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Title of the project: Genetic predisposition for preeclampsia in a population 

of pregnant women in Adama and the surrounding areas, Ethiopia 

 

Abstract  

Introduction: Preeclampsia (PE) is a global health problem, which is the major cause of 

maternal and fetal deaths. The majority of PE related deaths occur in low- and middle-income 

countries with limited-resource. Currently there is no cure for the syndrome, delivery remains 

the only option. The etiology of PE is not elucidated yet. However, several studies suggest a 

hereditary predisposition for acquiring the disease. Accordingly, studies have showed the role 

of killer cell immunoglobulin-like receptor’s (KIRs) expressed by uterine natural killer (uNK) 

cells and human leukocyte antigen-C (HLA-C) in familial predisposition of PE. In addition, 

recent evidences indicated the probable role of the CD99 expression in the pathogenesis of PE 

in a fetal sex dependent fashion. Such evidences are lacking in the Ethiopian context. 

Therefore, the general aim of the study was to evaluate the genetic predisposition for PE in a 

cohort of Ethiopian pregnant women.  

Methods: A case-control study design was used. The study was conducted at Adama 

Regional Referral Hospital. We involved 288 (131 PE, 157 controls) study participants for the 

first part of the study and 241 (105 PE, 136 controls) study participants for the second part of 

the study. The demographic and clinical data was collected using questionnaire. The maternal 

venous and cord blood was collected, and DNA extracted using QIAGEN reagent. The DNA 

was amplified using traditional polymerase chain reaction (PCR) and real time quantitative 

PCR (RT qPCR) using TaqMan
TM

 Genotyping master mix (Applied Biosystems by Thermo 

Fisher Scientific, Waltham, MA, USA) and published primers. The data analysis was done 

using SPSS version 26.0. The Chi-Square test was used to evaluate the association between 

variables. The p-value <0.05 was used as cut-off point for the association of variables. 

Results: the mean age, systolic and diastolic blood pressures were higher while gestation age 

was lower in PE group compared to controls. A statistically significant association was 

observed in frequency of KIRAA, KIR2DS1 and in a subset of non-self HLA-C between the 

PE and control groups. In addition, a statistically significant association was showed in 

maternal regulatory region low CD99  expression genotype (CC) between PE mothers of 

males compared to controls.  

Conclusion: The KIRAA plays role in predisposition of PE while KIR2DS1 may play role in 

protection of Ethiopian pregnant women from PE. In addition, maternal regulatory region CC 

genotype may predispose mothers for PE in fetal sex-dependent fashion.  

 

Key words: Preeclampsia, KIRAA, HLA-C2, male fetus, CD99 
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Popular summary  

Preeclampsia (PE) is a health disorder that occurs during pregnancy starting from 20
th

 week of 

gestation age. It is manifested by high blood pressure and protein in urine or signs and 

symptoms of maternal organ dysfunction or the defect in development of the fetus. 

Preeclampsia is the cause of death to both the mother and the fetus. Preeclampsia is the third 

leading cause of maternal death. More than 99% of maternal deaths occur developing 

countries out of which more than 69% of deaths are concentrated in sub-Saharan countries. 

The etiology of PE is not known though placenta is proposed to be the root cause of the 

disorder. So far, there is no curative treatment and currently termination of pregnancy remains 

the only option.  Evidences show that maternal and fetal genetic makeup may increase the risk 

of acquiring PE. In addition, study results showed the increased risk for PE in pregnancies 

carrying male fetus. Accordingly, we aimed to investigate whether there was association 

between maternal and fetal genes with PE in study I and with pregnancies carrying male fetus 

in study II. 

We conducted the study at Adama Regional and Referral Hospital, Ethiopia, which provides 

about 4000-5000 delivery services annually. A case-control study design was employed 

involving 288 and 241 participants in study I and study II respectively during December 2016 

to August 2017 period. We investigated five maternal genes and, two fetal and maternal genes 

that were believed to have role during early pregnancy. 

Only one of the five maternal genes showed association with PE. On the other hand, the gene 

that protects mothers from PE was more frequent in Ethiopian women compared to women 

from other African countries. In addition, PE was associated with subgroup of pregnancies 

carrying male fetus that possessed paternal gene that was not present in the mother. 

In conclusion, Ethiopian women share similar genetic risk with women from other African 

countries while the Ethiopian women seem less predisposed to PE due to their genetic 

makeup compared to women from other African countries. 
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CHAPTER ONE: INTRODUCTION 

1.1. Preeclampsia  

Maternal mortality is a global health burden. The United Nations set a target of reducing 

maternal death by 75% between 1990 and 2015 (MDG 5). The maternal mortality 

decreased from 376,034 to 292,982 between 1990 and 2013. In 2013, more than 99% of 

deaths occurred in developing countries and pregnancy-induced hypertension was the 

third leading cause of maternal death that accounted for 29,275 deaths worldwide. In 

Ethiopia, the maternal mortality ratio decreased by about 70% between1990 and 2013 

(Kassebaum et al., 2014). Pregnancy related complications remain the major cause of 

maternal death where 99% occur in low middle-income countries (Duley, 2009). 

According to Hogan et al., the sub-Saharan African countries including Ethiopia are the 

most affected by maternal mortality. Ethiopia is one the six countries in the world 

contributed for more than 50% maternal deaths (Hogan et al., 2010). Globally, up to 15% 

of deaths are attributed to preeclampsia (PE) that affects 2 to 8% of all pregnancies 

(Duley, 2009).  In Ethiopia, PE affects between 2.2-8.4% of pregnancies (Vata et al., 

2015, Tessema et al., 2015). Preeclampsia is a pregnancy related syndrome that usually 

appears in the second half of pregnancy and is manifested by gestational hypertension 

accompanied with proteinuria or evidence of other maternal organ and/or utero-placental 

dysfunction (Brown et al., 2018). Globally, PE is the cause of death for more than 70, 000 

mothers and 500, 000 fetuses and neonates (Brown et al., 2018) and majority of deaths 

occur in low and middle income countries (Firoz et al., 2011).  

Phenotypically, PE can be classified based on period of onset and severity of the disorder. 

Based on period of onset, it can be classified as early onset if diagnosed/delivery before 34 

weeks of gestation and late onset if diagnosed/delivery at 34 weeks of gestation and above 
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(Aneman et al., 2020). Early onset PE is severe, more recurrent (Redman and Sargent, 

2005) and it is associated with adverse perinatal outcomes such as growth restriction 

(Aneman et al., 2020) compared to late onset PE (van Esch et al., 2017) which is 

associated with maternal endothelial dysfunction (Aneman et al., 2020). Preeclampsia has 

consequences for both the mother and the fetus. For instance, PE complicates maternal 

organs such as cardiovascular system, nervous system, hematological system, liver, and 

kidney which may progress to eclampsia and death while it causes intra uterine growth 

restriction (IUGR) and still birth and 15% of premature birth (iatrogenic) due to lack of 

treatment. Currently, there is no treatment to prevent development of PE. However, 

acetylsalicylic acid (ASA) administration from the first trimester, is recommended as a 

prophylactic drug preventing thrombosis in the placenta and thereby reduced risk of 

developing PE. The reduction in the incidence of preterm PE was showed by ASPRE 

multicenter study of ASA administration in pregnant women with risk of PE (Rolnik et al., 

2017). Moreover, fetal monitoring for possible growth restriction using fetal biometry and 

frequent ultrasound measurement is recommended (Brown et al., 2018).  

1.2. Normal pregnancy  

1.2.1. Implantation 

The proper nourishment and development of embryo requires implantation of developing 

embryo to the maternal endometrium (Ashary et al., 2018). The process of implantation 

requires a cross talk between the developing embryo and the maternal uterus (Ashary et al., 

2018). The successful implantation occurs only during the period of window of implantation 

which requires hormone dependent morphological changes of the endometrium (van Mourik 

et al., 2009). The uterine epithelium does not allow implantation unless it undergoes embryo 

receptive changes (Nikas and Aghajanova, 2002). Endometrium regularly cycles between 
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proliferative and luteal phases (Okada et al., 2018). During luteal phase of menstrual cycle, 

the uterine endometrium undergoes progesterone induced transformation (Moffett-King, 

2002) into a implantation receptive tissue (Okada et al., 2018),  a decidua that is infiltrated by 

the uterine natural killer (uNK) cells, which compose about 70% of the leukocyte population 

(Loke et al., 1995).  

The receptive uterine endometrium is characterized by increased vascularity, increased 

secretary capacity and pinopodes development (Norwitz et al., 2001). The receptive stage of 

the uterus occurs in mid-luteal phase 7-10 days after ovulation (Cha et al., 2012). 

Decidualized cells secrete chemokines that recruit immune cells (Vinketova et al., 2016). The 

level of progesterone is high during luteal phase through pregnancy period and endometrial 

response to this hormone is facilitated by binding with nuclear progesterone receptor on 

stromal cells (Conneely et al., 2002). Progesterone acts via protein kinse A signaling pathway 

activated by a second messenger cyclic adenosine monophosphate (cAMP) (Vinketova et al., 

2016). The decidualization process begins in the upper part of endometrium and transforms 

elongated fibroblast-like endometrial stromal cells surrounding spiral arteries into rounded 

morphology in the presence of increased levels of progesterone. The decidualized cells fulfill 

different functions before development of placenta including, nutrient supply to the embryo, 

protection of the embryo from maternal immune attack, stimulation of trophoblast growth and 

invasion (Okada et al., 2018). The decidua cells secrete pro-invasive and  anti-invasive factors 

that bind receptors on invasive embryonic cells (Sharma et al., 2016). These factors employ 

various signaling pathways such as mitogen-activated protein kinase (MAPK), janus kinase 

(JAK), extracellular-signal-regulated kinase (ERK), cAMP and protein kinase B (AKT) 

pathways that ultimately activate signal transducer and activator of transcription (STAT) in 

controlling the invasion process (Sharma et al., 2016) (figure 1.3.1.1).  
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Figure 1.3.1.1. Decidual signaling molecules involved in invasive process of embryonic cells  

(Adapted from Sharma et al., 2016, American Journal of Reproductive Immunology). Matrix 

metalloproteinases (MMPs), Tissue inhibitors of metalloproteinases (TIMPs), urikase 

plasminogen activator (uPA), plasminogen inhibitor activator (PIA), human chorionic 

gonadotropin (hCG), mitogen-activated protein kinase (MAPK), janus kinase (JAK), 

extracellular-signal-regulated kinase (ERK), cAMP and protein kinase B (AKT), signal 

tranducer and activator of transcription (STAT), vascular endothelial growth factor (VEGF), 

granulocyte-colony stimulating factor (G-CSF). 

