPU3HAKOM rbenm
SMOpPUOHA CNYXNUT OTCYTCTBME cepauebreHuns, 1 aHamopuoHun (Ad) — oTcyTcTBUE SMOPUOHA B NOMOCTM MAOAHOMO
MelwKa. Llenbto faHHOro mccnefoBaHUA GbI10 CPaBHEHVE YaCcTOTbl XPOMOCOMHbIX aHOManWin BO BHE3apOAblLLEBbIX
TKaHAX, BblABAAEMbIX NPW CTaHAAPTHOM LIMTOTEHETUYECKOM aHann3e maTtepuana CMoHTaHHbIX abopToB, B 3aBUCU-
MOCTW OT Ha/lM4MA WUAW OTCYTCTBMA dMOpMoHa. [poBefjeHO peTpocneKTnBHOe nccnepaoBaHne 1551 cnoHTaHHOro
abopTyca, MPoaHaNN3MPOBAHHOIO C NMOMOLLbI CTaHAAPTHOTO LUTOrEHETUYECKOro uccnefoBaHna ¢ 1990 no 2022 .
(266 cnyyaeB A3 1 1285 cnyyaes HB) B HUWN mepgunumHckon reHeTnkn Tomckoro HAML,. BbinonHeH cpaBHUTENbHbIN
aHasM3 YacTOTbl XPOMOCOMHbIX aHOMAJNIA 1 pacnpefesieHNA YacToT KapOTUMOB B 3aBUCUMOCTI OT HanMyms smbpuo-
Ha B MONOCTU MAIOAHOrO Melka. CTaTUCTUYECKUA aHann3 NPOBOAUAN C UCMONb3OBaHMEM KpUTEpUA XU-KBagpaT C
YPOBHeM 3Haunmoct p < 0.05. CymMapHO YacToTa XPOMOCOMHbIX aHOMAsNI B UCCIIef0BaHHON BbIGOPKe coCcTaBmMa
53.6 % (832/1551). Jona aHoManbHbIx KaproTunos B rpynnax A3 n Hb 3HauMmo He pasnuyanach u coctasuna 57.1 %
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CpaBHUTENbHAA LMTOreHeTVIKa aHIMOPUOHNN
1 Hepa3BUBalOLLENCA 6EPEMEHHOCTY Y UeNoBeKa

(152/266) 1 52.9 % (680/1285) ana A3 n Hb cooTBeTcTBEHHO (p = 0.209). Mpun HB cTaTncTMUecKkn 3HauMmo Yalle BCTpe-
YasiMcb aHOMasMK Ymcna NonoBbiX XpoMocoM (6.8 % (88/1285) npotus 2.3 % (6/266), p = 0.005) n Tpunnongmm (8.9 %
(114/1285) npoTus 4.9 % (13/266), p = 0.031). B TO e Bpema nNpu OTCYTCTBUM SMOPUOHA CTaTUCTUYECKM 3HAYUMO
Yalye peructpupoBanacb Tetparionauna (12.4 % (33/266) npotns 8.2 % (106/1285), p = 0.031). CooTHOLLEHME NONOB
(46,XY:46,XX) cpean abopTycoB C HOpMasbHbIM KapuoTunom coctasuno 0.54 n 0.74 gna AS n Hb cooTBeTCTBEHHO.
Takum 06pa3om, XOTA YaCTOTbl HEKOTOPbIX TUMOB XPOMOCOMHbIX aHOManuii pasnuyatotca mexay A3 n Hb, cymmapHas
YacToTa XPOMOCOMHbIX aHOManM Mpu AD He NOBbILWEHa No cpaBHeHMIo ¢ HB, uTo CcBMAETENbCTBYET O HEOOXOAMMOCTY
novcka npuymnH A3 Ha APYrnX YPOBHAX OpraHn3aLumn reHoMa, BKoYasas MUKPOCTPYKTYPHbIE NepecTporiki XPOMOCOM,
MOHOTEeHHbIE MyTaLK, HAPYLLEHNUA UMIMPUHTUHIA 1 abeppaHTHbIE SNUTreHeTUYecKre MoanbrKaLmn.

