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Abstract 
 

Recurrent Pregnancy Loss (RPL) has been defined as a complicated pregnancy 

disorder involving repeated failure or loss of pregnancy. About 3% of women experience 

RPL. The prevalence of RPL in Palestine is yet to be determined. This study investigates 

the association of CTLA-4 (rs231775) and IL-6 (rs1800796) single nucleotide 

polymorphisms (SNPs) with RPL in Palestine. Restriction fragment length 

polymorphism (RFLP) polymerase chain reaction (PCR) was used to analyze the 

indicated polymorphisms in a total of 172 subjects; 88 cases and 84 healthy controls. 

forty-four patients experienced RPL in the first trimester of pregnancy and forty-four 

experienced this condition in the second trimester. Genotypic and allelic analysis reveal 

no significant association between the CTLA-4 rs231775 SNP and RPL. On the other 

hand, IL-6 rs1800796 polymorphism showed a significant association with RPL. The 

data revealed the C allele of this variant to have a protective effect against RPL (p = 

0.005). Trimester-specific analysis indicated the strongest association between the 

indicated IL-6 polymorphism and first-trimester RPL cases. Haplotype analysis further 

supported the protective role of the C allele. These findings aligned with those of 

previous studies regarding the emphasis on the role of IL-6 in immune regulation during 

pregnancy. However, further functional studies are required to confirm the effects of IL-

6 (rs1800796) SNP during pregnancy as well as to understand the biological and 

molecular mechanisms underlying the association. This study underscores the 

significance of genetic screening in identifying RPL susceptibility and exploring 

potential therapeutic strategies. 

Keywords: 

Recurrent pregnancy loss (RPL), CTLA-4 +49 A/G polymorphism, IL-6 -634 C/G 

polymorphism, Single Nucleotide Polymorphism (SNP), Restriction fragment length 

polymorphism (RFLP), Palestine 
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Chapter 1 

Introduction 

1.1 Recurrent pregnancy loss (RPL) 

Recurrent pregnancy loss (RPL) is a complicated pregnancy disorder which is 

experienced by approximately 2.5% of women attempting to conceive (Dimitriadis et al., 

2020). This mode of pregnancy loss involves miscarriage before reaching 20 weeks 

(about 4 and a half months) of gestation (Moghbeli, 2019). The repeated failure or loss of 

pregnancy has been described to be distinct from other forms of infertility due to its 

spontaneous nature (“Definitions of Infertility and Recurrent Pregnancy Loss: A 

Committee Opinion,” 2020).   

According to guidelines from the European Society of Human Reproduction and 

Embryology (ESHRE) and the American Society for Reproductive Medicine (ASRM), 

RPL has been defined as the loss or failure of two or more clinically recognized 

pregnancies (“Endometriosis. Guideline of European Society of Human Reproduction 

and Embryology – 2022,” 2022), (American Society for Reproductive Medecine, 2012). 

The Royal College of Obstetricians and Gynecologists, on the other hand, defines RPL 

as the loss of three or more consecutive pregnancies (Gynaecologists, 2011). 

The reported incidence of recurrent pregnancy loss (RPL) varies significantly due 

to differences in definitions, criteria, and population characteristics. Primary RPL 

involves multiple pregnancy losses in a woman with no previous viable infants, while 

secondary RPL refers to multiple losses in a woman who has had at least one pregnancy 

that progressed beyond 20 weeks of gestation. Tertiary RPL is defined as multiple 

pregnancy losses occurring between successful pregnancies (El Hachem et al., 2017). 

 1.2 Epidemiology 

The prevalence of women who have experienced two miscarriages is 1.9%; those 

who have experienced 3 or more making up 0.7% of the global population (Quenby et 
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al., 2021). Studies conducted on the Palestinian population have estimated the prevalence 

of recurrent miscarriages at 4-8% among women who attend antenatal care clinics, which 

is relatively high compared to the general population (Hussein et al., 2010). Such a high 

frequency is concerning as the social and psychological impact of early pregnancy 

failure can be very taxing and devastating for the parents (Jauniaux & Burton, 2005).   

Early pregnancy loss is described as failed pregnancy which takes place earlier 

than the 10-week gestational mark. This form of pregnancy loss includes peri-

implantation loss, ectopic pregnancy, pre-embryonic loss and embryonic loss (Moghbeli, 

2019). Multiple factors including maternal immune system, and the genetics of the 

embryo have been reported to cause recurrent implantation failure (RIF), however, the 

mechanism by which this occurs is unknown (Kwon et al., 2023). Evidently, the most 

common cause of early spontaneous miscarriage involves genetic factors, making up 

about 50-60% of cases (Garrido-Gimenez & Alijotas-Reig, 2015), while other 

established risk factors in RPL include anatomical, endocrine and hemostatic alterations. 

The idiopathic nature of about 50% of cases has also led to the shifting of focus towards 

immunological risk factors (Vomstein et al., 2021).  

1.3 Etiology 

The etiology of RPL has been broadly classified into several categories including 

genetic, anatomic, endocrine, antiphospholipid antibody syndrome, immunological and 

environmental factors (Pillarisetty & Mahdy, 2024).  Genetic causes account for 2-5% of 

cases, anatomic abnormalities are responsible for 10-15%, autoimmune disorders 

contribute to 20%, infections are implicated in 0.5-5%, and a significant proportion 

including, 40-50% of cases remains unexplained. The unexplained category includes 

non-APS (antiphospholipid syndrome) thrombophilias, among other factors (Ford & 

Schust, 2009). 
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1.4 Genetics  

The genetic factors of RPL are often linked to chromosomal abnormalities, with 

fetal aneuploidy being a major cause. The frequency and types of chromosomal defects 

vary with gestational and maternal age. Couples with RPL may have higher rates of 

chromosomal abnormalities and a genetic predisposition. While higher aneuploidy rates 

are found in embryos from women with RPL, miscarriage tissues from these women 

show fewer chromosomal abnormalities  compared to sporadic losses, suggesting non-

cytogenetic factors may also play a role (Hyde & Schust, 2015).  

1.4.1 Genetic polymorphisms indicated in RPL 

 Over the past two decades, various genetic polymorphisms have been 

investigated for their potential role in RPL. Among the most studied are genes involved 

in thrombophilia, folate metabolism and immune regulation. Factor V Leiden (FVL) and 

prothrombin (F2) G20210A mutations for example have been associated with increased 

thrombosis risk which potentially leads to placental insufficiency and fetal loss (Lund et 

al., 2010). Methylenetetrahydrofolate reductase  (MTHFR) polymorphisms, p articularly 

C677T and A1298C, influence homocysteine levels and folate metabolism, potentially 

impairing endometrial receptivity and embryonic development (Nelen et al., 2000). 

Vitamin D receptor gene variants such as FokI, BsmI and TaqI have been linked to 

immunological imbalances and endometrial dysfunction in women with RPL 

(Moradkhani et al., 2024).  

In a study by (Maysa, 2024), significant associations were observed in the VDR 

rs1544410 variant, where the G allele and GG genotype were more frequent in RPL 

cases and a dominant genetic model in this study also showed a significantly increased 

risk of RPL (p=0.006). This study by (Maysa, 2024) also reported a familial mutation in 

HLA-G (495delC), causing a frameshift and premature stop codon (Leu154fs60). It was 

found to be associated with impaired fetal-maternal immune interaction. This indicated 
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the HLA-G gene to be a central player in fetal immune tolerance and also emphasizes the 

role of immunogenetics in this field. 

 Cytokine-related genes such as TNF-α -308G/A, IL-10 -1082G/A and IL-1β 

+3954C/T, may alter cytokine expression profiles which could contribute to implantation 

failure and early pregnancy loss due to immune intolerance (Parveen et al., 2013). While 

it is true that individual studies might report varying outcomes as a result of population 

specific genetic backgrounds, the aforementioned findings show that the 

pathophysiology of RPL can be of multifactorial genetic predisposition. 

1.5 Immune system  

Pregnancy represents a unique immunological challenge, requiring maternal 

immune system to balance tolerance toward the semi-allogeneic fetus while maintaining 

effective immune surveillance. Key players in this immune orchestration include 

decidual natural killer (dNK) cells, decidual macrophages, and regulatory T cells 

(Tregs). These immune cells facilitate the critical processes of decidualization and 

placentation, promote fetal tolerance, and protect against infections (Ander et al., 2019). 

However, disruptions in these immune mechanisms can lead to adverse pregnancy 

outcomes, including RPL. Several studies have underscored the vital functions and 

overall involvement of the immune system during pregnancy. Where immune regulators, 

the presence of antiphospholipid antibodies (APL) has been shown to influence and 

interfere with normal pregnancy processes (Kirovakov et al., 2024).   

