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Abstract 

Background:  

Recurrent spontaneous abortion (RSA), the repetition of three or more consecutive abortions 

before the 24th week of pregnancy, occurs in approximately 0.5–3% of reproductive-aged 

women. Immunological factors play an important role in establishing a successful pregnancy. 

Evidence has accumulated indicating that cytokines play an important role in the maintenance 

of pregnancy by modulating the immune system. IL-18 is a pro-inflammatory cytokine that 

plays a central role in inflammation and immune response, and is generally acknowledged as a 

key defense cytokine against infectious agents. Four polymorphisms in the IL-18 gene at 

positions -137 G>C, -607 C>A, +105A>C, and -656 G>T, appear to have functional impact as 

risk factors for RSA. 

Aim: To investigate the association between IL-18 gene polymorphisms (-137 G>C, 

"rs187238"; -607 C>A, "rs1946518"; +105A>C, "rs549908"; and -656 G>T, "rs1946519") 

and RSA among Palestinian women residing in Gaza Strip. 

Methods: 200 women were examined: 100 women suffering from RSA and 100 control 

women. The groups were genotyped for IL-18 (-137 G>C, "rs187238"; -607 C>A, 

"rs1946518"; +105A>C, "rs549908"; and -656 G>T, "rs1946519") polymorphisms. Allele 

specific polymerase chain reaction (AS-PCR) was used to detect IL-18 -137 G>C, "rs187238" 

and -607 C>A, "rs1946518" polymorphisms whereas the restriction fragment length 

polymorphism (RFLP-PCR) method was used for genotyping IL-18 +105A>C, "rs549908"; 

and -656 G>T, "rs1946519" polymorphisms. 

Results: There was no significant association between the allele and genotype frequencies of 

the four single nucleotide polymorphisms (SNPs) in the IL-18 gene and RSA in our 

population.  

Conclusion: There was no significant difference detected in the IL-18 gene SNPs (-137 G>C, 

"rs187238"; -607 C>A, "rs1946518"; +105A>C, "rs549908"; and -656 G>T, "rs1946519") 

and RSA in the study population. Future work should focus on association of other IL-18 and 

immune response genes' polymorphisms in RSA cases.  

Keywords: Interleukin-18, Recurrent spontaneous abortion, polymorphism, Gaza strip. 
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 فلسطيه -وحذوث االجهبض المتكرر في قطبع غزة 61دراست عالقت التعذد الشكلي لجيه اوترليىكيه 

 

 الملخص

َحذث فٍ  يٍ انحًم،  24فقذاٌ انحًم نخالحح يشاخ يتتانُح أو أكخش قثم األسثىعت وانزٌ َؼًشف االجهاض انًتكشس مقذمت:

هُانك أدنح تشُش إنً أٌ انؼىايم انًُاػُح وتًا فٍ رنك انسُتىكُُاخ تهؼة  يٍ انُساء فٍ يشحهح االَجاب.٪ 3-5.0حىانٍ 

َهؼة دوًسا سئُسًُا فٍ حذوث االنتهاب واالستجاتح انًُاػُح  81انسُتىكٍُ اَتشنُىكٍُ  .دوًسا هاًيا فٍ انحفاظ ػهً انحًم

 656- ػُذ انًىاضغ 81استغ اشكال يتؼذدج نجٍُ اَتشنُىكٍُ انك هُدفاع أساسٍ ضذ انؼىايم انًؼذَح. َؼتثش كؼايم و

G>T, "rs1946519")  +105A>C, "rs549908"; -137 G>C, "rs187238";  و"rs1946518"607-و 

C>A,)  .تظهش تأٌ نها تأحُش وظُفٍ وقذ تشكم ػىايم خطش فٍ حذوث االجهاض انتكشس 

 ("G>T, "rs1946519 656-   :81نجٍُ اَتشنُىكٍُ  ًَاط يختهفحاستغ أدساسح انؼالقح تٍُ  الهذف:

+105A>C, "rs549908";  -137 G>C, "rs187238";  و"rs1946518"607-و C>A, ) وحذوث اإلجهاض

 فٍ قطاع غزج.نذي انُساء انفهسطُُُاخ انًتكشس 

ايشأج كؼُُح ضاتطح. نكهتا  855ايشأج تؼاٍَ يٍ االجهاض انًتكشس و  855يُهى  ايشأج، 055تى فحص  الطرق المستخذمت:

 حُج (G>T 656-و G>C, -607 C>A, +105A>C 137-) 81نجٍُ اَتشنُىكٍُ  انًُط انجٍُُفحص انًجًىػتٍُ تى 

( تًُُا تى استخذاو "C>A, "rs1946518 607- و  "G>C, "rs187238 137-نفحص ) (AS-PCR)تى استخذاو تقُُح 

 (.-"G>T, "rs1946519 656و  "105A>C, "rs549908+نكم يٍ )  (RFLP-PCR)تقُُح 

أظهشخ َتائج هزِ انذساسح ػذو وجىد ػالقح راخ دالنح إحصائُح تٍُ االنُالخ وتؼذد انًُط انجٍُُ نهتؼذداخ انشكهُح  الىتبئج:

 ٍ قطاع غزج.وحذوث االجهاض انًتكشس ف 81االستؼح نجٍُ اَتشنُىكٍُ 

 :81َستُتج يٍ هزا انثحج ػذو وجىد ػالقح تٍُ انتؼذداخ انشكهُح االستؼح نجٍُ اَتشنُىكٍُ  الخالصت:

 +105A>C, "rs549908"; -656 G>T, "rs1946519") -137 G>C, "rs187238";  و"rs1946518"و   

607 C>A,و حذوث اإلجهاض فٍ يجًىػح انذساسح. وتىصٍ انذساسح تإجشاء اتحاث ػهً انؼالقح تٍُ االختالفاخ فٍ ( ـ

 وجُُاخ اخشي وحذوث اإلجهاض انًتكشس فٍ قطاع غزج.  81تؼذداخ شكهُح اخشي نجٍُ اَتشنُىكٍُ 

 

 ،انتؼذد انشكهٍ، اًَاط ، االجهاض انًتكشس، قطاع غزج 81اَتشنُىكٍُ كلمبث مفتبحيت: 
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Chapter One: Introduction 

1.1. Overview 

Recurrent spontaneous abortion (RSA), the repetition of three or more consecutive abortions 

before the 24th week of pregnancy, occurs in approximately 0.5–3% of reproductive-aged 

women (Li et al., 2002).  

Genetic basis of RSA is poorly understood. Single gene mutations, polygenic, and cytogenetic 

factors are all found to show association with RSA (Meka and Reddy, 2006). 

Some studies have led to the awareness that immunological factors play an important role in 

establishing a successful pregnancy. Considerable evidence has accumulated indicating that 

cytokines play an important role in the maintenance of pregnancy by modulating the immune 

system (Jenkins et al., 2000). Several studies have shown that cytokines play a major role in 

reproductive phenomena, where T-helper type 2 (Th2) dominant response has been associated 

with normal pregnancy, and predominant Th1 response has been related to pregnancy failure 

(Hill, 1995). 

Interleukin-1 (IL-1) family includes ten known members, all of which are characterized by 

gene structure, predicted three-dimensional fold, processing, receptor, signal transduction 

pathway and pro-inflammatory properties (Bazan et al., 1996). 

IL-18 is a member of the IL-1 super-family (Dinarello, 1999) and secreted by a wide range of 

cells, including T and B lymphocytes, and antigen-presenting cells (APCs) (Baxevanis et al., 

2003, Tschoeke et al., 2006), IL-18 plays a central role in inflammation and immune 

response, and is generally acknowledged as a key defense cytokine against infectious agents ( 

Vidal-Vanaclocha et al., 2006). IL-18 was originally described as an IFN-γ-inducing factor 

(Okamura et al., 1995). IL-18 is a pro-inflammatory cytokine produced mainly by 

macrophages and monocyte but also by dendritic cells, Kupffer cells, keratinocytes, synovial, 

fibroblasts, epithelial cells, and osteoblasts and plays a crucial role in regulation of both innate 

and acquired immunity (Schneider et al., 2010). IL-18, in synergy with IL-12 or IL-21 

enhances IFN-γ production in human NK and T Cells (Shigehara et al., 2001; Strengell et 

al., 2003).  

The IL-18 gene is located on chromosome 11 (11q22.2–22.3), and contains many 

polymorphisms, especially in the promoter region (Smith and Humphries, 2009). A number 

of single nucleotide polymorphisms (SNPs) of IL-18 gene have been identified and 
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investigated (Tsuboi et al., 2004). Two polymorphisms (–137 G>C and –607 C>A) in the IL-

18 gene promoter seem to affect the transcription and hence the amount of IL-18 (Giedraitis 

et al., 2001). 

Research efforts have focused on SNPs in cytokine genes (Raghupathy et al., 2000), and 

various SNPs have been reported to be associated with infectious and inflammatory 

conditions, including the risk of pre-labor rupture of the amniotic membranes and preterm 

labor (Bidwell et al., 2001). Polymorphisms in the promoter regions, exons or introns of 

certain cytokine genes, influence the level of cytokine production and result in high, 

intermediate or low levels of cytokines. 

 The IL-18 gene is expressed by human chorion and deciduas and is thereby present at the 

materno-fetal interface. It is also detectable in amniotic fluid and maternal and umbilical cord 

blood samples. The IL-18 level increases from the first trimester until the onset of labor. It 

further rises at labor onset and remains constant until the third day of puerperium. The role of 

IL-18 in pregnancy, labor onset, and pregnancy complications has recently been proposed 

(Naeimi et al., 2006). 

This study is intending to investigate the association between IL-18 gene polymorphisms (-

137 G>C, "rs187238"; -607 C>A, "rs1946518"; +105A>C, "rs549908"; and -656 G>T, 

"rs1946519") and RSA among Palestinian women residing in Gaza Strip. 

 

1.2  Problem Statement  

Couples major concern, particularly in our region, is to have children and extended families. 

Unfortunately, a significant fraction of married couples suffer from recurrent miscarriages and 

in about half of them the cause remains elusive. Genetic causes, presenting as SNPs in many 

genes are recognized as important factors associated with increased risk of RSA. SNPs in 

cytokines' genes, such as IL-18 gene, are expected to be associated with RSA in Palestinian 

women.  
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1.3 Objectives of the study 

1.3.1    General objective 

The overall objective of the present study is to explore the relationship between four selected 

IL-18 gene SNPs (-137 G>C, "rs187238"; -607 C>A, "rs1946518"; +105A>C, "rs549908"; 

and -656 G>T, "rs1946519") and RSA in Gaza strip-Palestine. 

1.3.2    Specific objectives: 

-To determine the frequency of –137 G>C ,–607 C>A, +105A>C and -656 G>T SNPs in 

cases with RSA and control women in Gaza Strip, Palestine. 

- To identify the most common IL-18 gene SNPs in our population. 

- To identify IL-18 SNP(s) contribution as high risk of RSA in Gaza strip for future 

development of diagnostic tests. 

- To compare the frequency of investigated SNPs with those reported in other populations.  

  

1.4  Significance of the study 

Proving that IL-18 gene SNP(s) is linked to increased risk of RSA will open the path for new 

diagnostic and treatment strategies and may spare many couples from undergoing many 

unnecessary and costly tests/therapies. Additionally, this work is the first to investigate the 

relation between particular IL-18 gene SNPs and RSA in Gaza strip.    
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Chapter Two: Literature Review 
 

2.1. Recurrent spontaneous abortion 

Recurrent spontaneous abortion (RSA) is usually defined as the loss of three or more 

consecutive pregnancies prior to 20–28 weeks of pregnancy (Harlap et al., 1980, Crosignani 

et al., 1991). It affects up to 5% of fertile couples (Coulam et al., 1997). Women suffering 

from RSA can be classified into primary recurrent spontaneous aborters and secondary 

recurrent spontaneous aborters. Primary recurrent spontaneous aborters are those who have 

lost all previous pregnancies and have no live birth. Secondary recurrent spontaneous aborters 

are those who have at least one successful pregnancy irrespective of the number of 

pregnancies losses. Epidemiological studies suggest that the risk of subsequent pregnancy loss 

is approximately 24% after two clinical pregnancy losses, 30% after three and 40% after four 

consecutive spontaneous abortions (Regan et al., 1989). In the vast majority of the cases, the 

etiology is unknown and several hypotheses have been proposed on the basis of available 

data. 

2.2. Causes of recurrent spontaneous abortion 

 The causes could be chromosomal, genetic, anatomical, endocrinological, placental 

anomalies, infection, psychological factors, smoking and alcohol consumption, exposure to 

environmental factors such as lead, mercury, ethylene oxide and ionizing radiations, and stress 

factors. In addition to these, certain autoimmune and alloimmune factors may also play major 

role in the immunologic failure of pregnancy in women with RSA (Pandey et al., 2005). 

