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Summary
Recurrent miscarriage is a disease distinct from inferti-

lity, defined by three or more consecutive pregnancy losses. 
There are a lot of causes which can be related with repe-
titive pregnancy losses. Miscarriages is a serious medical 
condition which affects about 15-20% of couples trying to 
get pregnant. Most of them (about 50%) are unknown and 
genetic factors compose 1-5% causes of repetitive miscar-
riages. For this reason it is important to find out genetic 
causes of recurrent spontaneous abortions. In this review 
we will analyze several cases including cytogenetic abnor-
malities and polymorphisms of genes. 

Introduction
Recurrent spontaneous abortion (RSA) is one or more 

pregnancy losses before 20-24 weeks of gestation or below 
a fetal weight of 500 g [1, 2, 3]. There are many causes of 
RSA for example endocrine, autoimmune (in most cases), 
anatomical abnormalities, advanced maternal and paternal 
age, diabetes mellitus, environmental toxins and genetic 
factors [4, 5, 6,]. There are studies which show evidence 
indicating genetic awareness of women is an important risk 
factor in occurrence of this multifactorial condition [7]. Ge-
netic factors include de novo numerical abnormalities and 
genetic changes reflected by inherited disorders [5, 8, 9]. 
Lots of studies have reported that chromosomal abnormali-
ties have a fair relationship between recurrent miscarriages 
and infertility [10]. The studies have been valuated that 1% 
of women in reproductive age are affected by RSA [4]. Ge-
netic causes affect 1-5% human population worldwide [11; 
12]. It is usually difficult to determine genetic risk factor in 
most spontaneous abortion patients [13].

Early studies of repetitive miscarriages was based on 
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cytogenetic methods which showed chromosomal abnor-
malities. In recent years innovative methods for DNA 
analyses was improved and let researchers to know more 
about gene expression, polymorphisms and chromosomal 
alterations which are assosiated with reccurent spontane-
ous abortions. 

The aim of the study. To evaluate genetic causes of 
recurrent miscarriages. Genetic reasons involve chromoso-
mal aberrations such as monosomy, trisomy, translocation 
and other. Also we will talk about polymorphisms which 
have influence on gene expression.

Methods
Internet search was performed in Pub Med database for 

the period 1999 up to 2016. These data were obtained using 
combinations of the search terms “recurrent”, “repetitive”, 
“repeated”, “spontaneous”, “abortion”, “miscarriages” and 
“genetic”. In the review we selected to use only genetic al-
teration and genes polymorphisms causes and excluded im-
munological causes, anatomical abnormalities, infectious 
and endocrine dysfunctions. We divided selected articles 
into cytogenetic and molecular changes.

Results
Cytogenetic factors. Trisomies and monosomies. The 

frequency variation of autosomal trisomy is 43-54% by 
cause of cytogenetic aberrations in repetitive miscarriages 
[1, 14, 15]. All trisomies were identified in embryo tissues. 
The karyotype of abortus tissues showed that autosomal tri-
somy is the most common factor in repetitive miscarriages. 
Trisomy mostly leads to miscarriages before 10 weeks [1]. 
Trisomy of 9, 12, 15, 16, 21, 22 and X chromosomes is 
known cause of genetic anomalies in recurrent abortions 
[1, 15]. Trisomy of 16 chromosome mostly leads to repeti-
tive spontaneous abortion [1, 14, 15].

Monosomy is less common than trisomy. Its frequ-
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ence is 8% of chromosomal abnormalities. In recurrent 
abortions autosomal monosomy is quite rare. It is mostly 
incongruous with life. There are some cases in repetitive 
miscarriages with autosomal monosomy of 13 and 15 chro-
mosomes. Monosomy of 21 chromosome is most frequent 
autosomal monosomy in RSA. Monosomy linked to X 
chromosome is prevalent in all monosomies [14, 15].