KnioueBble cnoBa: aHIMOPUOHMA; Hepa3BMBatoLAACA 6epeMeHHOCTb; HeBbIHAWMBaHNE 6epeMeHHOCTY; KapuoTum;
XPOMOCOMHblE aHOMasIMK; NONOBbIE XPOMOCOMbI; TPUMOUANSA; TETPaNIoUANA.

Introduction

Miscarriage is one of the most common issues in human
reproduction that results in embryonic or fetal death in 10 to
15 % of all clinically recognized pregnancies (Larsen et al.,
2013). Cytogenetic studies reveal chromosomal abnormalities
in 50—60 % of first trimester abortions (Menasha et al., 2005;
van den Berg et al., 2012; Hardy et al., 2016; Soler et al., 2017;
Wang et al., 2020; Wu et al., 2021), and in recent years, there
has been an increasing amount of data about the association
of miscarriage with copy number variations (CNV), gene
mutations, methylation abnormalities and other epigenetic
aberrations (Levy etal., 2014; Fuetal., 2018; Fan et al., 2020;
Finley et al., 2022). Identification of embryo death causes is
necessary to assess the miscarriage risk in subsequent pregnan-
cies; in addition, uncovering a pathogenic factor is important
for psychological condition of the couples.

Anembryonic pregnancy is the absence of an embryo in the
gestational sac, and it is one of the earliest forms of miscar-
riage. In anembryonic pregnancy, a blastocyst is implanted into
the uterine wall, a gestational sac is formed, but the embryo
itself either does not develop initially, or its formation arrests
at the earliest stages (no later than the 5th week of gestation),
and then only extra-embryonic components of the conceptus
continue to proliferate and grow.

As a rule, at around 6 weeks of gestation, the secondary
yolk sac and the primary germ layers could be detected within
the gestational sac by transvaginal ultrasound, and primitive
cardiac tube could be detected during the 7th week. In early
pregnancy loss there are several ultrasonography features: the
absence of embryonic cardiac activity with a diameter of the
gestational sac >25 mm, crown—rump length (CRL) >7 mm
for a period of 6 weeks or more; the absence of an embryo
and its cardiac activity 14 days after the detection of a gesta-
tional sac without a yolk sac; the absence of an embryo and
its cardiac activity 11 days after the detection of a gestational
sac with a yolk sac (Doubilet et al., 2013). Thus, ultrasound
scanning makes it possible to differentiate two forms of early
embryonic death: anembryonic pregnancy (AP) and missed
abortion (MA). AP is diagnosed in the absence of an embryo
and a secondary yolk sac in the cavity of the gestational sac,
for a period of more than 7 weeks (Radzinsky et al., 2015); in
addition, ultrasound criteria for AP are a gestational sac more
than 13 mm without a yolk sac or more than 18 mm without
an embryo. The absence of cardiac activity in the presence of
an embryo is a sign of MA.

There are terminological inconsistencies, which make it
difficult to compare the results of studies implemented in dif-

ferent centers. The ICD-10 uses the terms ‘blighted ovum’ and
‘missed abortion’, accepted many years ago (Robinson, 1975),
which do not quite represent the clinical features found using
the ultrasound examination (Farquharson et al., 2005). The
European Society of Human Reproduction and Embryology
(ESHRE) special group has proposed the terms ‘anembryonic
(empty sac) miscarriage’ for a gestational sac >8 mm in dia-
meter and without a yolk sac or embryo; ‘yolk sac miscarriage’
for a gestational sac with a yolk sac, but without an embryo;
‘embryonic miscarriage’ with an embryonic CRL of at least
7 mm without cardiac activity (Kolte et al., 2015). Thus,
the diagnosis of AP includes both an empty gestational sac
(empty sac) and a gestational sac with a yolk sac and without
an embryo (yolk sac only).