Tolerance and immunity play very important roles in determining the fate of each 

pregnancy by preventing the fetus from being attacked by the maternal immune system 

(Nasiri & Rasti, 2016; Zenclussen, 2006). Emerging evidence shows that the innate and 

adaptive immune system cells play crucial roles in maternal tolerance towards the 

embryo and endometrial remodeling(Ticconi et al., 2019). Innate lymphoid cells (ILCs), 

along with myeloid cells, T cells, and B cells, play crucial roles in maintaining immune 
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tolerance during pregnancy. Among these, ILCs, which include both NK cells and non-

NK ILCs, are the most prevalent immune cells in the pregnant uterus (Wu et al., 2021).  

In the study by (Wu et al., 2021), CyTOF (Cytometry by Time-Of-Flight) was 

employed to examine immune cells in the decidua of RPL patients, uncovering 

differences related to embryonic chromosomal status. Key findings included an increase 

in pro-inflammatory CD11c high macrophages and a decrease in CD39high NK cells. 

Notably, RPL with normal chromosomes exhibited elevated levels of pro-inflammatory 

CD11c high NK and CD161highCD8+ T cells, while RPL with chromosomal 

abnormalities showed an enrichment of inactivated and naive CD8+/CD4+ T cells. These 

findings suggest that immune cell dysregulation, including regulatory T cells, may 

disrupt maternal tolerance and contribute to RPL, highlighting potential targets for 

therapeutic intervention to improve pregnancy outcomes. 

1.5.1 Fetal T cell immunity  

Fetal T cell development starts around week 8 of gestation, with γδ and αβ T cells 

present by 12–14 weeks. Tregs are more prevalent in the second trimester and are 

sensitive to TGFβ. Th1 cells, associated with inflammation, can be enriched in preterm 

infants, while the role of Th17 cells is less understood but shows increased 

differentiation capacity at term. Innate-like T cells, such as γδ T cells and iNKT cells, are 

present in the fetus and aid in early immune responses. Fetal CD8 T cells exhibit 

enhanced proliferation but reduced cytotoxic activity compared to adults and contribute 

to antiviral responses.  

Fetal T cell regulation is influenced by both intrinsic properties and external 

factors, including maternal and fetal bacteria. Dysregulation of these immune responses 

can lead to complications like preterm birth and necrotizing enterocolitis (Rackaityte & 

Halkias, 2020). Figure 1.1 shows that in the fetal stage, the immune system prioritizes a 

regulatory environment rich in suppressive signals and tolerogenic factors including 
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TGF- β,estrogen and limited antigen exposure. This fosters a development of tolerant T 

cells along with several intrinsic and extrinsic mechanisms to suppress immune 

activation. After birth, this environment shifts, and the immune system becomes more 

pro-inflammatory due to increased exposure to antigens and withdrawal from tolerogenic 

factors to enable defense against infections. This shift from immune tolerance to immune 

activation reflects the changing needs from in utero development to postnatal life. Some 

immune mechanisms like CD71+ erythrocytes and Treg priming wane over time while 

others remain uncertain. 

 

 

Figure 1.1: Fetal T cell immunity (as described by (Rackaityte & Halkias, 2020) 

Recent studies have shown a concrete link between the occurrence of RPL and 

immunological factors. It was found that amongst several cases of lost embryos, 95% 

were shown to have a normal karyotype and alloimmune rejection by the maternal 
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humoral/cellular immunity accounted for most of these losses (Kniotek et al., 2021). 

Since the embryo is treated by the maternal body as a haploidentical allograft, several 

immune cells are found at the site of implantation. These cells include subpopulations of 

decidual Natural Killer cells (dNK), T cells (Th1, Th2, Th17 and Treg), Natural Killer T 

cells (NKT), macrophages and dendritic cells. A major proportion (70%) of the immune 

cells in the endometrium constitute dNKs and type 2 innate lymphoid cells (ILC2s) cells 

which produce IL-4, Il-5 and IL-13 cytokines. As a result, these cells are known to 

control angiogenesis and the implantation process (Moffett & Colucci, 2014).  

Dysregulation of dNKs  has been linked to termination of pregnancy, 

preeclampsia or gestational trophoblastic disease (Liu et al., 2021). Tregs by releasing 

large amounts of TGF-β, IL-10 and IL-35 (inhibitory cytokines) inactivate dNK thereby 

maintaining immune tolerance (Tanaka & Sakaguchi, 2017). The overexpression of pro-

inflammatory cytokines on the other hand, such as (IL-1β and IL-6) blocks the 

development of Tregs instead promoting the differentiation of Th17 cells. This 

subsequently results in a disruption of immune tolerance at the feto-maternal interface. 

One study by Kniotek et al., (2021) assessed the effects of erectile dysfunction 

and pulmonary arterial hypertension drug, Sildenafil, on the immune system; 

specifically, T regulatory cells (Tregs), T helper 17 cells (Th17) as well as the drug’s 

effect on the production of cytokines associated with subsets of T helper cells. The 

results of this study revealed that SC significantly decreased the concentrations of IL-6 

and IL-12, and improved TGF-β production. 

Tregs have reportedly played a large role in tolerance towards fetal alloantigens 

(Zenclussen, 2006). Several studies have provided evidence supporting an augmentation 

in CD4 (+) CD25 (bright) Treg cells that takes place during pregnancy and 
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simultaneously a diminished activity in patients suffering from miscarriage (Sasaki et al., 

2004).   

1.6 Significance of the study 

This is the first study on the association of CTLA-4 and IL-6 selected variants 

with RPL among Palestinian women with this condition. Considering the above average 

RPL incidence rates in the Palestinian population such studies should be more explored. 

In addition, the study focuses on investigating the potential link between selected 

immunological gene variants with genetics to diagnose conditions such as RPL is 

considered relatively new in the field and hence should be more thoroughly studied. The 

results of this study may provide useful information regarding RPL diagnosis and 

prognosis. 

1.7 Study problem 

Since RPL is of multifactorial origin (Vaiman, 2015) and about 50% of its cases 

are unexplained, this allowed diagnostic focus to be more shifted towards genetic and 

immunological risk factors (Garrido-Gimenez & Alijotas-Reig, 2015; Vomstein et al., 

2021). The CTLA-4 rs231775and IL-6 rs1800796 polymorphisms have been suggested 

to play crucial roles in immune tolerance of the mother towards her fetus since both of 

these polymorphisms have been correlated with RPL risk (Messaoudi et al., 2014; Rasti 

et al., 2016). The G allele of the CTLA-4 +49 A/G polymorphism was said to play a 

protective role while that of the IL‐6 634C/G polymorphism seems to increase RPL risk 

in other populations. In Palestine the role of these variants and the involvement of the 

immune system in the development of RPL in our population were not investigated. 

1.8 Study objectives 

 In this study the association of CTLA-4 and IL-6 polymorphisms (rs231775 and 

rs1800796 respectively) will be investigated among Palestinian women suffering from 

RPL (≥ 3 consecutive losses). The association across first and second trimesters of 
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pregnancy will also be observed in order to evaluate whether the association between 

CTLA‐4+49A/G and IL-6–634C/G polymorphisms and RPL differs across the two 

trimesters and to isolate the functional role of the two genes during particular pregnancy 

stages. 

1.9 Study questions 

The main focus of this study is to investigate whether there is an association 

between CTLA‐4+49A/G and IL-6–634C/G polymorphisms and RPL. How do both 

alleles and genotype frequencies differ between women with recurrent abortion and 

healthy controls? Is there a combined functional effect of the two indicated variants on 

the risk of recurrent abortion? Can these variants serve as potential genetic markers for 

predicting recurrent abortion susceptibility? 

1.10 Study limitations 

Recurrent abortion is a multifactorial condition which can be influenced by 

several genes and environmental factors, therefore, focusing on two polymorphisms may 

not capture the full genetic contribution to this condition. In addition, since the study 

does not measure protein expression or plasma cytokine levels, this makes it difficult to 

determine the functional impact of these polymorphisms on immune regulation. Finally, 

since the study is conducted on Palestinian women, the study population may not be 

representative of diverse ethnic or geographical groups. 