Reciprocal or Robertsonian translocations. Recipro-
cal translocations are associated with parental chromoso-
mes anomalies which may cause recurrent spontaneous 
miscarriages. Balanced reciprocal translocation carriers 
have possibility of experiencing more than one miscarriage. 
One or both parents with balanced reciprocal translocation 
are the reason of unbalanced chromosomal translocation 
in embryo. Unbalanced chromosomal rearrangement is 
correlated with embryo death. Reciprocal or Robertsonian 
translocation is one of the most frequent cause of RSA. Re-
current spontaneous abortion is related with Robertsonian 
translocation of 13, 14, 15, 21 and 22 chromosomes. There 
are lots of variants of reciprocal translocations which can 
cause repetitive miscarriages. Robertsonian translocation is 
rarely seen in cases than reciprocal translocation [2, 18]. 
Shen et al. made assumption that submicroscopic recom-
bination in parental chromosomes could be the cause of 
RSA. By using fluorescence in situ hybridization (FISH) 
they identified few parents with submicroscopic recipro-
cal balanced translocations. In first place these couples had 
normal karyotype [14].

Other. There was found other abnormal chromosomal 
rearrangements in chorionic villus samples from miscar-
riages. Shen et al. reported that segmental deletion or du-
plication was 5,3% of chromosomal aberrations associated 
with RSA [14].

In Choi et al. studies we can see connection between 
repetitive miscarriages and triploidy, tetraploidy, chromo-
somal mosaicism, deletions, isochromosomes [1].

According to Dutta et al. in South of India repetitive 
miscarriages also were related with inversion of Y chromo-
some, deletion in X and 17 chromosomes, marker chromo-
somes and XY/XXY mosaicism. One case was associated 
with PAX9 gene deletion. Furthermore they suggested ge-
nomic imprinting, skewed X chromosome inactivation and 
chromosome instability as idiopathic causes of reproducti-
ve losses [2].

Shethet al. in their study again mentioned mosaicism, 
inversions and microdeletion on the point of causing RSA. 
More they mentioned small supernumerary marker chro-
mosomes (sSMCs) which may be related in recurrent mis-
carriages. It was detected by FISH or array-comparative 
genomic hybridization (CGH) [18].

Molecular factors
Estrogen receptor alpha gene polymorphisms. Estro-

gen is one of the most important hormones in the entire 
pregnancy. Hormone controls fetal development, uteropla-
cental blood flow, implantation, regulation of reproduction 
and progesterone biosynthesis [19]. Due this reason there 
was made several studies to find out the potential associa-
tion of repetitive miscarriages.

Estrogen receptor α (ER α) is encoded by ESR1 gene 
and located on chromosome 6. There was found out that 
ESR1 gene is extremely polymorphic, studies determined 
more than 2200 single nucleotide polymorphisms (SNPs) 
of this gene. We reviewed two studies where was investi-
gated two ESR1 gene polymorphisms: rs2234693 (T>C: 
PvuII) and rs9340799 (A>G: XbaI), located in the intron 
1. These SNPs was identified as the most common cause 
[19, 20].

These studies suggested that ESR1 as a candidate gene 
for spontaneous abortion, but there should be done more 
research to confirm the impact of single nucleotide poly-
morphisms on repetitive miscarriages.

Apoptosis and p53 expression in the placental vil-
li. The p53 gene is responsible of cell growth termination, 
apoptosis and DNA damage repear. Apoptosis is one of the 
most important process in spontaneous abortion [21].

Wei et al. identified that there is association between 
higher p53 expression level and repetitive spontaneous 
miscarriages. They performed qPCR and imunohistoche-
mistry to validate the variability of p53 expression in the 
chorionic villi of females with RSA compared with control 
group. p53 is an important protein in apoptosis so abnormal 
expresion of this protein can lead to higher chorionic villi 
apoptosis which can cause RSA [11].

Tumor necrosis factor-α gene polymorphisms. Tu-
mor necrosis factor- α is a proinflammatory cytokine produ-
ced by many immunology cells such as natural killer cells 
(NK), mononuclear phagocytes and antigen-stimulated T 
cells. TNF-α is located in 6 chromosome (6p21.3) [22-23].