The estimated frequency of AP among the first trimester
pregnancy losses differs: from 16 % in early studies (Robinson,
1975), 22.6 % after IVF (Li et al., 2017), and up to 3040 %
in most studies (Lathi et al., 2007; Cheng et al., 2014; Ouyang
et al., 2016; Yoneda et al., 2018). Despite the prevalence of
AP, data on the frequency of chromosomal abnormalities in
this pathology are contradictory. Intuitively, it seems that such
early and pronounced violations, which lead to the develop-
mental arrest of the embryo per se at the initial stages of its
formation, should be associated with a significantly increased
frequency and severity of chromosomal abnormalities. In some
studies such association was found (Angiolucci et al., 2011).
At the same time, most recent studies demonstrate either the
absence of significant differences in the frequency of chromo-
somal abnormalities between the AP and MA groups (Lathi
et al., 2007; Mufoz et al., 2010; Ljunger et al., 2011; Liu et
al., 2015), or even a lower frequency of abnormal karyotypes
in AP compared to MA (Ginsberg et al., 2001; Cheng et al.,
2014; Li et al., 2017; Yoneda et al., 2018; Gu et al., 2021).
Therefore, we consider it of current interest to study large
samples of AP and MA cases in comparison with the published
data. In this work, we studied the frequency and spectrum of
chromosomal anomalies detected by cytogenetic analysis of
1551 cases of early miscarriage, depending on the presence
or absence of an embryo.

Materials and methods

The object of this study was 1551 spontaneous abortions,
karyotyped in the Cytogenetic Laboratory of the Research
Institute of Medical Genetics of the Tomsk National Research
Medical Center. Products of conception (POC) were obtained
from gynecological clinics of Tomsk and Seversk, along with
information regarding the patient’s age, woman’s obstetric
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and gynecological history, and the number and outcomes of
her previous pregnancies. The study was approved by the
Biomedical Ethics Committee of the Research Institute of
Medical Genetics of the Tomsk National Research Medical
Center, Protocol 10, Feb. 15, 2021. Informed consents were
obtained from all patients.

In most cases, abortion karyotypes were established using
conventional GTG banding after long-term extra-embryonic
fibroblast culture (90.9 %, 1410 samples) or direct preparations
of the chorionic villi (1.9 %, 29 samples). Conventional com-
parative genomic hybridization (CGH) (3.5 %, 54 samples)
and interphase fluorescence in situ hybridization (FISH) with
centromere-enumeration probes (3.7 %, 58 samples) were per-
formed in cases where traditional cytogenetic analysis failed.
AP were diagnosed by ultrasound examination and included
266 (17.2 %) abortions (with absence of an embryo in the ca-
vity of the gestational sac for more than 7 weeks, a gestational
sac more than 13 mm without a yolk sac or more than 18 mm
without an embryo). The other 1285 abortions (82.8 %) with an
embryo were assigned to the MA group (where an embryonic
pole was identified without cardiac activity).

The POC material, usually represented by the fragments of
the gestational sac, was delivered to the laboratory in sterile
saline, thoroughly washed from blood, and separated from
decidual tissues. Methods of embryonic cells culture, chromo-
some preparations, cytogenetic techniques, FISH and CGH
were performed as described previously (Lebedev, Nikitina,
2013).

The calculation of the statistical significance of differences
between frequencies was performed using the y? analyses;
the normality of the distribution for quantitative indicators
was checked using the Kolmogorov—Smirnov test; due to
the differences from the normal distribution, comparisons
between groups were performed using the nonparametric
Mann—Whitney test. A significance level of p < 0.05 was
applied for all tests. The sex ratio (SR) was calculated as
the ratio of karyotypes 46,XY :46,XX. Recurrent pregnancy

Comparative cytogenetics of anembryonic
pregnancies and missed abortions in human

loss (RPL) was defined as two or more consecutive miscar-
riages in a woman’s obstetric history.

The study was performed at the Core Medical Genomics
Facility of the Tomsk National Research Medical Center
(NRMC) of the Russian Academy of Sciences using the
resources of the bio-collection “Biobank of the population
of Northern Eurasia” of the Research Institute of Medical
Genetics, Tomsk NRMC.

Results

Table 1 shows the comparison of the demographic characte-
ristics of the studied groups of abortions. The age of mothers
and fathers, the number of woman’s pregnancies and sponta-
neous abortions, and the proportion of couples with RPL in
a woman’s history did not differ significantly in the samples.
However, the gestational age (both by the date of the last men-
strual period and by ultrasound examination) in the AP group
was significantly less than in the MA group.