2.2.1. Chromosomal disorders 

Chromosomal abnormalities are an important cause of RSA. Only 4.7% of couples with two 

or more abortions include a carrier of a balanced structural abnormality. The most common 

cause of spontaneous abortions is de novo numerical abnormalities, in particular autosomal 

trisomies for chromosomes 13, 14, 15, 16, 21 and 22, followed by monosomy X. In nature, the 

incidence of chromosomal abnormalities decreases over the duration of pregnancy in such a 

manner that in stillborns it is ~6% and in live births 0.6% , as has been shown for the most 

common trisomies (Rubio et al., 2003). 
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2.2.2. Single Gene disorders 

Certain genetic mutations thought to be involved with implantation may predispose a patient 

to infertility or even miscarriage. An example of a single gene disorder associated with 

recurrent pregnancy loss of maternal origin is myotonic dystrophy. The cause of the abortion 

is unknown, but it may be related to abnormal gene interactions combined with disordered 

uterine function. So diagnosis of myotonic dystrophy should be considered for a woman with 

recurrent miscarriage who has a family history of myotonia, and progressive muscle weakness 

especially in the setting of early onset cataracts (Gaboon, 2013). Fetal causes of recurrent 

abortion (RA) include autosomal dominant lethal skeletal dysplasias (e.g., thanatophoric 

dysplasia and type II osteogenesis imperfecta) (Senat et al., 2007), autosomal recessive 

disorders (for example, Alpha thalassemia major) (Chui and Waye, 1998), and X-linked 

disorders that are lethal in males may cause recurrent pregnancy loss (Allison and Schust, 

2009). So when loss of multiple male fetuses is noted in the family pedigree, lethal X-linked 

dominant disorders should be considered (e.g., incontinentia pigmenti) (Gupta et al., 2011). 

2.2.3. Endocrine disorders 

Thyroid dysfunction as well as thyroid autoimmunity is linked to recurrent miscarriage (RM) 

(Abalovich et al., 2002). Women during childbearing years should be screened for thyroid 

stimulating hormone (TSH) levels to reveal possible dysfunctions and treatment has to be 

started even before the onset of pregnancy. In cases of hyperprolactinemia, thyroid function 

should also be controlled and pituitary tumors must be excluded (Hirahara et al., 1998). The 

polycystic ovary syndrome (PCOS) affects some 10% of women during their reproductive life 

span and it is linked to an increased risk of early RM.  Also, diabetes mellitus, especially Type 

I, is linked to RM and levels of the glycated haemoglobin HbA1c should be within the normal 

range before conception (Christiansen et al., 2002) 

2.2.4. Heritable thrombophilic defects 
 

A successful implantation during pregnancy requires a balanced equilibrium between  

coagulation and fibrinolysis to avoid excess fibrin accumulation in placental vessels and 

intervillous spaces (Buchholz et al., 2003). There are five currently recognized heritable 

thrombophilic defects. These are deficiencies of anti-thrombin, protein C or protein S as well 

as the factor V Leiden and prothrombin 20210A variant (Li et al., 2002). An increased 

incidence of fetal loss in women with thrombophilia was first reported from a European study 
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(EPCOT) that analyzed pregnancy outcome in 571 women with known heritable 

thrombophilia (Preston et al., 1996). There have been a number of smaller studies reporting a 

positive association between factor V Leiden, prothrombin and RSA (Grandone et al., 

1997;Younis et al. 2000). The most common inherited thrombophilias are heterozygosity for 

the factor V Leiden (FVL) mutation (G1691 A) and prothrombin gene mutation (FII, 

G20210). However, other studies did not find any relation between abortion and factor V 

Leiden mutation and Prothrombin gene polymorphism (G20210) in women with RSA 

(Pihusch et al., 2001). 

2.2.5. Anatomical causes 

Acquired and congenital uterine abnormalities are responsible for 10–15% of Recurrent 

Pregnancy Loss (RPL) and may be associated with fetal growth restriction and preterm 

delivery (Hill et al., 1999).  

2.2.5.1. Uterine anomalies 

Uterine anatomical abnormalities are found in ~18% of couples experiencing RSA (Proctor 

and Haney, 2003). Congenital uterine anomalies like septate uterus, bicornuate uterus and 

uterus didelphys resulting from incomplete fusion of Mullerian ducts are commonly 

associated with RSA. The septate uterus is most common and associated with the poorest 

reproductive outcome (miscarriage rate more than 60% in untreated cases). Other anatomic 

causes of RPL are diethylstilbestrol exposure related anomalies, Asherman’s syndrome, 

leiomyomas and endometrial polyps. A primary endometrial receptor defect appears to be 

responsible for RPL in some patients (Homer et al., 2000, Proctor and Haney, 2003). 

2.2.6. Psychological factors 
 

Women with sporadic and recurrent spontaneous abortion show high levels of pregnancy-

related fear and state anxiety. It seems that early pregnancy-related fear correlates 

significantly with complications during pregnancy and delivery (Fertl et al., 2009). 

Additionally, RSA couples suffer from deprivation, guilt, depression and distress provoked by 

pregnancy loss (Sugiura-Ogasawara et al., 2002). Therefore, RSA patients may profit from 

interventions like psychotherapy and „tender loving care‟ with weekly appointments and fetal 

scan during pregnancy (Stray-Pedersen and Stray-Pedersen, 1984; Clifford et al., 1997).  

 



 
 

7 
 

2.2.7. Environmental factors 
 

Couples experiencing recurrent pregnancy loss are often concerned that toxins within the 

environment contributed to their reproductive difficulty, but hard evidence on the impact of 

potential environmental toxins and other teratogens is not readily available. Heavy metals 

(such as lead and mercury), organic solvents, alcohol, and ionizing radiation are confirmed 

environmental teratogens, and exposure could contribute to pregnancy loss. Caffeine, cigarette 

smoking, and hyperthermia are suspected teratogens, and the teratogenic impact of pesticides 

remains unknown. As is everybody, pregnant women are exposed to many exogenous agents, 

some of which have been associated with the risk of fetal loss. For repetitive losses to occur, 

some chronic exposure to toxic agents should be assumed. Consumption of five or more units 

of alcohol per week and 375 mg or more caffeine per day during pregnancy were found to 

increase the risk of spontaneous abortion (Cnattingius, 2000, Rasch, 2003), but some authors 

doubt the validity of most studies on caffeine intake and the risk of abortion (Leviton and 

Cowan, 2002).  

2.2.8. Infectious agents 
 

Infections appear not to play a significant role in first trimester RM. Associations of RM with 

high titres of IgG antibody to chlamydia have been reported (Daya, 1994) but later refuted 

(Osser and Presson, 1996). Infection is an occasional cause of sporadic spontaneous abortion 

and, consistent with statistical probability, RSA due to infection must be rare. Most patients 

with a history of RSA will not benefit from an extensive infection work-up. Charles and 

Larsen also concluded that it is very unlikely that maternal infection causes recurrent abortion 

(Charles and Larsen, 1990). Infections, including Listeria monocytogenes, Toxoplasma 

gondii, rubella, herpes simplex virus (HSV), measles, cytomegalovirus, and coxsackieviruses, 

are known or suspected to play a role in sporadic spontaneous pregnancy loss. However, the 

role of infectious agents in recurrent loss is less clear, with a proposed incidence of 0.5% to 

5% (Ford and Schust, 2009). Bacterial vaginosis (BV), a condition associated with a 

complex (quantitative) alteration in vaginal flora involving Mobiluncus species, Bacteroides 

species, peptostreptococci and Mycoplasma hominis, in addition to Gardnerella vaginalis. 

These changes are accompanied by a depletion in vaginal lactobacilli. BV is thought to be 

associated with sexual activity. Unlike other infections that depend primarily on 

bacteriological study, the diagnosis of BV is based on composite criteria (Hillier, 1993) in 

which three out of four should be present: (i) vaginal pH > 4.5; (ii) a grey homogeneous 
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(malodorous, fishy-smelling) vaginal discharge; (iii) the presence of clue cells in a wet mount 

preparation of vaginal fluid; and (iv) the amine test, in which a fishy odor is released after the 

addition of 10% potassium hydroxide to vaginal fluid. Whilst BV is associated with second 

trimester loss, preterm premature rupture of membranes and preterm labor (Hay et al., 1994), 

it is generally considered to be unrelated to first trimester RSA, although a study (Ralph et 

al., 1999) showed that BV was associated with an increased risk of miscarriage in the first 

trimester of women undergoing in vitro fertilization (IVF) treatment. 

2.2.9. Immunological effect 

 

Immunological factors in recurrent spontaneous abortion can be divided into two groups, 

autoimmune and alloimmune. Autoimmunity refers to the formation of antibodies against self, 

cellular or subcellular components. The antiphospholipid antibodies [anticardiolipin (ACA) 

and lupus anticoagulant (LA)] with or without systemic lupus erythematosus are recognized 

autoimmune immunological abnormalities associated with recurrent spontaneous abortion 

(Lubbe et al., 1984; Lockshin et al., 1985; Gatenby, 1989). The immune system 

discriminates between self and non-self, attacking and rejecting non-self foreign 

antigens/immunogens. There are two levels of immune response, innate and adaptive 

(acquired) immunity. Innate immunity is present from birth and is non-specific, forming a first 

line defense against immunogens. The cells involved are primarily leukocytes and natural 

killer (NK) cells. Adaptive immunity is a specific response, forming the second line response 

to antigens. The cells involved in this are the lymphocytes (T and B lymphocytes) and 

macrophages/monocytes. The adaptive immune response consists of cell-mediated and 

humoral immunity. The cells involved in cell-mediated immune response are T cytotoxic and 

T helper 1 (Th-1) cells whereas those involved in humoral immune response are B and T 

helper 2 (Th-2) cells. T helper cells play an important role in deciding the predominant nature 

of an immune response. If there is a predominance of Th-1 cells then the immune response 

will favor a cytotoxic or cell mediated response, whereas a predominance of Th-2 cells would 

lead to a predominantly humoral or antibody-mediated response (Imura et al., 1991). 

2.3. Immunity in Pregnancy 

 
T helper cells (CD4+) form a subset of T cells and can be further subdivided into T helper 1 

cells (Th1) and T helper 2 cells (Th2) depending on their pattern of cytokine production. Th1 

cells secrete pro-inflammatory cytokines such as interferon gamma (IFN-γ) and tumor 

necrosis factor alpha (TNF-α), whereas the Th2 cells secrete anti-inflammatory cytokines such 
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as interleukin 4 (IL-4), IL-10, and IL-13 (Mosmann and Sad, 1996). A mutually exclusive 

interaction exists between the Th1 interleukin, IFN-γ, and the Th2 interleukin, IL-4. IL-4 is 

the dominant factor for promoting growth and differentiation from the Th0 to the Th2 

subtype, and directly inhibits the development of the Th1 cells (O’Garra and Arai, 2000). 

IFN-γ indirectly promotes Th1 differentiation by up-regulating the IL-12 receptor whilst 

inhibiting the growth of Th2 cells (O’Garra, 1998, Murphy et al., 1999). 

During pregnancy there is a shift from a T helper 1 (Th1) response to a T helper 2 (Th2) that 

functionally induces maternal tolerance and suppression (Wegmann et al., 1993). Several 

human studies have shown a Th2 bias in the ratio of circulating T helper cytokine profile in 

normal pregnancy; and an increase in the Th1 ratio in cases of recurrent miscarriage 

(Druckmann and Druckmann, 2005). Not all studies support the requirement of the shift 

from Th1 to Th2 for successful pregnancy outcome (Bates et al., 2002, Shimada et al., 2003). 

Despite showing a suppression of IFN-γ and an increase in IL-10 during pregnancy compared 

to non-pregnant controls, Bates et al. showed no difference in IFN-γ, IL-10, or IL-4 secretion 

in women who subsequently miscarried compared with those who went on to complete their 

pregnancy (Bates et al., 2002). However, contrary to this study, women with recurrent 

miscarriage have been shown to have increased IFN-γ and TNF-α levels compared with 

women that go on to have successful pregnancies (Raghupathy et al., 2000). While the 

mechanism regulating the Th1 : Th2 ratio is yet to be fully elucidated the importance of 

maternal immune tolerance during pregnancy is unquestionable. Several pregnancy-related 

proteins are known to promote Th2 bias such as leukemia inhibitory factor (Trowsdale and 

Betz, 2006), progesterone, progesterone-induced blocking factor (Szekeres-Bartho et al., 

2001), and estradiol (Huber et al., 1999).  

2.4. Cytokines 
 

The differentiation of naïve T cells into either Th-1 or Th-2 cell is dependent on the presence 

of cellular factors known as cytokines. Cytokines are polypeptides involved in the control of 

local and systemic events of the immune response, inflammatory reactions, healing and 

hematopoeisis. They are produced mainly by cells of the immune system, although they are 

increasingly found to be produced by virtually every nucleated cell type in the body. The 

general properties are shown in Table 2-1. Cytokines are pleiotropic, expressing features of 

„redundancy‟ and „overlap‟. The effects of each polypeptide are not exclusive but may be 

produced by others and have overlapping functions rather than a distinct function. Identified 
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cytokines include the interleukin family (IL-1 to IL-17), tumor necrosis factor (TNF-α, β), 

colony stimulating factors (M-CSF, G-CSF,GM-CSF), transforming growth factors (TGF-α, 

β) and the interferon family (IFN). There is increasing evidence that cytokines are also 

involved as autocrine, paracrine and endocrine factors to modulate cell functions ranging from 

proliferation and differentiation to metabolic effects on a variety of cell types (Imura et al., 

1991).  