1.11 Study hypothesis  

Several studies have shown that the CTLA‐4+49A/G and IL-6–634C/G 

polymorphisms have influenced the RPL phenotype. The G allele of the CTLA‐4+49A/G 

polymorphism was shown to play a protective role against the risk of RPL while the G 

allele of IL-6–634C/G increased the risk of RPL by >5 it is therefore hypothesized that 

these variants will be associated with RPL in Palestinian women experiencing recurrent 

miscarriage.   
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Chapter 2 

Literature review 

 2.1 T-cell immune regulation: CTLA-4 

Tregs are a subset of helper T cells that are important components of adaptive 

immunity as they mainly function in the regulation of the immune response (Sharma & 

Rudra, 2018). One of the two main subtypes of Tregs, CD4+ Tregs, have been reported 

to have a reduced population in women with RPL and gestational diabetes mellitus. The 

second main subtype of Tregs (CD8+) has conversely been shown to have regulatory 

functions in cancer, autoimmune diseases and infectious diseases; in other words, CD8+ 

relevance in pregnancy is yet to be elucidated. The functions of these Tregs are attributed 

to surface markers, including CTLA-4 (Wang et al., 2022). Both subtypes, however, are 

known to express high levels of surface CTLA-4 upon activation (Jarvis et al., 2008). 

CTLA-4  is a CD28 homologue expressed on activated T cells and is involved in 

their immune suppressive function (Read et al., 2000; Takahashi et al., 2000). This 

antigenic system has been considered one of the most important so far (Vaziri et al., 

2023). As seen in figure 2.1, T cells require two signals to become fully activated, the 

first being an antigen-specific receptor signal sent by T-cell receptors found on T cells 

and antigens in major histocompatibility complex (MHC) molecules on the surface of 

antigen-presenting cells. 

 The second signal which is co-stimulatory, involves the transfer of the signal by 

CD28 on T cells and B7 on APCs which results in complete activation of the T cells 

(Wang et al., 2005). Based on this method of signaling known as the CTLA-4 dependent 

pathway, CTLA-4 has been shown to play a very important role in the negative 

regulation of co-stimulation by responding to stimulus with anti-CD3 and anti-CD28 

antibodies and inhibiting T cell proliferation and IL-2 synthesis. This, in turn, prevents 
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the interaction between CTLA-4 and B7 and enhances the T-cell responses (Frauwirth & 

Thompson, 2002).  

Due to this mechanism of action, the CTLA-4 gene has been linked to 

autoimmune diseases and its inhibition has been proposed as a therapy to suppress T 

cells in such cases (Hosseini et al., 2020). In other words, CTLA-4 which is a 

costimulatory molecule belongs to the same family as CD28 and both have binding 

affinity for the same ligands B7.1 (CD80) and B7.2 (CD86). Between CTLA-4 and 

CD28, however, CTLA-4 has higher affinity for B7 (Van Coillie et al., 2020). As a 

result, the conclusion is that abnormally low expression of CTLA-4 may be linked to 

RPL. 

 

 

 

Figure 2.1: CTLA-4 and CD86 binding affinities (as described by Van Coillie et al., 2020) 
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2.2 CTLA-4 genetic mutations  

Several autoimmune diseases have been associated with genetic mutations or post 

translational modifications of  CTLA-4 and its promoter (Van Coillie et al., 2020). 

According to the (National Center for Biotechnology Information (NCBI), n.d.-a), the 

CTLA-4 gene is located on chromosome 2 and contains 4 exons (accession # 

NC_000002.12). The gene coding for CTLA-4 is translated into a 233 amino acid 

peptide (Nasiri & Rasti, 2016).   

Previous studies have shown through comparative sequence analysis of CTLA-4 

gene in mice and humans significant similarity in both the coding and non-coding 

regions such that the intracellular domain displayed complete amino acid conservation. 

This provides further evidence to support the vital role played by CTLA-4 in the 

regulation of the immune system. The fact that CTLA-4 gene has experienced limited 

change across various species corroborates its importance in immunological processes 

(Ling et al., 1999).  

The CTLA-4 gene has been reported to contain over 100 polymorphic sites. The 

following distinct polymorphisms were shown to be associated with autoimmune and 

infectious diseases including CTLA-4 +49A/G, CTLA-4 -1722T/C and CTLA-4-318C/T 

(Dias et al., 2013). According to NCBI Clinvar the CTLA-4+49 A/G polymorphism 

(rs231775) results in a threonine to alanine substitution at position 17 (T17A). Given the 

high degree of conservation of the CTLA-4 gene, this amino acid change may adversely 

affect its function. Studies have shown that the G allele (encoding alanine)can affect 

CTLA-4 trafficking, expression levels on the surface of T cells and interaction with 

ligands which all may impair the inhibitory function of CTLA-4 (Ueda et al., 2003). 

 2.3 Interleukin 6   

ILs are a group of immunomodulatory proteins which function as mediators of a 

variety of immune reactions that take place in the human body. Several IL 
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polymorphisms have been associated with RPL including IL-1β, IL-6, IL-10 and IL-18 

(Zhang et al., 2017). Among these ILs, IL-6 has been closely linked with CTLA-4 gene 

polymorphisms and RPL association. Macrophages, fibroblasts, epithelial cells, and 

placental trophoblasts all synthesize of IL-6 which is responsible for the development of 

the placenta and maintaining the pregnancy making it crucial for this process. It 

functions in the regulation of spiral artery remodeling and trophoblast invasion (Günther 

et al., 2023). IL-6 is a multifunctional cytokine which functions in mediating the balance 

between T helper (Th)-17 and Treg cells. IL-6 inhibits TGF- β induced Treg 

differentiation by inducing the development of Th-17 cells from naïve T cells and 

TGF- β (Bettelli et al., 2006) 

IL-6’s role in the development of placenta and the pregnancy is mediated through  

the regulation of trophoblast invasion and spiral artery remodeling.  It was established as 

an indispensable cytokine for early pregnancy development. Too high or low levels of 

IL-6 could be responsible for sporadic abortion or RPL (Günther et al., 2023). This 

explains the role played by IL-6 during embryonic implantation and the fact that the 

highest level of IL-6 mRNA is observed during the implantation and menstruation 

periods (van Mourik et al., 2009) which is also correlated with the presence of IL-6 

receptors on the endometrium and trophoblast (Cork et al., 2002). According to (National 

Center for Biotechnology Information (NCBI), n.d.-b), the IL-6 gene is located on 

chromosome 7p.15.3 with an entire sequence length of 4799nt. Two polymorphic 

markers have been identified on this gene: –174G/C and –634C/G (Daher et al., 2012) 

and a single study identified the –634C/G variant in Japanese patients and found that the 

G allele was significantly lower among recurrent spontaneous abortion (RSA) patients 

(Saijo et al., 2004).   
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 2.4 CTLA‐4+49A/G polymorphism 

The mechanism of Tregs action is achieved through cell-cell contact mediated by 

CTLA-4 and the secretion of key cytokines such as TGF- β and IL-10 (Abdollahi et al., 

2020). U-regulation of TGF- β CTLA-4 suppresses IL-6 which causes naive CD4+ T 

cells to differentiate into Tregs (d’Hauterive et al., 2004; Moghbeli, 2019). The G allele 

in the CTLA‐4+49A/G polymorphism has been reported to play a protective role against 

RPL in a group of Iranian cohort. Additionally, correlation was shown between the IL‐6 

634C/G polymorphism and RPL where the G allele was associated with a >5 increase in 

the risk of RPL. As a result, these variants were introduced as risk factors of RPL. 

  The pathogenicity of CTLA‐4+49A/G (rs231775) polymorphism has been 

supported by multiple studies (Nasiri & Rasti, 2016; Wang et al., 2005). For instance, 

(Chen et al., 2018) associated the G allele with increased risk of Type 1 Diabetes. 

Moreover, homozygosity for the G allele has also been linked to autoimmune conditions 

such as Grave’s disease, rheumatoid arthritis and systemic lupus erythematous. The 

heterozygosity of this variant was associated with autoimmune thyroiditis (Gough et al., 

2005; Salzer et al., 2013). Furthermore, a study conducted on various ethnic subgroups in 

Asia including China, India and Iran showed significantly decreased association between 

the CTLA‐4+49A/G polymorphism and overall population risk indicating that it may 

weakly decrease the risk of RPL for women of childbearing age (Song et al., 2019). 

Alternatively, other instances have corroborated the significant association between the 

G allele of this polymorphism and decreased risk of RSA (Rasti & Nasiri, 2016) .   

 2.5 IL-6 –634C/G polymorphism 

Regarding IL-6 the –174G/C polymorphism has been more widely studied than 

the -634C/G polymorphism. In one study conducted on 121 women with RPL and 121 

healthy women in the Molecular Genetics Laboratory of Arsanjan University, the results 

showed a significant association between the risk of RPL and the –634C/G 
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polymorphism where the mutant G allele predisposed women to miscarriage 1.5 times 

greater than the control subjects (Rasti et al., 2016). These results were corroborated in 

another study indicating the G allele to increase the risk of RPL (Nasiri & Rasti, 2016).  