In total, abnormal karyotypes were found in 53.6 % (832/
1551) of abortions. Table 2 shows the karyotype frequencies.
The rates of the different types of chromosomal abnormalities
among pregnancy losses with and without an embryo were
52.9 % (680/1285) and 57.1 % (152/266) respectively, and
did not differ significantly (p = 0.209). We found similar
frequencies of chromosomal abnormalities between AP and
MA in the autosomal trisomies (27.8 and 22.5 %), autosomal
monosomies (1.5 and 0.6 %), structural aberrations (2.3 and
1.0 %) and combined anomalies that include combinations of
different types of chromosomal aberrations in one abortion
(4.9 and 4.2 %) (see Table 2). At the same time, numerical
abnormalities of sex chromosomes in AP were three times
less common than in MA (2.3 and 6.8 %, p = 0.005). This dif-
ference was even more pronounced for monosomy X: 0.8 %
(2/266) and 5.0 % (64/1285), p < 0.001.

Triploidies occurred significantly less frequently, and tet-
raploidies occurred significantly more frequently in abortions
without embryo in comparison with embryonic miscarriages

Table 1. Comparison of demographic parameters of the AP and MA groups

Parameter

28.6+6.23
(24.0-33.0; 28.0)

30.9+6.69
(26.0-35.0; 30.0)

9.4+2.23
(8.0-11.0;9.1)

Gestational age in ultrasound, weeks 73+1.84
(6.0-8.5;7.0)
No. of pregnancies 29+2.20
(1.0-4.0; 2.0)
No. of miscarriages 1.6+1.05
(1.0-2.0; 1.0)
RPL in anamnesis, % 38.7

AP MA p
283+6.14 28.5+6.18 0.491
(24.0-32.0; 28.0) (24.0-33.0; 28.0)

30.5+6.52 30.9+6.64 0.405
(26.0-35.0; 30.0) (26.0-35.0; 30.0)

9.0+2.13 9.5+2.24 0.001
(7.5-10.1;9.0) (8.0-11.0;9.3)

6.6+1.62 7.5+1.84 <0.001
(5.5-7.6; 6.5) (6.0-8.5; 7.3)

3.2+242 29+2.18 0.085
(1.0-4.5; 2.0) (1.0-4.0; 2.0)

16+1.13 16+1.04 0.633
(1.0-2.0;1.0) (1.0-2.0;1.0)

355 394 0.278

Note. Mean + standard deviation (lower and upper quartile; median); * gestational age calculated by the date of the last menstrual period. Significantly different

rates are in bold.
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Table 2. Karyotypes of abortions in the AP and MA groups
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CpaBHWTeNbHAA UUTOreHETNKA aHIMOPUOHMIN
1 HepasBuBaloLLeiics 6epeMeHHOCT Y YenoBeka

Karyotypes Total

n_1551 ..............
46XX422(272) ...........
46XY297(191) ...........
S eXChromosome abnormahty ......................................... 9 4(61) .............
Aumsomalmsomy363(234) ...........
TanOIdy ............................................................................ 1 27 (8 2) .............
Tetraplm d y ....................................................................... 1 39 (90) .............
Structura|rearrangements ................................................ 19 ( 12) .............
AUtO Soma| monosomy ...................................................... 12 (08) .............
Others ................................................................................. 11(07) .............
Comb mEd* ......................................................................... 6 7(43) .............

AP MA p
s e

............ 7 4(278)348(271)0806
40(150) ......................... : 57(200) ....................... S
.............. . (23)88(68)0005
............ : 4(278)289(225)0062
............ 13(49)”4(89)0031
33(124) ......................... 106(82) ......................... S
.............. . (23)13“0)0094
.............. : (15)8(06)0136
.............. 3(”)8(06)0372
............ 13(49)54(42)0618

Note. Percentages are given in parentheses. * Combined - combination of different types of abnormalities. Significantly different rates are in bold.