Endometrial transformation for embryo receptivity involves the role of cytokines, hormones 

and growth factors (Singh et al., 2011). Within 24 to 48 hours of ovulation, fertilization takes 

place and the fertilized ovum undergoes rounds of cleavages until it forms morula, which 

passes through the fallopian tube and then enters uterine cavity where it is transformed into 

blastocyst with protective outer layer, zona pellucida (Red-Horse et al., 2004) (figure 1.3.1.2).  
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Figure 1.3.1.2. Blastocyst formation in humans (Adapted from Red-Horse et al., 2004, The 

Journal of Clinical Investigation)  

Until establishment of blood supply, the early embryo is nourished by the nutrient contents of 

secretions from the uterine tube and uterine glands that include mixtures of amino acids, 

carbohydrates, lipids and proteins (Salamonsen et al., 2016). To gain access to the maternal 

nutrient supply the blastocyst should implant to the maternal decidua (van Mourik et al., 

2009).  The blastocyst emerges out of zona pellucida and implants to the uterine decidua 

enabling the embryo to sequester within the uterine wall (Red-Horse et al., 2004). Adhesion 

of blastocyst to endothelial lumen is preceded by shedding of zona pellucida and elongation to 

filamentous form (Spencer et al., 2004). The blastocyst expresses adhesion molecules and 

receptors that facilitate subsequent implantation following apposition, adhesion and invasion 

stages (van Mourik et al., 2009). The success of implantation depends on proper apposition of 

the embryo to the plantation site on endometrium (Massimiani et al., 2019).  The blastocyst 

first adheres to microprotrusions (pinopodes) on the uterine epithelium then to the stromal 



6 
 

extracellular matrix then  the blastocyst invades the endometrium penetrating through luminal 

epithelium into the stroma (Singh et al., 2011).  The apposition of blastocyst to the 

implantation site is facilitated by the interaction of chemokines on the lumen of endothelium 

with chemokine receptors on the blastocyst (figure 1.3.1.3).  

 

Figure 1.3.1.3. Blastocyst apposition and adhesion (Adapted from Norwitz et al., 2001, The 

New England Journal of Medicine) 

During embryo apposition, endometrium secretes various chemokines including regulated 

upon activation normal T-cell expressed and secreted (RANTES), interleukin-8 (IL-8) and 

monocyte chemotactic protein (MCP)-1 on endometrium (Caballero-Campo et al., 2002) that 

bind to receptors on blastocyst including C-C chemokine receptor-5 (CCR5), CXCR1, and C-

C chemokine receptor (CCR)-2B (Dominguez et al., 2003) respectively. The adhesion 

molecule L-selectin expressed on blastocyst plays important role in apposition of blastocyst to 
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the implantation site. It binds to oligosaccharide ligands on luminal epithelium (Dominguez et 

al., 2005). These chemokines play role as pro-inflammatory and chemotactic agents and 

facilitate leukocyte infiltration to implantation site on endometrium (Mikolajczyk et al., 2016, 

Baggiolini and Clark-Lewis, 1992, Deshmane et al., 2009). The leukocytes undergo 

transendothelial migration to the endothelial stroma involving adhesion molecules on 

leukocytes such as L-Selectin (Wedepohl et al., 2012) (figure 1.3.1.4).  

 

 

Figure 1.3.1.4. Leukocyte transmigration across uterine endothelium (Adapted from 

Dominguez et al., 2005, The FASEB Journal. Leukocyte (LK), Endothelial cell (EC). 

During uterine receptive phase of the menstrual cycle (Nikas and Makrigiannakis, 2003), the 

luminal endometrium undergoes progesterone regulated morphological changes to structures 

known as pinopodes (Stavreus-Evers et al., 2001). The pinopodes are formed by temporary 

fusion of endometrial epithelial microvilli (Nikas and Aghajanova, 2002). The pinopode 

expresses adhesion molecules that facilitate interaction of blastocyst with endometrium 

(Massimiani et al., 2019). Then, blastocyst penetrates the endometrial epithelium and invades 

into the stroma assisted by metalloproteinases (Dominguez et al., 2005) (figure 1.3.1.5). 
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Figure 1.3.1.5. Implantation of embryo to the uterine endothelium (Adapted from Massimiami 

2019, International Journal of Molecular Sciences)  

The inner part of blastocyst constitutes embryonic cell mass while the outer part constitutes 

trophectoderm that differentiates into trophoblast cells that compose the placenta (Soares et 

al., 2018).  

1.2.2. Placentation  

The proper development of placenta is crucial for promoting the health of fetus and the 

mother (Knofler et al., 2019). Defect in placental development contributes to pregnancy 

complications such as PE (Fisher, 2015), miscarriage (Khong et al., 1987), IUGR and 

stillbirth (Freedman et al., 2019).   

Placenta is a temporary organ that facilitates exchange of nutrient and oxygen from the 

mother to the developing fetus and clearance of fetal wastes (Knofler et al., 2019). Moreover, 

placenta serves as endocrine organ which produces various hormones needed for metabolic 

and physiological adaptations to pregnancy (Napso et al., 2018), growth of the fetus  

(Velegrakis et al., 2017) and protection of the fetus from maternal immune rejection 

(Mastorakos and Ilias, 2003). The proper fetal growth requires the adaptation of the maternal 
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systems including cardiac, pulmonary, immune and metabolic to pregnancy (Napso et al., 

2018). Placental development starts following implantation of trophectoderm to uterine 

epithelium in 6-7 days (Knofler et al., 2019) and completely embedded in uterine wall 10 days 

after conception (van Mourik et al., 2009) (figure 1.3.2.1). The early placenta development 

and angiogenesis takes place under hypoxic condition that upregulates expression of vascular 

endothelial growth factor (VEGF) by uterine epithelial cells and decidual macrophages 

(Wheeler et al., 1995). Macrophages constitute about 20% of the decidual leukocyte 

population (Loke et al., 1995).  

 

Figure 1.3.2.1. Implantation of blastocyst (Adapted from Norwitz et al., 2001, The New 

England Journal of Medicine) 
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The trophectoderm differentiates into villous trophoblast that cover villous tree and extra-

villous trophoblast (EVT) cells that migrate into uterine decidua (Apps et al., 2009). The 

invasion of EVTs is facilitated by production of matrix metalloproteinases that degradation 

extracellular matrix whose further action is counter balanced by metalloproteinase inhibitors 

produced by decidua cells (Lala and Graham, 1990). The inner layer of placental villi is 

composed of cytotrophoblast, covered by syncytiotrophoblasts outer part while the core of 

villi contains fetal blood vessels (Moffett-King, 2002). The placenta attaches to the uterine 

wall  with the help of EVTs followed by vascularization of the placental villi that establishes 

feto-maternal circulation (Chang et al., 2018). The uterine spiral artery delivers maternal 

blood to the intervillous space, which bathes the placental villi (Moffett-King, 2002).  

1.2.3. Pregnancy immunology  

From immunology point of view, pregnancy is considered as paradox phenomenon since 

genetically distinct mother and the fetus coexist peacefully (Poole and Claman, 2004). The 

maternal and fetal factors play role in creating immunotolerant environment that is protective 

of the semi-allogenic fetus form attack by the maternal immune system (Poole and Claman, 

2004). The implantation of semi-allogenic fetus requires protection from maternal immune 

system by creating immunotolerant uterine environment. This is effected by increase in cells 

that secrete immunosuppressive cytokines and reduce secretion of inflammatory cytokines 

including T regulatory (Treg) cells and uterine natural killer cells (Massimiani et al., 2019). 

During early pregnancy, the immune cells including uNK cells, Treg cells and dendritic cells 

(DCs) infiltrate the uterine decidua (Mor et al., 2011) and modulate immune responses 

(Aneman et al., 2020). The macrophages are tissue derivatives of peripheral monocytes that 

constitute second most abundant leukocytes in endometrial stroma (Ning et al., 2016). They 

secrete molecules that play role in immunomodulation during normal pregnancy and pro-

inflammatory role in pathologic pregnancy depending on their phenotype (Ning et al., 2016). 
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The macrophage phenotype proportion shifts in different stages of pregnancy. The pro-

inflammatory M1 macrophages become predominant in uterine decidua during the embryo 

implantation and placentation stages and the proportion shifts to mixture of pro-inflammatory 

M1 and immunomodulatory M2 macrophages during trophoblast invasion stage. Once the 

feto-placental is established, the M2 phenotype becomes predominant for the remaining 

period of pregnancy (Ning et al., 2016) (figure 1.3.3.1).  

 

Figure 1.3.3.1. Macrophages in normal and pathologic pregnancy (Adapted from Ning 2016, 

Am J Reprod Immunol)  

The DCs coordinate immunoregulation (Miyazaki et al., 2003) by orchestrating the 

differentiation of progenitor cell into T helper 1 (Th1), T helper 2 (Th2) and Treg cells (Saito 

et al., 2010).  The decidual DCs are important players in success of embryo implantation on 

the receptive uterus and their number increases during the implantation (Saito et al., 2010). In 

normal pregnancy, the implantation stage constitute inflammatory phases with increased pro-

inflammatory Th1 cytokine response (Mor et al., 2011). Normal pregnancy is considered as 

Th2 state (Mor et al., 2011). The Th2 immunosuppressive role is necessary for maintenance 
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of pregnancy (Granot et al., 2012). The decidual DCs promote Th2 response by promoting a 

transition from Th1 inflammatory  response to Th2 anti-inflammatory response by facilitating 

differentiation of naïve CD4+ T cells into Th2 cells (Miyazaki et al., 2003). The 

predominance of Th2 response contributes to the tolerance against rejection of the allogenic 

fetus by the maternal immune system in normal pregnancy while Th1 response dominates in 

pathologic pregnancy such as PE (Saito et al., 2010).  

The uNK cells express a range of receptors that bind with ligands expressed by trophoblasts 

and secrete cytokines that regulate trophoblast invasion (Moffett-King, 2002). The uNK cells 

secrete cytokines such as granulocyte macrophage colony stimulating factor (GM-CSF) and 

colony stimulating factor (CSF)-1 that promote trophoblast proliferation and differentiation 

(Jokhi et al., 1994, Jokhi et al., 1995) as well as  leukemia inhibitory factor (LIF) that promote 

trophoblast invasion (Sharkey et al., 1999). Moreover, decidual Treg cells play role in 

maintenance immune tolerance during early pregnancy by inhibition of uNK cytotoxicity 

through secretion of ant-inflammatory cytokines such as interleukin-10 (IL-10) and hence 

protection of the trophoblast from maternal immune attack. In addition, Treg cells inhibit Th1 

and Th17 cells and hence facilitate trophoblast invasion (Robertson et al., 2018). The 

association of Tregs deficiency with poor trophoblast invasion was showed in pregnancy 

complications such as PE and preterm delivery (Steinborn et al., 2012). 