There was performed study to analyze how TNF-α 
polymorphisms are associated with spontaneous miscar-
riages. Lee et al. analyzed four polymorphisms: TNF-α - 
1031T>C, TNF-α - 376G>A, TNF-α - 308G>A and TNF-α 
- 238G>A. Based on the data scientists hypothesized that 
TNF-α - 1031T>C and - 238G>A alleles may lead to incre-
ased circulating TNF-α levels which may cause spontane-
ous abortion. It is because increased TNF-α levels are as-
sociated with NK cells activation and may cause placental 
damage [22].

MTOR gene polymorphism. MTOR gene is the mam-
malian target of rapamycin which is very important in cell 
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growth, survival, proliferation and angiogenesis. It is a 
member of the phosphatidylinostitol kinase-related kinase 
(PIKK) superfamily and also known as FRAP1. PIKK su-
perfamily embraces a lipid kinase homology domain and 
accomplishes function of serine/threonine kinase. MTOR 
gene encodes mTOR complex 1 (mTORC1) and mTOR 
complex 2 (mTORC2). mTORC1 plays an important role in 
cellular growth and proliferation. There are studies which 
show that mTORC1 is decisive in blastocyst activation and 
mouse embryo implantation [8].

Histidine-rich glycoprotein gene polymorphism. His-
tidine-rich glycoprotein (HGR) is a multi-domain protein 
involved in angiogenesis, coagulation and the immune sys-
tem. This protein is synthesized in liver [24]. Some studies 
showed that HGR acts in implantation process, embryo de-
velopment and fertility [25, 26]. In their study Lindgren et 
al. were trying to find association between HRG C633T 
SNP and RSA [24].

Conclusion
As shown in our review not only cytogenetic factors 

are responsible of repetitive miscarriages. Nowadays when 
molecular analysis techniques progresses so fast there are 
identified more genetic polymorphisms which have impact 
to recurrent miscarriages. Detected reason for RSA can be 
helpful for family counselling, including prenatal diagnos-
tics, disease monitoring and possible specific treatment. 

References
1. Choi TY, Lee HM, Park WK, Jeong SY, Moon HS. Spontaneous 

abortion and recurrent miscarriage: A comparison of cytoge-
netic diagnosis in 250 cases. Obstetrics & gynecology science 
2014; 57(6):518-525.
http://dx.doi.org/10.5468/ogs.2014.57.6.518

2. Dutta UR, Rajitha P, Pidugu VK, Dalal AB. Cytogenetic 
abnormalities in 1162 couples with recurrent miscarriages in 
Southern region of India: report and review. Journal of Assisted 
Reproduction and Genetics 2011; 28(2):145-149.
http://dx.doi.org/10.1007/s10815-010-9492-6

3. Dendrinos S, Makrakis E, Botsis D, Chassiakos D, Baka S, 
Creatsas G. A study of pregnancy loss in 352 women with 
recurrent miscarriages. Archives of gynecology and obstetrics 
2005; 271(3):235-239.
http://dx.doi.org/10.1007/s00404-004-0607-0

4. Shahsavari S, Noormohammadi Z, Zare K S. Association of 
kinase insert domain-containing receptor (KDR) gene poly-
morphism/haplotypes with recurrent spontaneous abortion 
and genetic structure. International Journal of Reproductive 
Biomedicine 2015; 13(12):755-764.

