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Introduction
Recurrent pregnancy loss (RPL) also referred to as recurrent 

miscarriage or recurrent spontaneous abortion has been a cause for 
bad obstetric history along with still births, intrauterine fetal deaths 
and intrauterine growth retardation (IUGR). According to the Practice 
Committee of the American Society for Reproductive Medicine, 
for epidemiological studies, three or more pregnancy losses are 
considered as RPL whereas, for clinical purposes, two pregnancy 
losses in the first trimester constitute RPL.1

Though there are several known causes that lead to RPL such 
as uterine structure abnormalities, infection from TORCH agents, 
chromosomal abnormalities, endocrine factors and environmental 
factors, 50% of the causes are not known.2,3 Genetic causes contribute 
2-5% of the aetiology for RPL and they may be due to chromosomal 
abnormalities or gene mutations.3 This paper has been subdivided 
into two in order to discuss the cytogenetic and the molecular defects 
observed in association with RPL. Genetic studies play an essential 
role in diagnosing RPL and helps in better understanding of the 
condition.

Cytogenetic Defects
About 50% of the aborted foetuses have chromosomal abnormalities 

as a result of nondisjunction and thus cytogenetic evaluation becomes 
very crucial in diagnosing spontaneous abortions. In a study involving 
151 recurrent abortion patients with a first trimester abortion, 7.3% of 
the mothers had chromosomal abnormalities of which X chromosome 
mosaicism dominated followed by reciprocal translocations and 
Robertsonian translocations. 2.1% of the fathers had chromosomal 
defects with X chromosome mosaicism and inversions. Trisomy, 
polyploidy and monosomy dominated among the aborted fetuses.4,5 
Thus, structural and numerical defects in the chromosome of both the 
parents and the foetus can lead to abortion.

Aneuploidy

An addition or deletion of chromosomes in the foetus or in the 
parents can lead to an abortion. Numerical chromosomal abnormalities 
in parents, resulting in abortion are not as common as structural 
abnormalities but of them, aneuploidies involving the X chromosome 
are the most commonly observed.6 In a study conducted in China, 

only 0.18% of the 137 RPL carriers had chromosomal abnormalities 
whereas balanced translocations dominated.7 A comparative study 
was done between spontaneous abortion (SA) and RPL using the 
aborted foetuses and it was found that the number of chromosomal 
abnormalities were significantly higher in RPL than in SA. The 
abnormalities observed in aborted foetus of RPL patients were 
trisomies, monosomy X, polyploidy and other structural aberrations. 
Among the trisomies, trisomy 16 and 22 were the most commonly 
observed and in SA cases, in addition to trisomy 16 and 22, trisomy 
13, 18 and monosomy X were also prominent.8 When the sperm 
samples from men suffering from RPL were analysed, chromosome 
16 disomy was very common and contributed to 60% of the cases.9 
Sperm aneuploidy test for chromosomes 18, X and Y was conducted 
which revealed that 10.6% of sperms had a chromosomal aneuploidy 
in RPL patients whereas in the control group, there was an abnormality 
of only 1.5%. Moreover, an increase in the rate of sex chromosome 
disomy was also observed.10

Structural chromosomal abnormalities

Structural defects were observed in 92.9% of the parental 
population and all of them were balanced translocations. Balanced 
translocation is the most common type of chromosomal aberration 
in an RPL patient and counselling the parents helps in getting a 
better pregnancy outcome. The chance for their offspring to have an 
unbalanced translocation can be minimized.6,11,12 When chromosomal 
abnormality carriers and non-carriers were compared, no significant 
difference was observed between them in the number of live births.7 
This study confirms that apart from chromosomal defects, there are 
other aetiologies to RPL.

The involvement of more than 2 breakpoints in 3 chromosomes 
gives rise to a complex nature of rearrangement and a balanced 
complex chromosomal rearrangement involving chromosomes 3, 18 
and 21 with 4 break points was observed in a family by using high- 
resolution banding and three colour FISH.13 A retrospective study 
conducted on 1415 couples showed that only 0.1% of the couples had 
complex chromosomal rearrangements.14 Thus, though uncommon, 
complex chromosomal rearrangements also contribute to RPL.