1.2.4. Uterine NK cells  

Phenotypically, the uNK cells are CD56
bright

 and CD16
-
 cells district from CD56

dim
 CD16

bright
 

peripheral circulating NK cells (Hiby et al., 1997). The uNK cells express combinations of 

killer cell immunoglobulin-like receptors (KIR) with extracellular and intracellular domains 

encoded by genes arranged in linear array on the long arm of chromosome 19 and are grouped 

into A and B haplotypes. The A haplotype which contains six inhibitory genes and B 

haplotype with variable gene content contains both activating and inhibitory genes and 
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maternal KIR genotype can be either AA, ABB or BB (figure 1.3.4.1). The genes encode 

activating and inhibitory receptors that interact with ligands expressed on fetal trophoblast 

cells and activate or inhibit cytokine secretion by uNK cells respectively (Moffett et al., 

2015).  

 

Figure 1.3.4.1. The distribution of KIR genes in A and B haplotypes with HLA-C binding 

specificities (Adapted from Moffett et al., 2015, Philos Trans R Soc Lond B Biol Sci)  

The EVT cells express highly polymorphic human leukocyte antigen (HLA)-C and 

monomorphic HLA-G but they do not express HLA-A or HLA-B (Apps et al., 2009). Two 

groups of fetal HLA-C ligands, HLA-C1 and HLA-C2 expressed by trophoblast cells 

(Parham, 2005) plays key role in normal pregnancy and development of PE by interacting 

with maternal activating or inhibitory KIR receptors expressed on uNK cell (Redman and 

Sargent, 2010). Due to highly polymorphic nature of KIR and HLA-C genetic system, the 

receptor-ligand combination in each pregnancy would likely be different (Hiby et al., 2014). 

The C1 interacts with inhibitory receptors while C2 interacts with both activating and 

inhibitory KIR receptors (Moffett et al., 2015) (figure 1.3.4.2). The combination of maternal 
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KIRAA with fetal HLA-C2 of paternal origin results in pregnancy complications such as PE 

due to strong inhibition of uNK cells (Hiby et al., 2014) whereas combination with activating 

KIR is protective against pregnancy disorders (Hiby et al., 2010). 

 

Figure 1.3.4.2. KIR-HLA-C interaction (Adapted from Moffett et al., 2015, Philos Trans R Soc 

Lond B Biol Sci) 

The HLA-G plays a role in immune-regulation, it is highly expressed in the cytoplasm and in 

the membrane of EVTs cells protecting the fetus from maternal immune attack (Djurisic and 

Hviid, 2014). The HLA-G binds to inhibitory KIR2DL4 receptor on uNK cells (Rajagopalan 

and Long, 2012). The HLA-G expressed on trophoblast cells inhibits cytotoxicity of uNK 

cells and increases secretion of cytokines that promote angiogenesis (Gong et al., 2017, van 

der Meer et al., 2004).  

The EVTs cells invade into uterine decidua (Soares et al., 2018) and the upper part of 

myometrium where they interact with uNK cells (Moffett et al., 2015). The invasion of 

trophoblasts is promoted by secretion of cytokines from activated uNK cells (Moffett et al., 

2015). The KIRs expressed on uNK cells interaction with HLA-C ligands expressed on 
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trophoblasts followed by secretion of cytokines that stimulate proliferation and differentiation 

of trophoblasts cells (Veenstra van Nieuwenhoven et al., 2003). The trophoblast cells express 

receptors for cytokines secreted by uNK cells (Loke et al., 1995) and play role in remodeling 

of the spiral arteries (Moffett et al., 2015) (refer figure 9). In normal human pregnancy, proper 

perfusion of the feto-placental unit is ensured by remodeling of the uterine spiral arteries into 

wider diameter vessels with increased blood flow (Moffett et al., 2015) (figure 10). In 

pregnancies complicated by conditions such as preeclampsia, trophoblast interaction with 

uNK cells has inhibitory effect resulting in the shallow invasion of trophoblasts and defective 

uterine spiral arteries remodeling with decreased blood flow to the feto-placental unit 

(Moffett-King, 2002). Inadequate uterine artery transformation in preeclampsia causes IUGR 

and stillbirth of the fetus (Moffett-King, 2002). Poor trophoblast invasion and defective spiral 

artery remodeling also causes recurrent miscarriage (Hiby et al., 2010) (figure 1.3.4.3). 
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Figure 1.3.4.3. Spiral Artery remodeling in normal and complicated pregnancies (Adapted 

from Moffett-King, 2002, Nature Publishing Group)  

1.2.5. Placental insufficiency 

The placenta, an organ that develops from extraembryonic cells serves various functions that 

promotes the growth and development of the fetus. It supplies nutrients and oxygen to the 

developing fetus (Gude et al., 2004). The defective placental development results in fetal 

morbidity and mortality (Lo et al., 2018). The placental insufficiency results from chronic 

placental hypoxia (Thompson et al., 2016). The placental insufficiency due to impaired feto-

maternal circulation results in oxygen deficient uterine environment with a risk of IUGR (Lo 

et al., 2018). Placental insufficiency causes pregnancy complications such as IUGR (Burton 

and Jauniaux, 2018) and preterm births (Redline, 2008). The placental insufficiency is 

affected by maternal ethnicity where Afro-Caribbean women showed the highest placental 

insufficiency (Audette et al., 2018). 
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1.3. Etiology of PE 

Preeclampsia is a disease of unknown etiology (Dekker and Sibai, 1998). The placental 

ischemia was proposed to play role in the etiology PE (Page, 1948) that leads widespread 

endothelial dysfunction associated with maternal syndrome (Redman, 1991). In the updated 

model, PE develops in two stages. In stage 1 inflammatory factors are released into the 

maternal circulation from oxidatively stressed placental syncytiotrophoblast resulting from 

defective spiral artery remodeling and/or larger placenta (Redman, 1991, Staff, 2019). This 

may lead to early onset PE with IUGR or progress to stage 2 characterized by generalized 

vascular inflammation resulting in late onset with maternal signs such as hypertension and 

proteinuria (Staff, 2019). 
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Figure 1.4.1. Modified two-stage model in development of preeclampsia (Adapted from Staff 

2019, Journal of Reproductive Immunology)  

1.4. Fetal sex and PE 

Prenatal outcomes might be determined by difference in maternal immune responses in fetal 

sex dependent fashion (Al-Qaraghouli and Fang, 2017). The intrauterine environment puts 

differential selection pressure against male fetuses compared to female fetuses. The 

intrauterine morbidity and motility is higher in males than females (Myatt et al., 2014). The 

male fetuses are faced by placental environment adverse for their survival and growth 

(Clifton, 2010). The pro-inflammatory cytokine production is higher in male placenta than 

female placenta (Muralimanoharan et al., 2013). The neonatal morbidities such as respiratory 

distress syndrome are also higher in males than females. The small-for-gestation male fetuses 

are at increased risk of perinatal mortality compared to female fetuses (Voskamp et al., 2020).  

The state of pregnancy is a co-existence of the allogeneic fetus with the mother, which 

necessitates tolerance in terms of immunological response. The lack of tolerance may end up 

with PE, which may have genetic origin.  The lack of tolerance may be exacerbated by 

pregnancies, which carry male fetus with Y-chromosome genes of paternal origin. The fetal 

trophoblast cell expresses immunomodulatory molecule HLA-G that inhibits uNK cell 

cytolytic activity by interacting with surface receptor (Wedenoja et al., 2020). The expression 

of HLA-G was reduced in PE (Hara et al., 1996). The reduced expression of HLA-G was 

associated with underrepresentation of male fetuses in PE (Wedenoja et al., 2020).  

The correlation between level of CD99 expression in male fetuses and PE was showed in 

previous study (Masoumi et al., 2017). The CD99 is widely expressed in various types of cells 

with roles in normal and disease conditions (Pasello et al., 2018). The level of expression of 

CD99 is regulated by polymorphic regulatory region SNP rs311103 GATA transcription 

factor binding site. The GATA1, GATA2 and GATA3 bind SNP rs311103G but not 
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rs311103C and plays role in differentiation of hematopoietic cells. The SNP rs311103C allele 

abolishes binding of GATA factor resulting in decreased CD99 expression while SNP 

rs311103G promote GATA binding resulting in increased CD99 expression (Moller et al., 

2018, Yeh et al., 2018).   

1.5. Clinical manifestations and management of PE  

Preeclampsia adversely affects multiple organs of the mother and the developmental process 

of the fetus since endothelial dysfunction related to hypoperfusion of placenta plays central 

role in the pathophysiology the syndrome (Baumwell and Karumanchi, 2007). Preeclampsia is 

associated with clinical and biochemical manifestations such as high blood pressure, kidney 

dysfunction, liver damage, disorder of central nervous system, hemolysis, elevated liver 

enzymes, low platelet counts (HELLP), pulmonary edema, stroke, IUGR, placental abruption, 

preterm birth, neonatal respiratory distress and deaths of the mother and the fetus 

(Ghulmiyyah and Sibai, 2012, Armaly et al., 2018).   

The management of PE endorsed by international society for the study of hypertension in 

pregnancy (ISSHP) takes following points into consideration: i) severity of hypertension ii) 

clinical status of the mother iii) developmental status of the fetus.  iv) the resource setting of 

the service and v) gestation age. Accordingly, severe hypertension of > 160/110mmHg is 

managed by urgent oral administration of nifedipine or intravenous administration of labetalol 

or hydralazine. The ISSHP recommends administration of magnesium sulfate until delivery 

for all preeclamptic women in low resource setting. In a situation where resource is limiting, 

administration of magnesium sulfate is recommended for PE women with severe hypertension 

and proteinuria or predictive signs of convulsion. The ISSHP recommends delivery at 37 

weeks gestation for all PE women. In addition, delivery is recommended in PE women with 

severe hypertension unresponsive to three classes of antihypertensive agents or signs and 
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symptoms of worsening maternal organ dysfunction or non-reassuring fetal status (Brown et 

al., 2018). 

1.6. Risk factors-ethnicity, hereditary factors for PE 

The occurrence of PE shows ethnic variation and women of black race have higher chance of 

developing PE compared to Hispanic and Asian women (Ghosh et al., 2014).  A study showed 

racial disparities in adverse pregnancy outcomes. The African-American women were at 

higher risk of having PE and intrauterine death compared to Hispanic women (Shahul et al., 

2015). The risk of acquiring PE increases with: maternal age of 40 years and above, 

nulliparity, history of previous preeclampsia, family history of PE, multiple pregnancy, pre-

existing medical conditions (Duckitt and Harrington, 2005). The parental genetic components 

play a role in susceptibility of PE (Roberts and Cooper, 2001). Preeclampsia may be triggered 

by maternal genes or fetal genes of maternal or paternal origin although maternal influence is 

stronger than the fetal (Skjaerven et al., 2005).  

