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Abstract In this retrospective study, karyotype results of 1510 couples with a history of recurrent spontaneous abortion were evalu-
ated. The study was conducted at Balcali Hospital in Adana region of Turkey. For all cases, peripheral blood lymphocytes were cul-
tured for chromosome study using the standard method. Chromosome aberrations were detected in 62 couples (4.1% of all couples).
At an individual level, chromosome aberrations were found in a total of 65 cases (41 females and 24 male cases), with structural
chromosomal aberrations in 58 cases including balanced translocations in 30 cases, Robertsonian translocations in 12 cases, dele-
tions in seven cases, inversions in nine cases and numerical chromosome aberrations in seven cases. The results of the study indi-
cated that structural aberrations, particularly translocations, were the most common type of aberration observed among couples
who had experienced recurrent spontaneous abortions and that these couples might benefit from cytogenetic analyses. s
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Introduction spontaneous abortion have been proposed; certain studies de-

fining recurrent spontaneos abortion as three or more losses
Recurrent spontaneous abortions that occur before the 24th of pregnancy (Coulam, 1991; Dubey et al., 2005; Flynn et al.,
week of gestation are observed among 1-3% of couples trying 2014; Garrido-Gimenez and Alijotas-Reig, 2015; Grande et al.,
to have children. Various different definitions for recurrent 2012; Mozdarani et al., 2008; Stirrat, 1990), whereas others
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define it as two or more failed pregnancies (Kochhar and
Ghosh, 2013; Sugiura-Ogasawara, 2014; Van den Berg et al.,
2012); these losses might be consecutive or non-consecutive.
Nearly 15% of all clinically identified pregnancies end in spon-
taneous abortion (El-Dahtory, 2011; Exalto, 2005; Niroumanesh
et al., 2011). Recurrent spontaneous abotions can be caused
by a variety of factors, generally related to implantation, ana-
tomic uterine defects, infections, autoimmunity, allo-
immunity, endocrine abnormalities and genetics (Dubey et al.,
2005). In 50% of couples, however, the exact cause of spon-
taneous abortion cannot be identified; in such cases, the spon-
taneous abortion is considered as idiopathic, or referred to
as an unexplained spontaneous abotion (Flynn et al., 2014).
A considerable proportion of couples who experience recur-
rent spontaneous abortions also exhibit chromosome aber-
rations. Numerous studies have been conducted to investigate
the proportion of chromosome aberrations among couples ex-
periencing recurrent spontaneous abortions, with some in-
dicating that between 2.7-6.7% of couples experiencing
recurrent spontaneous abortions are chromosome aberra-
tion carriers (Dutta et al., 2011; Goud et al., 2009; Stephenson
and Sierra, 2006). Other studies have reported that, among
couples who have experienced recurrent spontaneous abor-
tions, the frequency of chromosome aberrations varies
between 4 and 8% (El-Dahtory, 2011; Kavalier, 2005). Both
numerical and structural chromosome aberrations have been
observed, although the former type of aberration tends to be
less common than the latter. Frequently observed chromo-
some aberrations include balanced translocations,
Robertsonian translocations and inversions. The chromo-
some aberrations mentioned above might not necessarily result
in the gain or loss of genetic material; such chromosome ab-
errations are defined as balanced rearrangements, which do
not affect the viability or life of the individual.

During the segregation of chromosomes in meiosis,
however, the presence of balanced rearrangements may lead
to an unbalanced karyotype in the carrier’s gametes, which
in turn can result in spontaneous abortion, still birth or neonate
congenital defects (Flynn et al., 2014).

The purpose of our study was to investigate 1510 couples
who experienced recurrent spontaneous abortions, and to
evaluate their karyotypes. We also aimed to obtain and iden-
tify significant statistical data that would contribute to re-
search and help guide clinicians and genetic counsellors in
counselling couples who have experienced recurrent spon-
taneous abortion. We believe that, owing to its evaluation of
a large number of cases over a 28-year period, the present
study and its findings are of considerable importance.