On the contrary, a different study showed the G allele of the –634C/G polymorphism 

was associated with decreased risk of RPL in Egyptian females (Abo-alella et al., 2021) 

.  

CTLA-4 is involved in immune suppression and its activation inhibits the 

activation of T cells through the production of proinflammatory cytokines like IL-6 

which when inhibited, causes naive CD4+ T cells to differentiate into Tregs (d’Hauterive 

et al., 2004; Moghbeli, 2019). Additionally, CTLA-4 functions in mediating the balance 

between T helper (Th)-17 and Treg cells (Bettelli et al., 2006). Th17 along with Th1 and 

Th2 may all produce IL-10 which functions in the suppression of proliferation and 

cytokine production. TGF-β can function as an immunosuppressive cytokine. That said, 

TGF-β can also be immunostimulatory (Corthay, 2009). Studies have shown that reduced 

abortion rates resulting from adoptive transfer of Tregs were accompanied by increased 

CTLA-4 gene expressions as well as TGF-β and IL-10 levels in mice (Mohammadi et al., 

2021). The CTLA-4 +49 A/G and IL‐6 634C/G polymorphisms have been briefly studied 

as potential risk factors of RPL. Further studies are definitely required to fully 

understand their effects on RPL and whether they are considered pathogenic variants. 
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Chapter 3 

Materials and methods 

3.1 Study Subjects 

A case control genetic association study within the framework of observational, 

analytical research was conducted on 172 women all of whom attended prenatal care 

clinics in the West Bank. The case group consisted of 88 women who had experienced 

three plus primary consecutive idiopathic miscarriages 44 of whom experienced 

miscarriage within the first 12 weeks of pregnancy and another 44 whose miscarriages 

took place between the 12th and 24th weeks of pregnancy. All samples were retrieved in 

accordance with the ESHRE guidelines. 

 The control group consisted of 84 women who had experienced two plus 

successful pregnancies in addition to a regular menstrual cycle and no history of 

recurrent abortion or other complications during pregnancy. All information on patients' 

medical histories was obtained through a uniform questionnaire, personal interview with 

the participants and consultation with the medical team. Information on participating 

subjects is shown in table 3.1. 

Table 3.1: Subjects’ Information 

Category  Description 

Study type  Case-control genetic association study (observational, analytical) 

Total participants 172 women 

Age range  ≤35 years 

Recruitment site Prenatal care clinics, West Bank 
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Case group 88 women with ≥3 consecutive idiopathic miscarriages  

1st trimester loss subgroup  44 women (miscarriage within first 12 weeks) 

2nd trimester loss subgroup 44 women (miscarriage between 12-24 weeks) 

Control group 84 women with ≥ 2 successful pregnancies, no history of miscarriage  

 

The exclusion criteria was as follows: women over the age of  35, women 

diagnosed with inherited thrombophilia (FV Leiden, F2 G20210A), chromosomal 

anomalies, cigarette smokers, consumers of alcohol, women suffering from autoimmune 

diseases (anti-phospholipid antibodies, anti-cardiolipin antibodies, lupus anticoagulant, 

anti-nuclear antibodies and B2 glycoprotein 1) women diagnosed with uterine 

abnormalities, infectious diseases (rubella, toxoplasma, HIV, HBV, HCV, and CMV), 

endocrine diseases ( diabetes mellitus, thyroid diseases, and hyperprolactinemia) as well 

as those with Rh blood group incompatibility and women suffering from any pregnancy 

complications other than recurrent pregnancy loss, such as those with a history of 

preterm birth or preeclampsia. 

3.2 DNA Extraction  

After collecting three ml of whole EDTA blood from control and case groups, 

genomic DNA was extracted from whole blood using a leukocyte-rich buffy coat 

according to the MasterPureTMDNA Purification Protocol (Epicentre Biotechnologies, 

Wisconsin, USA, Cat No. MG71100). DNA extraction was achieved via the following 

steps: first, 150µl of the buffy coat was transferred into an Eppendorf tube. Next, 600µl 

of lysis buffer was added to the tube, mixed gently and incubated at room temperature 

for 5 minutes after flicking the bottom of the tube. The tube was mixed, flicked and 
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incubated for additional 5 minutes at room temperature . at the end of the second 

incubation period, the tubes were mixed, flicked and the white blood cells were then 

pelleted by centrifugation at 14000 rpm for 25 seconds in a microcentrifuge The 

supernatant was removed, and the WBCs were resuspended in 20-50 µl of the remaining 

lysis 1 buffer and 300 µl of lysis buffer 2 were added and the cells were pipetted up and 

down 5-7 times. 250µl of precipitation solution were added to the tubes, vigorously 

vortexed for 30 seconds and the cellular debris was pelleted by centrifugation for 10 

minutes at 10000 x g in a microcentrifuge.  

The supernatant was then transferred to a new Eppendorf tube and 700µl of 

isopropanol was added to the tube. The tube was inverted a few times until the string-like 

precipitate of DNA became visible. The DNA was then precipitated by centrifugation at 

4 °C at 14000 rpm for 10 minutes and the supernatant was carefully removed without 

dislodging the pellet. Next, 150µl of 75% ethanol was added to wash out the isopropanol 

and further purify the pellet and the tube was centrifuged again for one minute. The 

supernatent was then removed from the tube and the pellet was left to air dry at room 

temperature for about 10 minutes. The DNA was then resuspended in 100µl nuclease 

free water and stored at –30 °C. 

3.3 DNA Quantitation and Qualification 

The concentration and purity of the extracted genomic DNA were assessed with a 

NanoDrop 2000c spectrophotometer (Thermo Scientific, USA). The average 

concentration for the control subjects was 52.48 ng/μL with an average 260/280 purity 

ratio of 1.98. The average concentration of the subjects who experienced RPL in the 

second trimester of pregnancy was 92.36 ng/μL with an average 260/280 purity of 2.02 
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and the average concentration of the subjects who experienced RPL in the first trimester 

of pregnancy was 34.27 ng/μL with an average 260/280 purity of 2.09. 

3.4 Gel electrophoresis  

Gel electrophoresis was done in order to check the quality of the prepared DNA 

using 1% (w/v) agarose gel (Standard Agarose Cat No. KI8100-500) was added to 100ml 

of diluted TAE working buffer (Tris Acetate EDTA (1X)). After heating the mixture for 

90 seconds to ensure that the agarose had completely dissolved into the buffer, 

(10mg/ml) of Ethidium Bromide was added to the agarose mixture after cooling to 

~700C in order to stain and enhance the visibility of DNA. 5µl genomic DNA was loaded 

into separate wells from each sample along with 5µl of ready-made DNA ladder (1KB) 

which was run alongside the samples to measure and determine the size of the bands. 

The gel was then run for 30-45 minutes at 80-120 volts for 35-40 minutes and then 

visualized using the Gel-Documentation machine under a UV transilluminator.  

3.5 CTLA-4 and IL-6 Primer Design  

The primers used throughout this study were designed using the Primer3Plus 

software. The primer pairs were adjusted to flank the regions around the two indicated 

SNPs (rs231775) and (rs1800796) in both genes. The product size for the amplified 

CTLA-4 gene product was 215bp, while that of the IL-6 gene was 201bp. For more 

details on the primers refer to Table 3.2. 

 

Table 3.2: The primer sequences used for the amplification of CTLA-4 and IL-6 

polymorphisms; DNA fragments encompassing (rs231775) and (rs1800796) 

respectively. 



20 
 

 
 

Gene Polymorphism  Site of 

mutation 

Primer sequence  Tm 

(°C) 

Restrictio

n enzyme 

CTLA

-4 

rs231775 Exon 1 F: 

CTGAACACCGCTCCCATAAA 

61.0 BSeX I 

 

 (+49A/G)  R: 

CACTGCCTTTGACTGCTGAA 

  

      

      

IL-6 rs1800796 Promotor F: 

GGCTGAAGCAGGTGAAGAA

A 

60.5 Mbi I 

 (-634 C/G)  R: 

CCAAGCCTGGGATTATGAA

G 

  

      

      

 

3.6 Polymerase Chain Reaction (PCR)  

The segments of DNA containing the polymorphic sites in the CTLA-4, and IL-6 

genes were amplified using PCR. The PCR reaction mixtures were as follows: 10µl Taq 

RPCR green master mix (2X), 1μl template DNA (100 ng) 1.0μl forward primer (10 

µM), 1.0μl reverse primer (10 µM) and 7μl nuclease-free water in a 20µl final reaction 

volume. The thermal cycler amplification program for both genes was set as shown in 

Table 3.3. 