1.7. Environmental factors and PE 

The maternal exposure to environmental pollutants such as fine environmental particles 

mainly particulate matter less than 2.5 micrometer size during the early pregnancy is 

associated with adverse pregnancy outcomes such as PE. The environmental pollutants affect 

placental function via epigenetic changes such as DNA methylation resulting in FGR. The 

increased methylation of placental DNA was showed on CpG sites of the promoter area of the 

investigated genes in pregnant women exposed to environmental particle during first and 

second trimesters (Cai et al., 2017).  The study by Erlandsson et al., showed the increased 

secretion of inflammatory cytokines IL-6 and decreased secretion of hCG on first trimester 

trophoblast cells exposed to wood smoke air pollution particles containing polycyclic 

aromatic hydrocarbons. The study suggested the possible role of particles emitted during 



21 
 

wood burning in the pathogenesis of pregnancy complications such as PE (Erlandsson et al., 

2020).  In Ethiopian context, about 85% of the population make their living in agriculture and 

they do not have access for electric city supply. About 85% of the Ethiopian population make 

their living in agriculture and they do not have access for electric city supply. They depend on 

wood fire for cooking and are exposed for wood burning smoke.  

1.8. Statement of the problem 

Preeclampsia is a major health problem that causes mortality and morbidity to the mother and 

the fetus. The burden of the disease high in low-and-middle income countries. Women of 

black race are disproportionately affected by the disorder. The risk of developing the 

condition shows familial tendency. Parental genetic factors were suggested to contribute to the 

pathogenesis of the disease. Maternal and fetal genetic factors were suggested to paly role in 

the pathogenesis of the syndrome, the maternal contribution was showed higher. The 

exaggerated maternal immune response during early pregnancy was showed to play role in the 

pathogenesis of PE. The maternal uNK cells and fetal trophoblast cells were showed to play 

role in normal and complicated pregnancies. The uNK cells express set of KIR receptors 

while fetal trophoblast cells express HLA-C ligands. The KIR genes may encode activating or 

inhibitory receptors. The women with inhibitory genes are likely affected by PE when 

combined with fetal HLA-C. The KIR and HLA-C genes show polymorphism from individual 

to individual and hence receptor and ligand combination varies from pregnancy to pregnancy. 

Similarly, the HLA-C genes encode two groups of ligands and hence there is individual 

variation. Some combinations are protective from PE while other combinations are 

predisposing women for development of PE. In addition, pregnant women carrying male fetus 

are at increased risk of developing PE compared those carrying female fetus. Accordingly, 

this study was conducted to investigate whether the maternal and fetal genetic factors are 

associated with PE. 
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1.9. Significance of the study  

The prenatal outcomes depend on processes that take place during early stages of pregnancy. 

In some cases, pregnancy may be complicated by pregnancy related disorders one of which is 

PE. Despite long years of efforts, the etiology of PE is not yet known. There is no curative 

treatment. However, the consequences can be minimized or avoided based on evidence-based 

care. Towards this effect, research is being conducted in different corners of the globe to 

generate data that can help in the stratification of pregnant women at genetic risk of 

developing PE.  

So far, in Ethiopia, there is no molecular level research data regarding PE. Accordingly, the 

results from this study might in the future be implemented into clinical screening programs in 

to allow for early risk stratification of pregnant women in order to identify high-risk 

pregnancies that would benefit from prophylactic treatment with ASA.  

1.10. Hypothesis of the study 

We hypothesize that Ethiopian pregnant women may be predisposed to PE because of their 

genetic make-up. 
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CHAPTER TWO: OBJECTIVES 

2.1. General objectives 

The general objective of this study was to investigate whether genetic factors paly role in the 

pathogenesis of PE in a population of Ethiopian pregnant women. 

2.2. Specific objectives  

 To describe the demographic and clinical characteristics of the Ethiopian pregnant 

women population.  

 To investigate the association of maternal KIR polymorphism with PE in Ethiopian 

pregnant women.  

 To compare polymorphism in KIR genes in Ethiopians with other populations. 

 To assess the association of maternal and fetal HLA-C polymorphism with PE in 

Ethiopian pregnant women. 

 To describe the association of maternal SNP rs311103 polymorphism with PE in 

Ethiopian pregnant women. 

 To assess the association of fetal SNP rs311103 polymorphism with PE in Ethiopian 

pregnant women. 
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CHAPTER THREE: MATERIALS AND METHODS 

3.1. Setting 

The different phases of the study were conducted at different institutions. The data and sample 

collection was done  We conducted the study at Adama Regional Referral Hospital located in 

Oromia Regional State to the South East direction form the capital city of the country of 

Ethiopia at altitude of 1,712 meters above sea level. The hospital provides health services to 

the resident of Adama city and the surrounding areas. The hospital provides antenatal clinic 

follow up and delivery services to the pregnant women. The hospital is center for residency 

training of medical residents in different disciplines including Obstetrics and Gynecology. 

Each year, about 5000 delivery services are provided at the hospital. The blood and tissue 

samples collected at the hospital were processed and stored at Adama Regional Laboratory 

and the samples that need further processing were transported to Armauer Hanson Research 

Institute (AHRI). The DNA extraction and paraffin embedding of the placenta were conducted 

at AHRI. Then, the extracted DNA and paraffin embedded tissue were transported to Lund 

University. The genotyping experiment was conducted at Lund University, Department of 

Obstetrics and Gynecology, Faculty of Medicine.  

3.2. Study design  

A case-control study design was employed for this study. The study participants were 

residents of Adama city and the surrounding areas.  

3.3. Study population  

The study population consisted of pregnant women who have appeared to the delivery ward at 

Adama Regional Hospital during the study period. The recruitment of the study participants 

was conducted during from December 2016-August 2017. The enrollment of participants was 
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conducted based on the order of their appearance to the delivery ward during the above 

specified period. The selection of cases and controls was done by obstetricians and obstetrics 

and gynecology residents based on the national protocol (Management Protocol on Selected 

Obstetrics Topics, Federal Democratic Republic of Ethiopia, Ministry of Health, 2010).  

3.4. Study participants  

The case group pregnant women included in the study were in the age range of 18 to 45 with 

singleton pregnancy. The gestation age (GA) of the pregnant women was between 23 to 42  

weeks. The included control group pregnant women were in the age range of 18 to 39 years 

with singleton pregnancy. The GA was between 26 to 44 weeks. A total of 288 study 

participant were included in Study I while we included 241 participants in the study II. 

3.4.1. Inclusion criteria 

The inclusion of the PE cases and controls was based on the demographic and clinical 

characteristics. The included PE cases were those pregnant women > 18 years of age with 

singleton pregnancy, GA 20 weeks and above, sBP >140 mm Hg or dBP >90 mm Hg, with 

proteinuria or involvement of utero-placental dysfunction or sighs of maternal organ 

dysfunction. In the control group, we included pregnant women age 18 years and above 

women with normal blood pressure and no signs of maternal organ involvement.  

3.4.2. Exclusion criteria 

Originally, we recruited 345 pregnant women study participants. The pregnant women below 

the age of 18 years, lack of matching maternal venous blood and cord blood samples, 

participants without clinical data, samples without identifier for the case or control group, 

samples with duplicate codes, and multiple pregnancies excluded from the study. 
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3.5. Sample collection  

The ethical issues were considered before data and sample collections. The letter of ethically 

approval was obtained from department of Medical Biochemistry, College of Health Sciences, 

Armauer Hanson Research Institute and National Ethics committees.  

The sample and data collections were conducted after securing informed consent form the 

study participants. The information sheet and consent forms were prepared in English and 

Amharic languages. For those participants who can read and write, the Amharic version of the 

information sheet was given, and voluntary written informed consent secured. For those 

participants who cannot read and write, the information was read, and fingerprint was taken as 

a proof for informed consent. 

We used a questionnaire designed for collection of demographic and clinical data. The 

standard operation procedures were prepared for sample collection and processing. Two 

rounds of training were given to data collectors about data collection and sample processing. 

During training, coding system was given special attention in order to match the same 

participant code with the code for maternal blood, cord blood and placenta samples. The 

questionnaire was filled by midwifes at Adama Referral Hospital delivery ward using face-to-

face interview. The venous blood simple was collected in a test tube containing EDTA. 

Immediately after delivery cord blood was collected in a tube containing EDTA. The placenta 

tissue sample was collected in a bucket containing ice. The blood and tissue sample 

collections were done by trained midwife nurses. The maternal venous blood and cord blood 

were transported to Adama Regional Laboratory by porters working at delivery ward and then 

stored at -20
0
C by medical laboratory technologist at Adama regional laboratory. The portions 

of placenta samples were preserved by medical laboratory technologist at Adama Regional 

Laboratory within about 30 minutes using liquid nitrogen for a brief moment and then 
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transferred to -80
0
C freezer. The remaining portions of placenta samples were processed using 

formalin by trained medical laboratory technologist at Adama Regional Laboratory with in 

about 30 minutes after collection. The formalin processed placenta samples were transported 

to AHRI laboratory for further processing on the same day by principal investigator daily 

shuttling between Addis Ababa and Adama. This continued for about nine months. The stored 

blood and tissue samples were transported to AHRI laboratory using dry ice.  

The blood samples were thawed to room temperature and the deoxyribonucleic acid (DNA) 

was extracted using QIAGEN DNA Mini Blood kit. The extraction was performed following 

the steps of cell lysis, DNA binding to the column, wash using wash buffers and DNA elution.  

The quality of eluted DNA was determined using Nano spectrophotometer and stored at -20
0
C 

refrigerator. The genotyping experiment was done abroad in laboratory at Lund University, 

Sweden. The samples were exported in carbon dioxide ice (dry ice) after securing material 

transfer agreement from Ministry of Science and Technology, Federal Democratic Republic 

Ethiopia.  

3.6. DNA extraction 

The blood samples were thawed to room temperature and the deoxyribonucleic acid (DNA) 

was extracted using QIAGEN DNA Mini Blood kit. The DNA extraction was done at AHRI 

using QIAGEN Mini Blood Kit. The extraction was performed following the steps of blood 

cell lysis, binding of DNA to the column, wash using buffer and elution of the DNA. The 

maternal venous whole blood and fetal cord blood samples and reagents were thawed to room 

temperature. Twenty micro liters of Qiagen protease was transferred into 2 mL micro 

centrifuge tube and mixed with 200 L of blood sample. Then, 200 L of AL buffer was 

added to the mixture, vortexed and incubated at 56
0
C for 10 minutes and briefly centrifuged. 

