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Abstract
Purpose Repeated pregnancy loss (RPL) occurs in 1 out of
300 couples, and the cause of about 50% of them remains
idiopathic. Mitochondria have an important role in human
development through ATP production and their involvement
in apoptosis.
Methods 96 RPL and 96 control females were used to
investigate the frequency of deletions and point mutations in
the displacement loop (D-loop) on mitochondria. Multiplex
PCR and DNA sequencing methods were used to detect
possible variations in the mitochondrial DNA (mtDNA).
Results No deletions but a high frequency of point mutations
were found in RPL females; among 129 variations observed in
RPL, 22 mutations were significant (P<0.05) and the
insertion of C in nucleotide 114 was novel.
Conclusion High rate of mutations in D-loop of mtDNA
was observed in maternal blood, a fact that may have a
direct or indirect role in inducing RPL. The results can be

used in the assessment of RPL and designing possible
treatments for improving assisted reproduction.
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Introduction

Pregnancy loss can be defined as the unexpected spontane-
ous miscarriage before the fetus is capable of extra-uterine
survival. Traditionally, recurrent abortion has been defined as
the occurrence of three or more clinically recognized
pregnancy losses before 20 weeks from the last menstrual
period. About 1 in 300 couples and 0.5–2% of women
worldwide have repeated pregnancy loss (RPL) [1]. Pre-
sumed etiological factors include endocrine disorders; such
as hypothyroidism and luteal phase deficiency, chromosomal
aberrations, uterine abnormalities, infectious disorders and
thrombophilia. These factors cause in about 50% of RPLs
and the reason for the others are still idiopathic [2, 3].

Recently, it has been hypothesized that mitochondria
may be directly involved in human reproduction, this has
taken attentions within the scientific and medical com-
munity [4]. Human mitochondrial DNA (mtDNA) contains
a 16569-base pair double strand circular genome which
encodes 13 proteins (from 37 genes) of the respiratory chain,
2 rRNAs and 22 tRNAs needed for mitochondrial protein
synthesis [5, 6]. The double strand consists of heavy (H-
strand that is Guanine-rich) and light strands (L-strand, that
is cytosine-rich). This genome also includes a non-coding
displacement region (D-loop) which consists of 1122 base
pairs (bp) (16024- 577 nt of mtDNA) [7], acting as a
promoter of mtDNA and containing essential transcription
and replication elements. D-loop contains two hypervariable
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regions (HV1 at nucleotides 16024- 16383 and HV2 at
nucleotides 57-372) [8]. Also, there is a repeat area of C
nucleotide (poly-C) between 303 and 315 positions (D310)
within this regulatory region.

Until now, over 200 mtDNA mutations have been
reported in Mitomap database which are associated with a
wide variety of human diseases. A recent study revealed a
higher frequency of mtDNA variations in women with RPL
[9]. Most of these mutations accumulate in the regulatory
region or D-loop [10]. Since D-loop has a regulatory role
on mtDNA replication and transcription, mutations in this
region might have an important effect in copy number and
gene expression of the mitochondrial genome, and could
disturb mitochondrial function, oxidative phosphorylation
(OXPHOS) and ATP production.

Previous studies, however, do not provide enough
evidence for the association between apoptosis related
genes, including mtDNA, and pregnancy loss. In this study
we examined common mitochondrial deletions and D-loop
nucleotide alterations in samples taken from RPL women
and normal controls.

