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Abstract

Objective: In the present study, our aim has been to examine the frequency of parental chromosomal aberrations and factor
V Leiden (FVL), methylenetetrahydrofolate reductase (MTHFR), and prothrombin gene (FII) mutations as markers for
thrombophilia in cases of recurrent miscarriage (RM).

Materials and Methods: A total of 120 patients presented to our service with RM who were diagnosed as cases of three or
more consecutive spontaneous miscarriages before 24 weeks of gestation between 2005-2007. During the study period the
women were not pregnant. Both partners were karyotyped as part of the primary investigation and parental chromosomal
aberrations were investigated. Furthermore common inherited thrombophilia markers were studied. Genotype analysis for
FVL, MTHEFR, and FII mutations were assessed by polymerase chain reaction analysis.

Results: Chromosomal aberrations were found in 16 couples (13.3%). Maternal and paternal inversions were more
commonly seen chromosomal abnormalities (56.25%). In 65 (54.2%) patients at least one thrombophilia marker was
detected, whereas 55 (45.8%) patients had no thrombophilia. There were no significant differences in the prevalence of RM
between patients with parental karyotypic aberrations and those with no aberrations (p=0.75). Similarly there were no
significant differences between patients with mutation of genetic markers of thrombophilia and those with no mutations
(p=0.67). Mean age of the patients increased with the number of RM (p<0.001), and chromosomal aberrations significantly
increased with mutation of the genetic markers for thrombophilia (p=0.015).

Discussion: In this study, the frequency, relations, and type of chromosomal abnormalities and mutations of genetic markers
of thrombophilia in parents with RM were presented.

Keywords: pregnancy, recurrent miscarriages, genetic markers

Ozet
Tekrarlayan Gebelik Kayiplarinda Trombofili Icin Genetik Belirtecler ve Parental Karyotipleme

Amag: Bu ¢alisgmada amacimiz, tekrarlayan gebelik kayiplarinda (TGK) parental kromozomal aberasyonlart ve trombofili
nedenleri arasinda olan faktér V Leiden (FVL), metilentetrahidrofolat rediiktaz (MTHFR) ve protrombin gen (FII) mutasyonu
sikligini degerlendirmektir.

Materyal ve Metot: 2005-2007 yillar1 arasinda servisimize bagvuran 24. gebelik haftasindan énce arka arkaya gergeklesen iig
ve {izerinde spontan diisiik olarak tarif edilen TGK olan toplam 120 hastay1 inceledik. Calisma sirasinda kadinlar gebe degildi.
[lk arastirmada, tiim partnerlere karyotipleme yapildi ve parental kromozomal aberasyonlar arastirildi. Ayrica, siklikla goriilen
kalitsal trombofili belirtecleri aragtirildi. FVL, MTHFR ve FII mutasyonlarin genotipik analizleri polimeraz zincir reaksiyonu
ile degerlendirildi.

Sonuglar: On alti giftte (%13.3) kromozomal aberasyon bulundu. Maternal ve paternal inversiyon en sik rastlanan kromo-
zom anomalisi idi (%56.25). Altmis bes (%54.2) hastada en az bir trombofili belirteci izlenirken, 55 (%45.8) kiside trom-
bofili belirtecleri negatifti. Karyotip aberasyon olan ve olmayan hastalar arasinda tekrarlayan gebelik kaybi prevalansinda
istatistiksel olarak anlamli fark bulunamadi (p=0.75). Ayni sekilde trombofili genetik belirte¢ mutasyonu olan ve olmayan
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hastalar arasinda istatistiksel olarak anlamli fark bulunamadi (p=0.67). Ortalama hasta yagi TGK sayistyla artmaktadir
(p<0.001) ve kromozomal aberasyonlar trombofili i¢in genetik belirte¢ mutasyonuyla anlamli olarak artmaktadir (p=0.015).
Tartigma: Bu calismada, tekrarlayan gebelik kaybi olan hastalardaki kromozomal anomalilerin ve trombofilinin genetik
belirteclerinin siklig1, aralarindaki iligkileri ve cesitleri gosterildi.
Anahtar sozciikler: gebelik, tekrarlayan gebelik kayb1, genetik belirtecler
Introduction before 24 weeks of gestation. Losses after 24 weeks are con-