The role of chromosomal variants such as inv(9)(p11q12), qh+ 
heteromorphisms in chromosomes 1, 9,16 and Y; pseudo satellites in 
chromosomes 13,14, 15, 21 and 22 and fragile sites in chromosome 16 
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Abstract

The aetiology behind recurrent pregnancy loss is unknown in about 50% of cases despite 
having a lot of known factors. Two to five percent of RPL occur due to a genetic cause. A 
structural or a numerical abnormality in the chromosomes of the parents or in the foetus 
can result in pregnancy loss. Several genes like those that are involved in angiogenesis, 
oxidative stress, clotting and inflammation have also been associated with RPL. Recent 
advances such as the use of microarrays and next generation sequencing for detecting the 
genetic abnormalities in RPL patients, in the aborted foetuses and in the embryos in the form 
of preimplantation genetic screening can help to better diagnose and treat RPL patients.
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and 17 in recurrent pregnancy loss has been a topic of debate for long 
of which, inv(9), 1qh+, 9qh+, fra(17) were of statistical significance in 
the Romanian population.15 In the Indian population, inv(9) and 1qh+ 
were commonly observed.16

An aberration in the heterochromatin regions of the long and 
short arms of the Y chromosome have been observed in infertile men. 

Therefore, Yqh+ and Yqh- may be associated with an increased risk 
of abortion.17 But, microdeletions in the azoospermia region of the 
Y chromosome (AZFa, AZFb and AZFc regions) were not found to 
be associated with RPL.18 Numerical and structural chromosomal 
abnormalities observed in the parents and the abortus are listed in 
Table 1 & 2.

Table 1 Structural aberrations observed in RPL patients and in the aborted foetus4,6,7,17

  Females Males

Structural 
Abnormalities

46,XX,t(2;12) 
46,XX,t(2;4)(p24;q13) 
46,XX,t(3;8)(q25;p21),9qh+ 
46,XX,t(3;6)(p25;q13) 
46,XX,t(6;9)(p21;p23) 
46,XX,t(6;11)(q21;q23.3) 
46,XX,t(8;14)(p21;q32) 
46,XX,t(8;15)(q22;q15) 
46,XX,t(9;16)(q22.1;p11.1) 
46,XX,t(9;20)(q21;p11.2) 
46,XX,t(10;16)(q25.1;p12) 
46,XX,t(11;17) 
46,XX,t(11;18) (q25;921) 
46,XX,t(13;16) (q34,q12) 
45,XX,rob(13;13)(q10;q10) 
45,XX,rob (14;21) (q10q10) 
46,XX,rob(15;21)(q10;q10) 
45,XX,rob(15;22)(q10;q10) 
45,XX,rob(21;22)(q10;q10) 
46,XX,inv(1)(p11q12) 
46,XX,inv (9p) 
46,XX,1qh+ 
46,XX, 9qh+ 
46,XX, 16qh+ 
46,XX,13pstk+ps+ 
46,XX,22pstk+ 
46,XX, 21pstk+

46,XY,t(1;2)(p22;q31) 
46,XY,t(1;11)(p22;q23) 
45,XY,t(1;11)(q25;q23), rob(15;22)(q10;q10) 
46,XY,t(1;11)(q42.1;q13.4) 
46,XY,t(2;3)(p13;q27) 
46,XY,t(3;20)(p14.1;p13) 
46,XY,t(4;17)(q21;p13) 
46,XY,t(4;20)(q22;p11.2) 
46,XY,t(4;22)(q34;q1) 
46,XY,t(8;18)(q22.3;q21.1) 
46,XY,t(8;22)(p21;q13.1) 
46,XY,t(13;18)(q21;q22) 
45,XY,rob(14;21)(q10;q10) 
45,XY,rob(13;14)(q10;q10),22 pstk+ 
46,XY,inv(7)(p15q22) 
45,XY,inv(9)(p11q13),rob(14; 22)(q10;q10) 
46,XY,inv(18)q10 
46,XY,1qh+ 
46,XY,9qh+ 
46,XYqh+, 9qh+ 
46,XYqh+ 
46,XYqh− 
46,XY,15ps+ 
46,XY,21ps+ 
46,XY,21cenh+