Two hundred micro liters of 96% ethanol was added and vortexed for 15 seconds and 
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transferred to Qiagen mini spin column. Then, 500 L of AW1 buffer was added and 

centrifuged at 6000xg for 1 minute. The column was transferred to a 2 mL collection tube and 

500 mL AW2 buffer added and centrifuged at 20,000xg. The column was placed onto a 2 mL 

collection tube and centrifuged for 1 minute. Finally, the column was placed onto 1.5 mL 

collection tube and then 200 mL AE buffer was added, incubated for 15 minutes at room 

temperature and then the extracted DNA harvested by centrifugation at 6000xg for 1 minute. 

The extracted DNA quality was measured using nano spectrophotometry and stored at -20
0
C 

refrigerator at AHRI. The genotyping experiment was done abroad in laboratory at Lund 

University, Sweden. The samples were exported in dry ice after securing material transfer 

agreement from Ministry of Science and Technology, Federal Democratic Republic Ethiopia.  

3.7. Analysis of KIR and HLA-C polymorphism using polymerase chain reaction 

(PCR) 

The genotyping experiment was conducted at department of Obstetrics and Gynecology, 

Institute of Health Sciences, Lund University. The DNA extracted from maternal venous 

blood and cord blood were used for the KIR and HLA-C polymorphism analysis. The 

traditional polymerase chain reaction (PCR) method was used for genotyping of maternal and 

fetal genes. The published methods and primers by Martin et al, 2002 were used for 

genotyping of three inhibitory and two activating maternal KIR genes (Martin et al., 2002). 

The purchased reagents including four deoxynucleoside triphosphates (dNTPs), magnesium 

chloride, specific primers, PCR buffer, Q solution and Taq polymerase and DNA extract were 

used in the preparation of reaction mixture as prescribed by the manufacturer (QIAGEN, 

Germany). The mixture was subjected to preprogrammed denaturation, primer annealing and 

synthesis PCR conditions in a thermocycler machine (BIO RAD T100
TM

 Thermal Cycler).  
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Figure 3.7.1. Thermocycler machine used for PCR experiment  

The KIR genotyping was done by agarose gel electrophoresis and autoradiography. The 

published methods and primers by Hiby et al 2004 were used for genotyping of two groups of 

maternal and fetal HLA-C (Hiby et al., 2004). The dNTPs, PCR buffers, primers, magnesium 

chloride, Q solution, Taq polymerase and DNA samples were used for preparation of reaction 

mixture as described by the manufacture (QIAGEN, Germany). The mixture was allowed to 

be amplified in preprogrammed thermocycler. The HLA-C genotyping was based data on the 

gel electrophoresis and gel documentation using autoradiograph. The control samples were 

run together with analysis samples and the results of analysis interpreted as positive and 

negative accordingly.   
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Materials used for PCR: we used extracted genomic DNA, gel electrophoresis apparatus 

with combs and tape, power supply, standard agarose (SAVEEN WERNER AB), 20x TBE 

buffer, GelRed nucleic acid stain and 6x loading buffer. 

PCR procedure: we  amplified fifty nanogram genomic DNA in 20 L reaction mixture by 

adding 200 μM dNTP, 200 nM to 1.5mM of specific primers, 2mM MgCl2, 2μL PCR buffer, 

4 μL Q solution and 0.5 U Taq polymerase (QIAGEN, Germany). Cycling was carried out in 

a BIO-RAD T100™ Thermal Cycler according to a previously described protocol (Hiby et al., 

2004) programmed to cycle at 96
0
C 1 minute for 1 cycle; 96

0
C 25 seconds for 4 cycles, 65

0
C 

45 seconds for 4 cycles and 72
0
C 30 seconds for 4 cycles;  96

0
C 25 seconds for 26 cycles, 

60
0
C 45 seconds for 26 cycles and 72

0
C 30 seconds for 26 cycles; 96

0
C 25 seconds for 7 

cycles, 55
0
C 1minute for 7 cycles and 72

0
C 2 minutes for 7 cycles and 72

0
C 10 minutes for 7 

cycles.  The positive and negative control samples were used together with test samples. PCR 

products were electrophoresed on 2% agarose gels containing Gel Red Nucleic Acid Stain 

(BIOTIUM) and visualised under ultraviolet light. The size bands were determined using 

DNA ladder (GeneRuler 100bp Plus DNA Ladder, Thermo Scientific).  

3.8. Analysis of SNP using real time quantitative real time PCR (RTqPCR)  

The maternal and fetal DNA samples were used for the SNP analysis. The real time 

quantitative PCR (RTqPCR) method was used for analysis of SNP of maternal and fetal 

genotypes. The TagMan genotyping master mix reagents and published primers (Moller et al., 

2018) were used for genotyping of three maternal and fetal genotypes including GG, GC and 

CC. The reaction mixture was prepared in duplicates as described by the reagent manufacturer 

(Applied Biosystems by Thermo Fisher Scientific, USA). The controls for each of the 

genotypes were used.  
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RTqPCR procedure: The DNA was used for SNP rs311103 genotyping based on the primers 

and methods previously described (Moller et al., 2018) using TaqMan
TM

 Genotyping master 

mix (Applied Biosystems by Thermo Fisher Scientific, Waltham, MA, USA). Briefly, the 

maternal and fetal genomic DNA were amplified in a 10 µL real time quantitative polymerase 

chain reaction containing 1 µL of 10 ng genomic DNA, 5 µL of 2_TaqMan Genotyping 

master mix, 0.25 µL of 40_ primer assay and 3.75 µL of distilled water. Cycling was carried 

out in a QuantStudio 3 thermocycler (Applied Biosystems by Thermo Fisher Scientific). 

Positive controls for the three genotypes, i.e., GG, GC and CC, and a negative control 

(DNase-free water) were included in each assay, together with test samples. All samples were 

run in duplicate. 

3.9. Data management and statistical analysis 

The database developed by CoLaboratory group was used for management of the collected 

data. The database was used for the management of demographic and clinical data collected 

using questionnaire (http://pregnancycolab.tghn.org/collect/). The database data and the 

laboratory analysis data were entered onto the SPSS version 26.0. Data was cleaned before 

analysis. The continuous and categorical variables were analyzed using the SPSS version 

26.0. The tables and graphs were used for reporting the results. The Chi-square value was 

calculated and p<0.05, at 95% confidence interval was used as cut off value to interpret the 

association of variables. The risk for PE was assessed using odds ratio and confidence 

interval.  

Participant code and data safety: Every participant was identified by a specific code. The 

PE cases and controls were given different identifier code. The maternal and fetal matching 

samples were given the same code number with a letter suffix that identifies the maternal from 

the fetal. The sequential coding system was used. The same code was used throughout the 

http://pregnancycolab.tghn.org/collect/
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study. The data was managed by the principal investigator using personal laptop with 

password which has no access for other individuals. 

Quality control considerations: the standard operation procedure was prepared and applied 

during data collection, sample collection, sample processing, sample transport and storage. 

The quality of data and sample collections, timely transport and processing were secured by 

daily supervision by the principal investigator at the study site. The head midwife at delivery 

ward was assigned to supervise the daily data and sample collection process. The principal 

investigator made verbal communications with head nurse and data collectors when ever 

inconsistency was observed. The same done at Adama Regional laboratory. The quality of 

extracted DNA was assessed using nanospectrophotometer (Nano Drop ND 1000 

Spectrophotometer) at 260/280 nm wavelength.  

 

Figure 3.9.1. Nanospectrophotometer used for quality control  of the DNA  
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The quality of DNA was further assessed by gel electrophoresis of genomic DNA using 1% 

agrose gel. Data were cleaned after entry into SPSS soft ware. In addition, control samples 

were used during the laboratory analysis.  
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CHAPTER FOUR: RESULTS 

4.1. Polymorphism in killer cell immunoglobulin-like receptors and human leukocyte 

antigen-c and predisposition to preeclampsia in Ethiopian pregnant women population. 

In the beginning, we recruited 345 study participants and then 32 were excluded due to 

missing of either or maternal or fetal blood samples or lack of clinical data and 313 DNA 

samples were genotyped and the data were entered into SPSS files.  After further data editing 

we excluded seven samples due to lack of matching either maternal or fetal DNA samples or 

lack of a sample code that identifies the group of the participant as either control or PE. 

Further exclusion of participants with multiple pregnancies was made (control=9, PE = 9). 

The remaining 288 participants were included in the study. The missing values were recorded 

for blood pressure, GA and age in both groups. In control group, 14 values for systolic blood 

pressure (sBP), diastolic blood pressure (dBP) and gestation age (GA) were missing; nine 

were missing for age. In control group, 21 values for sBP and dBP, 14 values for GA and age 

were missing.  

The study consisted of 288 participants grouped into case and the control groups. First, we 

described the demographic and clinical characteristics of our study cohort (Table 4.1.1).  

The mean age, sBP and dBP was higher in PE group comped to controls while the mean GA 

in control group was higher compared to controls. Moreover, more than a quarter of the PE 

group showed early onset PE.  
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Table 4.1.1. Demographic and clinical characteristics of participants 

Characteristics  Controls (n=157)  PE cases (n=131)  

Age, mean 

         18-19 

         20-25 

         26-30 

         31-35 

            >35 

25.3 + 5.0 SD 

10.5% (15) 

50.3% (72) 

26.6% (38) 

7.0% (10) 

5.6% (8) 

26.8 + 5.1 SD 

4.9% (6) 

37.7% (46) 

36.9% (45) 

16.4% (20) 

4.1% (5) 

sBP, mean 113.8 + 8.7 SD 151.1 + 16.6 SD 

dBP, mean 72.4 + 8.0 SD 98.6 + 9.8 SD 

GA, mean 271 days 253 days 

Early onset PE 

Late onset PE 

n.a 

n.a 

26.5% (31) 

73.5% (86) 

Data is presented as Mean ± SD. GA-gestational age; PE-preeclampsia; sBP-systolic 

blood pressure; dBP–diastolic blood pressure; n.a-not applicable 

 

Then, we investigated whether there was association in polymorphism of KIR genotypes 

between the PE cases and controls (Figure 4.1.1). There was statistically significant difference 

in the frequency of KIR haplotypes between PE and controls, P=0.007, odds ratio at 95% 

confidence interval, 2.00 (1.20-3.33). The frequency distribution of KIRAA genotype was 

higher in PE cases compared to controls while the frequency of KIRAB/KIRBB genotypes 

was lower in PE cases compared to controls.  
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Figure 4.1.1. Frequency distribution of KIR haplotypes between PE and control pregnant 

Ethiopian women.  