Recurrent miscarriage (RM) is usually defined as the loss
of three or more consecutive pregnancies before 24 weeks
of gestation (1,2). Within this definition is a large and
heterogeneous group of patients with many different causes
of miscarriage. Recurrent spontaneous abortion is a condition
that occurs with 2-5% of couples. Approximately 10-15%
of all clinical pregnancies end in miscarriage and most of
these (80%) before 13 weeks’ gestation (3). Chromosomal
abnormalities, uterine malformations, and antiphospholipid
syndrome are the three generally accepted etiologies of
RM. Currently evidence is insufficient to support routine
evaluation of other causes, including hormonal abnormali-
ties, infection, systemic disease, environmental agents, and
alloimmune factors (4). Up to 60% of sporadic miscar-
riages (5-7) and between 29% and 60% of RMs might be
caused by chromosomal aberrations in the embryo (8-10).
It is generally assumed that recurrent miscarriage might be
due to recurrent chromosomal anomalies in the fetus due to
a balanced aberration in one of the parents being inherited
by the offspring in an unbalanced form. The parental chro-
mosomal aberration might be either a structural anomaly,
such as reciprocal or Robertsonian translocations, or
mosaicism for numeric aberrations. Additionally pregnancy
complications including idiopathic fetal loss are thought to
result from placental under-perfusion due to occlusive
events, including thrombosis of placental vessels.
Thrombosis of placental vessels is multicausal in nature
and may involve both acquired and inherited risk factors
(11-12), leading to recurrent fetal loss. It has been reported
that genetic tendencies to thrombosis may also be associated
with recurrent pregnancy loss (13). The three most common
genetic markers for thrombophilia (GMT) which are known
to predispose to venous thrombosis are; factor V Leiden
(FVL), methylenetetrahydrofolate reductase mutation
(MTHFR, C677T) (14,15) and prothrombin gene mutation
(FII, G20210) (16).

In this study, we investigated the frequency and type of chro-
mosomal abnormalities and MTHFR, FVL, and FII gene
mutations in the parents in our cohort of patients with
recurrent spontaneous abortion.

Materials and Methods

A total of 120 patients presented to our service with RM
between 2005-2007. Recurrent pregnancy loss was diag-
nosed as three or more consecutive spontaneous miscarriages
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sidered as stillbirths or intrauterine fetal death. Both partners
were karyotyped as part of the primary investigation. All par-
ticipating women were healthy, and exclusion criteria
included induced abortions, a systemic disease (diabetes,
thyroid disease, and lupus), uterine structural abnormalities,
pregnancy at the time of investigation, and previous history
of thrombosis. Before inclusion in the study, objective evi-
dence of past pregnancies was required, such as a positive
hCG test, histology of fetal or placental tissue, or ultrasound-
based reports of a pregnancy sac. Chromosome studies were
performed on routinely cultured peripheral blood lympho-
cytes. Colchicine was added 2 hours before the cytological
preparation. Slides were processed for G banding with
Trypsin-Giemsa by standard techniques. A minimum of 20
cells were microscopically analyzed at metaphase from two
independent cultures prepared for each individual.

DNA was extracted from EDTA-anticoagulant blood samples
using standard methods (17). FVL was detected by PCR
amplification of a 223 bp fragment and MnLI digestion, as
previously described (18). The C677T substitution in the
MTHEFR gene was identified using HinfI cleavage of a 198
bp PCR-amplified product (19). For identification of the
G20210A substitution in the factor II gene, a slight modifi-
cation of a published method was used (16). A 253 bp frag-
ment of the 3’ untranslated region of the gene was amplified
by PCR using the same primers as described and digested
simultaneously with HindIIl and Mspl. The A20210 and
G20210 alleles were discernible by this procedure since the
A20210 allele bears a restriction site for both enzymes,
whereas the G20210 allele bears restriction site only for
Mspl.

All patients with parental aberrations were offered genetic
counselling. The clinical features of each patient and her
miscarriages were recorded, with particular attention being
paid to whether the previous miscarriages occurred in the
first, second and third trimester. The details of each individual
were entered into a computerised database with statistical
software (Statistical Package for Social Science; SPSS,
Chicago, IL) for Windows. Analysis was performed by
Pearson’s X2 test and by Fisher’s exact test. Data were
analyzed by Spearman’s correlation coefficient and were
compared by Mann-Whitney Test and -test. Also univariate
odds ratios (OR) and 95% CI were estimated separately
for each polymorphism. A value of p<0.05 was taken to
represent statistical significance in all tests.
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Results