Table 2-1: General properties of Cytokines (Imura et al., 1991). 

Physiological roles of cytokine in multicellular organisms 

Control of cell proliferation 

Control of cell differentiation and phenotype 

Control of cytotoxic and phagocytic cells 

Regulation of immune responses 

Regulation of haematopoeisis 

Regulation of inflammatory response and pyrexia 

Involvement in endocrine system modulation 

Wound healing 

Tissue remodeling and bone formation 

Influences on cellular metabolism 

 

2.4.1. Cytokine profiles in RSA 

Humoral immune responses are enhanced during pregnancy. While cell-mediated immune 

responses are down-regulated. Clinical evidence indicates that pregnant women undergo 

immunological changes consistent with weakening of Th1 and strengthening of Th2 

responses, leading to the contention that  successful pregnancy is correlated with, and perhaps 

even depends on the preferential stimulation of Th2 cytokine-producing T cells. Conversely, 

the activation of some forms of maternal cellular immunity is potentially hazardous for fetal 

development. Cellular immunity mediated by effectors cells and/or cytokines released by 

them have shown significant deleterious effects on the fetus. The injection of TNFα, IFN-γ 

and IL-2 into pregnant mice causes abortions while the injection of anti-TNFα antibodies 

results in reduction in resorption rates in a murine model of natural, immunologically 

mediated abortion. TNF-α and INF-γ inhibit the outgrowth of human trophoblast cells in vitro 

and synergically stimulate apoptosis of human primary villous trophoblast cells. The 
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stimulation of maternal spleen cells in vitro with placentas of mice prone to immunologically-

mediated spontaneous fetal resorption results in the secretion of high levels of TNFα, INFᵧ 

and IL-2, interestingly, these cytokines together fit the Th1 cytokine profile (Raghupathy, 

2008). 

Most studies to date suggest that women with RSA have a greater Th1-type or pro-

inflammatory cytokine bias as compared to normal pregnant women. (Hill et al., 1995) have 

shown that peripheral blood mononuclear cells (PBMC) of women with history of RSA, when 

stimulated with a human trophoblast antigen extract produce higher levels of the Th1 

cytokines and embryotoxic activity as compared to normal pregnancy. They concluded that 

Th1 immunity to trophoblast antigens is associated with recurrent abortion and may play a 

role in reproductive failure while Th2 immunity may be the natural response to trophoblast, in 

contributing to normal, successful pregnancy. 

2.5. Interleukin-18 

Interleukin-18 (IL-18) was discovered in 1989 when an unknown mechanism was observed to 

trigger production of interleukin-γ. When murine cells previously exposed to 

lipopolysaccharide (LPS) were exposed to Mycobacterium bovis, Nakamura, et al. observed 

an increase in interleukin-ᵧ driven by a then-unknown mechanism. Originally thought to only 

be a part of triggering interleukin- γ, what is currently known as IL-18 was first named 

interleukin γ - inducing factor (Nakamura et al., 1989) belonging to the IL-1 family and is 

produced by a wide range of immune cells, such as monocytes, activated macrophages, and 

Kupffer cells (Dinarello, 1999).  

The gene encoding this non-glycosylated protein of 24 kDa has been identified originally as 

IGIF (IFN-gamma inducing factor). It encodes an inducer of IFN- γ production by T-cells 

(Okamura et al, 1995; Micallef et al, 1996) and natural killer cells (Tsutsui et al, 1996) that 

is a more potent inducer than IL-12.  

The proteins from murine (192 amino acids) and human IL-18 (193 amino acids) sources 

show 65 % homology. IL-18 does not display sequence similarities to other known proteins 

but a survey of the sequence by fold recognition methods demonstrates that it belongs to the 

IL-1 family of cytokines (Ushio et al, 1996).  

http://www.copewithcytokines.de/cope.cgi?key=IGIF
http://www.copewithcytokines.de/cope.cgi?key=IFN%2dgamma%20inducing%20factor
http://www.copewithcytokines.de/cope.cgi?key=IFN%2dgamma
http://www.copewithcytokines.de/cope.cgi?key=T%2dcells
http://www.copewithcytokines.de/cope.cgi?key=natural%20killer%20cells
http://www.copewithcytokines.de/cope.cgi?key=IL12
http://www.copewithcytokines.de/cope.cgi?key=Cytokine%20Inter%2dspecies%20Reactivities
http://www.copewithcytokines.de/cope.cgi?key=Cytokine%20Inter%2dspecies%20Reactivities
http://www.copewithcytokines.de/cope.cgi?key=IL1%20family
http://www.copewithcytokines.de/cope.cgi?key=cytokines
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IL-18 lacks a classical signal sequence necessary for secretion (Okamura et al, 1995; Ushio 

et al, 1996; Gu et al, 1997). IL-18 is synthesized as a biologically inactive precursor protein 

that has limited biological activity. The proform of IL-18 is processed by one of the caspases, 

Caspase-1, to generate the 18 kDa bioactive molecule (Gu et al, 1997; Ghayur et al, 1997). 

Other proteases such as neutrophil proteinase-3 (Myeloblastin) may provide activation 

pathways that are independent of caspases (Sugawara et al, 2001).  

Kikkawa et al (2001) have demonstrated that monocytes and macrophages produce large 

amounts of various IL18 species. Some of them are inactive dimers while others have weak 

IFN- γ inducing activity. IL-18 type 2 is a fragment of IL-18 that possesses little activity as an 

inducer of IFN- γ. This variant is bound to IgM in plasma and is found at high levels in 

approximately 30 % of normal subjects. This variant may play some roles in the development 

of Th2 cell responses involving IgE production in association with atopic lesions (Shida et al, 

2001).  

IL-18 is now known to have other important immunological functions including the regulation 

of innate and acquired immune responses. In the absence of a promotional signal, IL-18 is 

expressed constitutively. When up-regulated by a promoter binding factor to a region 

upstream of exon 1 of IL-18, production is increased (Raggatt et al., 2008). Typical 

concentrations for cytokines are in the picomolar (10
-12

 molar) range whereas activation can 

raise the concentrations 1000 fold to the nanomolar (10
-9

 molar) range (Cannon, 2000). 

2.5.1. IL-18 binding protein 

IL-18 binding protein (IL-18BP) belongs to a growing family of circulating binding proteins, 

including osteoprotegerin and cytokine-like factor 1, which are not variants of their cell-bound 

receptors. Rather, IL-18BP is a secreted protein consisting of a single Ig-like domain that 

bears little homology to either chain of the IL-18 receptor complex. IL-18BP binds IL-18 with 

high affinity (0.4 nM) and neutralizes its biological activities in vitro and in vivo. Viral 

homologues of IL-18BP are encoded by most members of the Poxvirus family and were 

shown to bind and to neutralize human IL-18. In humans, IL-18BP is constitutively expressed 

in the spleen and circulates at plasma concentrations of 2.5 ng/ml. Serum IL-18BP is 

significantly elevated during sepsis, indicating its role in regulating immune responses in vivo. 

Indeed, IL-18BP is induced by IFN-γ in various cells, suggesting that it serves as a negative 

feedback inhibitor of the IL-18-mediated immune response (Hurgin et al., 2002).  

http://www.copewithcytokines.de/cope.cgi?key=Signal%20sequence
http://www.copewithcytokines.de/cope.cgi?key=Caspases
http://www.copewithcytokines.de/cope.cgi?key=Caspase%2d1
http://www.copewithcytokines.de/cope.cgi?key=neutrophils
http://www.copewithcytokines.de/cope.cgi?key=Proteinase%2d3
http://www.copewithcytokines.de/cope.cgi?key=Myeloblastin
http://www.copewithcytokines.de/cope.cgi?key=Caspases
http://www.copewithcytokines.de/cope.cgi?key=monocytes
http://www.copewithcytokines.de/cope.cgi?key=macrophages
http://www.copewithcytokines.de/cope.cgi?key=Cytokine%20Inter%2dspecies%20Reactivities
http://www.copewithcytokines.de/cope.cgi?key=IFN%2dgamma
http://www.copewithcytokines.de/cope.cgi?key=IL18%20type%202
http://www.copewithcytokines.de/cope.cgi?key=IFN%2dgamma
http://www.copewithcytokines.de/cope.cgi?key=Cytokine%20Concentrations%20in%20Biological%20Fluids
http://www.copewithcytokines.de/cope.cgi?key=Th2%20cells
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2.5.2. IL-18 Gene Polymorphisms 

Studies have shown that the maximal capacity of cytokine production varies among 

individuals and correlates with SNPs in the cytokine genes (Liang et al., 2005). The human 

IL-18 gene is located on chromosome 11 (11q22.2–22.3), and contains many polymorphisms, 

especially in the promoter region (Smith and Humphries, 2009). Two polymorphisms in the 

promoter region at positions –137 G/C and –607 C/A of IL-18 have been reported to affect 

their expression at transcription level (Giedraitis et al., 2001). These two SNPs at position –

607 and –137 in the promoter gene region have been considered to be significant because the 

change from cytosine to adenine (C to A) at position –607 disrupts a potential cAMP-

responsive element binding (CREB) protein-binding site and a change at position –137 from 

guanine to cytosine (G to C) changes the H4TF-1 nuclear factor binding site to a binding site 

for an unknown factor found in the GM-CSF promoter (Giedraitis et al., 2001, Sivalingam et 

al., 2003). 

 

2.5.3. IL-18 Receptors (IL-18Rs) and Signal Transduction 

 The activity of IL-18 begins with the formation of a heterodimeric complex composed of 2 

chains of the IL-18R complex plus IL-18. The ligand binding chain is termed IL-18Rα, which 

was described by use of amino acid sequencing of the purified receptor (Torigoe et al., 1997). 

IL-18Rα is a member of the IL-1R family, previously identified as IL-1R-related protein 

(Parnet et al., 1996). After the binding of IL-18 to the IL-18Rβ chain, a second chain is 

recruited to the complex (figure 2.1). This second chain, termed “IL-18Rβ chain,” is the 

product of a different gene but is structurally related to IL-18Rα; however, the IL-18Rβ chain 

does not bind to IL-18 unless IL-18 is already bound to the a chain. Because IL-18Rβ is 

structurally related to the IL-1 signal-transducing chain, IL-1R accessory protein, the IL-18Rβ 

chain was initially termed the “IL-18R accessory protein-like chain” (Born et al., 1998). The 

binding of IL-18 to the IL-18Rα is low-affinity binding (20-40 nM), but the formation of the 

tricomplex with the IL-18Rβ chain forms a high-affinity complex (600 nM). These 2 distinct 

binding affinities can be observed experimentally on T cells (Yoshimoto et al., 1998). 

http://jid.oxfordjournals.org/content/187/Supplement_2/S370.long#F1
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Figure 2.1. Signal transduction of interleukin 18 (IL-18). BP, binding protein; IKK, inhibitory 

IκB kinase; IRAK, IL-1 receptor (R)-activating kinases; MAPK, mitogen-activated protein 

kinase; TRAF-6, tumor necrosis factor receptor-associated factor-6 (Yoshimoto et al., 1998)..  

2.5.4. IL-18, a Th1-differentiating Cytokine 

In driving the Th1 response, IL-18 appears to act in association with IL-12 or IL-15, because 

IL-18 alone does not induce IFN-γ. The effect of IL-12 is, in part, to increase the expression of 

IL-18 receptors on T lymphocytes, thymocytes, and natural killer cells. It appears that the role 

of IL-18 in the polarization of the Th1 response is dependent on IFN-γ and IL-12 receptor β2 

chain expression. The production of IFN-γ by the combination of IL-18 and IL-12 is an 

example of true synergism in cytokine biology, similar to the synergism of IL-1 and TNF-α in 

models of inflammation. Because IFN-γ is the “signature” cytokine of CD4+ and CD8+ T 

cells as well as of natural killer cells, a great deal of the biology of IL-18 is considered to be 

the result of IFN-γ production. Dendritic cells (DC) deficient in the IFN-γ transcription factor 

T-bet exhibit impaired IFN-γ production after stimulation with IL-18 plus IL-12. IL-18 is 

constitutively present in monocytes and monocyte-derived dendritic type 1 cells. Thus, IFN-γ 

induced by the combination of IL-12 plus IL-18 appears to be via the T-bet transcription factor 

(Dinarello et al., 2006).  
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2.5.5. Functional effects of IL-18 

Although originally identified as a factor capable of inducing IFN-γ production by murine 

splenocytes, the effector role of IL-18 is rapidly expanding. Consistent effects on lymphoid 

series, particularly Th1 lineage in combination with IL-12, have emerged. Thus, IL-18 

enhances T and NK cell maturation, cytokine production, and cytotoxicity. IL-18 also 

increases FasL on NK cells and consequent Fas-FasL-mediated cytotoxicity. IL-18-deficient 

mice have reduced NK cell cytolytic ability that can be restored by exogenous IL-18. 

