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Abstract

Chromosomal aberrations are common cause of early miscarriage. Possible presence of chromosomal aberration
may be assessed by cytogenetic examination of the aborted fetus tissue. In our study from the Institute of Biology
and Medical Genetics of the First Faculty of Medicine of Charles University and General University Hospital in Prague
we analysed tissue sample from 233 early spontaneous or missed abortions. In 212 cases the cultivation process
was successful. Among those — we identified 52 cases with chromosomal aberration (24,5 %). Most common aber-
rations were — trisomy 21, monosomy X, triploidy and trisomies of chromosomes 16 and 22. Our overall incidence of
aberrations was lower — compared to similar studies. According to other indicators we suppose that this may be cau-
sed by the higher incidence of maternal cells contamination — but this phenomenon cannot be completely excluded
while using classical karyotyping. We also confirmed higher incidence of chromosomal aberrations in the miscarriage
cases in elder mothers and furthermore we found higher incidence of aberrations in cases from higher gestation
weeks. Both trends were statistically significant.
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CHROMOZOMOVE ABERACE JAKO PRICINA CASNYCH REPRODUKCNICH ZTRAT: ZHODNOCENI 233 PRi-
PADU

Pavodni prace

Abstrakt
Chromozomové aberace jsou ¢astou pri¢inou ¢asnych reprodukénich ztrat. Moznou pfitomnost chrqmozomové abe-
race je mozné ovéfit cytogenetickym vySetfenim tkané potraceného plodu. V ramci nasi studie na Ustavu biologie a
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|ékarské genetiky 1. 1ékarské fakulty Univerzity Karlovy a VSeobecné fakultni nemocnice v Praze jsme analyzovali vzo-
rek tkané u 233 pripadl ¢asnych spontannich &i zamlklych potratd. Ve 212 pfipadech byla kultivace Uspé&sna a celkem
v b2 pfipadech (24,5 %) byla zachycena chromozomova aberace — nejastéji trizomie chromozomu 21, monozomie
chromozomu X, triploidie a trizomie chromozomu 16 a 22. Celkovéa ¢etnost chromozomovych aberaci byla v nasem
souboru spiSe niZsi oproti obdobnym studiim. | s ohledem na dal$i ukazatele predpokladéame, Ze by pfi¢inou mohla
byt kontaminace nékterych vzork( matefskymi burikami, coZ ale nelze u rutinniho cytogenetického vySetreni predem
vyloucit. Déle jsme v rdmci studie potvrdili vy$Si Cetnost chromozomovych aberaci v pfipadech s vy$Sim vékem matky
a dale pak ¢astéjsi zastoupeni chromozomovych aberaci v pfipadech potratu ve vy$Sich tydnech t&hotenstvi. Tyto na-

lezy byly statisticky vyznamné.

Kli€ova slova: spontanni potrat, chromozomové aberace, infertilita

Introduction

From a mathematical standpoint, human representation is
rather ineffective. Research has shown that considering
all possible pathological factors which affect the human
embryo/fetus from fertilization until birth, only 30 % of all
fertilized eggs will achieve a live birth (1). Recurrent spon-
taneous abortions (defined as at least three consecutive
pregnancy losses experience by a female with the same
partner) affect approximately 1-2 % of females of v re-
productive age (2). In general, early pregnancy losses oc-
curring during the first trimester are due to a number of
causes; whereas, the nongenetic causes include, for in-
stance, endocrine or immunological abnormalities, con-
genital or acquired hypercoagulation disorders, or
congenital vaginal anomalies (3).

The most common genetic causes of early pregnancy
losses are chromosomal aberrations, primarily numerical
aberrations. Chromosomal aberrations may cause about
up to a half of early pregnancy losses. Various studies
which worked with a different number/types of aborted
fetal tissue samples detected chromosomal abnormali-
ties in 20 - 70 % cases (4,5,6,7).

The basic type of cytogenetic examination is routine ka-
ryotyping of cells obtained from an aborted fetal tissue
sample; i.e. examination of chromosomes in the meta-
phase using staining with a suitable dye, so-called G-ban-
ding, in the optical microscope (4). This examination can
detect all numerical deviations of chromosomes, inclu-
ding chromosomal mosaicism, balanced chromosomal
rearrangements as well as more extensive chromosomal
deletions and duplications. However, it is the detection
of small deletions and duplications that makes standard
karyotype less efficient due to its low resolution. This is
why microarray-type analysis of lost fetal tissue has been
on the increase (the most commonly followed methodo-
logy is based on comparative genomic hybridization, or
array-CGH) (8,9).