Numerical 
Abnormalities

46,XX/47,XXX/45,X 
46,XX/47,XXX 
46,XX/49,XXXXX/45,X 
46,XX/49,XXXXX 
45,X/46,XX 
47,XXX

46,XY/47,XXY

Table 2 Chromosomal aberrations observed in the aborted tissue6

Structural abnormalities Numerical abnormalities

45,XX, rob(22;22)(q10;q10) 
46,XX,der(7)t(3;7)(p21.3;q35) 
46,XY,der(14)t(8;14)(p21;q32)mat 
46,XY,r(13;14),+13

47,XY,+5 
47,XY,+8 
47,XY,+12 
Trisomy 13 
47,XY,+14 
47,XY,+15 
47,XY,+16 
Trisomy 18 
48,XXY,+18 
47,XY,+20 
Trisomy 21 
47,XY,+22 
48,XX,+14,+21 
45,X 
45,X/46,XX 
46,XY/46,XX 
69,XXY 
69,XXX 
69,XXY,inv(9)(p11q13)
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Gene mutations
Mutations in the genes that are involved in maintaining pregnancy 

can result in an abortion. Oxidative stress, thrombophilic factors and 
immunologic factors such as Human Leucocyte antigen and cytokine 
gene mutations are contributing factors to RPL. Polymorphisms in 
the oestrogen receptor (ER), progesterone receptor (PR) and androgen 
receptor (AR) have been studied in association with RPL. Skewed X 
chromosome inactivation was also found to be significantly associated 
with RPL.19

Oxidative stress

Common anti-oxidant levels were lower in RPL patients 
when compared to normal ones in whole blood and in the plasma. 
Subsequently, the level of known oxidants was significantly higher 
in RPL patients than in women with successful a pregnancy.20 A 
study of oxidative stress related genes was conducted and ABCB1 
(rs1045642-T), COMT (rs4680-A), GPX4 (rs713041-T), and OGG1 
(rs1052133-G) alleles were associated with RPL.21 A  Tet-mev  1 
transgenic mouse model with a defective mitochondrial respiratory 
chain causing an increase in oxidative stress was studied. On 
observation, it was found that the pregnant mice showed placental 
angiodysplasia leading to a hypoxic condition. This further lead to 
the inflammation of the placenta and abnormal angiogenesis and 
resulted in spontaneous abortion. Thus oxidative stress influences the 
occurrence of RPL.22

Thrombophilic factors

Coagulation disorders are a risk factor for thrombotic events and 
can lead to pregnancy loss. A number of thrombophilic mutations 
have been studied in association with RPL. Angiotensin I- converting 
enzyme (ACE) gene plays a part in the renin-angiotensin system (RAS) 
which regulates blood pressure and thereby helps in maintaining 
pregnancy. A study involving 149 patients with ≥3 abortions and a 
meta-analysis that was performed with 1192 patients showed no 
association between the insertion/deletion polymorphism in intron 16 
of  ACE  gene & RPL.23 Though  ACE  gene showed no significance 
for the I/D polymorphism in Iranian population, a strong association 
was seen between Plasminogen activator inhibitor 1 (PAI-1) 4G/5G 
polymorphism and RPL. PAI-1 4G polymorphism was seen in 17% of 
the cases and in 5% of the controls. Both ACE and PAI-1 genes control 
and regulate the coagulation of blood. While PAI-1 inhibits fibrinolytic 
reactions, ACE converts angiotensin I to angiotensin II which helps 
in the synthesis of PAI-1.24 Evaluation of coagulation factors such 
as anti-thrombin III, protein C, protein S, factor V Leiden and lupus 
anticoagulant in the plasma of spontaneous abortion patients revealed 
that at least one abnormality was seen in 42.7% of cases with the 
most common being protein C deficiency followed by abnormal AT 
III and lupus anticoagulant.25 Factor II prothrombin (PTm) G20210A 
mutation plays an important role in RPL.17 Coagulation factor XIII 
and  β  fibrinogen are both important for the coagulation of blood 
and a meta-analysis that was performed revealed that only  FXIII 
Val34Leu polymorphism had an association with RPL.26