However, together with IL-2, IL-18 co-induces IL-13 in murine T and NK cells and in the 

presence of TCR activation, induces T cell IL-4, IL-10, IL-13, and IFN-γ production. In 

isolation, IL-18 induces high immunoglobulin E expression by B cells and in combination 

with IL-2, anti-CD3, and anti-CD28, markedly enhances IL-4 production by CD4+ T cells. 

When cultured alone or in combination with IL-4, IL-18 is known to induce murine T cell Th2 

differentiation. This however is dependent on genetic influences, as spleen cells from BALB/c 

and C56BL/6 strains of mice stimulated with anti-CD3 and IL-18 exhibit enhanced Th2 and 

Th1 responses, respectively. Thus, IL-18 can promote Th1 or Th2 lineage maturation 

dependent on underlying genetic influences and the ambient cytokine milieu. On non-T cell 

populations, IL-18, in conjunction with IL-3, induces IL-4 and IL-13 production by bone 

marrow-derived basophils. Direct effects on macrophages and DC have also been observed. 

Stimulation of bone marrow-derived macrophages or splenic DC with IL-12 and IL-18 can 

induce IFN-γ production . Studies of knockout mice also reveal that IL-18 stimulation of 

peritoneal macrophages induces IL-6 production, independent of the intermediate induction of 

endogenous cytokines such as TNF-α or IL-1β. Macrophages derived from rheumatoid 

arthritis (RA) synovial membrane but not peripheral blood monocytes respond directly to IL-

18 with TNF-α production. Similarly, IL-18 promotes neutrophil activation, reactive oxygen 

intermediate synthesis, cytokine release, and degranulation. Recent studies suggest that IL-18 

up-regulates intracellular adhesion molecule-1 (ICAM-1) and VCAM-1 expression on 

endothelial cells and synovial fibroblasts. However, other non-hemopoietic cell responses to 

IL-18 are likely with direct effects on chondrocytes and cartilage matrix degradation having 

been reported. IL-18 has further been shown to inhibit osteoclast formation via T cell GM-

CSF production. Keratinocytes, traditionally thought to produce but not process IL-18, have 

now been shown to secrete biologically active IL-18 when treated with dinitrochlorbenzene 

and proinflammatory mediators such as LPS. In addition to keratinocytes, Langerhans cells 
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(LC) also produce IL-18, which in turn contributes to the regulation of LC migration (Gracie 

et al., 2003).  

2.5.6. Regulation and biological effects of IL-18 

 The cytokine is expressed as a precursor, pro-IL-18, which is inactive until cleaved by 

caspase-1. Once secreted, IL-18 is bound and inactivated by IL-18 binding protein (IL-18 BP), 

and only the free fraction can stimulate a signal transduction via the β-chain of the IL-18 

receptor (IL-18R). The biological effect is dependent on the cytokine milieu: IL-18 may 

stimulate a Th2 response in combination with IL-2, and may act synergistically with IL-12 to 

stimulate a Th1 response with production of IFN-γ (Trøseid et al., 2010).  

 

Figure 2.2. Regulation and biological effects of interleukin-18 (Trøseid et al., 2010). 

 

2. 6. Related Studies 

In normal pregnancy a transient depression of maternal cell-mediated immunity is required to 

prevent the immunological rejection of the semi-allogenic fetus. The hallmark of this immune 

tolerance is an alteration in T cell responses through a shift from Th1- to Th2-type cytokines. 

Thus, a down-regulation of Th1 type activity and an enhancement of Th2 reactivity ensure a 

successful pregnancy, an opposite circumstance to that reported to be the case for RSA 

patients (Kruse et al., 2000, Raghupathy et al., 2000). 

http://www.jleukbio.org/search?author1=J.+Alastair+Gracie&sortspec=date&submit=Submit
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Studies have shown that the maximal capacity of cytokine production varies among 

individuals and correlates with SNPs in the cytokine genes (Liang et al., 2005, Arimitsu et 

al., 2006). Moreover, it is shown that gene polymorphisms could play important roles in 

susceptibility and/or resistance of different people to the same infectious diseases (Kalani  et 

al., 2011, Moravej  et al., 2012). 

 IL-18 is a peliotropic cytokine which can regulate both natural and acquired immune systems. 

The most well-known biological property of IL-18 is its capability to induce IFN-γ production 

in the presence of IL- 12 (Dinarello et al., 1999, Nakanishi et al., 2001). Actually, IL-18 and 

IL-12 show synergism in the induction of IFN-γ production by Th1, B cells and NK cells, 

promoting Th1 immune responses (Dinarello et al., 1999). Moreover, IL-18 can directly 

enhance the proliferation and cytotoxicity of cytotoxic T cells and NK cells (Netea et al., 

2000, Dinarello and Fantuzzi., 2003). 

It has been shown that IL-18 has a consistent effect on Th1 polarization and cellular immunity 

in combination with IL-12, but in combination with IL-4 or alone, IL-18 is thought to 

stimulate Th2 differentiation. (Nakanishi et al., 2001, Readdy et al., 2004). Thus, in RSA, 

which Th1 cytokines pathologically increase, IL-18 in concert with other Th1 cytokines may 

accelerate cell-mediated immunity against the allogenic fetus and play a role as an 

abortifacient cytokine. To support this view, it has been shown that IL-18 causes abortion in 

animal models when it is administered with IL-12. Also, in women who have miscarried, 

increased serum levels of Th1- associated cytokines IFN-γ, IL-12, and IL-18 have been 

reported. Additionally, an excess of IL-18 can lead to a vascular pathology at the materno-

fetal interface and also augmentation of cytotoxicity by uterine natural killer (uNK) cells, a 

subset of lymphocytes that constitutes the majority of leukocyte populations in the uterus 

during early pregnancy, and their over-activation has been observed in RSA (Chaouat et al., 

2004, Laskarin et al., 2005). 

In Iran, a study attempted to evaluate the frequency of two polymorphisms at positions of -

607 and -137  in the IL-18 gene promoter in patients with recurrent spontaneous abortion 

(RSA) and normal pregnant women. One hundred and two RSA patients and 103 healthy 

pregnant women were enrolled in the study. Results showed that IL-18 gene promoter 

polymorphisms at positions -607 and -137 did not confer susceptibility to RSA in southern 

Iranian patients (Naeimi et al., 2006). 
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A case-control study was conducted in Slovenia to determine the association between the IL12 

(I/D) and IL18 (-607 C>A, -137 G>C) gene polymorphisms and the risk of RSA in 125 

women with RSA and in 136 controls. The study found that the frequencies of DD, ID, II for 

IL-12 were, 25.6%, 52.8% and 21.6%, respectively, in patients versus 21.3%, 51.5% and 

27.2%, respectively in controls; the frequencies of CC, CA, AA genotypes for IL-18 (-607) 

were, 34.4%, 54.4% and 11.2% respectively in patients versus 30.1%, 58.1% and 11.8%, 

respectively in controls; the frequencies of GG, GC, CC genotypes for IL-18(-137) were 

47.2%, 43.2% and 9.6%, respectively in patients and 45.6%, 46.3% and 8.1%, respectively in 

controls. The study concluded that IL-12B and IL-18 promoter gene polymorphisms were not 

associated with RSA (Ostojić  et al., 2007). 

In Tunisia, a study investigated the association of the IL-18 gene promoter single nucleotide 

polymorphisms (SNPs) −656C/A (rs1946519), −137G/C (rs187238), −119A/C (rs360718), 

and −105G/A (rs360717) by TaqMan assay analysis in 470 Tunisian women comprising 235 

RSA cases and 235 multiparous controls. The association of IL-18 alleles, genotypes, and 

haplotypes with RSA was evaluated by Fisher's exact test and regression analysis. The 

frequency of minor alleles −105G/A (P < 0.001) and −656C/A (P < 0.001), but not −119A/C 

(P = 0.93) or −137G/C (P = 0.32), were higher in RSA cases. Significant differences were also 

noted in the genotype distribution of −105G/A (P < 0.001) and −656C/A (P < 0.001) between 

cases and controls. Four-locus (−656C/A, −137G/C, −119A/C, −105G/A) IL-18 haplotype 

analysis identified AGAA (corrected P < 0.001), and CGAA (corrected P < 0.001) haplotypes 

to be associated with increased RSA risk. These results demonstrate that −105G/A and 

−656C/A IL-18 variants are significantly associated with RSA (Messaoudi et al., 2012). 

In Greece, a study  aimed to explore the association between miR-196a2T>C, IL-18 -105G>A 

and -656C>A SNPs with recurrent miscarriages. The study included approximately 100 

women with at least one live birth (controls) and 100 with recurrent miscarriages (cases). 

Real-time PCR was applied for the detection of all SNPs. miR-196a2 T>C, IL-18 -105 G>A 

and -656 C>A polymorphisms showed no significant difference between the controls and 

cases (Mavrogianni et al., 2014).  

In Al-Bahrain, a case-control study to evaluate the association of interleukin-18 (IL-18) 

promoter single-nucleotide polymorphisms rs1946519 (-656C/A), rs187238 (-137G/C), 

rs360718 (-119A/C), and rs360717 (-105G/A) and changes in IL-18 serum levels with 

recurrent spontaneous miscarriage (RSM) was conducted. Women with confirmed RSM (n = 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ostoji%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17922692
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282), and 283 age- and ethnically matched controls where included in the study. IL-18 

genotyping was accomplished by allelic discrimination assays; serum IL-18 levels were 

measured by ELISA. The study showed that the minor allele frequencies of rs360717 and 

rs1946519, but not rs360718 or rs187238, were higher in patients with RSM. Significant 

differences in the distribution of the rs360717 and rs1946519 genotypes were noted between 

patients and controls, and both rs360717 and rs1946519 IL-18 single-nucleotide 

polymorphisms showed significant association with RSM under additive, dominant, and 

recessive models. Lower serum IL-18 levels were seen in patients as compared to controls and 

were more pronounced in rs360717 and rs1946519 heterozygous and homozygous genotypes. 

Four-locus (rs1946519/rs187238/rs360718/rs360717) IL-18 haplotype analysis identified that 

the AGAA (Pc<.001), CGAA (Pc<.001), and ACAG (Pc=.018) haplotypes were associated 

with a reduction in IL-18 secretion and with increased RSM risk, after adjustments for body 

mass index, menarche and gravida. These results demonstrated that reduced IL-18 levels and 

rs360717 and rs1946519 IL-18 variants are significantly associated with RSM (Al-Khateeb et 

al., 2011). 

A study on Chinese patients with unexplained recurrent spontaneous abortion (URSA) 

attempted to investigate the association between IL-18 polymorphisms and the risk of 

(URSA). The polymorphisms rs187238, rs360718 and rs360717 of IL-18 was determined by 

PCR in combination with DNA sequencing in 207 patients with URSA and 144 women with 

normal pregnancy. This study revealed that the frequency of genotypes GG, GC+CC of 

rs187238 (-137 G/C) in URSA group and control group were 77.3%, 22.7%, and 95.8%, 

4.2%, respectively (χ²=22.767, P<0.001). The frequency of allele C in URSA group was 

significantly higher than that in control groups (13.04% vs 2.1%, χ²=26.102, P<0.001) . The 

risk of spontaneous abortion in C allele carriers was 7.050 times higher than that in G allele 

carriers (OR=7.050, 95%CI: 2.990-16.622). No significant difference in genotype frequency 

and allele frequency of rs360718 and rs360717 polymorphism was noticed between URSA 

group and control group (χ²=1.497, P=0.221; χ²=0.858, P=0.354). The study concluded that 

GC+CC genotype and C allele of rs187238 in IL-18 gene are associated with the susceptibility 

of recurrent spontaneous miscarriage. rs360718 and rs360717 in IL-18 may not be associated 

with URSA (Wang et al., 2014). 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Khateeb%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=21840518
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Chapter Three: Materials and Methods 
 

3.1. Materials 

3.1.1 Reagents and Chemicals 

Table (3-1) shows all the reagents and chemicals used in this study (all chemicals are of 

molecular grade).  