(4.9and 8.9 %, p=0.031; 12.4 and 8.2 %, p=0.031 in AP and
MA, respectively). Since some of the tetraploid karyotypes in
mosaic form may represent cultural artifacts, we reexamined
some tetraploid samples using FISH in non-cultured tissues.
The frequency of FISH-confirmed tetraploidies showed even
more statistically significant differences: 14/266 (5.3 %) at AP
vs 22/1285 (1.7 %) in MA (p < 0.001).

Among the abortions with normal karyotype, the SR was
0.54 for AP and 0.74 for MA; there were no significant dif-
ferences in the distribution of 46,XX and 46,XY karyotypes
(»p =0.142).

Discussion

The aim of this study was to compare the frequency of chro-
mosomal abnormalities in pregnancy losses with and without
an embryo (MA and AP). In this study, we analyzed a large
sample of miscarriages (1551 abortions) and did not find
significant differences in the chromosomal abnormality rates
between the AP and MA groups (57.1 and 52.9 % respectively,
p=0.209). An analysis of previously published comparative
studies showed conflicting results regarding the correlation
between the karyotype and the presence of an embryo in the
gestational sac (Table 3).

As Angiolucci et al. (2011) have reported, the frequency of
abnormal karyotypes positively correlated with the diagnosis
of AP, however, the authors found this correlation in relation
to dead embryos with normal ultrasound signs. We recalcu-
lated the data of Angiolucci et al. (2011) using comparison of
AP with the total group of abortions with the presence of an
embryo, and did not find a statistically significant correlation
between the frequency of chromosomal abnormalities and
presence/absence of an embryo (p = 0.381) (see Table 3). In
some studies (Lathi et al., 2007; Mufioz et al., 2010; Ljunger
etal., 2011; Liu et al., 2015), no association between the fre-
quency of abnormal karyotypes and the presence or absence

of an embryo was found, as in the present work. However,
most recent studies of relatively large samples reveal a nega-
tive correlation between the absence of an embryo and the
chromosomal aberrations rate (Cheng et al., 2014; Li et al.,
2017; Yoneda et al., 2018; Gu et al., 2021). This discrepancy
may be due to differences in karyotype evaluation methods,
sample sizes, and population structure (see Table 3). In addi-
tion, some studies were carried out on biased samples, such
as women with infertility (Li et al., 2017), or from high-risk
groups for aneuploidy (Muifloz et al., 2010), or the average
mother age in the sample was more than 35 years (Ginsberg
et al., 2001; Muifioz et al., 2010; Angiolucci et al., 2011).
Nevertheless, the results of the analysis of the published data,
starting from 2001 (since small samples were examined in
earlier studies), indicate that the frequency of chromosomal
abnormalities in AP is lower than in miscarriage with an em-
bryo (44.4 % (813/1833) vs 59.3 % (2701/4558), respectively,
p<0.001) (see Table 3). Similar conclusions were obtained in
the meta-analysis of Huang etal. (2019) (p=0.03, OR=0.68,
95 % CI =0.48-0.97).

A possible explanation may be that specific types of ge-
netic aberrations are critical for different stages of the early
embryonic development. This assumption is supported by the
different frequency of chromosomal abnormalities for two
different pathological phenotypes included in the diagnosis
of AP: empty sac and yolk sac only. Thus, in the AP subgroup
with an empty sac, the frequency of chromosomal abnormali-
ties was significantly lower than in the AP subgroup with the
yolk sac only (Ouyang et al., 2016; Li et al., 2017; Gu et al.,
2021) (see Table 3).

The presence of a yolk sac in a gestational sac without an
embryo means that the disorders appear after the segregation
of the hypoblast and epiblast, which occurs 67 days after
fertilization. The hypoblast, which gives rise to the endoderm
of the yolk sac, continues to develop, while the epiblast,
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Table 3. Comparative frequencies of chromosomal abnormalities in AP and MA in various studies