Materials and methods

Patients and samples

A total of 335 consecutive couples suffering from RPL
were evaluated at a primary stage. They were referred to the
Research and Clinical Center for Infertility, Yazd University
of Medical Science between September 2006 and June
2008. Among them, 96 women were screened as idiopathic
at reproductive age. Diagnosis of RPL was based on a
documented history of at least three spontaneous, consec-
utive abortions before 20 weeks of gestation from the same
partner. These women underwent a standard diagnostic
procedure in order to rule out any known cause of RPL.
The diagnostic procedure included paternal and maternal
karyotype, uterine sonography, TORCH infection study
(Toxoplasmosis, Rubella, Cytomegalovirus, Herpes Sim-
plex virus type II and Listeria), assessment of hormonal
status, IgM and IgG anticardiolipin, and antiphospholipids
antibodies assay. According to other studies, thrombophilia
could be also a determinant factor in RPL [11]. However,
the scales of the current study did not allow investigation of
this aspect and it was postponed to the future works. All of
the cases, involved in primary RPL, had no history of child
delivery. The control group consisted of 96 women with at
least two live births and no history of pregnancy loss. All
controls were at reproductive age and were waiting for their
second or more delivery in delivery room. All of the
participants were informed about research and signed the
consent approved by the ethical committee.

DNA extraction

Blood was collected from the antecubital vein for the
isolation of genomic DNA. The DNA from 96 females with
idiopathic RPL was totally isolated from the blood samples
using a Flexigene blood DNA kit (DNA fast, QIAGEN)
according to the manufacturer’s protocol. The isolated
DNA was kept at 4°C.

Multiplex PCR reactions

The deletion- prone region between nucleotide 5461 of
light strand and nucleotide 15000 of heavy strand was
examined in all the patients. Four fragments were studied in
a multiplex PCR as described elsewhere [12]. The reaction
mixture for multiplex PCR contained 10 pmol of each
primer, 1unit Taq polymerase (Cinnagene, Iran), each dNTP
at a final concentration of 200 μM, and 2.5 μl PCR buffer
at a final volume of 25 μl. The PCR reactions were
performed in a thermal cycler (TECHNE) for 35 cycles
with denaturation at 94°C for 1 min, annealing at 58°C for
1 min, and primer extension at 72°C for 35 sec. The
amplified fragments were separated on 1.5% agarose gel.
The distances between the primers were long enough to
allow amplification only if a part of the DNA between
respective primers was deleted.

PCR-Sequencing analysis

Two primer pairs of PCR were designed from the 5′ and 3′
flanking regions to amplify the mitochondrial D-loop
region. The 20-nucleotide 5′ end primer of D-loop part
one (5′-ATC ATT GGA CAA GTA GCA TC-3′) from
nucleotide 15791 to 15810, and the 20-nucleotide 3′ end
primer of it (5′-GCT CCG GCT CCA GCG TCT CG-3′)
from nucleotide 91 to 110 were used to amplify the first
part of D-loop genome. The 20-nucleotide 5′ end primer of
D-loop part two (5′-GAT CAC AGG TCT ATC ACC CT-
3′) from nucleotide 1 to 20, and 20-nucleotide 3′ end primer
of it (5′-GAG CTG CAT TGC TGC GTG CT-3′) from
nucleotide 761 to 780 were used to amplify the second part
of the D-loop. Using these primers, we were able to
evaluate nucleotides from 16791 to 780 covering the
complete D-loop region. The PCR condition was an initial
denaturation at 95°C for 5 min, followed by 35 cycles of
denaturation at 94°C for 60 s, annealing at 58°C for 60 s,
extension at 72°C for 35 s, and 5 min final extension. The
PCR-amplified fragments were purified and sequenced by
Macrogen Company (Seoul, South Korea). DNA sequences
were determined using the same PCR primers in two
directions for more precise results. The result of DNA
sequence analysis was compared with the Cambridge
reference sequence (http://www.mitomap.org/) using the
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Clustal X program. The sequence variants not found in the
corresponding record of MITOMAP and other human
databases were defined as novel alterations according to
Bandelt’s method [13].

Statistical analysis

All of the statistical analyses were carried out with the
SPSS software package 16.0 (SPSS Inc., Chicago, IL,
USA). The prevalence of sequence variation between the
case and control groups was compared using Chi-square,
Fisher’s exact, and ANOVA tests. P<0.05 was considered
statistically significant.