 

Reagent/chemical Manufacturer 

 Wizard ® Genomic DNA Purification Kit 
Promega (Madison, USA) 

 Agarose  Invitogen (USA) 

 DNA molecular weight marker 50 bp ladder 
Promega (Madison, USA) 

 PCR primers Hy-labs (Israel) 

 PCR Go Taq® Green Master Mix   Promega (Madison, USA) 

 Nuclease free water Promega (Madison, USA) 

 Ethidium bromide Promega (Madison, USA) 

 Ethanol 70%  Sigma (Israel) 

 Absolute Isopropanol  Sigma (Israel) 

 Dde I Restriction enzyme 
New England Biolabs (USA) 

 Mwo I Restriction enzyme New England Biolabs (USA) 

 

 

 

 

 



 
 

21 
 

3.1.2. Instruments and Disposables 

This work was carried out in the Molecular Genetics lab at the Islamic University -Gaza. The 

instruments and disposables used in this  study are listed in Table (3-2): 

Table 3-2: Instruments and Disposables 

 

Instrument Manufacturer 

 Thermal Cycler BioRad, USA 

 Electrophoresis chambers and tanks (horizontal) BioRad, USA 

 Electrophoresis power supply BioRad, USA 

 Microcentrifuge Sanyo, UK 

 Microwave Oven L.G, Korea 

 Digital balance AE adam, USA 

 Freezer, refrigerator ORSO, pharml-spain 

 Micropipettes (0.1-2.5μl / 0.5-10μl / 5-50μl / 20-200μl / 100-1000μl) Dragon-lab, USA 

 Safety cabinet N-Biotek,Inc 

 Gel documentation system Vision, Scie-Plas Ltd, UK 

 Microfuge tubes for PCR - thin wall 0.2 mL capacity Labcon, USA 

 Microfuge tubes - 1.5 mL capacity Labcon, USA 

 EDTA tubes Hy. Labs. Israel 

 Disposable tips Labcon, USA 

 Water bath Gemmy Co., Taiwan 
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3.1.3. PCR primers 

All PCR primers are indicated from 5' to 3' end. Forward primers are marked with (F) while 

reverse primers are marked with (R). The primer sequences are provided in (Table 3-3). 

Table 3-3: Nucleotide sequence of the PCR primers 

SNP Primer sequence (5’→3’) 

 

Reference 
Testing 

method 

 

IL18 "-607 C>A" 

F(C): GTTGCAGAAAGTGTAAAAATTATTAC 
 

Naeimi et al., 

2006 

AS-PCR 

F(A): GTTGCAGAAAGTGTAAAAATTATTAA 
 

 
Common: TAACCTCATTCAGGACTTCC 

  

 

IL18 "-137 G>C" 

F(G): CCCCAACTTTTACGGAAGAAAAG 
 

Al-Khateeb et al., 

2011 

 

F(C): CCCCAACTTTTACGGAAGAAAAC 
AS-PCR 

Common: AGGAGGGCAAAATGCACTGG 
 

IL18 "-656 G>T" 
F: AGGTCAGTCTTTGCTATCATTCCAGG Moravej et al.,2012 PCR-RFLP 

 R: CTGCAACAGAAAGTAAGCTTGCGGAGAGG 
  

IL18 "+105 A>C" 
F: AGATTTAATGTTTATTGTAGAAAACCTGGACTC Moravej et al.,2012 PCR-RFLP 

 R:  CAGTCATATCTTCAAATAGAGGCCG 
  

 

3.2. Methodology 

3.2.1. Study design 

The current study is a retrospective case-control design, women with RSA were matched to 

women without RSA.  

3.2.2. Study setting 

Molecular Genetics Lab., Islamic University of Gaza, Palestine. 

  



 
 

23 
 

3.2.3. Characteristics of the Study population 

From October 2013 to January 2014,  a total of 100 women suffering from RSA (the study 

group) and 100 matching  control subjects with no previous history of abortion were recruited 

from different areas of Gaza strip. 

The study group included women aged 20-35 years who had experienced at least two 

spontaneous abortion before 20 weeks of gestation with primary RSA (without a live birth) or 

secondary (a live birth followed by consecutive spontaneous abortions).  

The control group included a total of 100 healthy women who had delivered at least one 

healthy, term infant and had no previous history of pregnancy loss. Controls were matched 

with study subjects for all other possible characteristics. None of the individuals included in 

the study population  used oral contraceptives, hormonal, or any serious medication affecting 

body vital functions. 

3.2.4. Ethical considerations 

An authorization to carry out the study was obtained from the local ethics committee using an 

agreement letter prepared from the Islamic University - Gaza. Informed consent was taken 

from all the subjects who participated in the study. The objectives of the study was fully 

explained to all participants and their written consent was taken. 

3.3. Strategies 

All polymorphisms were investigated in the Molecular Genetics lab at the Islamic University. 

3.3.1. Procedure 

About 2.0 ml of venous blood were drawn into sterile EDTA tubes and mixed gently, under 

quality control and safety procedures. The blood samples were then stored at -20°C until time 

of DNA  extraction and purification. 
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3.3.2. DNA extraction 

3.3.2.1. DNA purification 

Genomic DNA was isolated from blood using Wizard ® Genomic DNA Purification Kit 

(Promega, USA) following the manufacturer instructions.  

3.3.2.2. Quality of extracted DNA 

The quality of the isolated DNA was determined by running 5 μl of each sample on ethidium 

bromide stained 1.0% agarose gel. The DNA sample was then visualized on a Gel 

documentation system.  

3.3.2.4. DNA storage 

Extracted DNA was stored at -20ºC till  analysis. 

3.3.3. Genotyping 

3.3.3.1. Primers reconstitution 

The primers were reconstituted under sterile conditions at 10 pmol concentration with 

nuclease-free water.  

3.3.3.2. Determination of IL-18 "-607C>A" Single Nucleotide Polymorphism (SNP) 

IL-18 "-607C>A" SNP was genotyped using allele specific polymerase chain reaction (AS-

PCR) protocol. Two reactions with two sets of primers: one primer is specific for each allele 

(allele-specific primer) paired with a second common primer. Primers and lengths of PCR 

products are shown in (Table 3-4).  

Table 3-4: Primer sequences, fragment size (bp) and annealing temperature used for 

genotyping IL-18  "-607C>A" alleles 

Primer sequences (5’→3’) 
Fragment 

size (bp) 

Annealing 

temp.(
O
C) 

F(C allele): GTTGCAGAAAGTGTAAAAATTATTAC 

F(A allele): GTTGCAGAAAGTGTAAAAATTATTAA 

Common: TAACCTCATTCAGGACTTCC 

196 57 
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3.3.3.2.1. (AS-PCR) IL-18 "-607C>A" SNP procedure: 

a) Polymerase Chain Reaction (PCR) for IL-18 "-607C>A" alleles: 

Polymerase chain reaction (PCR) was done with a total volume of 20 μl. The components of 

the (AS-PCR) for each allele are shown in (Table 3-5). 

Table 3-5: PCR components for amplification of the IL-18 "-607C>A" alleles 

Reagent Volume (μl) Final concentration 

Forward (allele) primer 2 20 pmol 

Common primer 2 20 pmol 

Nuclease free water 4 - 

PCR master mix 10 1X 

DNA 2 100ng 

Total 20  

 

PCR tubes were then placed in the thermal cycler and PCR amplification was done according 

to the program provided in (Table 3-6). 

Table 3-6: Thermal cycling program for PCR amplification of the IL-18 "-607C>A" 

alleles. 

No. of cycles Temperature (ºC) Time 

1 94 2 min. 

10 

94 20 sec. 

64 30 sec. 

72 70 sec. 

 94 20 sec. 

25 57 40 sec. 

 72 50 sec. 

1 72 5 min. 
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b) Agarose gel electrophoresis (2.0%) 

1. Dried agarose gel (2 gm) was dissolved in 100 ml 1x Tirs-Acetate-EDTA buffer (2M Tris 

base, 1M Glacial Acetic Acid, 0.05 M EDTA) by heating.  

2. Then 3.5μl Ethidium Bromide was added and mixed, the gel was casted into a mold which 

was fitted with a well-forming comb.  

3. The agarose gel was submerged in electrophoresis buffer within a horizontal 

electrophoresis apparatus.  

4. After amplification, the PCR products and a DNA ladder size marker were loaded into the 

sample wells to aid in fragment size determination.  

5. PCR fragments were detected by size in the agarose gel. 

6. Electrophoresis was performed by using Electrophoresis power supply at 90volts for 50 

min at room temperature, and the DNA bands were visualized and documented using a 

UV trans-illuminator documentation system.  

Detection of IL-18 "-607C>A" SNP in every target sample was detected by the presence or 

absence of PCR products (DNA bands) in the well lane of the allele at specific size.  

3.3.3.3. Determination of IL-18 "-137G>C" SNP 

IL-18 "-137 G>C" SNP was genotyped using allele specific polymerase chain reaction (AS-

PCR) protocol. Two reactions with two sets of primers: one primer is specific for each allele 

(allele-specific primer) paired with a second common primer. [Primers and lengths of PCR 

products are shown in (Table 3-7).] 

3.3.3.3.1. (AS-PCR) procedure for IL-18 "-137G>C":  

PCR was carried out in a total volume of 20 μl. [The primers and lengths of PCR products, are 

shown in (Table 3-7)] and the reaction components were as described in (Table 3-8). 
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Table 3-7: Primers and lengths of PCR products for IL-18 "-137G>C" genotyping 

Primer sequences (5’→3’) 
Fragment size 

(bp) 

Annealing 

temp.(
O
C) 

F(G allele): CCCCAACTTTTACGGAAGAAAAG 

F(C allele): CCCCAACTTTTACGGAAGAAAAC 

Common: AGGAGGGCAAAATGCACTGG 

261 57 

 

Table 3-8: PCR components for amplification of the IL-18 "-137G>C" alleles 

Reagent Volume (μl) Final concentration 

Forward (allele) primer 2 20 pmol 

Common primer 2 20 pmol 

Nuclease free water 4 - 

PCR master mix 10 1X 

DNA 2 100ng 

Total 20  

 

PCR tubes were then placed in the thermal cycler and PCR amplification was done according 

to the program given in (Table 3-9). 

Table 3-9: Thermal cycling program for PCR amplification of the IL-18 "-137G>C" 

alleles 

No. of cycles Temperature (ºC) Time 

1 94 2 min. 

10 

94 20 sec. 

64 40 sec. 

72 70 sec. 

 94 20 sec. 

25 57 40 sec. 

 72 40 sec. 

1 72 5 min 

 

The amplified products were electrophoresed on 2.0% agarose gel and then visualized by 

ethidium bromide staining as described above. 
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3.3.3.4. Determination of IL-18 "-656G>T" SNP 

Polymorphism of IL-18 "-656G>T"  was genotyped using regular polymerase chain reaction 

(PCR)/restriction fragment length polymorphism (RFLP) protocol (PCR followed by 

digestion with restriction enzyme). 

3.3.3.4.1. PCR-RFLP procedure for IL-18 "-656G>T": 

3.3.3.4.1.1. Polymerase Chain Reaction (PCR) for IL-18 "-656G>T" SNP: 

PCR was carried out in a total volume of 20 μl, the reaction components were as described in 

(Table 3-10). 

Table 3-10: PCR components for amplification of the IL-18 "-656G>T" SNP 

Reagent Volume (μl) Final concentration 

Forward primer 2 20 pmol 

Reverse primer 2 20 pmol 

Nuclease free water 4 - 

PCR master mix 10 1X 

DNA 2 100ng 

 

PCR tubes were then placed in the thermal cycler and PCR amplification was done according 

to the program provided in (Table 3-11). The resulting PCR product was visualized on 

ethidium bromide-stained 3% agarose gel.  

Table 3-11: Thermal cycling program for PCR amplification of the IL-18 "-656G>T" 

SNP. 

No. of cycles Temperature (ºC) Time 

1 95 3 min. 

35 

94 45 sec. 

60 45 sec. 

72 45 sec. 

1 72 4 min. 
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3.3.3.4.1.2. Restriction Fragment Length Polymorphism (RFLP) by Mwo I 

restriction enzyme. 

RFLP for detecting IL-18 "-656G>T" alleles was carried out in a reaction mixture in a final 

volume of 20μl by mixing PCR product with  Buffer C, nuclease free water and the restriction 

endonuclease Mwo I. The quantities and volumes were as shown in (Table 3-12). 

Table 3-12: Restriction enzyme digestion components of IL-18 "-656G>T" SNP PCR 

fragment 

Reagent Volume (μl) Final concentration 

PCR product 10 3µg 

Buffer  2 1X 

Restriction endonuclease Mwo I 0.5 1u/1 µg 

Nuclease free water 7.5 - 

Total 20  

 

The tubes were then placed in a thermal cycler at 37ºC overnight to allow the restriction 

endonuclease to digest the PCR product. Figure 3-1 shows the mechanism of restriction 

endonuclease and Figure 3-2 shows the recognition site for Mwo I restriction enzyme. 
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Figure 3-1: The PCR-RFLP principle of detecting common and variant alleles. 

I. Heterozygote: three bands indicating that half of the PCR products were cut 

(normal allele) and the other half weren't (minor allele). 

II. Homozygote for common allele: two bands indicating that the product was 

completely cleaved. 

III.  Homozygote for minor allele: one band indicating that there was no cleavage 

happened. 

 

Figure 3-2: The recognition site for Mwo I restriction enzyme 
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Digested PCR product was then electrophoresed on 3.0% agarose gel and was visualized by 

ethidium bromide staining. 

3.3.3.5. Determination of IL-18 "+105A>C" SNP 

 Polymorphism of IL-18 "+105A>C"  was genotyped using regular polymerase chain reaction 

(PCR)/restriction fragment length polymorphism (RFLP) protocol (PCR followed by 

digestion with restriction enzyme). 