MTHFR C677T polymorphism has been shown to be significant among 
other thrombophilia genes.6  MTHFR  (10-methylentetrahydrofolate 
reductase) is an enzyme involved in folate metabolism and 
polymorphisms in the gene coding for this enzyme revealed no 
significant difference between the cases and the controls. However, 
the combination of rs1801133 and/or rs1801131 alleles were 
more common in patients with spontaneous abortion.27 In another 
study, MTHFR polymorphisms 677 C/T and 1298 A/C and methionine 

synthase reductase (MTRR) polymorphism 66 A/G were studied and 
677 T/T of MTHFR and 66 A/G polymorphism of MTRR were higher 
in the patients.28 A polymorphism in these genes affects methionine 
production and in turn the pregnancy outcome by influencing DNA 
synthesis and repair.

Angiogenesis genes

Nitric oxide (NO) mediates the relaxation of vascular smooth 
muscles. Low production of NO can affect the supply of oxygen 
and nutrition to the foetus.  VNTR  polymorphism in intron 4 and 
the Glu298Asp polymorphism in exon 7 are the most common 
polymorphisms in endothelial nitric oxide synthase (eNOS). A 
tumor suppressor gene  p53  mediates inflammation, transcriptional 
regulation and controls the growth of the foetus by playing a role in 
angiogenesis. Less or over production of p53 as a result of mutation 
can lead to the death of the foetus. Vascular endothelial growth factor 
(VEGF) plays a crucial role in the angiogenic development of the 
foetus and the placenta. The common polymorphism in VEGF  that 
has been associated with RPL is (-1154G/A) in the promoter region.29

Immunologic factors

Human Leucocytic Antigen:  Specific DP, DQ and DR alleles of 
Class II MHC have an increased risk of miscarriage and a 14 bp 
polymorphism in the UTR region of HLA-G has been found in RPL 
patients. HLA-G is a minor Class I molecule that is present on the 
cytotrophoblast. It mediates pregnancy by controlling the NK cells 
and by suppressing the proliferation of the T lymphocytes. A decrease 
in the amount of  HLA-G  has been observed in women with RPL. 
Allelic variants of  HLA-G  such as 0105 N, 0106, 010401, 010108 
have been associated with lower level of sHLA-G and contributes to 
RPL susceptibility.30 WHO Nomenclature Committee for factors of 
the HLA System has accepted around 15 HLA-G alleles in the coding 
region.31

Cytokines:  Cytokines are signalling molecules that help to 
communicate between the trophoblast and the decidual cells. Th1 
dominant immunity was thought to be associated with miscarriage 
but a Th2 dominance has also been associated with RSA. Thus the 
Th1- Th2 paradigm has been expanded to Th1/Th2/Th17and Treg cell 
paradigm. Th1 cells produce pro-inflammatory cytokines like TNF α, 
TNF β, IFN γ, IL1, IL2 which activate the cytotoxic T lymphocytes 
thereby initiating a cell mediated response. IL 4, IL 5, IL 6, IL 10 
and IL 12 are anti-inflammatory cytokines that are produced by Th2 
cells and they result in the production of antibodies by the B cells 32 A 
number of cytokine polymorphisms and their role in RPL have been 
studied as cytokines play a very important part in pregnancy. Several 
studies have shown an association but the results are inconsistent 
and vary with populations. The levels of IL-18, leukemia inhibitory 
factor (LIF), and migration inhibitory factor (MIF) in blood and IL-
12, IFN-γ, intracellular adhesion molecule-1 (ICAM-1) in tissue have 
been found to be significantly different between RPL patients and 
fertile patients.33