Next, the frequency distribution of inhibitory and activating genes were compared between PE 

case and controls of our cohort (Figure 4.1.2).  There was no difference in frequency of 

inhibitory KIR2DL1 between the PE cases and controls (P>0.05). The frequency of inhibitory 

KIR2DL2 and KIR2DL3 was higher in controls than PE cases. However, the difference was 

not statistically significant.  The statistically significant difference in frequency distribution of 

activating KIR2DS1 was observed between the PE cases and controls (P=0.013, odds ratio at 

95% confidence interval 0.55 (0.35-0.88). The frequency was higher in controls compared to 

PE cases. The frequency of activating KIR2DS5 was higher in PE cases compared controls. 

However, the difference was not statistically significant (P>0.05).  

KIR AA KIR AB or BB

Controls (n=157) 23.6 76.4

PE cases (n=131) 38.2 61.8

0

10

20

30

40

50

60

70

80

90
F

re
q
u
en

cy
 (

%
) 



37 
 

 

Figure 4.1.2. Frequency distribution of KIR genes between PE and control pregnant 

Ethiopian women 

The frequency of inhibitory and activating KIR genes in Ethiopians with population from 

other countries were compared (Table 4.1.2).  The notable difference was observed in 

frequency of activating KIR genes, KIR2DS1 and KIR2DS5. The frequency of KIR2DS1 was 

higher in a population of our study cohort compared to populations from other countries. 

However, the frequency of KIR2DS5 was lower in our study cohort compared to populations 

from other countries.  
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Table 4.1.2.  Frequency of KIR genes in different populations. 

 

Population (n) 

               KIR Gene frequency (%) 

KIR2DL1 KIR2DL2 KIR2DL3 KIR2DS1 KIR2DS5 

Ethiopia (n=288), this study 100 58.0 84.0 53.8 23.3 

Israel Ethiopian Jews (n=31) 90.3 80.6 77.4 25.8 n.d 

South Africa Black (n=167) 99.4 68.3 82.0 12.6 43.1 

South Africa Caucasian (n=97) 99.0 57.7 88.7 39.2 39.2 

Tunisia (n=114) 99.1 59.6 91.2 22.8 23.7 

Nigeria Benin Yoruba (n=75) 100 38.4 92.0 14.7 n.d 

Iran Fars Persian (n=248) 98.0 56.8 91.0 35.0 25.4 

Yemen Jews (n=43) 97.7 46.5 95.2 31.0 n.d 

India Western (n=161) 94.4 60.2 79.5 52.2 47.5 

India Northeast Adivasi 

(n=101) 

95.0 72.3 61.4 24.7 63.4 

Sweden (n=102) 98.0 42.2 96.1 43.1 31.4 

                  PE- Preeclampsia 

We assessed whether there was association in polymorphism of maternal and fetal HLA-C 

groups with PE. The comparison was done in three subsets of mother-fetus pairs with 

different combinations of HLA-C groups (Table 4.1.3). There statistically significant 

difference was observed in a subset of mothers homozygous for HLA-C1 paired with 

heterozygous HLA-C fetus (p<0.05, 2= 4.8 at 3.84 percentage point and 1 degree of 

freedom, odds ratio at 95% confidence interval, 2.8875 (0.8857-9.4135 ). The frequency was 

higher in pairs of PE group compared to control pairs. There was no statistically significant 

difference in frequency of the rest of mother-fetus HLA-C pairs between the PE cases and 

controls (P>0.05). The frequency of KIRAA genotype pregnant women carrying heterozygous 

fetus tended higher in PE group while the frequency of KIRAA genotype women carrying 
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homozygous HLA-C2 tended higher in controls compared to controls. However, there was no 

statistically significant difference in frequency between PE and controls (P>0.05). 

Table 4.1. 3. Frequency distribution of HLA-C subsets between mother and fetus pairs in control 

and PE cases. 

  HLA-C Subgroup   

Mother Fetus  Controls (n=157)  

% (n) 

PE cases (n=131)  

% (n) 

          Non-self    

1+1 1+2 6.4 (10) 8.4 (11) 

2+2 1+2 13.4 (21) 6.1 (8) 

          Missing self    

1+2 1+1 9.5 (15) 6.9 (9) 

1+2 2+2 6.4 (10) 7.6 (10) 

           Self    

1+1 1+1 9.5 (15) 9.2 (12) 

1+2 1+2 51.0 (80) 57.2 (75) 

2+2 2+2 3.8 (6) 4.6 (6) 

                  PE- Preeclampsia 

Finally, we compared the frequency of KIRAA genotype pregnant women carrying 

heterozygous and homozygous HLA-C2 fetus (Figure 4.1.3).  There was no statistically 

significant difference in frequencies of the genotypes between the PE and control groups. 
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Figure 4.1.3. Frequency distribution of maternal KIR AA carrying heterozygous and 

homozygous HLA-2 fetus between PE and control pregnant Ethiopian women 

4.2. Association of Maternal Regulatory Single Nucleotide Polymorphic CD99 Genotype 

with Preeclampsia in Pregnancies Carrying Male Fetuses in Ethiopian Women   

The cohort consisted of 241 pregnant women participants grouped into two. The PE case 

group consisted of 105 participants while the control group consisted of 136 participants. We 

described the demographic and clinical parameters of our study cohort in PE cases and 

controls (Table 4.2.1). The mean age, sBP and dBP of PE cases tended higher compared to 

controls while the mean GA in PE cases tended lower compared to controls. About one fourth 

of the PE cases showed early onset PE.  
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Table 4.2.1. Demographic and clinical characteristics of study participants. 

Characteristics  Controls (n= 136) PE cases (n= 105) 

Age 25.3 ±5 26.6 ±  5 

sBP 114.0 ± 9 149.9 ± 17.2 

dBP   72.4 ± 8.1 97.6 ± 10.1 

GA  38+5 weeks 35+6 weeks 

Early-onset PE  

Late-onset PE 

n.a 

n.a 

23.8% (25) 

76.2% (80) 

Data is presented as Mean ± SD. GA-gestational age; PE-preeclampsia; sBP-systolic 

blood pressure; dBP–diastolic blood pressure; n.a-not applicable 

 

We analyzed the frequency distribution of SNP rs311103 genotypes in subgroups of mothers 

and fetuses. We clustered high CD99 expression genotypes in one group G+ (GG and GC) 

and compared with low CD99 expression genotype (CC). First, we assessed the frequency 

distribution of high and low expression genotypes between PE and control mothers of male 

fetuses. We also assessed the frequency distribution of high and low expression genotypes 

between PE and control mothers of female fetuses (Table 4.2.2). There was a statistically 

significant association in frequency of low CD99 expression genotype between the PE and 

control mothers of males, p < 0.05 at X
2
 = 3.94, percentage point 3.84, 1 degree of freedom, 

odds ratio at 95% confidence interval 3.08 (0.9663-9.8296).  
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Table 4.2.2. Frequency distribution of High and Low CD99 expression genotypes among 

subgroups of mothers. 

Maternal 

genotype 

PE mothers  

of male fetuses  

% (n=51) 

Control mothers  

of male fetuses 

% (n=77) 

PE mothers  

of female fetuses 

 % (n= 54) 

Control mothers  

of female fetuses 

% (n= 59) 

G+ 92.2 (47) 79.2 (61) 77.8 (42) 81.4 (48) 

CC 7.8 (4) 20.8 (16)  22.2 (12) 18.6 (11) 

PE-preeclampsia 

Then, we compared the frequency distribution of high and low CD99 expression genotypes 

between subgroup of male fetuses of PE and controls. We also compared the frequency 

distribution of high and low CD99 genotypes between subgroup of female fetuses the PE and 

controls (Table 4.2.3). There was no statistically significant difference in frequency of the 

genotypes in male fetuses of PE and control subgroups (P>0.05). Similarly, no statistically 

significant difference was observed in frequency distribution of genotypes in female fetuses in 

PE and control groups (P>0.05).  

Table 4.2.3. Frequency distribution of High and Low CD99 expression genotypes among 

subgroups of fetuses. 

Fetal 

genotype 

Male fetuses of  

PE mothers  

% (n=51) 

Male fetuses of  

control mothers 

% (n=77) 

Female fetuses of 

PE mothers  

% (n= 54) 

Female fetuses 

of control 

mothers  

% (n= 59) 

G+ 80.4 (41) 76.6 (59) 75.9 (41) 79.7 (47) 

CC 18.6 (10) 23.4 (18)  24.1 (13) 20.3 (12) 

PE-preeclampsia 

Finally, we assessed the frequency distribution of SNP rs311103 genotypes in maternal and 

fetal subgroups. First, we assessed the frequency distribution SNP rs311103 genotypes in 
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subgroup of mothers of male and female fetuses (Table 4 and 5). There was no association 

between frequency of genotypes between PE and control subgroup of mothers of male fetuses 

and subgroups of mothers of female fetuses (P>0.05).  

Table 4.2.4. Frequency distribution of SNP rs311103 genotypes among maternal 

subgroups. 

                       Maternal groups 

Maternal 

Genotype 

PE mothers of 

male fetuses 

% (n=51) 

Control mothers 

of male fetuses  

% (n=77) 

PE mothers of 

female fetuses 

% (n=54) 

Control mothers 

of female fetuses  

% (n=59) 

GG 41.2 (21) 36.4 (28) 40.8 (22) 40.7 (24) 

GC 51.0 (26) 42.8 (33) 37.0 (20) 40.7 (24) 

CC 7.8 (4) 20.8 (16) 22.2 (12) 18.6 (11) 

PE-preeclampsia 

No statistically significant difference was showed in frequency of genotypes between the 

subgroups of fetuses of the PE and control mothers (P>0.05).  

Table 4.2.5. Frequency distribution of SNP sr311103 genotypes among fetal subgroups. 

Fetal 

genotype 

Male fetuses 

of PE  

mothers 

% (n=51)  

Male fetuses of 

control mothers 

% (n=77)  

Female fetuses 

of PE mothers 

% (n=54) 

Female fetuses of 

control mothers 

% (n=59) 

GG 31.4 (16) 29.9 (23) 40.8 (22) 30.5 (18) 

GC 49.0 (25) 46.7 (36) 37.0 (20) 49.2 (29) 

CC 19.6 (10) 23.4 (18) 22.2 (12) 20.3 (12) 

PE-preeclampsia 
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CHAPTER FIVE: DISCUSSION 

Human pregnancy involves deeper trophoblast invasion   and longer GA. The invasion 

process involves communication between maternal and fetal cells via receptors and ligands. 

The receptor and ligand interaction convey signals that end up with cellular responses. 