Table 3.3: Optimized PCR conditions for CTLA-4 and IL-6 polymorphisms (rs231775) 

and (rs1800796) respectively. 

PCR Conditions CTLA-4 SNP 

(rs231775) 

 IL-6 SNP 

(rs1800796) 

 

 

Initial 

denaturation 

94°C, 5 min  94°C, 5 min 

 

 

2nd Denaturation 94°C, 20 sec 32 

cycles 

94°C, 20 sec 32 

cycles 

Annealing 55.5°C, 30 sec  55.5°C, 30 sec  

Extension 72°C, 45 sec  72°C, 45 sec  

Final extension 72°C, 5 min  72°C, 5 min  
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3.7 Genotyping  

Genotyping of CTLA-4 +49A/G and IL-6 -634 C/G SNPs was done using 

restriction fragment length polymorphism (RFLP)-PCR. The indicated amplified DNA 

fragments were genotyped for the CTLA-4 SNP (rs231775) located on exon 1 of the 

CTLA-4 gene and IL-6 SNP (rs1800796) in the promoter of the IL-6 gene by digestion 

with MbiI and BSeXI restriction endonucleases. The digestion for both genes was 

performed in 15µl reaction volumes containing 10µl PCR product, 3.4µl H20, 1.5µl 

buffer (10x), 0.1µl Mbi I restriction enzyme (10000Unit/ml) for the IL-6 SNP and 10µl 

PCR product, 3.25µl H20, 1.5µl buffer (10x), 0.25µl BSeX I restriction enzyme 

(2000Unit/ml) for the CTLA-4 SNP. The digestion mixture was incubated at 37 ° C 

overnight. The following genotypes were obtained: 

CTLA-4: 

• Homozygous WT (AA), resulting in one band of 215bp. 

• Heterozygous (AG), resulting in three bands: 215bp,~166bp &~49bp 

• Homozygous MT (GG), resulting in two bands:~166bp &~49bp 

IL-6: 

• Homozygous WT (CC), resulting in one band of 201bp. 

• Heterozygous (CG), resulting in three bands: 201bp,~135bp&~66bp  

• Homozygous MT (GG), resulting in two bands: ~135bp&~66bp 

The program used to analyze the data was SNPSTATS, an online statistical 

software used for the analysis of SNPs. After inputting the genotypes procured from 

observing RFLP-PCR samples using gel electrophoresis, into the software, it tested 

different inheritance models (dominant, recessive, etc.) to see how a SNP might 
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affect disease risk. The software was also used to measure allele frequency 

distribution, Hardy-Weinberg Equilibrium, linkage disequilibrium and perform 

haplotype analysis to identify whether there was any association between the two 

SNPs. 
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Chapter 4 

Results 

4.1 Study subjects 

The study was conducted on 44 female participants who experienced RPL in the 

first trimester of pregnancy and 44 others, who experienced RPL in the second trimester. 

aged ≤35 years all of whom experienced a minimum of 3 consecutive miscarriages. The 

control group consisted of 84 women who had two previous successful pregnancies with 

no records of complications related to pregnancy and labor complications.  

4.2 Detection of CTLA-4 and IL-6 SNPs 

PCR was used to amplify a 215bp DNA fragment flanking the (rs231775) 

polymorphism in the CTLA-4 gene as shown in figure 4.1 and the 201bp DNA fragment 

flanking the (rs1800796) polymorphism in the IL-6 gene as shown in. figure 4.2 .both 

figures show only one DNA product with the expected specific size. 

 

Figure 4.1: PCR amplification of the CTLA-4 gene fragment containing the +49A/G 

polymorphism, analyzed by agarose gel electrophoresis. Lane 1: 50bp DNA ladder; lanes 

(2-21) amplified PCR products; lane 22 negative control. 
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Figure 4.2: PCR amplification of the IL-6 gene fragment containing the -634 C/G 

 Polymorphism, analyzed by agarose gel electrophoresis. Lane 1: 100bp DNA ladder; 

lanes (2-10) amplified PCR products; lane 11 negative control. 

The exon1 amplified product of the CTLA-4 gene was digested using BSeX I 

restriction endonuclease resulting in the following genotypes: An uncut 215 bp fragment 

indicating the homozygous AA genotype , partially cut with 215bp, 166bp and 49bp 

fragments indicating the heterozygous AG genotype and finally complete digestion with 

166bp and 49 bp fragments indicating the homozygous GG genotype as described in 

Figure 4.3. The IL-6 promotor amplified PCR product was digested using Mbi I 

restriction endonuclease allowing the following genotypes to be observed; An uncut 201 

bp fragment indicating the homozygous CC genotype , partially cut with 201bp, 135bp 

and 66bp fragments indicating the heterozygous CG genotype and finally complete 

digestion with 135bp and 66 bp fragments indicating the homozygous GG genotype as 

described in Figure 4.4  
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Figure 4.3: RFLP digestion results of the CTLA-4 +49A/G polymorphism after digestion 

with the BseXI restriction enzyme. Lane 1: 50bp ladder. Lanes 4,9&12: The presence of 

restriction sites in the G allele produces two fragments. Lanes 6,7,8,11,15& 21: The A 

allele remains undigested resulting in a single larger fragment. Lanes 2,3,5,10,13,14,16-

20: Partial digestion results in three fragments showing both alleles. 

 

 

Figure 4.4: RFLP digestion results of the IL-6 -634 C/G polymorphism after digestion 

with the Mbi I restriction enzyme. lane 1: 50bp ladder. Lanes 2-4, 7-11, 13,14, 16-19: 

The presence of the G allele creates two fragments due to the restriction site. Lane 15 the 
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C allele produces a single undigested fragment. Lanes 5,6,12& 20: Partial digestion 

results in three fragments showing both alleles. 

4.3 Hary-Weinberg equilibrium (HWE) 

The hardy Weinberg equilibrium test was performed for SNP1 (CTLA-4) and 

SNP2 (IL-6) in the total population (n = 172) and the two subgroups (Control and 

Patients). CTLA-4 SNP1 showed no significant deviation from HWE. In the total 

population, the genotype distribution was 66 (AA), 79 (AG), and 27 (GG), with a p-

value of 0.75. Similarly, both control group (p = 0.65) and patients group (p = 0.25) 

remained in equilibrium. These results suggest a stable allele distribution in this SNP. 

Table 4.1: Analysis of HWE parameters for CTLA-4 

SNP1.CTLA.4 exact test for Hardy-Weinberg equilibrium (n=172) 

 
N11 

AA 

N12 

AG 

N22 

GG 

N1 

Total A 

N2 

Total G 
P-value 

All subjects 66 79 27 211 133 0.75 

Control Group 27 44 13 98 70 0.65 

Patients Group 39 35 14 113 63 0.25 

 

The IL-6 SNP genotypes significantly deviated from HWE. In the total 

population, the genotype counts were 141 (GG), 24 (CG), and 7 (CC), with a p-value of 

0.0012. Both control group (p = 0.032) and patients group (p = 0.03) showed significant 

deviations. This suggests that external factors, such as selection or population 

substructure, may be influencing this SNP’s distribution. Since CTLA-4 SNP follows 

Hardy-Weinberg expectations, while IL-6 does not, this indicates different genetic 

behaviors like natural selection or non-random mating, which may have implications for 

its role in the disease.  

Table 4.2: Analysis of HWE Parameters for IL-6 
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SNP2.IL.6 Exact test for Hardy-Weinberg equilibrium (n=172) 

 
N11 

GG 

N12 

CG 

N22 

CC 

N1 

Total G 

N2 

Total C 
P-value 

All subjects 141 24 7 306 38 0.0012 

Control Group 62 17 5 141 27 0.032 

Patients Group 79 7 2 165 11 0.03 

 

4.4 Allele frequency distribution and association of rs231775 (CTLA-4) and 

rs1800796 (IL-6) with recurrent pregnancy loss 

After assessing the allele frequencies for the two variants: rs231775 (CTLA-4) 

and rs1800796 (IL-6) it was observed that regarding rs231775 (CTLA-4),the A allele 

was slightly more frequent in the RPL group (64%) than in controls (58%), while the G 

allele was more common in controls (42%) than in the patients group (36%). However, 

the association was not statistically significant (p = 0.27), suggesting no evidence of a 

link between this variant and RPL. As for the rs1800796 (IL-6), the G allele was 

significantly more frequent in the RPL group (94%) compared to controls (84%), 

whereas the C allele was more prevalent in controls (16%) compared to patients (6%). 

This difference was statistically significant (p = 0.005), suggesting a protective effect of 

the C allele against RPL. These findings indicated that the IL-6 polymorphism may play 

a role in RPL susceptibility, warranting further investigation. 