In Iran, polymorphisms in the promoter region and in the introns 
of  FOXP3  (forkhead or winged helix transcription factor) gene, 
a gene involved in the development of Treg cells were analysed of 
which−924A/G and -20G/A were statistically different between the 
cases and the controls. Reduction in the expression of FOXP3 results 
in a decrease in Treg production and this can affect the balance of the 
cytokines that are produced.34

Complement activation: The complement system which consists of 
serum proteins is important in maintaining maternal tolerance against 
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the foetus during pregnancy. This system consists of three pathways, 
the classical, alternative and the lectin pathway based on the factor 
that initiates the complement system. Cryy in mouse is a homolog 
of Membrane co-factor protein (MCP) otherwise called CD 46 and 
decay accelerating factor (DAF), and a deficiency of this protein 
leads to embryonic death as a result of placental inflammation due 
to excess C3 deposition.35,36 The levels of complement split proteins 
in the blood and the expression of complement inhibitory proteins at 
the foeto-maternal surface were analysed and it was found that the 
level of C5a was higher in spontaneous abortion patients over those 
who underwent an an elective abortion. Furthermore, the regulatory 
proteins CD46 and CD55 were lower in patients with spontaneous 
abortion.37 The higher expression of the regulatory proteins may be 
due to mutations that occur in the genes coding for CD46 and C4 
binding protein (C4BP) in RPL patients .36

Microarrays and whole exome sequencing
Chromosomal microarray has been considered to be a good 

technique to detect abnormalities in the product of conception over 
karyotyping as it has a higher success rate and it provides more 
information. It can be performed even on dead cells however maternal 
contamination has to be ruled out.38 Whole genome and whole 
exome sequencing (WES) can potentially be used to detect novel 
mutations in RPL patients. A study was conducted on four families 
suffering from RPL and it was noted that of the 4 families, 2 showed 
a mutation in  DYNC2H1  (Dynein Cytoplasmic 2 Heavy Chain 1) 
and ALOX15 (arachidonate 15-lipoxygenase) genes. Both these genes 
are involved in the early development of the foetus. Though WES has 
been found to be efficient, the study used a very small sample size.39 
Hence WES performed with a bigger sample size can shed light into 
the deleterious genes related to RPL.

Preimplantation Genetic Diagnosis (PGD)/ 
Preimplantation Genetic Screening (PGS)

In the case of genetic abnormality, the patients are advised for 
genetic counselling which will help them to understand the risks 
involved in future pregnancies. A genetic study of their family for a 
similar aberration can be done to get a better picture will help in decision 
making.40 For translocation carriers with 3 or more pregnancy losses, 
it was seen that with PGD, the live birth rate was 87%. Thus PGD can 
help RPL patients with better pregnancy outcomes and also reduce the 
time taken to conceive.41 However, in a review that was conducted, 
it was seen that on comparing live birth rates between patients who 
conceived naturally and those who conceived after PGD, the results 
were similar.42  PGS using Next Generation Sequencing (NGS) to 
screen the entire genomic content of an embryo prior to implantation 
coupled with advances in artificial reproductive techniques can be 
effective in reducing pregnancy loss in RPL patients.43

Conclusion
Chromosomal studies show that the abnormalities vary between 

parents and the aborted foetuses. While balanced translocations are 
more common in the RPL parents, trisomies dominate among the 
aborted samples. Thus testing of both the parents and the foetus 
proves to be important for future pregnancies. Several genes have 
been studied in association with RPL, the most important being the 
genes involved in the coagulation of blood. Screening for common 
chromosomal defects and gene mutations needs to be implemented 
along with other routine tests for the diagnosis of RPL.
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