3.3.3.5.1. PCR-RFLP procedure for IL-18 "+105A>C" SNP: 

3.3.3.5.1. 1. Polymerase Chain Reaction (PCR) for IL-18 "+105A>C SNP  " : 

PCR was carried out in a total volume of 20 μl, the reaction components were as described in 

(Table 3-13). 

Table 3-13: PCR components for amplification of the IL-18 "+105A>C" SNP 

Reagent Volume (μl) Final concentration 

Forward primer 2 20 pmol 

Reverse primer 2 20 pmol 

Nuclease free water 4 - 

PCR master mix 10 1X 

DNA 2 
100ng 

 

Microfuge tubes were then placed in a thermocycler and PCR amplification was started 

according to the program provided in (Table 3-14). 

Table 3-14: Thermocycler program for PCR amplification of the IL-18 "+105A>C" 

SNP. 

No. of cycles Temperature (ºC) Time 

1 94 3 min. 

35 

94 45 sec. 

55 45 sec. 

72 45 sec. 

1 72 4 min. 
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3.3.3.5.1.2 Restriction Fragment Length Polymorphism (RFLP) by Dde I 

restriction enzyme 

RFLP of IL-18 "+105A>C" Polymorphism was carried out in a reaction mixture in a final 

volume of 20 μl by mixing PCR product with  Buffer, nuclease free water and the restriction 

endonuclease Dde I. The quantities and volumes were as shown in (Table 3-9). 

Table 3-15: The enzymatic digestion components of amplified IL-18 "+105A>C" SNP 

Reagent Volume (μl) Final concentration 

PCR product 10 3µg 

Buffer 2 1X 

Restriction endonuclease Mwo I 0.5 1u/1 µg 

Nuclease free water 7.5 - 

Total 20  

 

Microfuge tubes were then placed in a thermocycler at 37ºC overnight to allow the restriction 

endonuclease to digest the PCR product. Figure 3-3 shows the mechanism of restriction 

endonuclease and Figure 3-4 shows the recognition site for Dde I restriction enzyme. 
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Figure 3-3: The PCR-RFLP principle of detecting mutant and wild type alleles. 

IV. Heterozygote: three bands indicating that half of the PCR products were cut (wild 

allele) and the other half weren't (minor allele). 

V. Homozygote for wild allele: two bands indicating that the product was completely 

cleaved. 

VI.  Homozygote for minor allele: one band indicating that there was no cleavage 

happened. 
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Figure 3-4: The recognition site for Dde I restriction enzyme 

Digested PCR product was then electrophoresed on 3.0% agarose gel and was visualized by 

ethidium bromide staining. 

3.4 Statistical analysis 

The Hardy-Weinberg equilibrium (HWE) equation was used to calculate the expected 

genotype frequency. Difference between expected and observed genotypes was assessed by 

X
2
 test. P-value less than 0.05 were considered statistically significant. The frequencies of the 

alleles and genotypes were compared between case and control groups by the Chi square test 

when appropriate. The odds ratio (OR) and 95% confidence interval (CI) were also estimated 

in order to test the relation between RSA and the investigated polymorphisms. 
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Chapter Four: Results 

4.1. IL-18  "-607C>A" SNP  

4.1.1. Genotype frequency of the IL-18 gene "-607C>A" SNP among RSA cases and 

controls 

Figure (4-1) illustrate the genotypes' frequencies of the IL-18 gene "-607C>A" SNP among 

RSA cases. The frequency of the wild type CC was 31 %, the frequency of the heterozygote 

CA was 51% while, the frequency of the homozygotes for the polymorphic allele AA was 

18% in RSA women.    

 

 

 

 

 

 

 

 

 

Figure 4-1: Frequency of genotypes of IL-18 "-607C>A" SNP among RSA women 

 

and Figure (4-2) illustrate the frequencies of genotypes of the IL-18 gene  " -607C>A" SNP 

among control women. The frequency of the common CC was 28%, the frequency of the 

heterozygotes (CA) was 49 % while, the frequency of the homozygotes for the variant allele 

AA was 23%.    
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Figure 4-2: Frequency of genotypes of IL-18 "-607C>A" SNP among control women 

Table (4-3) illustrates genotypes frequencies, odds ratios (ORs), 95% confidence intervals 

(CI) and P values for the IL-18  -607 C/A SNP among RSA cases and controls. Statistical 

analysis for this particular polymorphism among RSA cases and controls showed that the 

frequency difference for the three genotypes (CC, CA, and AA) is not significant. 

 

Table 4-1: Genotype frequency of IL-18"- 607C>A" SNP among RSA cases and controls. 

-607C>A 

genotype 

Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

CC 31 (31%) 28 (28%) 1.16 0.63 to 2.12 0.64 

CA  51 (51%) 49 (49%) 1.08 0.62 to 1.89 0.78 

AA 18 (18%) 23 (23%) 0.73 0.37 to 1.47 0.38 

Total 100 (100%) 100 (100%)    
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4.1.2. Alleles frequency of the IL-18 "-607C>A" SNP among RSA cases and 

controls 

Table (4-4) illustrates alleles frequency, odds ratio, 95% confidence intervals and P value  for 

IL-18 "-607C>A" SNP among RSA cases and controls. The statistical analysis of allele 

frequency of the IL-18 "-607C>A" SNP among RSA cases and controls showed that the 

difference is not significant (P-value =0.42) between the two groups. 

Table 4-2: Alleles frequency of IL-18 "-607C>A" SNP among RSA cases and controls 

-607C>A allele Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

C 113 

(56.5%) 

105 

(52%) 
1.18 0.79 to 1.74 0.42 

A 87 

(43.5%) 

95 

(48%) 

 

4.1.3. Hardy-Weinberg equilibrium for IL-18 "-607C>A" SNP 

Frequency of major allele C (p) = 28x2 + 49x1/100x2 = 0.525 

Frequency of minor allele A (q) = 23x2 + 49x1/100x2 = 0.475 

Expected genotype frequencies: 

Genotype CC: p
2
 x100 = (0.525)

2
 X 100= 27.5 

Genotype CA: 2pq x100= 2X0.525X 0.475X 100 = 50 

Genotype AA: q
2
 x100 = (0.475)

2
X 100 = 22.5 

Table (4-5) illustrates the observed and expected genotype frequencies of IL-18 "-607C>A" 

SNP in the control women. Statistical analysis shows that there is no significant deviation 

from Hardy-Weinberg equilibrium (P-value = 0.86), so the distribution of IL-18 "-607C>A" 

genotypes is in Hardy-Weinberg equilibrium. 

Table 4-3: Observed and expected genotype frequencies of IL-18 "-607C>A" SNP in the 

control group. 

 CC CA CC 

Observed genotype 28 49 23 

Expected genotype 27.5 50 22.5 

P- value =0.86                     Chi square: X
2
 = 0.03 
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4.1.4. Distribution of IL-18 "-607C>A" SNP in the study population under 

recessive model 

Table (4-6) illustrates the frequencies, odds ratio and P-value of the IL-18 "-607C>A" SNP 

among RSA cases and control subjects. The frequency of the wild type C allele carrier 

represented by (CC +CA) genotypes was 82% in RSA cases and 77% in controls, while the 

frequency of polymorphic AA genotype was 18% in RSA cases and 23% in controls. The 

statistical analysis showed that under this model there is no significant difference between the 

two groups (P-value = 0.38). 

Table 4-4: The frequencies, odds ratio and P-value of the IL-18 "-607C>A" SNP among 

RSA cases and control subjects under recessive model 

Genotype 
Cases 

 (100) 

Controls 

(100) 
OR 95% CI P-value 

CC + CA 82 (82%) 77 (77%) 
1.36 0.68 to 2.71 0.38 

AA 18 (18%) 23 (23%) 

 

4.1.5. Distribution of IL-18 "-607C>A" SNP in the study population under 

dominant model 

Table (4-5) illustrates the frequencies, odds ratio and P-value of the IL-18 "-607C>A" SNP 

among RSA cases and control subjects. The frequency of the wild type (CC) genotype was 

31% in RSA cases and 28% in controls, while the frequency of the variant allele "A" carrier 

represented by (AA+CA) genotypes was 69% in RSA cases and 72% in controls. The 

statistical analysis showed that there is no significant difference under this model between the 

two groups (P-value = 0.64).   

 

Table 4-5: The frequencies, odds ratio and P-value of the IL-18 "-607C>A" SNP among 

RSA cases and control subjects under dominant model 

Genotype Cases Controls OR 95% CI P value 

CC 31 (31%) 28 (28%) 
1.16 0.63 to 2.12 0.64 

AA+ CA 69(69%) 72 (72%) 
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4.2. IL-18 "-137G>C" SNP 

4.2.1.  Genotype frequency of the IL-18 "-137G>C" SNP RSA cases and controls 

 (Figure 4-3) illustrate the genotype frequencies of the IL-18 "-137G>C" SNP among RSA 

cases. The frequency of the wild type GG was 38 %, the frequency of the heterozygote GC 

was 46% while, the frequency of the homozygotes for the polymorphic allele CC was 16% in 

RSA women.    

 

 

 

Figure 4-3: Frequency of genotypes of IL-18 "-137G>C" SNP among RSA women 

 

 (Figure 4-4) illustrate the frequencies of genotypes of the IL-18 "-137G>C" SNP among 

control women. The frequency of the wild type GG was 50%, the frequency of the 

heterozygotes (GC) was 39% while, the frequency of the homozygotes for the minor allele CC 

was 11%.    
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Figure 4-4: Frequency of IL-18 "-137G>C" SNP genotypes among control women 

Table (4-6)  illustrates genotypes frequencies, odds ratios (ORs), 95% confidence intervals 

(CI) and P values for the IL-18  "-137 G>C" SNP among RSA cases and controls. Statistical 

analysis for this particular polymorphism among RSA cases and controls showed that the 

frequency difference for the three genotypes (GG, GC, and CC) is not significant. 

 

Table 4-6: Genotype frequency of IL-18 "-137G>C" SNP among RSA Cases and 

controls. 

-137G>C 

genotype 

Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

GG 
31 (38%) 05 (50)% 

0.61 0.35 to 1.08 0.09 

GC 
 64 (46%) 33 (39%) 

1.33 0.76 to 2.34 0.31 

CC 
84 (16%) 88 (11%) 

1.54 0.68 to 3.51 0.30 

Total 
100 (100%) 100 (100%) 
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4.2.2.  Alleles frequency of the IL-18 "-137G>C" SNP among RSA cases and 

controls 

Table (4-7) illustrates alleles frequency, odds ratio, 95% confidence intervals and P value of 

IL-18 "-137G>C" SNP among RSA cases and controls. The statistical analysis of allele 

frequency of the IL-18 "-137G>C" SNP among RSA cases and controls showed that the 

difference was not significant (P-value = 0.07) between the two groups. 

Table 4-7: Alleles frequency of IL-18 "-137G>C" SNP among RSA cases and controls 

-137G>C allele Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

G 122 

(61%) 

139 

(69.5%) 
0.69 0.45 to 1.04 0.07 

C 78 

(39%) 

61 

(30.5%) 

 

4.2.3. Hardy-Weinberg equilibrium in IL-18 "-137G>C" SNP 

Frequency of major allele G (p) = 50x2 + 39x1/100x2 = 0.695 

Frequency of minor allele C (q) = 11x2 + 39x1/100x2 = 0.305 

Expected genotype frequencies: 

Genotype GG: p
2
 x100 = (0.695)

2
 X 100= 48.3 

Genotype GC: 2pq x100= 2X0.695X 0.305X 100 = 42.4 

Genotype CC: q
2
 x100 = (0.305)

2
X 100 = 9.3 

Table (4-8) illustrates the observed and expected genotype frequencies of IL-18 "-137G>C" 

SNP in control women with P-value = 0.42. This shows that there is no significant deviation 

from Hardy-Weinberg equilibrium, so the distribution of IL-18 "-137G>C" genotypes are in 

Hardy-Weinberg equilibrium. 

Table 4-8: Observed and expected genotype frequencies of IL-18 -137G>C SNP 

 GG GC CC 

Observed genotype 50 39 11 

Expected genotype 48.3 42.4 9.3 

P- value = 0.42                      Chi square: X
2
 = 0.64 
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4.2.4. Distribution of IL-18 "-137G>C" SNP in the study population under 

recessive model 

Table (4-9) illustrates the frequencies, odd ratio and P-value of the IL-18 "-137G>C" SNP 

among RSA case and control subjects. The frequency of the wild type G allele carrier 

represented by (GG + GC) genotypes was 84% in RSA cases and 89% in controls, while the 

frequency of polymorphic CC genotype was 16% in RSA cases and 11% in controls. The 

statistical analysis showed that there is no significant difference between the two groups (P-

value =0.30). 