Table 4.3: Allele Frequency Distribution of  rs231775 (CTLA-4) and rs1800796 (IL-6) 

for All Subjects. 

Variant Allele 
Control 

group 
RPL case 

OR(95% 

CI) 
P-value 

rs231775 
A 98 (0.58) 113 (0.64) 1.28 (0.83 – 

1.98) 
0.27 

G 70 (0.42) 63 (0.36) 

rs1800796 
G 141 (0.84) 165 (0.94) 0.35 (0.17 – 

0.73) 
0.005 

C 27 (0.16) 11 (0.06) 
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4.4 Association of CTLA-4 and IL-6 polymorphisms with RPL 

The genotype distributions and association analysis of the CTLA-4 polymorphism in 

control subjects and RPL cases are summarized in Table 4.4. 

The conclusion drawn from this information is that the CTLA-4 SNP showed an 

insignificant p-value when comparing the occurrence of the variant in patients and 

controls indicating that there is no link between this variant and RPL. However, the IL-6 

SNP showed a statistically significant P-value indicating a link/association between this 

variant and the occurrence of RPL. 

Table 4.4: Genotypic and Allelic Association of CTLA-4 Polymorphism with RPL 

Among All Subjects. 

SNP 
Model 

 

Genotype 

 

Control 

subjects  

 

RPL 

Cases 

 

OR 

(95%CI) 
P-value 

CTLA-4 

 

AA 27 (32.1%) 39 (44.3%) 1.00 

 

 

0.21 

AG 44(52.4%) 35(39.8%) 
0.55 

(0.28-1.07) 

GG  13(15.5%) 14(15.9%) 
1.39 

(0.75-1.83) 

Dominant 

AA vs. 27 (32.1%) 39 (44.3%) 1.00 
 

0.1 AG+ GG 57 (67.9%) 49 (55.7%) 
0.60 

(0.32-1.11) 

Recessive 

AA +AG 

vs. 
71 (84.5%) 74 (84.1%) 1.00 

 

0.94 
GG 13 (15.5%) 14 (15.9%) 

1.03 

(0.45-2.35) 

As shown in the table in all models, the CTLA-4 SNP showed a statistically insignificant 

p-value once again showing that this SNP is not linked to the occurrence of RPL. The 

genotype distributions and association analysis of the IL-6 polymorphism among control 

and RPL subjects are summarized in Table 4.5. 

Table 4.5: Genotypic and Allelic Association of IL-6 Polymorphism among All RPL and 

Control Subjects 
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SNP 
Model 

 

Genotype 

 

Control 

subjects 

 

RPL 

Cases 

 

OR (95%CI) P-value 

IL-6 

 

GG 
62 

(73.8%) 

79 

(89.8%) 

 

1.00 

 

 

0.022 

 

CG 

17 

(20.2%) 

 

7 (8%) 

 

0.32 

 (0.13-0.83) 

 

CC 
 5 (6%) 

 

2 (2.3%) 

 

0.31  

(0.06-1.67) 

 

Dominant 

G/G 

vs. 

62 

(73.8%) 

 

79 

(89.8%) 

 

1.00 
 

0.0059 

 
C/G-C/C  

22 

(26.2%) 

9 (10.2%) 

 

0.32 

 (0.14-0.75) 

 

Recessive 

G/G-C/G 

 vs. 

79 (94%) 

 

86 

(97.7%) 

 

1.00  

0.22 

 
C/C 

5 (6%) 

 
2 (2.3%) 

0.37  

(0.07-1.95) 

The table above shows the analysis of the three genetic models of the IL-6 SNP, 

it is observed that the dominant model shows a statistically significant p-value which 

indicates a link between this variant and the occurrence of RPL.  To further explore the 

genetic association, we performed a stratified analysis of both variants (rs231775 and 

rs1800796) on control and RPL subjects in the second-trimester. The results are 

presented in Tables 4.6 and 4.7. 

Table 4.6: Genotypic and Allelic Association of CTLA-4 Polymorphism (rs231775) 

among Control and RPL Subjects in the Second Trimester 

Second trimester patients  

 

 

SNP 
Model 

 

Genotype 

 

Control 

subjects  

 

RPL 

Cases 

 

OR 

(95%CI) 
P-value 

CTLA-4  

AA 27 (32.1%) 19 (43.2%) 1.00 
 

 

0.41 

AG 44(52.4%) 18(40.9%) 
0.58 

(0.26-1.30) 

GG  13(15.5%) 7(15.9%) 0.77 
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(0.26-2.28) 

Dominant 

AA vs. 27 (32.1%) 19 (43.2%) 1.00 
 

0.22 AG+ GG 57 (67.9%) 25 (56.8%) 
0.62 

(0.29-1.32) 

Recessive 

AA +AG 

vs. 
71 (84.5%) 37 (84.1%) 1.00 

 

0.95 
GG 13 (15.5%) 7 (15.9%) 

1.03 

(0.38-2.81) 

Table 4.7: Genotypic and Allelic Association of IL-6 Polymorphism with Second 

Trimester RPL 

Second trimester patients  

 

 

SNP 
Model 

 

Genotype 

 

Control 

subjects  

 

RPL 

Cases 

 

OR 

(95%CI) 
P-value 

IL-6 

 

 

GG 62 (73.8%) 38 (86.4%) 1.00 

 

 

0.23 

CG 
17 (20.2%) 

 
5 (11.4%) 

0.48 

(0.16-1.41) 

CC 
 5 (6%) 

 
1 (2.3%) 

0.33 

(0.04-2.90) 

Dominant 

G/G 

vs. 

62 (73.8%) 

 
38 (86.4%) 1.00 

 

0.093 
C/G-C/C  22 (26.2%) 6 (13.6%) 

0.44 

(0.17-1.20) 

Recessive 

G/G-C/G 

 vs. 

79 (94%) 

 
43 (97.7%) 1.00 

 

0.32 
C/C 

5 (6%) 

 
1 (2.3%) 

0.37 

(0.04-3.25) 

The results indicated no association between CTLA-4 and IL-6 polymorphisms 

with RPL in second-trimester cases compared to all cases. This indicates that the 

observed difference of IL-6 variant (rs1800796) among the total subjects is not related to 

the second trimester. In response to the previous data, we performed a stratified analysis 

among both groups (Control and RPL) in the first-trimester. The results are presented in 

Tables 4.8 and 4.9. 

Table 4.8: Genotypic and Allelic Association of CTLA-4 Polymorphism (rs231775) 

among Both Test Groups in the First Trimester 

First trimester patients  
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SNP 
Model 

 

Genotype 

 

Control 

subjects  

 

RPL 

Cases 

 

OR 

(95%CI) 
P-value 

CTLA-4 

 

AA 27 (32.1%) 20 (45.5%) 1.00 

 

 

0.28 

AG 44(52.4%) 17 (38.6%) 
0.52 

(0.23-1.17) 

GG  13(15.5%) 7(15.9%) 
0.73 

(0.25-2.15) 

Dominant 

AA vs. 27 (32.1%) 20 (45.5%) 1.00 
 

0.14 AG+ GG 57 (67.9%) 24 (54.5%) 
0.57 

(0.27-1.20) 

Recessive 

AA +AG 

vs. 
71 (84.5%) 37 (84.1%) 1.00 

 

0.95 
GG 13 (15.5%) 7 (15.9%) 

1.03 

(0.38-2.81) 

 

Table 4.9: Genotypic and Allelic Association of IL-6 Polymorphism (rs1800796) among 

Both Test Groups in the First Trimester 

First trimester patients  

SNP 
Model 

 

Genotype 

 

Control 

subjects  

 

RPL 

Cases 

 

OR 

(95%CI) 
P-value 

IL-6 

 

 

GG 62 (73.8%) 41 (93.2%) 1.00 

 

 

0.018 

CG 
17 (20.2%) 

 
2 (4.5%) 

0.18 

(0.04-0.81) 

CC 
 5 (6%) 

 
1 (2.3%) 

0.30 

(0.03-2.68) 

Dominant 

G/G 

vs. 

62 (73.8%) 

 
41 (93.2%) 1.00 

 

0.0049 
C/G-C/C  22 (26.2%) 3 (6.8%) 

0.21 

(0.06-0.73) 

Recessive 

G/G-C/G 

 vs. 