Reference N Method
This study 1551 Culture,
G-banding
Romanova, 2022 273 Direct,
Q-banding
Guetal, 2021 1102 (887) CMA and FISH
Yoneda et al.,, 2018 151 (141) Culture, G-banding
Lietal, 2017 2172 CGH and FISH
after IVF
Liu et al, 2015 183 Culture,
G-banding
Cheng et al,, 2014 223 Culture,
G-banding
Angiolucci et al., 2011 156 G-banding
Ljunger et al., 2011 259 (239) Direct,
G-banding
Mufoz et al,, 2010 185 Direct,
G-banding
Lathi et al., 2007 272 Culture, G-banding
Ginsberg et al.,, 2001 129 G-banding
Total 6411 -

Aneuploidy rate Aneuploidy rate p
in the AP group in the MA group
57.1 % (152/266) 52.9 % (680/1285) 0.209
25.7 % (9/35) 67.2 % (160/238) <0.050
47.1 % (64/136) 62.1 % (466/751) 0.001
50.8 % (32/53) 77.3 % (68/88) <0.001
28.1 % (138/491) 52.2 % (641/1227) <0.001
empty sac
43.4 % (197/454) 0.002
yolk sac only
35.4 % (335/945) <0.001
AP total
56.1 % (32/57) 61.1 % (77/126) 0.526
46.3 % (37/80) 61.5 % (88/143) 0.030
72.2% (13/18) 33.8 % (23/68)* 0.006
61.6 % (85/138)** 0.381
54.5 % (48/88) 65.6 % (99/151) 0.092
60.5 % (26/43) 67.6 % (96/142) 0.387
58.2 % (53/91) 68.0 % (123/181) >0.050
57.1 % (12/21) 90.7 % (98/108) <0.001
44.4 % (813/1833) 59.3 % (2701/4558) <0.001

Note. Nis the sample size, in brackets is the total number of compared cases of AP and MA; CMA, chromosomal microarray analysis; CGH, comparative genomic

hybridization; FISH, fluorescence in situ hybridization.

* Relative to abortions with a normal phenotype on ultrasound examination; ** relative to abortions with the presence of an embryo on ultrasound examination.

which gives rise to the three germ layers of the embryo itself
(endoderm, ectoderm, and mesoderm), is blocked. An empty
gestational sac means that the abnormalities appeared before
the separation of the inner cell mass into hypoblast and epi-
blast, i. e. during implantation (Boss et al., 2018). At such an
early stage, the influence of non-genetic factors is unlikely to
be significant. The lower frequency of chromosomal abnor-
malities in such embryos may be due to the fact that at such
early stages of development, damage of the activity of genes
important in early embryogenesis due to point mutations,
CNYV, or epigenetic anomalies is more critical than a change
in the gene dosage due to aneuploidy.

Considering the predominant contribution of genetic causes
(compared to maternal or environmental causes) to a very
early arrest of embryonic development, the lower frequency
of chromosomal abnormalities in the absence of an embryo
in the gestational sac makes it promising to search for genetic
aberrations of the sub-chromosomal level and epigenetic
anomalies in AP cases (Lebedev et al., 2013). Thus, chro-

mosomal microarray analysis revealed a greater number of
CNV in AP compared to MA (299 and 132, respectively), and
in AP among pathogenic rearrangements 54.3 % deletions
and 45.7 % duplications were found, whereas in MA only
duplications were found (Savchenko et al., 2018). Interest-
ingly, the set of genes in CNV also differed: in AP, the genes
responsible for basic biological processes, such as migration,
cell contacts, and adhesion, were more often affected, while in
MA, the genes responsible for morphogenesis were affected.

We found different frequencies of some types of chromo-
somal abnormalities between abortions with and without an
embryo. In our sample, sex chromosome aneuploidies (es-
pecially the 45,X) were less common in AP than in MA (see
Table 2). Frequency of the 45,X karyotype has been found to
be significantly higher in miscarriages with an embryo in most
published comparative studies (Minelli et al., 1993; Mufioz et
al.,2010; Cheng et al., 2014; Liu et al., 2015; Veropotvelyan,
Kodunov, 2015; Lietal., 2017; Ozawa et al., 2019; Gu et al.,
2021). These results indicate that monosomy X does not have
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a noticeable negative effect on the early development of the
embryo per se, and such embryos die at later stages, possibly
due to a failure of trophoblast function (Ahern et al., 2022).