Materials and methods

The study was conducted retrospectively on couples who had
experienced recurrent spontaneous abortion who were ad-
mitted to our institution between January 1982 and Decem-
ber 2010. The study was conducted at the cytogenetics
laboratory of Cukurova University Balcali Hospital’s Medical
Biology and Genetics Department, located in Adana, Turkey.
All 1510 couples with a minimum of two pregnancy losses were
referred by gynaecologists of the same hospital for chromo-
some analysis. After all other possible causes of spontaneous
abortion were excluded, i.e. anatomic uterine defects,

infections, autoimmunity, allo-immunity, and endocrine ab-
normalities, the couples were directed to chromosome analy-
ses. Couples presenting diverse pregnancy loss histories were
included in the study. As such, couples participating in the
present study included couples who only experienced recur-
rent spontaneous abortions, couples whose recurrent spon-
taneous abortions were preceded by abnormal children or by
stillbirths, and couples who had healthy children despite re-
current spontaneous abortions. A total of 2 ml heparinized
(Vasparin, Defarma, Ankara, Turkey) venous blood was col-
lected from each study participant. Slides were prepared using
standard culture, swelling, and fixation procedures, and then
stained according to the banding using the Trypsin and Giemsa
GTG method. Chromosome analysis was conducted using
CytoVision software. At least 20 metaphases were analysed
for each case, whereas a minimum of 30 metaphases or 50
metaphases were evaluated in abnormal and mosaic cases,
respectively. Solid staining was used for a few cases, spe-
cifically for cases who had applied to our laboratory during
the early 1980s. When reporting the study result, the inter-
national system for human cytogenetic nomenclature (ISCN
1981 and 1985) at 500-550 band resolution was primarily used.
Definition of any aberration at 500-550 band resolution paves
the way for using molecular cytogenetic techniques, other mo-
lecular techniques, or both, and describing the aberrations
at a molecular level. The chromosome aberrations were clas-
sified as either numerical or structural aberrations. The latter
were further sub-divided as balanced translocations,
Robertsonian translocations, inversions and deletions.

When planning the study, the necessary consultations were
made with the ethics committee of the Cukurova University
Medical Faculty.

Results

A total of 1510 couples were included in the study; 62 (4.1%)
of the couples were identified as having chromosome aber-
rations and, in three of the couples, both the male and female
were chromosome aberration carriers. As such, the total
number of cases with chromosome aberrations was 65 (41
women and 24 men) (Table 1). The mean age of these cases
was 29 years for women and 33.5 for men. At an individual
level, a total of 3020 cases (1510 women and 1510 men) were
evaluated. Among these cases, the mean age was 28.7 years
for 1486 women/mothers, and 32.6 for 1474 men/fathers;
records indicating age were absent for 24 women and 36 men.
The proportions of structural and numerical aberrations were
determined as 89% (58 cases) and 11% (seven cases), respec-
tively. In addition, the proportions of balanced transloca-
tions, Robertsonian translocations, deletions and inversions
were determined as 46%, 18%, 11% and 14%, respectively
(Figure 1).

On the basis of the available medical records, the number
of spontaneous abortions could be identified for 763 couples.
As gynaecologists refer any couple with a minimum of two spon-
taneous abortions for chromosome analysis, the exact number
of spontaneous abortions for the other 747 couples could not
be determined, despite knowing that they had at least two
spontaneous abortions. These couples were mainly those who
had applied to our laboratory before 2000. The total numbers
of spontaneous abortions varied between two and nine, with
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Table 1 Chromosome aberrations in couples who have experienced recurrent spontaneous abortions.
Females, karyotype Age (Years) Males, karyotype Age (years)