Table 4-9: The frequencies, odds ratio and P-value of the IL-18 "-137G>C" SNP among 

RSA case and control subjects under recessive model 

Genotype 
Cases 

 (100) 

Controls 

(100) 
OR 95% CI P-value 

GG + GC 84 (84%) 89 (89%) 
0.65 0.28 to 1.48 0.30 

CC 16 (16%) 11 (11%) 

 

4.2.5. Distribution of IL-18 "-137G>C" SNP in the study population under 

dominant model 

Table (4-10) illustrates the frequencies, odds ratio and P-value of the IL-18 "-137G>C" SNP 

among RSA case and control subjects. The frequency of the wild type (GG) genotype was 

38% in RSA cases and 50% in controls, while the frequency of the minor C allele carrier 

represented by (CC+GC) genotypes was 62% in RSA cases and 50% in controls. The 

statistical analysis showed that there is no significant difference between the two groups (P-

value = 0.09).   

Table 4-10: The frequencies, odds ratio and P-value of the IL-18 "-137G>C" SNP among 

RSA case and control subjects under dominant model 

Genotype Cases Controls OR 95% CI P value 

GG 38 (38%) 50 (50%) 
0.61 0.35 to 1.08 0.09 

CC+ GC 62 (62%) 50( 50%) 
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4.3. IL-18 "-656G>T" SNP: 

4. 3.1.  Genotype frequency of the IL-18 "-656G>T" SNP among RSA cases and 

controls 

Figure (4-5) illustrate the genotype frequencies of the IL-18" -656G>T" SNP among RSA 

casess. The frequency of the wild type GG was 37 %, the frequency of the heterozygote GT 

was 38% while, the frequency of the homozygotes for the polymorphic allele TT was 25% in 

RSA women.   

 

 

 

 

 

 

 

 

 

Figure 4-5: Frequency of genotypes of IL-18" -656G>T" SNP among RSA women 

 

Figure (4-6) illustrate the frequencies of genotypes of  the IL-18 "-656G>T" SNP among 

control women. The frequency of the wild type GG was 26%, the frequency of the 

heterozygotes (GT) was 47 % while, the frequency of the homozygotes for variant allele TT 

was 27%.    
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Figure 4-6: Frequency of genotypes of IL-18 "-656G>T" SNP among control women 

Table 4.11  illustrates genotypes frequencies, odds ratios (ORs), 95% confidence intervals 

(CI) and P values for the IL-18  -656 G>T SNP among RSA cases and controls. Statistical 

analysis for this particular polymorphism among RSA cases and controls showed that the 

frequency difference for the three genotypes (GG, GT, and TT) is not significant. 

 

Table 4-11: Genotype frequency of IL-18 "-656G>T" SNP among RSA cases and 

controls 

-656G>T 

genotype 

Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

GG 37 (37%) 26 (26%) 1.67 0.91 to 3.06 0.10 

GT 38 (38%) 47 (47%) 0.69 0.39 to 1.2 0.20 

TT 25 (25%) 27 (27%) 0.90 0.48 to 1.70 0.75 

Total 100 (100%) 100 (100%)    
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4.3.2.  Alleles frequency of the IL-18 "-656G>T" SNP among RSA cases and 

controls 

Table (4-12) illustrates alleles frequency, odds ratio, 95% confidence intervals and P value  of 

IL-18 "-656G>T" SNP among RSA cases and controls. The statistical analysis of allele 

frequency of the IL-18 "-656G>T" SNP among RSA cases and controls showed that the 

difference is not significant (P-value = 0.19) between the two groups. 

Table 4-12: Alleles frequency of IL-18 "656G>T" SNP among RSA cases and controls 

-656G>T allele Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

G 112 

(56%) 

99 

(49.5%) 

1.30 0.90 to 1.92 0.19 

T 88 

(44%) 

101 

(50.5%) 

 

 

4.3.3. Hardy-Weinberg equilibrium in IL-18 "-656G>T" SNP 

Frequency of major allele G (p) = 26x2 + 47x1/100x2 = 0.495 

Frequency of minor allele T (q) = 27x2 + 47x1/100x2 = 0.505 

Expected genotype frequencies: 

Genotype GG: p
2
 x100 = (0.495)

2
 X 100= 24.5 

Genotype GT: 2pq x100= 2X0.495X 0.505X 100 = 50 

Genotype TT: q
2
 x100 = (0.505)

2
X 100 = 25.5 

Table (4-13) illustrates the observed and expected genotype frequencies of IL-18 "-656G>T" 

SNP in control women. Statistical analysis shows that there is no significant deviation from 

Hardy-Weinberg equilibrium (P-value = 0.55), so the distribution of IL-18 "-656G>T" 

genotypes is in Hardy-Weinberg equilibrium. 

Table 4-13: Observed and expected genotype frequencies of IL-18 "-656G>T" SNP 

 GG GT TT 

Observed genotype 26 47 27 

Expected genotype 24.5 50 25.5 

P- value =0.55                      Chi square: X
2
 =  1341  
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4.3.4. Distribution of IL-18 "-656G>T" SNP in the study population under 

recessive model 

Table (4-14) illustrates the frequencies, odds ratio and P-value of the IL-18 "-656G>T" SNP 

among RSA case and control subjects. The frequency of the wild type G allele carrier 

represented by (GG +GT) genotypes was 75% in RSA casess and 73% in controls, while the 

frequency of polymorphic TT genotype was 25% in RSA cases and 27% in controls. The 

statistical analysis showed that there is no significant difference between the two groups (P-

value = 0.75). 

Table 4-14: The frequencies, odds ratio and P-value of the IL-18 "-656G>T" SNP 

among RSA case and control subjects under recessive model 

 

Genotype 
Cases 

(100) 

Controls 

(100) 
OR 95% CI P-value 

GG + GT 75 (75%) 73 (73%) 
1.11 0.59 to 2.09 0.75 

TT 25 (25%) 27 (27%) 

 

4.3.5. Distribution of IL-18 "-656G>T" SNP in the study population under 

dominant model 

Table (4-15) illustrates the frequencies, odds ratio and P-value of the IL-18 "-656G>T" SNP 

among RSA case and control subjects. The frequency of the wild type (GG) genotype was 

37% in RSA cases and 26% in controls, while the frequency of polymorphic T allele carrier 

represented by (TT+GT) genotypes was 63% in RSA cases and 74% in controls. The 

statistical analysis showed that there is no significant difference between the two groups (P-

value = 0.10).   

Table 4-15: The frequencies, odds ratio and P-value of the IL-18 "-656G>T" SNP among 

RSA case and control subjects under dominant model 

Genotype Cases Controls OR 95% CI P value 

GG 37 (37%) 26 (26%) 
1.67 0.91 to 3.06 0.10 

TT+ GT 63 (63%) 74 (74%) 
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4.4. IL-18 "+105A>C" SNP: 

4.4.1.  Genotype frequency of the IL-18 "+105A>C" SNP among RSA cases and 

controls 

Figure (4-7) illustrate the genotypes' frequencies of the IL-18 "+105A>C" SNP among RSA 

cases. The frequency of the wild type AA was 47 %, the frequency of the heterozygote AC 

was 44% while, the frequency of the homozygotes for the polymorphic allele CC was 9% in 

RSA women.    

 

 

 

 

 

 

 

 

Figure 4-7: Frequency of genotypes of IL-18 "+105C>A" SNP among RSA women 

Figure (4-8) illustrate the frequencies of genotypes of the IL-18 "+105A>C" SNP among 

control women. The frequency of the wild type AA was 40%, the frequency of the 

heterozygotes (AC) was 53% while, the frequency of the homozygotes for polymorphic allele 

CC was 7%.  
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Figure 4-8: Frequency of genotypes of IL-18 "+105A>C" SNP among control women 

Table (4-16)  illustrates genotypes' frequencies, odds ratios (ORs), 95% confidence intervals 

(CI) and P values for the IL-18  "+105 A>C" SNP among RSA cases and controls. Statistical 

analysis for this particular polymorphism among RSA cases and controls showed that the 

frequency of the three genotypes (AA, AC, and CC) does not significant between the two 

groups. 

 

Table 4-16: Genotype frequency of IL-18 "+105A>C" SNP among RSA cases and 

controls. 

+105A>C 

genotype 

Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

AA 47 (47%) 40 (40%) 1.33 0.76 to 2.33 0.32 

AC 44 (44%) 53 (53%) 0.70 0.40 to 1.22 0.20 

CC 9 (9%) 7 (7%) 1.31 0.47 to 3.70 0.60 

Total 100 (100%) 100 (100%)    
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4.4.2. Alleles frequency of the IL-18 "+105A>C" SNP among RSA cases and 

controls 

Table (4-17) illustrates alleles frequency, odds ratio, 95% confidence intervals and P value of 

IL-18 "+105A>C" SNP among RSA cases and controls. The statistical analysis of allele 

frequency of the IL-18 "+105A>C" SNP among RSA cases and controls showed that the 

difference was not significant (P-value = 0.59) between the two groups. 

Table 4-17: Alleles frequency of IL-18 "+105A>C" SNP among RSA cases and controls 

+105A>C allele Cases 

N= 100 

Controls 

N=100 

OR 95 % CI P- value 

A 138 

(69%) 

133 

(66.5%) 1.12 0.74 to 1.71 0.59 

C 62 

(31%) 

67 

(33.5%) 

 

4.4.3. Hardy-Weinberg equilibrium in IL-18 "+105A>C" SNP 

Frequency of major allele A (p) = 40x2 + 53x1/100x2 = 0.665 

Frequency of minor allele C (q) = 7x2 + 53x1/100x2 = 0.335 

Expected genotype frequencies: 

Genotype AA: p
2
 x100 = (0.665)

2
 X 100= 44.2 

Genotype AC: 2pq x100= 2X0.665X 0.335X 100 =44.5  

Genotype CC: q
2
 x100 = (0.335)

2
X 100 = 11.3 

Table (4-18) illustrates the observed and expected genotype frequencies of IL-18 "+105A>C" 

SNP in control women. Statistical analysis shows that there is no significant deviation from 

Hardy-Weinberg equilibrium (P-value = 0.06), so the distribution of IL-18 "+105A>C" 

genotypes is in Hardy-Weinberg equilibrium. 

Table 4-18: Observed and expected genotype frequencies of IL-18 "+105A>C" SNP 

 AA AC CC 

Observed genotype 40 53 7 

Expected genotype 44.2 44.5 11.3 

P- value =  0.06                    Chi square: X
2
 =  3.6590 
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4.4.4. Distribution of IL-18 "+105A>C" SNP in the study population under 

recessive model 

Table (4-19) illustrates the frequencies, odds ratio and P-value of the IL-18 "+105A>C" SNP 

among RSA case and control subjects. The frequency of the wild type A allele carrier 

represented by (AA+AC) genotypes was 91% in RSA cases and 93% in controls, while the 

frequency of polymorphic CC genotype was 9% in RSA cases and 7% in controls. The 

statistical analysis showed that there is no significant difference between the two groups (P-

value = 0.60). 

Table 4-19: The frequencies, odds ratio and P-value of the IL-18 "+105A>C" SNP 

among RSA case and control subjects under recessive model 

 

4.4.5. Distribution of IL-18 "+105A>C" SNP in the study population under 

dominant model 

Table (4-20) illustrates the frequencies, odds ratio and P-value of the IL-18 "+105A>C" SNP 

among RSA case and control subjects. The frequency of the wild type (AA) genotype was 

47% in RSA cases and 40% in controls, while the frequency of minor C allele carriers, 

represented by (CC+AC) genotypes, was 53% in RSA cases and 60% in controls. The 

statistical analysis showed that there is no significant difference between the two groups under 

this model (P-value = 0.32).   

Table 4-20: The frequencies, odds ratio and P-value of the IL-18 "+105A>C" SNP 

among RSA case and control subjects under dominant model 

 

Genotype Cases Controls OR 95% CI P value 

CC 9 (9%) 7 (7%) 
1.31 0.47 to 3.68 0.60 

AA+ AC 91(91%) 93 (93%) 

Genotype 
Cases 

 (100) 

Controls 

(100) 
OR 95% CI P-value 

CC + AC 53 (53%) 60 (60%) 
0.75 0.43 to 1.32 0.32 

AA 47 (47%) 40 (40%) 
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4.5. PCR genotyping results 

4.5.1. AS-PCR genotyping results  

The following figures (4-9 and 4-10) represent the AS-PCR results for  IL-18 "-607C>A" and IL-

18 "-137G>C" SNPs.  

 

 

Figure 4-9: A representative photograph of ethidium bromide stained 2% agarose gel showing, the AS-PCR 

products for IL-18 "-607C>A" SNP, M = 50 bp DNA ladder , lanes (1a and 1b) and (2a and 2b) homozygous 

samples for C, lanes (3a and 3b) heterozygous (CA) and lanes (4a and 4b) homozygous for A.  

 

Figure 4-10: A representative photograph of ethidium bromide stained 2% agarose gel showing, the AS-PCR 

products for IL-18 "-137G>C" SNP, lanes (2a and 2b) homozygous sample for G, lanes (1a and 1b) and (3a and 

3b) heterozygous samples (GC) and lane (4a and 4b) homozygous C. 
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4.5.2. PCR- RFLP Results 

The following figures (4-11 and 4-12) represent the PCR-RFLP- results for  IL-18 "-656G>T" and IL-18 

"+105A>C". 

