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Graphical Abstract Abstract.

Although accumulating evidence shows that
endocrine, thrombotic, immune and other
factors related to recurrent pregnancy loss,
studies have shown that these factors are
ultimately contributed to genetic variation.
Therefore, taking a bioinformatics approach to
explore the correlation and difference between
these genetic variations and their expressions is
helpful to understand the underlying genetic
mechanism of recurrent pregnancy loss and to
efficiently avoid the physical and psychological
harm caused by abortion to women.

Recurrent pregnancy loss (RPL) usually means two or more pregnancy failures occured within 20
weeks of conception, with an incidence as great as 3% to 5% of pregnancies [1]. RPL is a complex
disease with diverse causes, including heredity, age, antiphospholipid syndrome, uterine anomalies,
thrombosis, hormone or metabolic disorders, infection, autoimmunity, sperm quality, lifestyle, and
mental, psychological, and environmental factors [2, 3], which brings a substantial adverse impact on
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society and female health care. Therefore, understanding the gene regulation network of RPL is
beneficial to clarify the etiology of recurrent abortion and possible to prevent another miscarriage
through some intervention, which will have great clinical significance and social benefits.

Genetic abnormalities are the main factor of RPL[4]. The correlation between chromosomal
abnormalities and abortion has been clear and the relative genetic risk is easy to predict. For example,
an abnormal karyotype in either partner, especially featuring a translocation and/or an inversion, is
considered to be a cause of RPL, due to unbalanced chromosomal segregation in meiosis, which cause
significant chromosomal imbalances (i.e., disomies and nullisomies) in their gametes with subsequent
partial aneuploidies in the conceptuses [5, 6]. In theory, the incidence of normal, carrier and
imbalances in the offspring of reciprocal translocation, Roche translocation and inversion were 1/18-
1/18-16/18, 1/6-1/6-4/6 and 1/4-1/4-2/4, respectively, which are calculated according to the principle
of chromosome separation and recombination. With the development of preimplantation genetic test
(PGT) technology that derived from in-vitro fertilization (IVF), it is found that the actual genetic risk is
quite different from theoretical calculation, which is not only related to the sex of the carrier, but also
the location of the breakpoint and the chromosome involved[7-9]. A study by Xie etc. showed that the
ratio of euploid and translocation balance embryos in reciprocal translocation and Robert
translocation were 27.8% and 44%, the rest of all were aneuploid or translocation imbalance embryos
[10]. Wang reported that 104 embryos from 11 Roche translocation carriers were detected, including
normal, translocation carriers and unbalanced chromosome embryos were 22%, 19%, 59% [11].

Apart from chromosomal factors, abortion is also related to endocrine, immune, thrombotic, male
sperm and other factors. With the development and clinical application of gene detection technology,
current studies showed that these so-called clinical factors may eventually be attributed to genetic
abnormalities. Examples of SNPs and copy number variants (CNVs) that may contribute to a genetic
susceptibility to miscarriage include variances in the following genes: AR, DNMT3, FOXP3, CGB5,
NLRP7, TIMP2 and CTNNA3[12-18]. A recent systematic review of 428 case-control studies from
1990 to 2015 evaluated 472 variants in 187 genes [19]. Meta-analysis could only be performed for 36
variants in 16 genes, because the other studies had never been replicated. The investigators reported
modest associations between RPL and 21 variants in genes (odds ratio [OR] 0.51–2.37) involved in
the immune response (IFNG, IL10, KIR2DS2, KIR2DS3, KIR2DS4, MBL, TNF), coagulation (F2, F5,
PAI-1, PROZ), metabolism (GSTT1, MTHFR), and angiogenesis (NOS3, VEGFA). In addition,
mutations in the thrombophilia genes, including MTHFR, F2, and F5, and deficiencies in protein C,
protein S, and antithrombin III, may also increase the risk of second- or third-trimester loss[20-23].

Epigenetic modifications, including DNA methylation, noncoding RNA, genomic imprinting, and
histone modification, refer to the heritable changes in gene functions without changing the genetic
genes. Abnormal DNA methylation was found in the decidual chorionic villi of RPL with normal
karyotype, especially at the loci of the imprinting genes [24, 25]. Aberrant microRNAs (miRNAs),
which are endogenous small noncoding RNAs and ~22 nucleotides, were found in unexplained RPL
[26]. Over the past few years, some studies have verified a clear correlation between lncRNAs and
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placental development, such as the lncRNAs HOTAIR, HOXA11-AS, and MEG3 and MALAT1, and
these lncRNAs appear to be involved in some pregnancy pathologies[27-29].