Couple number
Structural aberrations
Balanced translocations
CN-1 46, XX, t(4;5)(q31;p15) 25 46, XY 33
CN-2 46, XX, t(99;10q) 24 46, XY 33
CN-3 46, XX, t(15;4)(q25;p16) 29 46, XY 30
CN-4 46, XX, t(10;11)(q25;G25) 21 46, XY 26
CN-5 46, XX, t(3;12)(p25;G23) 26 46, XY 30
CN-6 46, XX, t(6p;14q) 24 46, XY 29
CN-7 46, XX, t(3p;7q) 26 46, XY 30
CN-8 46, XX, t(7;14)(p22;q22) 39 46, XY 44
CN-9 46, XX, t(5p+;79-) 26 46, XY 28
CN-10 46, XX, t(2;5)(p25;q13) 32 46, XY 29
CN-11 46, XX, t(10;21)(p15;q21) 26 46, XY 29
CN-12 46, XX, t(1p;17q) 27 46, XY 36
CN-13 46, XX, t(4;15)(q35;q15) 29 46, XY 32
CN-14 46, XX, t(5;6)(q31;p23) 35 46, XY 35
CN-15 46, XX, t(1;4)(q25;q35) 29 46, XY 34
CN-16 46, XX, t(11;18)(q11;q11) 35 46, XY 44
CN-17 46, XX, t(6;15)(q23;qter) 28 46, XY 40
CN-18 46, XX, t(1;10)(q42;q24) 34 46, XY 40
CN-19 46, XX, t(4;7)(q25;qter) 27 46, XY, t(7;14)(pter;q22) 31
CN-20 46, XX 34 46,XY/46,XY,t(10;11)(p11;q13)(%50) 35
CN-21 46, XX 34 46, XY, t(8;10)(q24;q24) 38
CN-22 46, XX 24 46, XY, t(2p;15q) 32
CN-23 46, XX 30 46, XY, t(1;4) 31
CN-24 46, XX 23 46, XY, t(6;9) 29
CN-25 46, XX 29 46, XY, t(2p;22q) 34
CN-26 45, XX rob t(13;14) 23 46, XY, t(14;19)(p32;q12) 28
CN-27 46, XX 29 46, XY, t(2;3)(q21;p21) 32
CN-28 46, XX - 46, XY, t(7;14)(q36;q11) -
CN-29 46, XX 27 46, XY, t(15;14)(q32;q11) 28
Robertsonian

translocations
CN-30 45, XX, robt(14;22) 29 46, XY 26
CN-31 45, XX, robt(13;14) 23 46, XY 29
CN-32 45, XX, robt(13;14) 23 46, XY 28
CN-33 45, XX, robt(14;21) 26 46, XY 28
CN-34 45, XX, robt(13;14) 29 46, XY 36
CN-35 45, XX, robt(13;14) 25 46, XY 30
CN-36 45, XX, rob t(14;15) 30 46, XY -
CN-37 45, XX, robt(14;15) 41 46, XY 36
CN-38 45, XX, robt(13;14) 30 45, XY, robt(13;14) -
CN-39 46, XX 32 45, XY, robt(21;21) 35
Deletions
CN-40 46, XX, del(15)(p11-pter) 21 46, XY 28
CN-41 46, XX, del(9)(q11;q13) 28 46, XY 30
CN-42 46, XX, 29 46, XY 31

del(18)(p13,2-pter)
CN-43 46, XX, del(1q32) 25 46, XY 27
CN-44 46, XX, del(4p) 25 46, XY 35
CN-45 46, XX 39 46, XY, del(1q32) 47
CN-46 46, XX - 46,XY/46,XY, del(8q12)(%40)
Inversions
CN-47 46, XX, inv (5)(q12;q25) 24 46,XY 30
CN-48 46, XX, inv(18)(q21;G23) 34 46, XY 43
CN-49 46, XX, inv(1)(q23;p22) 31 46, XY 33
CN-50 46, XX, inv(18)(q11;G23) 29 46, XY 29
CN-51 46, XX 32 46, XY, inv(7)(q11;q36) 37
CN-52 46, XX 31 46, XY, inv(X)(p22;p21) 29
CN-53 46, XX 30 46, XY, inv(Yq) 35
CN-54 46, XX 32 46, XY, inv(Yq) 38
CN-55 46, XX 29 46, XY, inv(12)(q13;p11) 32
Numerical aberrations
CN-56 46, XX/47, XXX(%50) 30 46, XY 30
CN-57 47 XX, + mar 42 46, XY 50
CN-58 46,XX/47,XXX(%30)/46,X,i(Xp)(%50) 34 46, XY 39
CN-59 46, XX 30 47, XX, + mar -
CN-60 46, XX 23 47, XY, + mar 25
CN-61 46, XX 37 46, XY/47, XY, + mar(%70) 44
CN-62 46, XX 39 46, XY /47, XYY (%50) 50
Mean 29 33,5