Methodology

This paper presents a retrospective analysis of the karyo-
typing of aborted fetal tissues which were examined in
the Cytogenetic Laboratory of The Institute of Biology
and Medical Genetics at The First Faculty of Medicine,
Charles University and at The General University Hospital,
Prague (UBLG 1. LF UK and VFN, Prague) in the years
2009-2014 (6 years). The samples to be analyzed were
obtained from the internal database kept by the labora-
tory, came from the above-referenced period, and their
karyotype test was required due to a missed or sponta-
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neous abortion. The following information was recorded
with regard to every sample: the success or the lack of
the success of the culture of the sample, karyotype re-
sults (in case of successful culture of the sample), the
age of the mother, gestation week when an abortion oc-
curred, and the sex of the fetus (determined according
to its karyotype). The results obtained were statistically
assessed by means of the R (10) software using a two
sample t-test, two sample Wilcoxon test, and Fisher
tests. If the P value was lower than 0.05, it was conside-
red statistically significant.

Cytogenetic examinations alone were performed in a
standard way, following common methodologies used to
examine karyotype from a tissue sample. G-banding was
used for the visualization of chromosomes. Other exami-
nations, such as QF-PCR or array-CGH, are not routinely
used by our laboratory in this indication. Karyotype was
evaluated using International System for Human Cytoge-
netic Nomenclature (ISCN) (11).

Results

In the given period of time (2009-2014) the Cytogenetic
Laboratory of UBLG 1. LF UK and VFN, Prague examined
a total of 233 fetal tissue samples from lost pregnancies
(missed or spontaneous abortions). Most samples were
obtained from the Department of Gynecology and Obste-
trics of 1. LF UK and VFN, Prague. Of all 233 examined
samples 212 were cultured successfully (91 %); i.e. they
provided karyotype results. The culture of the remaining
21 samples (9 %) was unsuccessful and their examina-
tion did not provide valid results. The main reason for the
cytogenetic examination of the fetal tissue was the dia-
gnosis of missed abortion (214 samples, or 91.9 %). The
residual tissues of spontaneous abortions were exami-
ned less often (19 samples, or 8.15 %).

Among the 212 successfully examined samples 52
(24.5 %) pathological chromosomal aberrations were
detected, most frequently Down syndrome and Turner
syndrome. These two diagnoses were observed in 7 sam-
ples. The complete survey of the other chromosomal a-
berrations is shown in Tab. 1.

The average age of mothers was 34.06 years (+ 5.03 SD).
The largest number of examined samples comprised fe-
tuses aborted by women aged 35 and over. This group
also included the highest percentage of detected patho-
logical karyotypes (29.9 %). The number of chromosomal
aberrations detected in the group of women under 30
was a third smaller 20.0 %). Detailed data are presented
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in Tab. 2. The relationship between maternal age and the
incidence of numerical aberration was assesses using as
a two-sample t-test and proved to be statistically signifi-
cant: p = 0.022 (95% ClI for a difference of 0.28 to 3.50).
Another variable under observation was the length of pre-
gnancy at the time when an abortion occurred. According
to relevant clinical reports, the average length of preg-
nancy at the time of abortion was 72.87 days (+ 18.75

Tab. 1 Survey of all detected chromosomal aberrations
in the group of 212 successfully completed karyotype
tests performed on aborted fetal tissue

Type of chromosomal Number Relative
aberration of cases (n) | frequency (%)
Trisomy 21 7 13.46 %

45,X 7 13.46 %

69, XXX 6 11.54 %
Trisomy 16 6 11.54 %
Trisomy 22 5 9.62 %
Trisomy 9 3 5.77 %
Trisomy 13 3 5.77 %
Trisomy 18 2 3.85 %
Trisomy 14 2 3.85 %

47 XY, +4 1 1.92 %

47 XX, +7 1 1.92 %

92, XXXX 1 1.92 %

47 XY, +17 1 1.92 %
47,XY,+2 1 1.92 %

47 ,XX,+15 1 1.92 %
47,XX,+20 1 1.92 %
46,XY,der(14) 1 1.92 %
46,XX,t(4;12)(q35;924) 1 1.92 %
46,XX,t(11;13)(q21;921.2) 1 1.92 %
46,XX,dup(22)(q12q13) 1 1.92 %

contrary, this trend is quite significant in the group of fe-
tuses with a normal karyotype: there were 143 female
karyotypes and 21 male karyotypes (F/M = 6.81). Accor-
ding to a Fisher test, this sex ratio is also statistically sig-
nificant (p = 0.000003). The possible causes of this trend
are elaborated on in the discussion.

Discussion

The issue of human reproduction and its defects is
a complex one. The relationship between chromosomal
aberrations in embryos and fetuses and early pregnancy

Graph 1 Distribution of the incidence of abortions de-
pending on the length of pregnancy (at the time of abor-
tion) — divided between pathological and normal findings
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Tab. 2 Incidence of chromosomal aberrations in aborted fetal tissues in various age groups of pregnant women

, Pathological Normal Incidence
Mother's age Total .
karyotype karyotype of pathologies
29 and younger 7 35 20.00 %
30-34 16 80 20.00 %
35 and older 29 97 29.90 %
Total 52 160 212 24.53 %

SD).