Triploidy is another type of chromosomal abnormality,
which is more common in embryonic miscarriages than in
anembryonic ones. Previous studies suggested that the majo-
rity of triploidies are the result of fertilization errors leading
to either diandry (the presence of two sets of paternal chromo-
somes) or digyny (the presence of two maternal sets) (Thaker,
2005). Due to the phenomenon of chromosomal imprinting,
paternal chromosomes contribute to the preferential prolife-
ration of trophoblast tissues. Perhaps it is diandric triploidy
that leads to the AP phenotype, but this assumption needs to
be verified.

Common feature for both of the above mentioned types of
chromosomal abnormalities is that the mechanism of their
origin is not associated with meiotic nondisjunction in oocytes.
It is known that cases of X-chromosome monosomy are most
often caused by errors in paternal meiosis (Hassold et al.,
1988; Segawa et al., 2017), and triploidies are caused mostly
by fertilization errors. Therefore, the rate of these types of
karyotype abnormalities is increased among abortions from
young mothers in comparison with older mothers (Soler et al.,
2017; Wang et al., 2020; Gu et al., 2021). Since the mother’s
age was similar in our AP and MA samples, the higher rate
of monosomy X and triploidy in MA in comparison with AP
supports the assumption that embryos with these karyotype
abnormalities survive better.

We found a higher frequency of tetraploidy in the AP group,
which is consistent with the data of (Veropotvelyan, Kodunov,
2015; Ozawaetal., 2019) and implies an unfavorable influence
of the tetraploid karyotype, leading to an earlier termination
of embryo development.

We found that sex ratio (SR) in abortions with normal
karyotype deviates from the expected SR and constitutes
0.74 for MA and 0.54 for AP. Although the differences
between the groups did not reach a statistically significant
level (p = 0.142), they are consistent with the data obtained
earlier in our laboratory using significantly smaller samples.
In the study (Evdokimova et al., 2000) it was shown that the
proportion of 46,XY embryos inversely correlates with the
severity of developmental disorders: the SR was 0.77 for
spontaneous abortions without significant intrauterine delay
of development; 0.60 for MA and 0.31 for AP (compared to
1.10 for control group of induced abortion). One of the reasons
for the biased SR may be maternal cell contamination (MCC)
of extra-embryonic cell cultures. But since both AP and MA
samples were analyzed concomitantly, and the frequency of
MCC was low (Nikitina et al., 2005), this equalizes the pos-
sible effect of maternal contamination on SR in our study.
Interestingly, a large-scale study of SR in early human deve-
lopment (from conception to birth) showed that SR decreases
in the first week after conception (due to excess male morta-
lity) and then increases for at least 10—15 weeks (due to excess
female mortality) (Orzack et al., 2019). Thus, the excess of
female embryo loss in the first trimester of pregnancy probably
represents a real phenomenon.

The development of cell-based technologies offers a unique
opportunity to study the biological mechanisms that lead to
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embryogenesis failure. Thus, induced pluripotent stem cells
(iPSCs) reproduce the characteristics of embryonic stem cells,
including unlimited proliferative capacity and the ability to dif-
ferentiate into derivatives of three germ layers (pluripotency).
It has been shown that iPSCs can be derived from trophoblast
tissues not only from embryos with a normal karyotype, but
also from embryos with some chromosomal aneuploidies (for
example, monosomy X and trisomy 13) (Parveen etal., 2017;
Long et al., 2020). If it is possible to reprogram trophoblast
cells and obtain iPSC lines from anembryonic cases, this will
open up the possibility to study the processes in the deriva-
tives of various germ layers leading to an early developmental
arrest of the embryo.

Conclusion

We found that the pattern of chromosomal abnormalities partly
differs between AP and MA, and the presence of an embryo
is positively correlated with sex chromosome aneuploidy and
triploidy, while the absence of an embryo is positively cor-
related with tetraploidy. At the same time, the total frequency
of chromosomal abnormalities in AP and MA did not differ,
which indicates the need to search for the causes of AP at
other levels of genome organization, including microstructural
chromosomal rearrangements, monogenic mutations, imprint-
ing disorders, and other aberrant epigenetic modifications of
the genome.
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