79 (94%) 

 
43 (97.7%) 1.00 

 

0.32 
C/C 

5 (6%) 

 
1 (2.3%) 

0.37 

(0.04-3.25) 

These results show a significant association between IL-6 polymorphisms and RPL in 

the first-trimester compared to second-trimester RPL. This confirmed that there was a 

trimester-specific genetic effect on RPL susceptibility. 
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4.5 Haplotype Association with Response 

Haplotype analysis was done for SNP1 (CTLA-4) and SNP2 (IL-6) among all 

subjects (n=172) in relation to response (the likelihood of experiencing RPL). The data 

shows that the most common haplotype was, A-G (54.92%), which was used as the 

reference. It is apparent that none of the individual haplotypes reached statistical 

significance in the crude analysis, a trend toward a protective effect was observed for 

haplotypes containing the C allele at SNP2 (IL-6). 

Table 4.10: Haplotype Analysis of CTLA-4 and IL-6 SNPs among All Subjects in 

Association with Response (Likelihood of experiencing RPL) (n = 172) 

SNP1 (CTLA-4) SNP2 (IL-6) Frequency (total) OR (95% CI) P-value 

A G 0.5492 1.00 --- 

G G 0.3403 0.79 (0.49 - 1.27) 0.33 

A C 0.0642 0.43 (0.17 - 1.13) 0.088 

G C 0.0463 0.34 (0.10 - 1.12) 0.079 

Global haplotype association p-value: 0.047 

4.6 Linkage Disequilibrium Analysis 

The table above shows that while the individual haplotype p-values are not 

statistically significant, the global haplotype p-value is significant. This indicates that 

there may be a trend toward protection regarding haplotypes containing the C allele. Any 

association observed is due to functional interaction and not genomic linkage. 

Table 4.11: Linkage Disequilibrium Analysis of CTLA-4 and IL-6 SNPs among All 

Subjects 

Measure SNP1.CTLA-4 vs. IL-6 

D 0.0036 
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D′ 0.0524 

r 0.0233 

p-value 0.666 

Linkage disequilibrium analysis between the CTLA-4 and IL-6 SNPs revealed a 

very weak LD where there was minimal disequilibrium between the D and D′ loci and 

the p-value was not significant. The results show that the two indicated SNPs are 

inherited independently in the population. Note that any association observed is due to 

functional interaction and not genomic linkage. 

4.7 Screening for a Familial HLA-G 459delC Variant in the Study Cohort  

 In light of previous findings identifying the HLA-G 459delC variant as a 

potential contributor to RPL through its impact on fetal stability, immune tolerance and 

vascular remodelling at the maternal-fetal interface, we examined the frequency of this 

specific familial variant in our study cohort using sanger sequencing. However, our 

analysis did not detect the presence of this mutation among the participating subjects 

which indicated that while it may play a role in certain familial cases, it is not a common 

variant in the broader population studied. 
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Chapter 5 

Discussion 
  

 RPL is a pregnancy disorder characterized by the repeated and 

unexplained loss of pregnancy where the mother experiences 2-3+ incidents of 

pregnancy loss consecutively which occur before the 24th week of pregnancy 

(“Endometriosis. Guideline of European Society of Human Reproduction and 

Embryology – 2022,” 2022), (American Society for Reproductive Medecine, 2012). This 

condition is multifactorial and has been attributed to several causes whether they are 

anatomical, hormonal, immunological, etc. however; many of these cases remain 

idiopathic. Emerging evidence shows that genetic and immunogenetic factors may 

contribute significantly to the etiology of idiopathic RPL (Ford & Schust, 2009). Genes 

such as CTLA-4 and IL-6 have particularly gained attention in these studies due to their 

roles in modulating maternal immune tolerance during pregnancy.   

In this study we investigated the association of CTLA-4 +49 A/G (rs231775) and 

IL-6 -634 C/G (rs1800796) SNPs with RPL. The target population of this study 

comprised Palestinian women of reproductive age ≤35 years who experienced idiopathic 

reccurent pregnancy loss, with the aim of investigating potential genetic associations 

involving CTLA-4 and IL-6 gene polymorphisms. The subjects were divided into two 

groups. The first group was comprised of women who experienced RPL in the first 

trimester of pregnancy and the second group was 44 women who experienced RPL in the 

second trimester. Our findings indicated a significant association of the IL-6 

polymorphism with RPL susceptibility, while the CTLA-4 indicated variant did not show 

significant association. Even though the A allele was observed to be slightly more 

frequent among RPL cases (64%) compared to controls (58%), the difference was not 

significant (p = 0.27). When analyzing the different genotypes of the CTLA-4 
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(rs231775) variant using various genetic models including the dominant and recessive 

models, there was no statistically significant correlation between this polymorphism and 

RPL. This suggests that this CTLA-4 polymorphism does not seem to play a crucial role 

in the development of RPL within our study population.  

These findings on CTLA-4 (rs231775) contrasted with the results of a recent 

meta-analysis, which suggested a decreased risk of RPL associated with the A allele 

approaches (Song et al., 2019). The meta-analysis included six case-control studies and 

over 5,000 individuals. It was found that the AA genotype significantly reduced RPL risk 

compared to the GG genotype, particularly in Chinese and non-Chinese populations. 

This finding suggested a protective effect of the A allele which may be population-

specific or influenced by other genetic and/or other environmental factors, therefore, 

while the meta-analysis highlighted the potential role of CTLA-4 in immune tolerance 

during pregnancy, our study did not support the involvement of this pathway in our study 

population. This result is mostly attributed to differences in sample ethnic backgrounds 

between various populations. 

Several previous studies have investigated the role of the CTLA-4 +49 A/G 

polymorphism in RPL yielding varied results across the different populations. In a study 

conducted on the Iranian Azeri Turkish ethnic group (Bonyadi et al., 2017), researchers 

found no significant association between CTLA-4 +49 A/G and RPL. The genotype 

distributions among women with RPL and healthy controls were comparable which 

suggested that in this population, this polymorphism does not seem to contribute to RPL 

susceptibility.  

Another study conducted on Tunisian women identified the A/G heterozygous 

genotype along with specific haplotypes of the CTLA-4 gene as potential risk factors for 
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RPL (Messaoudi et al., 2014).  Furthermore, a study conducted in southwest Iran 

reported significant association between the G allele and decreased risk of idiopathic 

recurrent spontaneous abortion indicating its potential protective role against RPL (Rasti 

& Nasiri, 2016). Moreover, a study among Finnish women linked the G allele to an 

increased risk of preeclampsia and placental abruption both which can lead to pregnancy 

complications (Jääskeläinen et al., 2008). 

One case-control study conducted in Gaza studied the same CTLA-4 +49 A/G 

gene polymorphism in addition to three other CTLA-4 gene polymorphisms (-1661 A/G, 

-318C/T and -1772 T/C. The data that we observed in our study corroborated the results 

of this study as the CTLA-4 +49 A/G gene polymorphism was reported insignificant in 

terms of RPL association. Additionally, the other three polymorphisms in this gene were 

reportedly not associated with RPL. 

These discrepancies suggest that there may be underlying factors influencing the 

impact of the CTLA-4 +49 A/G polymorphism on RPL including ethnic variation, 

genetic backgrounds, sample size and other potential environmental factors. This is 

clearly apparent since some studies indicate a protective effect of the G allele, others 

associate it with increased risk lack of correlation. As a result, there is currently no clear 

general consensus regarding the role of CTLA-4 +49 A/G polymorphism in RPL. Further 

research involving larger, multi-ethnic cohorts and functional comprehensive analyses is 

required to understand the precise relationship between this polymorphism and RPL.  

More recently, a study was conducted on the role of this SNP among the Iranian 

population utilizing two groups of women including 120 RPL cases with a history of 

recurrent pregnancy loss (RPL) and 120 healthy controls study (Nezamdoust et al., 

2023). The role of the rs3087243, rs231775, and rs5742909 polymorphisms of the  
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CTLA-4 gene were studied. Evidently, no significant difference between the case and 

control groups regarding the  rs231775 variant (p = 0.37). Similar to the finding made in 

our present study. 

Data on the IL-6 (rs1800796) variant showed  the G allele was significantly more 

frequent among RPL cases (94%) compared to controls (84%), while the C allele was 

conversely more prevalent among controls (16%) compared to the RPL subjects (6%) 

(P=0.005) suggesting a protective role of the C allele against RPL. Similarly, a study 

conducted in the Chinese population reported the G allele of the indicated IL-6 variant 

increased the risk of RPL, and women carrying the GG + CG genotypes had a 

significantly higher risk of RPL compared to subjects with the CC genotype (Liu et al., 

2022). 