Results

The characteristics of the females with RPL and the healthy
females were evaluated as shown in Table 1. Our data
shows that the mean age of the women with RPL at the
time of blood sampling has been 28.73 and the mean
gestational age at the time of miscarriages has been 10.35.
The mean age of control group at the time of blood
sampling has been 30.20 while they had 2–4 children.

The screening of 96 idiopathic cases of RPL by doing
multiplex PCRs showed no common deletion in mitochon-
drial DNA.

D-loop region was evaluated by direct sequencing, which
resulted in 153 different variations in our studied population.
Among these, 89 variations were only seen in RPL cases
(Table 2), 24 only in control samples, and also 40 were found
in both (Table 3). A significant difference was seen between
two groups in 7 SNPs (P<0.05; T16126C, T16189C,
C16223T, C16294T, T16311C, T16362C, T16519C). From
the mutations which were only seen in RPL group, 15 SNPs
were significant (T146C, C150T, C151T, T152C, T195C,
T199C, C285T, C295T, C462T, T489C, C16069T,
T16093C, C16148T, A16183C, C16261T) (Table 4) and
one mutation was novel (C114insertion).

Six types of D310 mutations were seen in 49 (51.04%) of
the females with RPL. The most common type of these
mutations was C insertion at nucleotide 310 that was found in
37 cases (38.54%). The others were CC and CCC insertion,
and substitution of T with CCC, CCCC and CCCCC (Fig. 1).

Discussion

The mechanisms of pregnancy loss which could be induced
by various agents are not completely understood. The
biological processes for maintaining a stable pregnancy are
mediated by a series of differential gene expressions. The
aberrant expression of apoptotic related genes is seen in some
cases of RPL [14]. Several of these genes are involved in the
internal apoptotic pathway and have interaction with
mitochondria which having a critical role in this pathway.
MtDNA is inherited from the mother’s ovum [15], and it is
unusual for sperm cells to contribute to mitochondria when
fertilizing the oocyte. Mature oocytes have at least 100,000
copy of mtDNA [16]. MtDNA sequence variants rapidly
segregate between progenies during oogenesis or early
embryogenesis [17]. Mitochondria are the bioenergetics
and metabolic centers of eukaryotic cells and responsible
for producing most of the cellular ATP through oxidative
phosphorylation. The role of mitochondria is more important
during the processes with high-energy consumption such as
cell proliferation and development. Mitochondrial function
serves as an important marker for oocyte quality, explaining
some cases of fertilization failure [18]. Maintaining a
functional complement of maternally derived mitochondria
is vital for the early embryo. Decreased mitochondrial
transcription may result in a poor fertilization rate and
compromised embryonic development [19]. The disability of
mitochondria to produce ATP or to activate the apoptosis
cascade has been suggested as a possible cause for early
human embryo loss [20].

In mtDNA, D-loop part acts as a promoter of mtDNA
and contains essential elements for transcription and
replication of mitochondrial genes. D-loop has been
demonstrated as a mutation ‘hot spot’ in some disorders
such as cancers. The rate of mutations in D-loop is much
higher than in other parts of mtDNA, and such
alterations can affect the transcription or translation of
mtDNA [21].

In recent study, no common mitochondrial deletions
but a significant high rate of point mutations in D-loop
region of mtDNA were seen. There were 22 significant
mutations in RPL group and finally the prevalence of
D310 mutations was not significantly different between
two groups.

Women with RPL Controls

Age at miscarriage study (years)a 28.73±5.86 30.20±4.14

No. of miscarriage b 3 (3–11) 0

Gestational age at the time of miscarriagea 10.35±3.75 0

Number of miscarriagea 3.99±1.65 0

No. of live birthb 0 2 (2–4)

Table 1 Characteristics of wom-
en with RPL and control females

Mean ± standard deviationa ;
Median (range)b
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Sample/ Description Number Min. Max. Mean Std. Deviation