CN, couple number.
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Numerical aberrations
11 (%)

Inversions 14 (%)

Balanced translocations
46 (%)

Deletions 11 (%)

Robertsonian translocations
18 (%)

Figure 1 The proportions of chromosome aberration categories.

Table 2 Couples were stratified according to number of spon-
taneous abortions.

Number Percentages

Number of spontaneous o

. of cases (%)
abortions
2 420 55
3 211 28
4 73 10
5 and higher 59 8
Total 763

most couples (420 couples) having two spontaneous abor-
tions, and only a single couple having had nine spontaneous
abortions (Table 2). A negative relationship was identified
between the number of spontaneous abortions and the number
of cases. Three per cent (13 out of 420), 3% (7 out of 211), 7%
(5 out of 73) and 7% (4 out of 59) of cases showed aberrations
in couples who had experienced two, three, four, five or more
spontaneous abortions, respectively. Statistical evaluations
were conducted to determine whether an increase in the
number of spontaneous abortions was associated with an in-
crease in the frequency of aberrations. A Pearson’s chi-
squared test indicated that an increase in the number of
spontaneous abortions did not result in a statistically signifi-
cant increase in aberration frequency. Among the 1510 couples,
174 (11.5%) were consanguineous.

Balanced translocations

The balanced translocations in the female and male cases,
together with their chromosomal locations are shown in
Table 1. Balanced translocations were observed in only 29
couples; in two of these couples (CN-19 and CN-26), both the
male and female were translocation carriers. In total, balanced
translocations existed among 19 women and 11 men (the pro-
portion of women and men for each aberrations type is shown
in Figure 2). Balanced translocations were observed on chro-
mosome 7 in six cases (four women and two men); on chro-
mosome 10 in six cases (four women and two men); and on
chromosome 5 in four cases (all of them women). No balanced
translocations were identified on chromosomes X and Y.

35
30
25
520
] ® Women
2 15 Men
10
5 l l
ol B
BT Rob Del Inv NA
Figure 2 Incidence and gender distribution of various chromo-

somal aberrations in couples who have experienced recurrent
spontaneous abortions. BT, balanced translocations; Rob,
Robertsonian translocations; Del, deletions; Inv, inversion; NA,
numerical aberrations.

Balanced translocations were observed on all autosomes other
than chromosomes 13, 16 and 20, although their break points
and frequencies varied from one autosome to another (Table 1).

Robertsonian translocations

Robertsonian translocations were identified in a total of 12
individuals (11 couples), including 10 women and two men.
In one of these couples (CN-38), both the man and woman were
Robertsonian translocation carriers (Table 1). In CN-26, the
woman was a Robertsonian translocation carrier, whereas the
man was a balanced translocation carrier (Table 1).
Robertsonian translocations were mainly observed between
chromosome 13 and 14, with seven cases (six female and one
male) having Robertsonian translocations between these au-
tosomes. On the other hand, Robertsonian translocations
between chromosomes 14 and 15 were identified in only two
cases. Robertsonian translocations between chromosomes 14
and 22, between chromosomes 14 and 21, and between chro-
mosomes 21 and 21 were each observed in a single case. Chro-
mosome 14 mainly translocated with chromosomes 13, 15, 21
and 22. Only a single case with a 45, XY, robt(21;21) karyo-
type had a Robertsonian translocation that did not involve
chromosome 14.