Above all, genetic abnormalities or variants and related gene expression abnormalities play an
important role in RPL. Understanding the correlation between the expression differences of these
changes in different populations, different tissues (peripheral blood, amniotic fluid, villi, embryo, etc.)
and abortion, is of great significance for clinical abortion counseling and genetic counseling, as well
as for the exploration of potential factors of unexplained RPL and the development of beneficial
interventions, so as to reduce or avoid abortion risks, improve women's survival quality.

References

1. RPL EGGo, Bender Atik R, Christiansen OB, Elson J, Kolte AM, Lewis S, et al. ESHRE guideline: recurrent

pregnancy loss. Human reproduction open. 2018;2018(2):hoy004.

2. Patki A, Chauhan N. An Epidemiology Study to Determine the Prevalence and Risk Factors Associated with Recurrent

Spontaneous Miscarriage in India. Journal of obstetrics and gynaecology of India. 2016;66(5):310-5.

3. Bilibio JP, Gama TB, Nascimento ICM, Meireles AJC, de Aguiar ASC, do Nascimento FC, et al. Causes of recurrent

miscarriage after spontaneous pregnancy and after in vitro fertilization. American journal of reproductive immunology

(New York, NY : 1989). 2020:e13226.

4. Sugiura-Ogasawara M, Ozaki Y, Katano K, Suzumori N, Kitaori T, Mizutani E. Abnormal embryonic karyotype is the

most frequent cause of recurrent miscarriage. Human reproduction. 2012;27(8):2297-303.

5. Najafi K, Gholami S, Moshtagh A, Bazrgar M. Chromosomal aberrations in pregnancy and fetal loss: Insight on the

effect of consanguinity, review of 1625 cases. 2019;7(8):e820.

6. Sak S, Incebiyik A, Hilali NG, Ağaçayak E, Uyanıkoğlu H, Akbas H, et al. Cytogenetic screening in couples with

Habitual Abortions. Journal of gynecology obstetrics and human reproduction. 2019;48(3):155-8.

7. Lee VC, Chow JF, Lau EY, Yeung WS, Ho PC, Ng EH. Comparison between fluorescent in-situ hybridisation and

array comparative genomic hybridisation in preimplantation genetic diagnosis in translocation carriers. Hong Kong

medical journal = Xianggang yi xue za zhi. 2015;21(1):16-22.

8. Mateu-Brull E, Rodrigo L, Peinado V, Mercader A, Campos-Galindo I, Bronet F, et al. Interchromosomal effect in

carriers of translocations and inversions assessed by preimplantation genetic testing for structural rearrangements (PGT-

SR). Journal of assisted reproduction and genetics. 2019;36(12):2547-55.

9. Ko DS, Cho JW, Park SY, Kim JY, Koong MK, Song IO, et al. Clinical outcomes of preimplantation genetic diagnosis

(PGD) and analysis of meiotic segregation modes in reciprocal translocation carriers. American journal of medical

genetics Part A. 2010;152A(6):1428-33.

http://sciforum.net/conference/mol2net-06
http://sciforum.net/conference/mol2net-06


MOL2NET, 2020, 6, ISSN: 2624-5078 4

http://sciforum.net/conference/mol2net-06

10. Xie Y, Xu Y, Wang J, Miao B, Zeng Y, Ding C, et al. Preliminary analysis of numerical chromosome abnormalities in

reciprocal and Robertsonian translocation preimplantation genetic diagnosis cases with 24-chromosomal analysis with

an aCGH/SNP microarray. Journal of assisted reproduction and genetics. 2018;35(1):177-86.

11. Wang J, Zeng Y, Ding C, Cai B, Lu B, Li R, et al. Preimplantation genetic testing of Robertsonian translocation by SNP

array-based preimplantation genetic haplotyping. Prenatal diagnosis. 2018.

12. Uusküla L, Rull K, Nagirnaja L, Laan M. Methylation allelic polymorphism (MAP) in chorionic gonadotropin beta5

(CGB5) and its association with pregnancy success. The Journal of clinical endocrinology and metabolism.

2011;96(1):E199-207.

13. Schares G, Ortega-Mora LM, Dubey JP, Wastling JM, Grigg ME, Wu ZG, et al. [Study on association of functional

polymorphisms in Foxp3 gene with the susceptibility to unexplained recurrent spontaneous abortion]. Proceedings of

the National Academy of Sciences of the United States of America. 2011;46(10):763-8.

14. Huang JY, Su M, Lin SH, Kuo PL. A genetic association study of NLRP2 and NLRP7 genes in idiopathic recurrent

miscarriage. Human reproduction. 2013;28(4):1127-34.

15. Azova MM, Ahmed AA, Ait Aissa A, Blagonravov ML. Association of DNMT3B and DNMN3L Gene Polymorphisms

with Early Pregnancy Loss. Bulletin of experimental biology and medicine. 2019;167(4):475-8.