Variable combinations of receptors and ligands result in diverse cellar responses that vary 

under normal and pathologic conditions (Parham and Moffett, 2013). The receptors and 

ligands are products of gene expression. The polymorphism of genes among individuals 

results in diverse combinations of receptors with ligands and variation in the response 

(Parham, 2005). 

Human pregnancy is considered as paradoxical immunological phenomenon since the 

genetically distinct mother and the fetus co-exist (Poole and Claman, 2004). The maternal 

immune responses largely determine the outcome of pregnancy. Properly modulated maternal 

immune response results in normal pregnancy outcomes while exaggerated immune responses 

are associated with complications such as PE affecting the heath and survival of the fetus and 

the mother (Saito et al., 2010). The maternal and fetal genetic make-up and environmental 

factors play role in the pathogenesis of the PE (Moffett-King, 2002). The defective 

implantation and placentation were associated with certain feto-maternal genetic combinations 

that have role in trophoblast invasion during early pregnancy (Hiby et al., 2004). These 

combinations were showed to be more frequent in women of African ancestry (Nakimuli et 

al., 2015). Moreover, the occurrence of PE varies between pregnancies carrying male and 

female fetuses. Women carrying male fetuses are more predisposed to PE compared to the 

pregnancies carrying female fetuses (Broere-Brown et al., 2020). Women of black races are 

more affected by PE than other races (Nakimuli et al., 2014). Accordingly, in present study, 

we aimed to investigate the role of maternal and fetal genetic polymorphism in predisposition 

to PE in a population of Ethiopian pregnant women.  
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Maternal and fetal genetic factors contribute to more than 50% of genetic predisposition to 

PE, with maternal contribution being greater than that of the fetus (Cnattingius et al., 2004). 

The daughters of PE mothers are more than twice at greater risk of developing PE than those 

daughters of normal mothers and about 1.5 times more risk is transmitted from paternal line 

(Skjaerven et al., 2005). The genetic pathway may be either the daughter may inherit maternal 

genes that increase susceptibility to PE or the fetus may inherit from the daughter the genes 

that trigger PE (Skjaerven et al., 2005).  A study showed the association of PE with 284 genes 

of which 103 of were also associated with preterm births emphasizing the role of PE in 

preterm delivery (Barbitoff et al., 2020). The study by Salonen et al., suggested that the 

genetic factors might play role in the development of PE (Salonen Ros et al., 2000). The study 

by Dekker et al., showed that PE is a genetic disease with familial tendency and involvement 

of a single gene or multiple genes inheritance pattern in PE susceptibility (Dekker and Sibai, 

1998). Accordingly, we conducted a genetic predisposition study for PE on a population of 

Ethiopian pregnant women. To the best our knowledge, this study was  conducted for the first 

time in Ethiopian population and hence would give additional dimension of approach to the 

existing reproductive health problem.   

In the first part of the study, the demographic and clinical characteristics were described. The 

mean age showed higher tendency for the PE group. The frequency of pregnant women 

between ages 18 to 25 years tended higher for controls compared to PE cases while the 

frequency of the pregnant women in age range of 26 to 35 tended higher for PE cases 

compared to controls. The frequency of pregnant women above 35 years was higher in 

controls compared to PE cases.  The majority of the study participants in both control and PE 

groups were in the age range of 26 to 35 years of age.  

In our study cohort, the frequency of control group pregnant mothers between age 18 and 19 

years old and age >35 was higher compared  to the pregnant mothers in PE case group and the 
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control group were below 40 years of age while in PE group there were two mothers age 40 

and 45 years old. The higher frequency of women age 18 to 19 and 35 year and above in 

control group compared to PE cases in our study cohort needs to be further investigated using 

larger sample size. A study by Khalil et al 2013, on singleton first trimester pregnancies with 

adjusted confounding factors showed that the maternal age is risk factors for the development 

of adverse pregnancy outcomes such as PE. The risk for the adverse pregnancies increases 

with advance in maternal age. The increased risk for miscarriage and PE was showed in those 

mothers age 40 years and above (Khalil et al., 2013). A study by Marozio et al., conducted on 

medical records of women aged 40 years and above delivered during fifteen years period 

showed that early onset PE was associated advanced maternal age (Marozio et al., 2019).  

In our study cohort, the mean blood pressure was higher in PE cases compared to controls. It 

was also the primary diagnosis criteria for identification of PE cases. According to Roberts et 

al., 2005, increase in blood pressure results from endothelial dysfunction as one of the clinical 

manifestations of PE in the second stage PE development. Decreased perfusion of placental in 

early pregnancy results in release factors that initiate exaggerated inflammatory processes that 

results in endothelial activation and hypertension observed PE women. The pathological 

changes in kidney glomeruli contribute to the hypertension in PE (Roberts and Gammill, 

2005). The study by Mishra et al., on normal and PE women undergoing caesarian section 

showed the role of neutrophil infiltration and release of reactive species in the pathogenesis of 

hypertension (Mishra et al., 2011).  

More than one fourth of the PE cases in our cohort showed early onset PE diagnosed before 

34 weeks of GA. Our finding showed higher prevalence of early onset PE compared to the 

global report (Aneman et al., 2020). Aneman et al., 2020 showed that the factors released 

from placental and immune cells play role in the pathogenesis of early and late onset PE 

(Aneman et al., 2020) (figure 5.1 ).  
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Figure 5.1. The role of placental and immune cells in early and late onset PE (Adapted from 

Aneman et al., 2020). AT1-AA, Angiotensin II type 1 receptor agonistic autoantibody; DC, 

Dendritic cell; dNK, Decidual natural killer; IL-6, Interleukin-6; IL-8, Interleukin-8; IL-10, 

Interleukin-10; MSC, Mesenchymal stem/stromal cell; NET, Neutrophil extracellular trap; 

pNK, Peripheral natural killer; NLR, Neutrophil to lymphocyte ratio; sEng, Soluble Endoglin; 

sFtl-1, Soluble fms-like tyrosine kinase-1; STB, Syncytiotrophoblast; STBM, 

syncytiotrophoblast micro-particles; TLR4, Toll-like receptor 4; TNF-α, Tumor necrosis 

factor-α. 

The review by Armaly et al., indicated that early onset PE is associated with defective spiral 

artery remodeling resulting in placental malperfusion which causes increased secretion of 

soluble anti-angiogenic factor sFLT-1 and reduced secretion of a pro-angiogenic factor PlGF 

by oxidatively stressed placenta. The placental angiogenesis requires the role of PlGF, the 

main angiogenic factor. The high level of sFLT-1 promotes endothelial dysfunction by 
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reducing the level of PlGF (figure 5.2). The high level of sFLT-1 decreases the level of VEGF 

associated with injury of kidney podocyte and glomerular basement membrane accompanied 

by proteinuria (Armaly et al., 2018) (figure 5.3).  

 

Figure 5.2. The role of angiogenic imbalance and vascular dysfunction in PE (Adapted from 

Armayl et al., 2018).  
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Figure 5.3. Renal function in normal and PE pregnancies (Adapted from Armayl et al., 2018).  

 

The study by Seligman et al., showed that the formation of nitric oxide by damaged 

endothelial cells is decreased in PE contributing to the pathogenesis (Seligman et al., 1994). 

Förstermann, indicated the association of endothelial dysfunction with decreased 

bioavailability of nitric oxide due to its degradation by reactive oxygen species in oxidative 
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stress (Förstermann, 2010).  Therefore, the high level of sFLT-1 in our cohort might have 

played a role in the pathogenesis of the early onset PE.    

The maternal immune response in human pregnancy has important contribution in the 

pathogenesis of PE (Redman, 1992). The combinations of maternal KIR and fetal HLA-C 

play pivotal role in the pathogenesis of adverse pregnancy outcomes such as PE (Hiby et al., 

2004). The KIR and HLA-C molecules are highly polymorphic and hence every pregnancy is 

likely to generate different combinations resulting in either normal or complicated pregnancy 

(Parham and Moffett, 2013). Accordingly, we investigated whether there was correlation 

between the polymorphism of maternal KIR and, maternal and fetal HLA-C genotypes with 

PE. We investigated five maternal KIR genes distributed in A and B haplotypes and then 

grouped into KIRAA and KIRAB/KIRBB genotypes. The A haplotype designation was based 

on the presence of inhibitory gene KIR2DL3 and the absence of KIR2DL2, KIR2DS1 and 

KIR2DS5 genes. The B haplotype designation was based on the absence of KIR2DL3 and the 

presence of KIR2DL2, KIR2DS1 and KIR2DS5 genes. There was a statistically significant 

association in the frequency of the KIR genotypes between PE cases and controls (p<0.05). 

The frequency of KIRAA genotype was higher in PE cases compared to controls. On the other 

hand, the frequency of KIRAB/KIRBB genotypes was higher in controls than in PE women. 

Moreover, our data showed the presence of the major inhibitory gene KIR2DL1 in all study 

participants. The study by Moffett el al., reviewed that both KIR2DL1 and KIR2DS1 bind 

HLA-C2 of the trophoblast cell resulting in opposite effects on the invasion of trophoblast 

cells and placentation (Moffett et al., 2015). From our finding, it seems that the absence or the 

presence of KIR2DS1 played determinant role in the pathogenesis of PE in our cohort. The 

inhibitory effect of KIR2DL1 on uNK cells function upon binding fetal HLA-C2 and 

subsequent placentation defect might may be dominant in the absence of maternal KIR2DS1. 

Hence, KIRAA genotype pregnant women in our cohort are likely more prone to develop PE 
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compared to those pregnant women with either KIRAB or KIRBB genotypes. Moreover, the 

pregnant women naïve for HLA-C2 (HLA-C1C1) carrying HLA-C1C2 fetus (non-self pair) 

were higher in frequency in PE group compared to similar pairs in control group. The result 

showed a statistically significant association in maternal and fetal pairs between PE and 

control groups. On the other hand, the comparison for the missing self HLA-C combination 

pairs specifically HLA-C1C2 pregnant women carrying HLA-C2C2 fetus showed higher 

frequency in control group compared to PE cases. The result showed no statistically 

significant association between the PE and control groups. Taken together, the extra fetal 

HLA-C2 may sensitize HLA-C2 naïve mothers for development of PE through inhibition of 

uNK cells by interacting with KIR2DL1 receptor in KIRAA genotype pregnant women. The 

consequent poor placental perfusion leads to in oxidative stress and release of placental 

factors into the maternal circulation promoting endothelial dysfunction observed in the 

pathological process during PE development (Redman and Sargent, 2005). Therefore, the 

women with HLA-C1C1 and KIRAA genotype combinations may be at risk to develop PE if 

their male partner is HLA-C2C2.  