Deletions and inversions

Deletions were identified in seven couples, with five women
and two men showing deletions in chromosomes 1, 4, 8, 9,
15 or 18. A 1932 deletion was observed in two cases (one
woman, and a man). Nine couples were identified as having
inversion, with four female cases and five male cases having
various inversions in chromosomes 1, 5, 7, 12, 18, X or Y at
different break points. Two men were observed to have the
same inversion type of the Y chromosome’s q arm.

Numerical aberrations

Numerical chromosome aberrations (aneuplodies) were iden-
tified in seven couples, including three women and four men.
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An additional marker chromosome was identified in one woman
and three men. One woman and one man had an extra X and
Y chromosomes in mosaic form, exhibiting the karyotypes
46,XX/47 ,XXX(%50) and 46,XY/47,XYY(%50), respectively.
A woman exhibited the karyotype 46,XX/47,XXX(%30)/
46,X,i(Xp)(%50), which indicates mosaicism in three cell lines.

Discussion

A total of 1510 couples were studied, corresponding to a total
of 3020 cases. In 62 (4.1%) of these couples, at least one partner
was a chromosome aberration carrier, whereas, in three
couples, both the man and woman were chromosome aber-
ration carriers. In this study, the proportion of cases with chro-
mosome aberrations (4.1%) was in agreement with other studies
reporting a chromosome aberration frequency of 3-4% (Flynn
etal., 2014; lyeret al., 2007; Saxena et al., 2012). Other studies
have reported a chromosome aberration frequency of 6-8%
(Dutta et al., 2011; El-Dahtory, 2011; Fuente-Cortés et al.,
2009), which is higher than the proportion observed in our study.
Studies conducted around the world indicate considerable dif-
ferences in the reported chromosome aberration frequency,
ranging from 2.76% to 18.75% (Dutta et al., 2011). The varia-
tion observed in chromosome aberration frequency possibly
stemmed from the differences in the sample sizes and sample
selection (lyer et al., 2007).

In the present study, the proportion of structural and nu-
merical aberrations was 89% and 11%, respectively. There-
fore, the proportion of structural aberrations was eight times
higher than that of the numerical aberrations. Although the
proportion of structural and numerical aberrations tends to
vary from one study to another (Amudha et al., 2005; Dubey
et al., 2005; Rajangam et al., 2007), all the studies showed
that structural abnormalities have a higher proportion than
numerical aberrations. In this study, the most common struc-
tural aberrations were translocations, and the proportions of
balanced and Robertsonian translocations were 46% and 18%,
respectively. These proportions were in agreement with the
previously published findings (Dubey et al., 2005; El-Dahtory,
2011; Fuente-Cortés et al., 2009; Goud et al., 2009; lyer et al.,
2007; Saxena et al., 2012). Parents who are balanced and
Robertsonian translocation carriers might have normal phe-
notypes. During meiosis in these carriers, however, the seg-
regation of chromosomes might lead to unbalanced karyotypes
in gametes. As a consequence of this, a zygote (and eventu-
ally embryo) with an unbalanced karyotype might result in a
spontaneous abortion. As with other types of aberrations, trans-
locations were generally observed in women; this observa-
tion was also compatible with the previously published findings
(Fuente-Cortés et al., 2009; Goud et al., 2009; lyer et al., 2007).

Both partners were determined to have karyotype aber-
rations in three of the non-consanguineous couples (CN-19,
CN-26, and CN-38). The age range of these cases was 23-31
years. We considered it interesting that, in all three couples,
aberrations were present in at least one common chromo-
some. Furthermore, we observed that five of the six aberra-
tions in these couples involved chromosome 14. Although these
results are certainly noteworthy, further studies and cases are
required before they can be properly interpreted. Two other
published studies have described similar couples, with each
study reporting a single couple where both partners had

karyotype aberrations (Makino et al., 1990; Saxena et al.,
2012). We also noted that three out of six cases constituting
couples CN-19, CN-26, and CN-38 exhibited the same
robt(13;14), which was not surprising given the relatively high
prevalence of this type of Robertsonian translocation.