16. Rajcan-Separovic E, Diego-Alvarez D, Robinson WP, Tyson C, Qiao Y, Harvard C, et al. Identification of copy number

variants in miscarriages from couples with idiopathic recurrent pregnancy loss. Human reproduction.

2010;25(11):2913-22.

17. Li J, Yu X, Yang Y, Wang L, Zhang Y. [DNA hypomethylation in villi of patients with unexplained recurrent

spontaneous abortion and its mechanism]. Xi bao yu fen zi mian yi xue za zhi = Chinese journal of cellular and

molecular immunology. 2019;35(4):351-6.

18. Porras-Dorantes Á, Brambila-Tapia AJL, Lazcano-Castellanos AB, Da Silva-José TD, Juárez-Osuna JA, García-Ortiz

JE. Association between G1733A (rs6152) polymorphism in androgen receptor gene and recurrent spontaneous

abortions in Mexican population. Journal of assisted reproduction and genetics. 2017;34(10):1303-6.

19. Pereza N, Ostojić S, Kapović M, Peterlin B. Systematic review and meta-analysis of genetic association studies in

idiopathic recurrent spontaneous abortion. Fertility and sterility. 2017;107(1):150-9.e2.

20. Blanco-Muñoz J, Lacasaña M, Gamboa R, Huesca-Gómez C, Hernández-Mariano J, Aguilar-Garduño C. Interaction

between MTHFR 677C>T, PON1 192Q>R and PON1 55L>M polymorphisms and its effect on non-recurrent

spontaneous abortion in Mexican women. Gene. 2019;689:69-75.

21. Xu Z, Zhang Y, Liu W, Liu Y, Su Y, Xing Q, et al. Polymorphisms of F2, PROC, PROZ, and F13A1 Genes are

Associated With Recurrent Spontaneous Abortion in Chinese Han Women. Clinical and applied thrombosis/hemostasis :

official journal of the International Academy of Clinical and Applied Thrombosis/Hemostasis. 2018;24(6):894-900.

22. Xu X, Zheng J, Wang H, Xia S, Lin M, Li X, et al. [Association of coagulation factor V gene polymorphism with

unexplained recurrent spontaneous abortion among ethnic Hans from Wenzhou area]. Zhonghua yi xue yi chuan xue za

zhi = Zhonghua yixue yichuanxue zazhi = Chinese journal of medical genetics. 2018;35(4):577-81.

http://sciforum.net/conference/mol2net-06
http://sciforum.net/conference/mol2net-06


MOL2NET, 2020, 6, ISSN: 2624-5078 5

http://sciforum.net/conference/mol2net-06

23. Soare AM, Popa C. Deficiencies of proteins C, S and antithrombin and activated protein C resistance--their involvement

in the occurrence of Arterial thromboses. Journal of medicine and life. 2010;3(4):412-5.

24. Hanna CW, McFadden DE, Robinson WP. DNA methylation profiling of placental villi from karyotypically normal

miscarriage and recurrent miscarriage. The American journal of pathology. 2013;182(6):2276-84.

25. Yu M, Du G, Xu Q, Huang Z, Huang X, Qin Y, et al. Integrated analysis of DNA methylome and transcriptome

identified CREB5 as a novel risk gene contributing to recurrent pregnancy loss. EBioMedicine. 2018;35:334-44.

26. Dong F, Zhang Y, Xia F, Yang Y, Xiong S, Jin L, et al. Genome-wide miRNA profiling of villus and decidua of

recurrent spontaneous abortion patients. Reproduction. 2014;148(1):33-41.

27. Zhang Y, Jin F, Li XC, Shen FJ, Ma XL, Wu F, et al. The YY1-HOTAIR-MMP2 Signaling Axis Controls Trophoblast

Invasion at the Maternal-Fetal Interface. Molecular therapy : the journal of the American Society of Gene Therapy.

2017;25(10):2394-403.

28. Xu Y, Wu D, Liu J, Huang S, Zuo Q, Xia X, et al. Downregulated lncRNA HOXA11-AS Affects Trophoblast Cell

Proliferation and Migration by Regulating RND3 and HOXA7 Expression in PE. Molecular therapy Nucleic acids.

2018;12:195-206.

29. Chen H, Meng T, Liu X, Sun M, Tong C, Liu J, et al. Long non-coding RNA MALAT-1 is downregulated in

preeclampsia and regulates proliferation, apoptosis, migration and invasion of JEG-3 trophoblast cells. International

journal of clinical and experimental pathology. 2015;8(10):12718-27.

.

http://sciforum.net/conference/mol2net-06
http://sciforum.net/conference/mol2net-06