The IL-6 -634C/G polymorphism has also been the subject of multiple studies 

investigating its association with RPL. One study conducted in Iran reported that women 

carrying the GG or GC genotypes of IL-6 -634C/G were at a higher risk of RPL 

compared to those with the CC genotype and the mutant G allele predisposed women to 

miscarriage 1.5 times more than controls (Rasti et al., 2016). Research conducted on  

Chinese population conversely indicated a protective effect associated with the CG 

genotype which was associated with a decreased risk of RPL and the GG genotype 

showed even lower risk (Ma et al., 2017).  In a meta-analysis that involved relevant data 

from various ethnic disparities, revealed the IL-6 -634C/G polymorphism is clearly 

associated with RPL susceptibility in non-Caucasian populations, specifically among 

Asians (Lee et al., 2015). The G allele was associated with an increased risk of RPL. 

Once again, the divergent finding s underscore the complexity of genetic factors in RPL 

and suggest that the impact on RPL susceptibility differs across various ethnic groups.   



38 
 

 
 

In this study we chose to analyse the indicated genetic data from the  RPL cases 

stratified by the specific trimester stage of all tested variants. Evidently, a stronger 

association was observed between the rs1800796 variant of the IL-6 gene in the first 

trimester compared to the second-trimester subjects. The CG genotype showed a 

significant protective role in the first-trimester (p = 0.018) with no association in second-

trimester cases (p = 0.23) indicating trimester-specific genetic influence, where IL-6 

plays a critical role in early pregnancy loss. Haplotype analysis showed that none of the 

individual haplotypes reached statistical significance, however, a clear trend was 

observed toward a protective effect of the C allele of  IL-6 (rs1800796) where the A-C 

and G-C haplotypes had lower odds ratios (0.43 and 0.34, respectively), suggesting a 

potential protective effect. 

These results highlight the importance of IL-6 polymorphism in RPL 

susceptibility, particularly in early pregnancy loss. The observed deviation from HWE as 

well as the statistical significance regarding the association between the C allele and 

reduced RPL risk suggest a potential impact on biological processes. The IL-6  plays a 

crucial role in immune regulation and inflammation and both processes are critical for 

pregnancy maintenance. The observed association between IL-6 (rs1800796) SNP and 

RPL might have concrete biological or molecular consequences such as altering IL-6 

expression levels thereby affecting immune function or influencing inflammation 

pathways that are crucial for maintaining pregnancy. A variant that influences IL-6 

expression may impact maternal-fetal immune tolerance which would then lead to 

pregnancy complications. 

In contrast, the lack of significant association observed with the indicated CTLA-

4 variant suggests that its role in RPL may be limited or influenced by other genetic 
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factors. As a key immune checkpoint regulator, the CTLA-4 has been implicated in 

autoimmune disorders however, its involvement in RPL remains uncertain.  

Given the role of IL-6 in inflammation and immune regulation, therapeutic 

strategies targeting its signaling have been investigated in various autoimmune and 

inflammatory conditions. Increased IL-6 levels have been linked to adverse pregnancy 

outcomes, including recurrent abortion, likely due to heightened inflammatory responses 

at the maternal-fetal interface. IL-6 inhibitors, such as tocilizumab and siltuximab, have 

been explored for their potential to regulate inflammatory pathways and restore immune 

balance (Nakajima et al., 2016). However, their use during pregnancy remains 

challenging due to concerns regarding fetal safety and the intricate immunological 

adaptations necessary for a successful pregnancy. Further research is required to 

determine whether modulating IL-6 signaling could be a viable therapeutic option for 

individuals experiencing recurrent pregnancy loss associated with immune dysregulation. 

 

The present study is influenced by several limitations which may have important 

impacts on the generated results and their association with RPL. First, the sample size 

may not include enough participants to allow the detection of moderate genetic variation 

and lacked statistical power to identify weaker associations. Secondly, the results lack 

the presence of functional studies linking, the effect of the observed genetic variation on 

IL-6 expression and function. Functional studies will allow direct analysis of genetic 

variation on gene expression and cytokine levels which may be crucial to confirm the 

biological relevance of the indicated gene variant and its potential impact on immune 

regulation during pregnancy. 
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Additionally, we analyzed the potential effect of the  HLA-G Leu154fs*60 

variant, which was clearly identified in a family as a major genetic factor linked to RPL 

among affected members (Maysa, 2024), using sanger sequencing to investigate its 

potential involvement among the RPL study group. HLA-G is known to play a crucial 

role in maternal-fetal immune tolerance by inhibiting immune responses against the 

semi-allogenic fetus. HLA is primarily expressed in the placenta and interacts with 

immune cells like NKs and T cells to promote immune tolerance (Zhuang et al., 2021). 

Due to its essential function in establishing and maintaining pregnancy, we sought to 

determine whether the Leu154fs*60 frameshift variant, as it could potentially alter HLA-

G protein function. Our results however, showed that none of the samples exhibited 

significance for this variant suggesting that it may not be a contributing factor in the 

cohort that we studied. 

Conclusions and Recommendations 

This study investigated the association between CTLA-4 +49 A/G (rs231775) and IL-6 -

634 C/G (rs1800796) SNPs and susceptibility to RPL among Palestinian women. The 

results indicate a significant association between the IL-6 -634 C/G (rs1800796) 

polymorphism and increased risk of RPL, specifically in first-trimester losses, which 

suggests a trimester specific genetic influence. The C allele and CG genotype of IL-6 

were associated with a protective effect against RPL, supporting the role of inflammatory 

cytokine regulation in the maintenance of pregnancy.  

 In contrast, the between CTLA-4 +49 A/G (rs231775) polymorphism, showed no 

significant association with RPL in our study group. This may reflect population-specific 

genetic differences, varying sample sizes, or the multifactorial nature of RPL. These 

findings emphasize the importance of genetic screening and trimester-specific analysis in 
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imporoving our understanding of RPL etiology. IL-6 gene variants may potentially serve 

as genetic markers for identifying women at increased risk of RPL which would aid in 

early diagnosis and personalized care strategies 

Reccomendations 

1. Larger, multicenter studies across diverse populations are recommended to 

validate these findings and assess the consistency of IL-6 and CTLA-4 

associations with RPL. 

2. Functional studies are necessary to elucidate the biological mechanisms by which 

IL-6 polymorphisms influence pregnancy outcomes. 

3. Inclusion of other cytokine and immune-regulatory genes may provide a more 

comprehensive genetic profile contributing to RPL susceptibility. 

4. Consideration of environmental and lifestyle factors in future analyses is essential 

to understand gene-environment interactions in RPL. 

5. The integration of genetic screening into clinical practice should be explored, 

particularly for high-risk groups of women with unexplained RPL, to guide 

targeted interventions or counseling 
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 الملخص
يعُرّف بأنه اضطراب حملي معقد يتضمن الفشل أو الفقدان المتكرر RPL)  الإجهاض المتكرر )

مل المتكرر. لم يتم بعد تحديد معدل انتشار هذا % من النساء يعانين من فقدان الح3للحمل. حوالي 

الاضطراب في فلسطين. وتهدف هذه الدراسة إلى فحص العلاقة بين تعدد الأشكال أحادي 

( مع فقدان rs1800796) IL-6( و rs231775) CTLA-4( في جيني SNPالنوكليوتيد )

لتعددات الجينية في مجموعة (  لتحليل هذه اRFLPالحمل المتكرر في فلسطين. تم استخدام تقنية )

من المريضات  44من الأصحاء كعينة ضابطة.  84مريضة و 88شخصا؛ً  172مكونة من 

منهن في الثلث الثاني. أظهرت  44تعرضن للإجهاض المتكرر في الثلث الأول من الحمل، و

 CTLA-4التحليلات الجينية والأليلية عدم وجود ارتباط ذي دلالة إحصائية بين تعدد أشكال 

ارتباطًا ذا دلالة إحصائية، حيث يبدو أن الأليل  IL-6. من ناحية أخرى، أظهر تعدد أشكال RPLو

C ( له تأثير وقائي ضد فقدان الحمل المتكررp = 0.005 أشارت التحليلات الخاصة بالثلث .)

لث وحالات فقدان الحمل في الث IL-6الأول من الحمل إلى وجود ارتباط أقوى بين تعدد أشكال 

. تتماشى هذه C( الدور الوقائي للأليل haplotypeالأول. كما دعمت تحليلات الأنماط الجينية )

في تنظيم المناعة خلال الحمل. ومع ذلك، هناك  IL-6النتائج مع نتائج دراسات سابقة أكدت دور 

IL-6 (rs1800796 )الخاص بـ  SNPحاجة إلى مزيد من الدراسات الوظيفية لتأكيد تأثير 

لال الحمل وفهم الآليات البيولوجية التي تكمن وراء هذا الارتباط. تؤكد هذه الدراسة على أهمية خ

 واستكشاف استراتيجيات علاجية محتملة. RPLالفحص الجيني في تحديد القابلية للإصابة بـ 