A total of 120 couples were karyotyped. Chromosomal aber-
rations were found in 16 couples (13.3%). In our study the
most frequent chromosomal rearrangement was paternal
inversion (pl1ql2) (7.5%), which was found in 9 of 16
parents (9). The second most prevalent anomaly was mater-
nal and paternal balanced translocations (4.2%), which were
found in 5 of the patients. Maternal mosaicism for numerical
aberration was found only in one patient. The other chromo-
somal aberration was 46XY (16gh+). Sixty-five (54.2%)
were diagnosed as having at least one thrombophilia marker,
whereas 55 (45.8%) had no thrombophilia. The prevalence
of MTHFR carriers was 45.8% (55/120), forty-eight (40%)
of whom were heterozygous and seven (5.8%) were homozy-
gous. In addition, the prevalence of FVL mutation was 15%
(18/120) and the prevalence of FII mutation was 4.1%
(5/120). Overall, eight patients (6.6%) had both FVL and
MTHFR mutations, three patients (2.5%) had both FII and
MTHFR mutations, and one patient (0.8%) had either FVL
or FII mutations. None of the patients was homozygous for
FVL or FII mutations. Table 1 shows mean +SD, median,
minimum and maximum values for age, first or second
trimester miscarriages, third trimester losses and live births
in our patients. There were no significant difference between
the age of the women (p=0.89) and their husbands (p=0.92)
with or without chromosomal aberrations. There was no sig-
nificant difference in the prevalence of recurrent miscar-
riages between patients with parental karyotypic aberrations
and those with no aberrations (p=0.75). Similarly there was
no significant difference between patients with mutation of
genetic markers of thrombophilia and those with no muta-
tions (p=0.67). So prevalence of recurrent miscarriages was
not statistically different in any of the genetic mutations
studied in each group. Inherited thrombophilias showed
more correlation with the first trimester than the second
trimester abortions (p<0.001). Table 2 shows the prevalence
of parental chromosomal aberration and the prevalence of
GMT mutations according the number of previous miscar-
riages. There was no increased risk for the presence of a
chromosomal aberration (OR=1.09; 95% CI, 0.84-1.42) or
GMT mutations (OR=1.81; 95% CI, 0.58-5.68) for an
increased risk of a subsequent pregnancy loss. Table 3 shows
the details of the number of previous spontaneous abortions,
number of patients and age of the parents. Mean age of the
patients and husbands increased with the number of recurrent
abortions (p<0.001, r=0.340) (p<0.001, r=0.418). Table 4
shows the relation between chromosomal aberrations and
mutations of GMT. Chromosomal aberrations significantly
increased with mutation of GMT (p=0.015).

Discussion

It has been reported that abnormal chromosomes in either
partner, antiphospholipid antibodies, uterine anomalies,
luteal phase defect, endocrine disorders and thrombophilia
cause recurrent miscarriages (20). We studied cytogenetic
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abnormalities that can be divided into numerical abnormali-
ties (96%), structural chromosome abnormalities (%3) and
other mechanisms, such as mosaicism (1%) and single gene
mutations involving FVL, MTHFR and FII mutations. The
prevalence of parental chromosomal aberrations was greater
in this series (13.3%) than in most series in the literature,
which have quoted 3-5% prevalence (21-23). The higher
prevalence might have been due to the relatively higher
number of previous miscarriages in this cohort of patients
(3.55£1.32). Table 1 show that the hereditary thrombophilias
studied were associated with the first trimester than the second
trimester losses, concurring with reports in the literature (24-
26). As thrombophilias are caused by genetic mutations, they
should be absolute causes of pregnancy loss. In the present
study the patients with live births and recurrent miscarriage
did not have show a statistically significant difference in the
prevalence of thrombophilia. Although, 65 (54.1%) were
diagnosed as having at least one thrombophilia marker, 55
(45.8%) had no thrombophilia; the mean live birth rates and
recurrent miscarriage rates in all trimesters of GMT muta-
tions were similar to that in patients presenting without GMT
mutations. In our study, the frequency of chromosomal
aberrations and GMT mutations were not dependent on the
number of previous abortions. In a study, maternal age and
previous number of miscarriages were argued to be two
independent risk factors for a further miscarriage (27). In our
study, maternal age, paternal age and previous number of
miscarriages may be associated risk factors for further mis-
carriages. Advanced maternal age adversely affects ovarian
function, giving rise to a decline in the number of good quality
oocytes, resulting in chromosomally abnormal conceptions
(28). Also our study shows that recurrent miscarriages may
be associated with paternal age.

The most common types of parental chromosomal abnor-
mality are balanced reciprocal or Robertsonian transloca-
tions (29). In our study, maternal and paternal inversion (9)
(p11q12) was more common than the others (56.25%). FVL,
FII and MTHFR were found to be prominent inherited risk
factors for venous thrombosis (16); and, as placental under-
perfusion due to thromboembolic events contributes to fetal
loss, our results document the association between both
mutations and primary RM. Although the prevalences of
FVL, FII and MTHFR mutations were more prominent
among women with 3 or more consecutive miscarriages, the
correlation was not statistically significant in our study.
Some studies have shown that GMT mutations are more
common in early RM (30) as in our study, but some have not
(31,32). Also, in line with our results, chromosomal
abnormalities are more common in early RM (3). It has been
suggested that the presence of both parental karyotypic
aberrations and mutations of GMT define a high-risk group
for RM (33). Likewise, we have observed a strong relation
between karyotypic aberrations and mutations of GMT
(p=0.015).
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Table 1. Details of patients in the study