On the other hand, the higher frequency of KIRAB/KIRBB genotypes was higher in control 

pregnant women group compared to pregnant women in PE group.  The frequency 

distribution showed a statistically significant. In addition, the frequency of the activating gene 

KIR2DS1 was higher in control group of pregnant women compared to PE and the result 

showed a statistically significant association. The increased frequency of the genotypes that 

contain the activating gene KIR2DS1 may indicate the likely role in the protection of pregnant 

women with KIRAB/KIRBB genotype from developing PE. The finding indicates that in 

uNK cells that express both activating KIR2DS1 and inhibitory KIR2DL1 receptors, the 

effect of activating receptors may off set the inhibitory receptor effect (Hiby et al., 2004). 

Hence, uNK cells may become activated to secrete cytokines that promote the trophoblast 
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invasion and proper placentation during early pregnancy. Hence, the binding of KIR2DS1 

receptor and HLA-C2 on trophoblast might have played role in the normal placentation 

process. Hiby et al, conducted KIR and HLA-C genotyping study on a population of mothers 

in United Kingdom. They used matched DNA extracted from maternal blood and cord 

blood/or mouth swabs of babies. They analyzed 10 KIR genes and demonstrated higher 

frequency of KIRAA and KIR2DS1 in PE compared to controls with statistically significant 

association, which was in agreement with our study result. Unlike our study result, they found 

higher frequency of mothers with homozygous HLA-C1 confronted with fetal HLA-C1C2 in 

control mothers compared to PE group (Hiby et al., 2004). This may indicate difference in 

fetal HLA-C2 sensitization to PE between Ethiopian and European women. The frequency of 

KIR2DS5 also showed disparity between Ethiopian and European women. The study by Hiby 

et al., showed higher frequency of KIR2DS5 in control mothers compared to PE group (Hiby 

et al., 2004). Our study showed lower frequency of KIR2DS5 in PE mothers compared to 

controls. This may imply less contribution of KIR2DS5 in Ethiopian women for protection 

from PE compared to Europeans. However, the significance of our finding needs further 

investigation.                    

Nakimuli et al., investigated the distribution of 12 KIR genes and two HLA-C groups on a 

population of PE and control Ugandan group using DNA extracted from maternal and cord 

bloods. The study showed higher frequency of KIRAA genotype and KIR2DS1 in PE women 

compared to controls and higher frequency of KIR2DS5 in controls compared to PE women. 

The result for KIR2DS5 showed statistically significant association but not for KIR2DS1. A 

statistically significant association was showed for KIRAA between the two groups (Nakimuli 

et al., 2015).  Their study also showed higher frequency of KIRAB&KIRBB in controls 

compared to PE. Our finding was in agreement with Ugandan study in that they share 

common genetic risk factor for the development of PE. Especially of note is the lower 
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frequency of KIR2DS5 in Ethiopian and Ugandan populations indicating some kind common 

role that it plays in relation to PE in African population which could be different from 

European population.  Moreover, the frequency of KIRAA in Ethiopian and Ugandan PE 

women was comparable and higher than that showed for United Kingdom population. This 

indicates that the frequency PE predisposing genotype is more common in sub-Saharan 

African countries compared to Europeans. Even though the frequency pattern of KIR2DS1 is 

similar in a population of Ethiopian and Ugandan women, the frequency observed in 

Ethiopians was higher compared to Ugandans and populations from other countries (table 2). 

This should be noted whether it is the result of Ethiopia as origin of humankind or effect of 

genetic admixture due to population migration.      

In the second part of the study, we investigated whether maternal and fetal polymorphism in 

regulatory region SNP rs311103 is associated with PE in fetal sex dependent fashion. Our 

study showed a statistically significant association in the frequency of maternal low CD99 

expression genotype CC carrying male fetus between the PE and control group of pregnant 

women.  There was underrepresentation of pregnant women with a low CD99 expression CC 

genotype carrying male fetuses in PE groups compared to controls. The study by Enninga et 

al.,  showed increased expression of pro-inflammatory in pregnancies carrying male fetus 

compared to pregnancies carrying female fetuses. In pregnancies carrying male fetuses, the 

proteins involved in signaling pathways of inflammation were found increased while in 

pregnancies carrying female fetuses, proteins involved in Th2 response signaling were found 

increased (Enninga et al., 2015). Accordingly, in Ethiopian CC women carrying male fetus, 

the immune response might be exaggerated causing adverse pregnancy outcomes such as PE 

and miscarriage while CC women carrying female fetus, the immune response might have 

resulted in normal pregnancy outcome (figure 5.4).   
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Figure 5.4. Adverse pregnancy outcomes in pregnancies carrying male fetus. 

 

In addition, the frequency of male fetuses with low CD99 expression genotype (CC) of PE 

mothers tended to lower as compared with the male fetuses ontrol mothers. The GATA1 and 

GATA2 play role differentiation of erythroid precursors while GATA3 is important for 

differentiation of Th2 cells and NK cells. The expression of GATA3 is high in Th2 cells and 

very low in Th1 cells. The GATA3 transcription factor plays key role in differentiation and 

function of Th2 cells (Tindemans et al., 2014, Saito et al., 2010). The SNP rs311103C 

disrupts GATA3 binding resulting in low CD99 production (Yeh et al., 2018, Moller et al., 

2018). Accordingly, Th2 differentiation and function might be inhibited shifting the balance 

towards Th1 inflammatory response resulting in adverse pregnancy outcomes (Saito et al., 
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2010). The level of CD99 expression in heterozygous rs311103GC genotype males is higher 

compared to females (Moller et al., 2018). Therefore, we speculate that pregnant women with 

low CD99 expression genotype (SNP rs311103C) carrying male fetus might be predisposed to 

early pregnancy adverse pregnancy outcomes such as early onset PE, miscarriage and abortion 

due to Th1 mediated exaggerated inflammatory cytokine production. Moreover, we suggest 

that low CD99 and HLA-G expressions may show synergistic effect in the pathogenesis of PE 

in pregnancies carrying male fetus.  

Historically, PE was first described as a disorder towards the end of 17
th

 century by Francois 

Mauriceau  (Bell, 2010, Robillard et al., 2017) and despite tremendous progress, still it is a 

disease of theories (Phipps et al., 2019). The curative treatment is not yet available. There is 

disparity in the distribution of burden of PE in high and low-income countries as well as in 

white and black population. The majority of PE related deaths occur in African countries 

where resources are limited and access to health care is low (Duley, 2009).  

The possibility of PE development due to factors other than genetic such as epigenetic 

modification related to environmental pollution needs to be investigated since Ethiopians 

primarily use wood fire for cooking. According to Lim et al., the exposure to environmental 

pollutants emitted from sources such as transport, wind dust and burning of biomass, is 

measured commonly by using the level of particulate matter (PM) < 2.5 m level as an 

indicator. The carbonmonoxide (CO) level or fine particulate matter PM< 2.5 m level is used 

as measure of personal exposure to household air pollution. Globally, the house hold air 

pollution is the major risk factor for the burden disease (Lim et al., 2012).  Studies in Ethiopia 

showed high indoor air pollution with PM<2.5 m size containing CO and nitrogen dixide 

(NO2) (Tefera et al., 2016).  The level of exposure to PM<2.5 m and CO among Ethiopian 

adult females was higher compared to males (Lim et al., 2012).  
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Despite long years of effort, the etiology of PE is still unknown and there is no definitive 

curative treatment yet. Early detection of women at greater risk and administration of 

appropriate preventive measures would minimize the undesirable consequences of PE to the 

mother and the developing fetus (Rolnik et al., 2017). Hence, the results of our study may be 

important in the efforts of early stratification of women at greater risk to PE for possible 

administration of ASA as prophylactic treatment. 
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Summary study I 

• KIRAA frequency was high in PE.  

• KIR2DS1 frequency was high in control group. 

• High frequency of non-self subgroup mothers homozygous for HLA-C1 carrying 

heterozygous fetus in PE group. 

• Higher frequency of KIR2DS1 in Ethiopian population. 

Summary study II 

• There was a statically significant association in frequency of low CD99 expresser 

genotype with PE in mothers carrying male fetus. 

• There was no statistically significant association in the frequencies of the remaining 

maternal or fetal genotypes with PE. 

• Mothers with CC genotype carrying male fetus were underrepresented in PE group. 
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CHAPTER SIX: CONCLUSION  

 Our study showed higher frequency of KIRAA in PE group and more than one fourth 

of the cases were early onset PE. KIRAA contains genes that encode inhibitory 

receptors. Hence, the cytokine secretion by KIRAA uNK cells might have been 

inhibited by interacting with fetal trophoblast HLA-C2 resulting in defective 

trophoblast invasion, spiral artery remodeling and poor feto-placental perfusion 

observed in PE. 

 The frequency of KIR2DS1 gene was higher in control group women. This gene 

encodes activating receptor that interacts with fetal trophoblast HLA-C2 resulting in 

activation of uNK cells and secretion of cytokines that promote spiral artery 

remodeling and proper feto-placental perfusion observed in normal pregnancy. 

Moreover, higher frequency of KIR2DS1 in our study population compared to others 

might indicate either the gene originated in Ethiopian or effect of genetic admixture.   

 The frequency of mothers naïve for HLA-C2 carrying fetus heterozygous HLA-C2 

were higher in PE group. This group of mothers might have been sensitized by HLA-

C2 of paternal origin for the development of PE.  

 In PE group, mothers with low CD99 expression genotype (CC) carrying male fetus 

were underrepresented. This may indicate the role CD99 in success of pregnancy. 

Accordingly, those mothers with minor genotype might have experienced miscarriage 

or abortion during early pregnancy. However further study is recommended.  

Strengths of the study 

 The study was a case-control design and there was at least one control for every case. 

 We used control samples to ensure the quality of the experiment.  

 KIR study was the first study done on Ethiopian population. 
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 CD99 study was a novel study done in relation to PE. 

Weaknesses of the study 

 As a weakness, the collection of data and samples was not complete for some of the 

study participants, which decreased the number of participants.  

Future perspective 

The association of regulatory single nucleotide polymorphic CD99 with PE in pregnant 

women was a novel finding. The mechanism of SNP effect on PE needs to be further 

elucidated using gene expression and signaling studies. Moreover, the mechanism of possible 

synergistic effect of low HLA-G and CD99 in the pathogenesis of PE in pregnancies carrying 

male fetus needs to be further studied.  Our study was based on single study site which may 

not represent different linguistic groups of Ethiopia. Therefore, we recommend further 

multicenter study with a larger sample size. Finally, we recommend further study if epigenetic 

mechanisms play synergistic role with genetic mechanisms in the pathogenesis of PE. 
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