However, there is a marked difference in the distribution
of the incidence of pathological and normal findings with
regard to the length of pregnancy at the time of abortion.
The maximum number of the pathological findings occurs
several days later than normal findings. This trend is de-
picted in Graph 1. Its statistical significance was tested
using a two-sample Wilcoxon and a statistically signifi-
cant relationship was proven (p = 0.0000041).

The last trend analyzed in our study was the sex ratio
among the aborted fetuses. Of the 212 successfully exa-
mined fetuses, 169 showed a female karyotype and 43 a
male karyotype (F/M ration = 3.93). The sex ratio in the
group of fetuses with pathologies did not present more
significant deviations (i.e. it was theoretically even): 26 and
22 pathologies were identified in fetuses with a female
and male karyotype, respectively (F/M = 1.18). On the

losses has been known for a long time. Our sample col-
lection also showed a significant occurrence of chromo-
somal abnormalities, specifically 24.5 %. Although this
incidence is still within the limits presented in other stu-
dies, our detection rate is markedly lower compared to
50-60 % pathological findings which are commonly re-
ported (5,6,12,13). The pathologies detected by us inclu-
ded a usual range of numerical chromosomal aberrations
which were present in the tissue of aborted fetuses; par-
ticularly, a higher percentage of Turner syndrome, trisomy
16, trisomy 22 and several polyploidies (specifically, tri-
ploidies). The rarest autosomal trisomy; trisomy 1 and 19
(5) were not detected among our samples. Rather surpri-
singly, a high percentage of trisomy 21 was observed,
which may be due to the fact that a large number of sam-
ples came from fetal tissues aborted after the 11th week
of gestation when a larger occurrence of the three “typi-
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cal” autosomal trisomies (trisomy 13, 18, and 21) can be
generally expected.

Our sample collection displayed a clearly skewed fetal
sex ratio of the examined samples mainly in the subgroup
with a normal karyotype where the F/M ratio was as high
as 6.81. Although the prevalence of the female sex in this
ratio is recognized in other studies (5) as well (for instance,
a F/M ratio of 2:1), the ratio of 6.81 represents a statisti-
cally significant difference and can be attributed to the
greater incidence of maternal contamination where only
maternal cells were cultured from a tissue sample and
those maternal cells falsely imitated a normal female ka-
ryotype. This undesirable phenomenon could be preven-
ted by performing QF -PCR analysis and examination of a
maternal profile provided that these procedures were in-
dicated by a clinician. On the other hand, a very high per-
centage of cultured samples was achieved (nearly 92 %).
However, this result had to be adjusted in a more detailed
study which excluded contaminated samples. The general
problem is the difficult availability of a suitable sample in
case of spontaneous abortions.

Precision of conventional karyotyping could be extended
with a microarray-type analysis which would enable to
detect a higher percentage of abortions caused by chro-
mosomal abnormalities which are impossible to detect
during a routine examination of chromosomes in the light
microscope (8,9). Generally, the performance of the mic-
roarray analysis can be recommended in case of habitual
abortions and of the negative results of a standard cyto-
genetic examination. Yet microarray-type examinations
should not completely replace the routine karyotyping of
lost fetal tissues because the microarray analysis fails,
for instance, to correctly identify translocation trisomies
and identifies low-frequency mosaic only with difficulties.
In addition, array-CGH often fails to identify triploidy (14).
Our study proved the negative impact of advanced ma-
ternal age on the incidence of chromosomal aberrations
as abnormalities were detected more often in older mo-
thers (this trend was statistically significant). This is con-
sistent with findings reported by other authors (e.g. 7).
In addition, our study proved the statistically significant
trend of correlation between an assumed gestation week
and the presence / a lack of the presence of pathologies.
A markedly smaller number of chromosomal aberrations
were detected in abortions which occurred during earlier
gestation weeks compared to those occurring in the later
weeks.

Conclusion

Our study confirmed that chromosomal aberrations de-
tectable in the optical microscope represent a significant
cause of missed and spontaneous abortions. It also re-
vealed that even aborted fetuses show the well-known
correlation between a growing increase in chromosomal
aberrations and advanced maternal age. The fetuses in
which chromosomal aberrations were detected after
abortion were somewhat older than aborted fetuses with
a normal karyotype. Furthermore, the study showed that
despite all efforts the karyotyping of a fetus from a tissue
sample is, in some cases, limited by possible maternal
tissue contamination which is very difficult to detect
when karyotyping is the only examination. Therefore, it
would be advisable to exclude this contamination by
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using QF-PCR. On the other hand, routine cytogenetic
examinations is still rather underappreciated in this area
as it not only gives parents information about why an
abortion occurred, but it also may (translocation Down
syndrome, other structural aberrations) prove beneficial
for the further reproductive planning of the couple.
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