RPL 96 3 17 8.79 3.356

Normal 96 2 10 4.90 1.756

Table 2 Distribution of point
mutations in RPL and control
females

ANOVA test # 0.0001

Row SNP RPL Control Odds Ratio P-value

N % N %

1 A73G 69 71.87 73 76.04 0.81 0.5106

2 G143A 2 2.08 1 1 2.02 0.5606

3 A189G 4 4.17 6 6.25 0.65 0.5159

4 A197G 1 1 1 1 1 1.0000

5 A200G 5 5.20 1 1 5.22 0.0970

6 G207A 6 6.25 4 4.17 1.53 0.5159

7 A235G 2 2.08 1 1 2.02 0.5606

8 C324G 4 4.17 7 7.29 0.55 0.3515

9 G499A 1 1 2 2.08 0.51 0.5606

10 AC524add 4 4.17 3 3.12 1.35 0.7002

11 C16071T 3 3.12 1 1 3.06 0.3122

12 T16126Ca 28 29.17 3 3.12 12.76 0.0001

13 G16129A 8 8.33 3 3.12 2.82 0.1204

14 C16134T 1 1 3 3.12 0.33 0.3122

15 G16145A 12 12.50 7 7.29 1.82 0.2268

16 A16163G 3 3.12 4 4.17 0.74 0.7002

17 T16172C 4 4.17 1 1 4.13 0.1740

18 C16186T 4 4.17 1 1 4.13 0.1740

19 T16189Ca 23 23.96 4 4.17 7.25 0.0001

20 T16217C 1 1 1 1 1 1.0000

21 C16223Ta 14 14.58 4 4.17 3.93 0.0132

22 T16249C 1 1 1 1 1 1.0000

23 A16265C 2 2.08 2 2.08 1 1.0000

24 G16274A 3 3.12 3 3.12 1 1.0000

25 C16278T 3 3.12 1 1 3.06 0.3122

26 C16286T 1 1 1 1 1 1.0000

27 C16292T 2 2.08 1 1 2.02 0.5606

28 C16294Ta 7 7.29 1 1 7.47 0.0302

29 C16296T 4 4.17 1 1 4.13 0.1740

30 T16298C 2 2.08 1 1 2.02 0.5606

31 A16300G 1 1 1 1 1 1.0000

32 A16309G 4 4.17 3 3.12 1.35 0.7002

33 T16311Ca 10 10.41 2 2.08 5.47 0.0170

34 G16319A 2 2.08 2 2.08 1 1.0000

35 A16343G 2 2.08 1 1 2.02 0.5606

36 T16362Ca 11 11.46 1 1 12.29 0.0028

37 G16390A 3 3.12 7 7.29 0.41 0.1938

38 A16399G 1 1 1 1 1 1.0000

39 T16519Ca 44 45.83 8 8.33 9.31 0.0001

40 C16527T 1 1 1 1 1 1.0000

Table 3 Individual single nu-
cleotide polymorphism loci in
RPL and control groups

a Statistically significant
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The RPL women did not have any deletions in
mitochondrial genome. Deletions have been found in
mtDNA in various cancers [21, 22] and mitochondrial
myopathies [23]. Such deletions can interfere with cell
proliferation and could be possibly observed in somatic cell
disorders. At level of germinal cells however, they can lead
to the early apoptosis, elimination of the cells and fetal loss.
Although, we did not find any deletions in RPL women,
investigating this issue in the aborted fetus as well could
provide further information.

The minimum and maximum numbers of nucleotide
changes in RPL females were 3 and 17, respectively.
This was significantly decreased to 2 and 10 in the
normal group (Table 2). Previous investigations have
shown a high rate of mutations in D-loop region in some
cancers such as colorectal or gastric cancers [21, 22]; some
of these mutations are associated with special community
haplogroups. Therefore, it could be concluded that D-loop
mutations disrupt apoptosis in two direction; they can
either cause an uncontrolled cell proliferation (cancers)
and arrest or a decreased cell proliferation (degenerative
disorders or growth arrest in fetus). Although a high rate
of point mutations is seen in maternal blood, the women
have no clinical manifestations. Further biochemical
studies on these women’s blood as well as studying
aborted materials for such mutations can reveal other
effects of D-loop alterations.