5. Rao L, Murthy K, Babu A, Venkata P, Deenadayal M, Singh 
L. Chromosome inversions and a novel chromosome insertion 

associated with recurrent miscarriages in South India. Archives 
of gynecology and obstetrics 2005; 272(4):273-277.
http://dx.doi.org/10.1007/s00404-005-0027-9

6. Granfors M, Karypidis H, Hosseini F, Skjöldebrand-Sparre 
L, Stavreus-Evers A, Bremme K et al. Phosphodiesterase 8B 
gene polymorphism in women with recurrent miscarriage: A 
retrospective case control study. BMC medical genetics 2012; 
13(1):121.
http://dx.doi.org/10.1186/1471-2350-13-121

7. Zahraei M, Sheikhha MH, Kalantar SM, Ghasemi N, Jahani-
nejad T, Rajabi S. et al. The association of arylendosulfatase 1 
(SULF1) gene polymorphism with recurrent miscarriage. Jour-
nal of Assisted Reproduction and Genetics 2014; 31(2):157-
161.
http://dx.doi.org/10.1007/s10815-013-0150-7

8. Xiang H, Liu S, Zong C, Li Z, Liu Y, Ma X. et al. A single 
nucleotide polymorphism in the MTOR gene is associated 
with recurrent spontaneous abortion in the Chinese female 
population. Systems biology in reproductive medicine 2015; 
61(4): 205-210.
http://dx.doi.org/10.3109/19396368.2014.977499

9. Tunç E, Demirhan O, Demir C, Taştemir D. Cytogenetic study 
of recurrent miscarriages and their parents. Russian Journal of 
Genetics 2007; 43(4):437-443.
http://dx.doi.org/10.1134/S1022795407040138

10. Turki RF, Banni HA, Assidi M, Al-Qahtani MH, Abduljabbar 
HS, Jamel HS. et al. Analysis of chromosomal and genetic di-
sorders in patients with recurrent miscarriages in Saudi Arabia. 
BMC Genomics 2014; 15(Suppl 2):73.
http://dx.doi.org/10.1186/1471-2164-15-S2-P73

11. Wei D, Wu Q, Shi H. Apoptosis and p53 expression in the 
placental villi of females with unexplained recurrent sponta-
neous abortion. Experimental and therapeutic medicine 2014; 
7(1):191-194.

12. Zong S, Li C, Luo C, Zhao X, Liu C, Wang K. et al. Dysre-
gulated expression of IDO may cause unexplained recurrent 
spontaneous abortion through suppression of trophoblast cell 
proliferation and migration. Scientific reports 2016; 6.
http://dx.doi.org/10.1038/srep19916

13. Khosravi F, Zarei S, Ahmadvand N, Akbarzadeh-Pasha Z, 
Savadi E, Zarnani AH. et al. Association between plasminogen 
activator inhibitor 1 gene mutation and different subgroups 
of recurrent miscarriage and implantation failure. Journal of 
Assisted Reproduction and Genetics 2014; 31(1):121-124.
http://dx.doi.org/10.1007/s10815-013-0125-8

14. Shen J, Wu W, Gao C, Ochin H, Qu D, Xie J. et al. Chromo-
somal copy number analysis on chorionic villus samples from 
early spontaneous miscarriages by high throughput genetic 
technology. Molecular cytogenetics 2016; 9(1):1.
http://dx.doi.org/10.1186/s13039-015-0210-z

15. Jenderny J. Chromosome aberrations in a large series of spon-
taneous miscarriages in the German population and review of 



64
the literature. Molecular cytogenetics 2014; 7.1:1-9.
http://dx.doi.org/10.1186/1755-8166-7-38

16. Wakui K, Tanemura M, Suzumori K, Hidaka E, Ishikawa M, 
Kubota T, Fukushima Y. Clinical applications of two-color telo-
meric fluorescence in situ hybridization for prenatal diagnosis: 
identification of chromosomal translocation in five families 
with recurrent miscarriages or a child with multiple congenital 
anomalies. Journal of Human Genetics 1999; 44(2):85-90.
http://dx.doi.org/10.1007/s100380050115

17. Zwirglmaier K. Fluorescence in situ hybridisation (FISH)–the 
next generation. FEMS Microbiology Letters 2005; 246.2:151-
158.
http://dx.doi.org/10.1016/j.femsle.2005.04.015