Number of Patients Husbands First Second Third Live
patients age age trimester trimester trimester birth
(years) (years) abortions abortions losses median
median median median (min-max)
(min-max) (min-max) (min-max)
Chromosomal 16 (13.3) 29.44+5.45 32.47+5.67 3 (2-7) 0 (0-5) 0 (0-2) 0 (0-2)
aberrations
Chromosomal 104 (86.6) 27.68+5.36 30.63+5.51 3(1-9) 0 (0-3) 0 (0-2) 0 (0-2)
normal
MTHFR heterozigot 48 (40) 28.3315.12 31.49+5.27 3 (1-6) 0 (0-5) 0 (0-1) 0 (0-2)
MTHFR homozigot 7 (5.8) 29.17+5.7 30.25+5.56 3 (3-4) 0 (0-3) 0 (0-0) 0 (0-1)
FVL heterozigot 18 (15) 27.59+6.73 30.20+5.69 3 (2-5) 0 (0-3) 0 (0-1) 0 (0-1)
FII heterozigot 5(4.1) 2916.20 29.33+0.57 3 (1-4) 0 (0-2) 0 (0-0) 0 (0-1)
MTHFR/FVL/FII 65 (54.2) 27.98+5.39 30.72+5.10 3 (1-6)* 0 (0-5)* 0 (0-1) 0 (0-2)
mutations
MTHFR/FVL/FIl normal 55 (45.8) 27.85+5.43 31.08+5.98 3 (1-9) 0 (0-2) 0 (0-2) 0 (0-2)
Total 120 27.92+5.54** 30.90+5.55™* 3(1-9) 0 (0-5) 0 (0-2) 0 (0-2)

Note: Data are presented as mean +SD (range).
Data are presented as n (%).
MTHFR: methylenetetrahydrofolate reductase.
FVL: factor V Leiden.
FIl: prothrombin.
*p<0.001.
**p>0.05, p>0.05.

Table 2. Prevalence of chromosomal aberrations according to number of previous miscarriage and prevalence of genetic markers of

thrombophilia mutations according to number of previous miscarriage

Number of Chromosomal Chromosomal Total P Odds ratio 95% CI
previous aberrations normal
miscarriages
3-4 13 (12.4) 92 (87.6) 105 NS 0.6 0.14-2.27
>5 3 (20) 12 (80) 15 NS 0.6 0.19-1.92
Total 16 (13.3) 104 (86.7) 120 NS 1.09 0.84-1.42
Number of previous Genetic markers Genetic markers Total P OR 95% ClI
miscarriages of thrombophilia of thrombophilia

mutations normal
3-4 50 (47.6) 55 (52.4) 105 NS 1.07 0.94-1.22
>5 5(33.3) 10 (66.7) 15 NS 0.6 0.21-1.62
Total 65 (54.2) 55 (45.8) 120 NS 1.81 0.58-5.68

Data are presented as n (%).
ClI: confidence interval; NS: not significant.

Table 3. Miscarriage rates, age of parents and number of patients

Number of previous spontaneous abortions Number of patients

Patients age (years) Husbands age (years)

88
13
6

- ©oONO U~ W

3
2
2
1
1

1

27.01+5.24 29.90+5.28
28.85+4.45 33.00+5.51
34.67+3.72 35.80+4.66
32.00+2.65 36.67+6.11
32.00+1.41 35.00+0.00
25.00+8.48 34.00+0.00
32.00+0.00 35.00+0.00
37.00+0.00 39.00+0.00

Note: Data are presented as mean +SD (range).

Table 4. Chromosomal aberrations significantly increased with mutation of genetic markers of thrombophilia (p=0.015)

Genetic markers of Genetic markers of Total

thrombophilia normal thrombophilia mutation
Chromosomal aberrations 12 4 16
Chromosomal normal 43 61 104
Total 55 65 120
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Recurrent fetal loss is multi-factorial and involves the partic-
ipation of a number of acquired risk factors, including
advanced parental age, systemic disease, inherited risk
factors including FVL, FII, MTHFR mutations and parental
karyotypic aberrations.

In our study, with a limited number of patients who had a
history of recurrent pregnancy loss, we have found that chro-
mosomal anomalies in both parents and MTHFR, FVL, and
FII gene mutations in women may be associated with recur-
rent abortions. Further studies are needed to clarify whether
parental chromosomal aberrations and mutations of GMT are
directly related with RM. It seems more likely that the
prognosis for a pregnancy with history of previous RM is
more dependent on factors such as the number of previous
miscarriages, maternal age, and paternal age.
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