Analysis of the mtDNA regulatory region revealed
129 variations in RPL women which 40 of them were
seen in both groups. SNPs A263G and C315insertion
were seen in all the samples which shows a genomic
diversity as a community haplogroup. Eighty nine and 24
of the variations were only found in RPL and control
groups respectively; whereas 40 variations were found in
both groups. Our results, also demonstrate that most of
D-loop variations in RPL females were homoplasmic. We
found 7 point mutations consisting of T16126C,
T16189C, C16223T, C16294T, T16311C, T16362C, and
T16519C more frequent in RPL females compared to the
controls (Fig. 2).

Table 4 Individual single nucleotide polymorphism loci in RPL
group

row SNPs Frequency Percentage P-valuea

1 C64T 2 2.08 0.4973

2 A93G 3 3.12 0.2460

3 C114ins.b 4 4.17 0.1210

4 T146C 14 14.58 0.0001

5 C150T 5 5.20 0.0234

6 C151T 7 7.29 0.0070

7 T152C 31 32.29 0.0001

8 T195C 13 13.54 0.0001

9 C198T 2 2.08 0.4973

10 T199C 5 5.20 0.0234

11 T204C 4 4.17 0.1210

12 T217C 2 2.08 0.4973

13 C271T 3 3.12 0.2460

14 C285T 7 7.29 0.0070

15 C295T 13 13.54 0.0001

16 A335G 1 1.04 1.0000

17 C340T 3 3.12 0.2460

18 A385G 2 2.08 0.4973

19 C456T 2 2.08 0.4973

20 C462T 12 12.50 0.0003

21 T482C 2 2.08 0.4973

22 T489C 19 19.79 0.0001

23 C497T 3 3.12 0.2460

24 A503G 2 2.08 0.4973

25 G228A 2 2.08 0.4973

26 A16051G 4 4.17 0.1210

27 C16069T 13 13.54 0.0001

28 T16093C 5 5.20 0.0234

29 C16111T 3 3.12 0.2460

30 C16148T 5 5.20 0.0234

31 G16153A 2 2.08 0.4973

32 A16182C 2 2.08 0.4973

33 A16183C 7 7.29 0.0070

34 C16193T 2 2.08 0.4973

35 C16193ins 2 2.08 0.4973

36 C16188T 2 2.08 0.4973

37 A16194C 3 3.12 0.2460

38 C16222T 4 4.17 0.1210

39 T16224C 3 3.12 0.2460

40 C16248T 2 2.08 0.4973

41 C16256T 3 3.12 0.2460

42 C16261T 10 10.42 0.0011

43 T16288C 2 2.08 0.4973

44 C16290T 3 3.12 0.2460

45 C16295T 3 3.12 0.2460

46 T16304C 2 2.08 0.4973

47 A16318T 3 3.12 0.2460

48 C16320T 2 2.08 0.4973

Table 4 (continued)

row SNPs Frequency Percentage P-valuea

49 C16327T 3 3.12 0.2460

50 C16344T 2 2.08 0.4973

51 C16355T 3 3.12 0.2460

52 T16381C 2 2.08 0.4973

53 G16384A 2 2.08 0.4973

54 Other mutationsc 36 1.04 1.0000

a Fisher exact test (2-tailed) is done for the values less than 5; b Novel
mutations; c These mutations were seen in one case
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The T16126C variant has been previously reported in
breast and endometrial cancers and glioblastoma multiform
[24, 25]. The T16189C variant has been associated with
type 2 diabetes a well as some metabolic syndrome [26,
27]. The C16223T variant have been described in infantile
sudden death syndrome, schizophrenic patients, age-related
macular degeneration, and idiopathic cardiomyopathy [28–
31]. The C16294T variant is associated with Parkinson
disease, infantile sudden death syndrome and age-related
macular degeneration [29, 30]. The T16311C variant is
seen in primary prostatic cancer [32]. The T16362C variant
is used in phylogenic studies and mitochondrial hap-
logroups determination [33]. The T16519C variant that
worsens pancreatic cancer prognosis seems to be a
predisposing genetic factor for diabetes mellitus and
gasterointestinal disorders [34, 35]. This variant has been

the most common variant among both RPL and control
groups in our study (45.83%).