18. Sheth FJ, Liehr T, Kumari P, Akinde R, Sheth HJ, Sheth JJ. 
Chromosomal abnormalities in couples with repeated fetal 
loss: An Indian retrospective study. Indian Journal of Human 
Genetics 2013; 19(4):415.
http://dx.doi.org/10.4103/0971-6866.124369

19. Anousha N, Hossein-Nezhad A, Biramijamal F, Rahmani A, 
Maghbooli Z, Aghababaei E, Nemati S. Association study of 
estrogen receptor alpha gene polymorphisms with spontaneous 
abortion: is this a possible reason for unexplained spontaneous 
abortion? BioMed research international 2013.
http://dx.doi.org/10.1155/2013/256470

20. Pan H, Suo P, Liu C, Wang J, Zhou S, Ma X, Wang B. The ESR1 
gene in unexplained recurrent spontaneous abortion. Systems 
biology in reproductive medicine 2014; 60(3):161-164.
http://dx.doi.org/10.3109/19396368.2013.877540

21. Shang W, Shu MM, Liu M, Wang AM, Lv LB, Zhao Y. et al. 
Elevated expressions of p53, CDKNA1, and Bax in placental 
villi from patients with recurrent spontaneous abortion. Eur 
Rev Med Pharmacol Sci 2013; 17(24):3376-3380.

22. Lee BE, Jeon YJ, Shin JE, Kim JH, Choi DH, Jung YW. et 
al. Tumor necrosis factor-α gene polymorphisms in Korean 
patients with recurrent spontaneous abortion. Reproductive 
Sciences 2013; 20(4):408-413.
http://dx.doi.org/10.1177/1933719112459237

23. Piosik ZM, Goegebeur Y, Klitkou L, Steffensen R, Christian-
sen OB. Plasma TNF-α levels are higher in early pregnancy 

in patients with secondary compared with primary recurrent 
miscarriage. American Journal of Reproductive Immunology 
2013; 70(5):347-358.
http://dx.doi.org/10.1111/aji.12135

24. Lindgren KE, Kårehed K, Karypidis H, Hosseini F, Bremme 
K, Landgren BM. et al. Histidine-rich glycoprotein gene 
polymorphism in patients with recurrent miscarriage. Acta 
obstetrician et gynecologica Scandinavica 2013; 92(8):974-977.
http://dx.doi.org/10.1111/aogs.12155

25. Elenis E, Lindgren KE, Karypidis H, Skalkidou A, Hosseini 
F, Bremme K. et al. The histidine-rich glycoprotein A1042G 
polymorphism and recurrent miscarriage: a pilot study. Repro-
ductive Biology and Endocrinology 2014; 12(1):70.
http://dx.doi.org/10.1186/1477-7827-12-70

26. Lindgren KE, Hreinsson J, Helmestam M, Wånggren K, Poro-
maa IS, Kårehed K. et al. Histidine-rich glycoprotein derived 
peptides affect endometrial angiogenesis in vitro but has no 
effect on embryo development. Systems Biology in Repro-
ductive Medicine 2016; 1-9.

GENETINĖS PASIKARTOJANČIŲ PERSILEIDIMŲ 
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Raktažodžiai: pasikartojantys persileidimai, PSA, genetinis 
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Santrauka
Pasikartojantis persileidimas yra liga, atskira nuo nevaisingu-

mo, apibūdinama kaip 3 ar daugiau iš eilės pasikartojantys nėštumo 
nutrūkimai. Yra daug priežasčių, dėl kurių pakartotinai nutrūksta 
nėštumas. Persileidimai yra rimta medicininė būklė, su kuria susi-
duria apie 15-20% porų, kurios stengiasi susilaukti vaikų. Didžioji 
dalis šių priežasčių (apie 50%) yra nežinomos ir apie 1-5% visų 
persileidimų lemia genetiniai faktoriai. Dėl šios priežasties labai 
svarbu išsiaiškinti pasikartojančių spontaninių abortų genetines 
priežastis. Šioje publikacijoje mes analizuosime kelis atvejus, tokius 
kaip citogenetinės anomalijos ir genų polimorfizmas.
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