Seven deletions were identified in seven cases, including
five women and two men, accounted for 11% of aberrations
observed in the study. Different studies have reported dele-
tion proportions ranging from 3 to 6.7% (Dubey et al., 2005;
Dutta et al., 2011; lyer et al., 2007; Saxena et al., 2012). In
this study, the proportion of deletions was higher than those
reported previously. Deletions are essentially unbalanced
alterations, as they involve the loss of genetic material. In
certain cases, specifically depending on the region and size
of the deletion, deletions might be tolerated and not affect
viability of the embryo. Nevertheless, such deletions may still
lead to a broad range of phenotypic anomalies, such as con-
genital heart defects, renal abnormalities, gastrointestinal
abnormalities, vision problems, delayed and poor develop-
ment, short stature, hearing loss, abnormal behavior, intel-
lectual impairment, distinctive facial features, orofacial
clefting and brain anomalies (Burnside, 2015; Imataka et al.,
2015; Jordan et al., 2015; Nguyen et al., 2015). On the other
hand, most deletions will still have severe detrimental effects
that influence the viability of the embryo. For this reason,
such deletions might result in spontaneous abortion at any ges-
tational stage. In our study, we identified deletions on chro-
mosomes 1, 4, 8, 9, 15 and 18.

Inversions were identified in nine cases, including four
women and five men, and accounted for 14% of the aberra-
tions observed in our study. These inversions involved chro-
mosomes 1, 5, 7, 12, 18, X and Y. Studies described the
presence of chromosome 1, 5, 7, 18, and Y inversions in women
who have experienced recurrent spontaneous abortion (Goud
et al., 2009; lyer et al., 2007; Niroumanesh et al., 2011; Saxena
et al., 2012). Although the break points of our cases were dif-
ferent from the previously described break points, we nev-
ertheless think that the common chromosomes observed in
our study can be considered as dynamic chromosomes, which
tend to be prone to inversions. It is well documented that fa-
milial pericentric inversions are associated with an in-
creased likelihood of early spotnaneous abortion (Rao et al.,
2005; Wenger and Steele, 1981). Of the nine cases with in-
versions in our study, two had pericentric inversions, whereas
the other seven had paracentric inversions. It was deter-
mined that paracentric inversions were more frequent than
pericentric inversions, which is noteworthy since a previous
study described paracentric inversions as having more det-
rimental effects compared with pericentric inversions
(Niroumanesh et al., 2011).

In this study, additional marker chromosomes were iden-
tified in four cases, including one woman and three men. Most
published studies describe additional X and Y chromosomes
(including karyotypes) instead of additional marker chromo-
somes (Dubey et al., 2005; Goud et al., 2009; Saxena et al.,
2012).

In conclusion, the results of our study were generally in
agreement with other published studies. The study findings
indicated that structural chromosome aberrations (translo-
cations in particular) are a common type of chromosome ab-
errations in couples experiencing recurrent spontaneous
abortion. The study also identified numerical aberrations
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among couples with history of recurrent spontaneous abor-
tion. Our study findings also showed that the effective clini-
cal management of couples who have experienced recurrent
spontaneous abortion also requires chromosome analysis. After
the identification of a chromosome aberration in a couple,
they could be advised to receive genetic counselling and to
undergo prenatal assessments for future pregnancies. In ad-
dition, couples with chromosome translocations should be pro-
vided with IVF and pre-implantation genetic evaluation
options. Apart from chromosome analysis, couples who have
experienced recurrent spontaneous abortion should also be
evaluated with molecular techniques (such as fluorescence
in-situ hybridization); with microarrays evaluating specific
chromosome regions that harbour genes presumed to be in-
volved in recurrent spontaneous abortion and with compara-
tive genomic hybridization techniques.
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