 
 

Figure 4-11: A representative photograph of ethidium bromide stained 3% agarose gel showing, the PCR-

RFLP products for IL-18 "-656G>T" SNP, M = 50 bp DNA ladder, lane 2 a homozygous for G, lanes 1 and 3 

samples heterozygous (GT) and lane 4 indicates a homozygous T. 

 

Figure 4-12: A representative photograph of ethidium bromide stained 3% agarose gel showing, the RFLP-PCR 

products for IL-18 "+105A>C"  SNP, M = 50 bp DNA ladder, lane 1 a homozygous for A, lanes 2,3 and 4 

samples heterozygous (AC) and lane 5 indicates a homozygous C. 



 
 

53 
 

Chapter Five: Discussion 

Recurrent spontaneous abortion (RSA) is historically defined as three or more consecutive 

pregnancy losses before 20–22 weeks of gestation (Stirrat, 1990). However, some 

investigators feel that even two spontaneous losses constitute recurrent miscarriage and 

deserve evaluation. In a patient with a history of two miscarriages, the subsequent risk of 

pregnancy loss rises to about 25%, whereas three abortions raise the risk of a fourth 

miscarriage to 33%. To date, however there is no clear- cut threshold for the number of 

spontaneous abortions that unequivocally warrants evaluation. It is not unusual for perfectly 

healthy couples to experience three consecutive spontaneous pregnancy losses, each for a 

different reason and it has been seen that more than half of recurrent abortions are due to non-

recurrent causes (Coulam, 1991). Determining the cause of RSA can be extremely difficult. 

Losses during the first trimester usually are due to fetal genetic defects. The causes of RSA 

can be often related to factors associated with implantation, genetics, autoimmunity, 

endocrine abnormalities, infection, alloimmunity and anatomic uterine defects (Lee and 

Silver, 2000). 

Production of cytokines and the distribution of the immune cells during pregnancy appear to 

be critical for pregnancy outcome (Laird et al., 2003, Wilson et al., 2004). IL-18 is a 

proinflammatory cytokine, initially isolated from the liver, which shares structural features 

with IL-1b (Thompson, 2007). IL-18 is mainly produced by activated monocytes and 

synergizes with IL-12-driven Th-1 development, whereas IL-18 alone can promote Th-2 

cytokine production by Tcells, basophils, mast cells, and Natural killer T cell (NKT) (Xu et 

al., 2000, Yoshimoto et al., 2000, Nakanishi et al., 2001). IL-18 is a pleiotropic cytokine 

involved in the regulation of innate and acquired immune responses, playing a key role in 

autoimmune, inflammatory and infectious disease (Dinarello.2007). The role of IL-18 in 

pregnancy, labor onset, and pregnancy complications has recently been proposed (Ida et al., 

2000, Huang et al., 2005). 

Studies from different populations have been carried out to assess the association between IL-

18 gene SNPs and RSA. Four SNPs (-607 C>A, -137 G>C, -656 G>T and +105A>C) have 

been implicated as potential risk factors for RSA. 
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This study was carried out in order to investigate whether the IL-18 -607 C>A, -137 G>C, -

656 G>T and +105A>C SNPs contribute to RSA susceptibility. The four SNPs were 

investigated in 100 Palestinian women suffering from RSA and 100 control women.  

 Association between  IL-18  -607 C>A, "rs1946518" SNP and RSA: 

IL-18 -607 C>A genotypes distribution in the control group is  in Hardy-Weinberg 

equilibrium as no significant deviation  (P- value = 0.86) was recorded between observed and 

expected genotypes. 

The CC genotype was less prevalent in the control women (28%) as compared to the RSA 

cases (31%), though the difference was not significant (P-value = 0.64) also the CA genotype 

(49%) was less prevalent in the control women as compared to the RSA cases (51%)  but with 

no significant difference (P-value = 0.78), while the AA genotype in the control women 

(23%) was more frequent than on RSA cases (18%), but the difference also was not 

significant (P-value = 0.38). 

The allele frequencies of  IL-18 -607 C>A also were not significantly different between RSA 

cases and controls (P-value = 0.42). The frequency of polymorphic A allele was less prevalent 

in RSA cases (43.5%) than in controls (47.5%) and the wild type C allele was more prevalent 

in RSA cases (56.5%) than in controls (52%). It can be inferred that the documented RSA risk 

factor,  IL-18 -607 C>A  is not associated with RSA in our study population. 

Results of this work shows that the IL-18 -607 C>A SNP was not significantly different 

between RSA cases and the controls (all P-values > 0.05). This non-significant relation was 

observed under both dominant and recessive models. This finding is in agreement with the 

results reported by Naeimi et al., 2006 and Ostojić  et al., 2007. Naeimi et al. (2006), in their 

study concluded that the frequency of the IL-18 -607 C>A genotypes and alleles did not 

significantly differ between the case group and the healthy controls ( p = 0.25 and p = 0.98, 

respectively,). The frequencies of CC, CA, and AA genotypes were, in turn, 36.3%, 22.5%, 

and 41.2% in cases versus 31%, 16.5%, and 52.5% in controls. The results of this study 

showed that IL-18 gene promoter polymorphism at position -607 did not confer susceptibility 

to RSA. 

Ostojić  et al. ( 2007), found that the frequencies of CC, CA, AA genotypes for IL-18 -607 

C>A were, 34.4%, 54.4% and 11.2% respectively in cases versus 30.1%, 58.1% and 11.8%, 

respectively in controls; and concluded that IL-18 -607 SNP was not associated with RSA. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ostoji%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17922692
http://www.ncbi.nlm.nih.gov/pubmed?term=Ostoji%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17922692
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 Association between  IL-18  -137 G>C, "rs187238" SNP and RSA: 

IL-18 -137 G>C genotypes distribution in the control group is  in Hardy-Weinberg 

equilibrium as no significant deviation  (P- value = 0.42) was recorded between observed and 

expected genotypes.  

The GG genotype was less prevalent in the RSA women (38%) as compared to the control 

cases (50%), though the difference was not significant (P-value = 0.09). The CC genotype 

(11%) was less prevalent in the control women as compared to the RSA cases (16%)  but this 

difference was not significant (P-value = 0.30), while GC genotype in the RSA cases (46%) 

was more frequent than on control (39%), but also without significance (P-value = 0.32). 

The allele frequencies of  IL-18 -137 G>C also were not significantly different between RSA 

cases and controls (P-value = 0.0748). The frequency of polymorphic C allele was less 

prevalent in controls (30.5%) than in RSA cases (39%) and the wild type GG allele was less 

prevalent in RSA cases (61%) than in controls (69.5%). It can be inferred that this 

documented RSA risk factor,  IL-18 -137 G>C is not associated with RSA in our study 

population. 

Results of this study showed that the IL-18 -137 G>C SNP was not significantly different 

between RSA casess and the controls (all P-values > 0.05). This non-significant relation was 

observed under both dominant and recessive models.  

Absence of association between RSA and IL-18 -137 G>C SNP observed in this study is in 

agreement with the findings reported by (Messaoudi et al., 2012; Al-Khateeb et al., 2011; 

Ostojić  et al., 2007 and Naeimi et al., 2006) but contradicts the findings of (Wang et al., 

2014) who demonstrated an association between IL-18 -137 G>C SNP and RSA. 

Naeimi et al. (2006), showed that IL-18 -137 G>C SNP in cases and controls revealed no 

significant difference with regard to both alleles and genotypes ( p = 0.7 and p = 0.7, 

respectively). The frequencies of GG, CC, and GC genotypes were 55.8%, 5% and 39.2%, 

respectively in cases with RSA, and 54.3%, 7.7%, and 38% in controls. The results of their 

study showed that IL-18 gene promoter polymorphism at position -137 did not confer 

susceptibility to RSA. 

Ostojić  et al. ( 2007), found that the frequencies of GG, GC, CC genotypes for IL-18 -137 

were 47.2%, 43.2% and 9.6%, respectively in cases and 45.6%, 46.3% and 8.1%, respectively 

in controls and concluded that IL-18 -137  SNP was not associated with RSA. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Khateeb%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=21840518
http://www.ncbi.nlm.nih.gov/pubmed?term=Ostoji%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17922692
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25187460
http://www.ncbi.nlm.nih.gov/pubmed?term=Ostoji%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17922692
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Wang et al. (2014), reported that the frequency of genotypes GG, GC+CC of rs187238 (-137 

G>C) in URSA group and control group were 77.3%, 22.7%, and 95.8%, 4.2%, respectively 

(χ²=22.767, P<0.001). therefore they concluded that the GC+CC genotype and C allele of 

rs187238 in IL-18 gene are associated with the susceptibility of RSA. 

Discrepancy between results of genetic association studies like those encountered here could 

be due to many reasons including population genetic variation (background) unrelated to the 

alleles, presence of nucleotide polymorphism somewhere else  in the examined allele e.g., in 

the untranslated or intronic regions, epigenetic alterations and linkage disequilibrium to other 

sequence variants in the vicinity of the studied loci. 

 Association between  IL-18  -656 G>T, "rs1946518" SNP and RSA: 

IL-18 --656 G>T genotypes distribution in the control group is  in Hardy-Weinberg 

equilibrium as no significant deviation  (P- value = 0.55) was recorded between observed and 

expected genotypes.  

The GG genotype was less prevalent in the control women (26%) as compared to the RSA 

cases (37%), though the difference was not significant (P-value = 0.10) while the GA and TT 

genotypes were more frequent in the control women (47%, 27% respectively) relative to RSA 

cases (38%, 25% respectively), but the difference was not significant (P-value = 0.20, 0.75 

respectively). 

The allele frequencies of  IL-18 -656 G>T also were not significantly different between RSA 

cases and controls (P-value = 0.19). The frequency of the polymorphic T allele was less 

prevalent in RSA cases (44%) than in controls (50.5%) and the wild type G allele was more 

prevalent in RSA cases (56%) than in controls (49.5%). It can be inferred that the documented 

RSA risk factor,  IL-18 -656 G>T is not associated with RSA in our study population. 

Results of this study showed that the IL-18 -656 G>T SNP is not significantly different 

between RSA cases and the controls (all P-values > 0.05). This non-significant relation was 

observed under both dominant and recessive models. 

To the best of our knowledge the association between  IL-18 -656 G>T SNP and RSA has not 

been investigated in other published studies. 

 

  

http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25187460
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 Association between  IL-18  +105A>C, "rs549908" SNP and RSA: 

IL-18 +105A>C genotypes distribution in the control group is  in Hardy-Weinberg 

equilibrium as no significant deviation  (P- value = 0.06) was noticed between observed and 

expected genotypes. 

The AA genotype was less prevalent in the control women (40%) as compared to the RSA 

cases (47%), though the difference was not significant (P-value = 0.32) while the AC 

genotype and CC genotype were more frequent in the control women (53%,7% respectively) 

relative to RSA cases (44%,9% respectively), but these difference also were not significant 

(P-value = 0.20, 0.60 respectively). 

The allele frequencies of  IL-18 +105A>C also were not significantly different between RSA 

cases and controls (P-value = 0.59). The frequency of polymorphic C allele was less prevalent 

in RSA cases (31%) as compared to controls (33.5%) and the wild type AA allele was higher 

in the RSA cases (69%) than in controls (66.5%). It can be inferred the IL-18 "+105A>C" is 

not associated with RSA cases in our study population. 

Results of this study showed that the IL-18 +105A>C  SNP was not significantly different 

between RSA cases and the controls (all P-values > 0.05). This non-significant relation was 

observed under both dominant and recessive models.  

As with IL-18 -656 G>T SNP no published work has been found regarding the relation 

between RSA cases and IL-18  +105A>C SNP. Therefore, we cannot compare our results with 

those of other populations. 

SNPs  in IL-18 gene may affect the transcription rate and the serum level of this pro-

inflammatory cytokine. In this study we investigated four SNPs suspected to have effect on 

IL-18 transcription rate. The lack of significance between the tested SNPs and RSA observed 

in the current study could be due to the minor effect(s)of those SNPs on transcription rate. 

Therefore, other SNPs in the IL-18 gene e.g., rs360717 (-105G/A), deserve further research. 
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Chapter Six: Conclusion and Recommendations 

6.1. Conclusion 

This study aimed to explore the association between the various polymorphisms of IL-18 gene 

(-137 G>C, "rs187238"; -607 C>A, "rs1946518"; +105A>C, "rs549908"; and -656 G>T, 

"rs1946518")  and RSA in Gaza Strip. The results of the study can be summarized as follows: 

 The study showed that there is no significant association between the four investigated 

IL-18 SNPs and the risk of RSA in the study population. 

 

 The distribution of IL-18 (-137 G>C, "rs187238"; -607 C>A, "rs1946518"; +105A>C, 

"rs549908"; and -656 G>T, "rs1946519") SNPs genotypes are all in Hardy –Weinberg 

equilibrium. 

 

6.2. Recommendations 

In light of the obtained results we recommend: 

 Investigating the association between other IL-18 SNPs and RSA in Gaza Strip. 

 Studying the relation between Il-18 cytokine level and RSA.  

 Conducting research on the association between variations in other Th1-Th2 

modulating gene and RSA. 
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