Among 89 point mutations that were only detected in
RPL group, C114 insertion was novel. Also, 15 variations
consisting of T146C, C150T, C151T, T152C, T195C,
T199C, C285T, C295T, C462T, T489C, C16069T,
T16093C, C16148T, A16183C, and C16261T were signif-
icant in this group (Table 4).

The T152C variant that has an important role in
respiratory morbidity among children [36] had the second
significant frequency (32.29%) in our study [36]. Such
polymorphism is also described in H, U and K hap-
logroups. The role of haplogroups is emphasized for
various disorders such as age-related macular degeneration
[30]. This mutation can increase the risk of Parkinson
disease as a variation associated with haplogroup H [37].
The T489C variant is found more frequent in some
populations and disorders [38, 39]. The T146C variant is
important in phylogenic analysis and has been reported in
ovarian cancer and mitochondrial myopathies [40, 41]. In
turn, the other variations can have important roles in RPL,
independently or as a part of haplogroups. Because of the
location that some critical haplogroups polymorphisms
have in other parts of mitochondrial genome, haplogroup
determination was not feasible.

In our study, D310 mutations were seen in 49 (51.04%)
cases of RPL females and 59 (61.45%) of the controls
(Fig. 1).The D310 area has been recently identified as a
frequent hot spot of deletion/insertion mutation in some
disorders such as tumors [42, 43]. This polymorphic c-
stretch (CCCCCCCTCCCCC) is involved in the formation
of the persistent RNA-DNA hybrid which is essential for the
mtDNA heavy strand replication [44]. The difference of
D310 mutation between two studied groups was not
significant; therefore, we conclude that this variation is not
suitable to be used as a marker in RPL evaluation strategies.

The role of mtDNA mutations in embryogenesis and
reproduction is still under investigation. Such mitochondrial
dysfunction affecting ATP production during development
may result in empty sacs and other features of fetal loss. Thus ,
it is possible that some mtDNA mutations cause a develop-
mental arrest before pregnancy is clinically recognized [45].

Two mechanisms for inducing mtDNA mutations could
be considered. It is demonstrated that the disorder of
mtDNA can be induced by the defects of nuclear DNA
[46]. Another putative mechanism is associated with
reactive oxygen species (ROS). The mitochondrial genome
is extremely susceptible to damages from continuous
exposure to ROS. These molecules endogenously are
produced in mitochondrial respiratory chain and are
evidenced to increase the ratio of point mutations in
mtDNA [47]. This effect is probably through inhibition of
the repair system in mtDNA, detoxification of ROS, or

Fig. 1 Frequency of D310 mutations between RPL and healthy
females. (P=0.591)

Fig. 2 Distribution of significant variations in RPL and healthy
females

646 J Assist Reprod Genet (2010) 27:641–648



increase in ROS production. Such effects could be
considered as possible causes for D-loop point mutations
of mtDNA.

Due to difficulties for obtaining aborted materials, our
work was only focused on maternal blood. More studies are
necessary to show the primary or secondary role of D-loop
mutations in embryonic development.

Conclusion

The observed correlation between some mitochondrial
genome variations and RPL shows important role of this
organelle in fetal development. Further complementary
studies on mtDNA mutations can lead to a molecular
diagnostic panel for RPL patients. Variations in the
noncoding region have been previously reported as poly-
morphisms and unlikely to cause miscarriage. However,
more analysis may also discover a role for these regions in
RPL. Furthermore, preclinical abortions which are usually
reported as infertile couples, and also failure of in vitro
fertilization are our next targets for expanding this research
to infertility.
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