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ABSTRACT 

 

Background:  Epidermal growth factor is a protein which, when bound to epidermal growth 

factor receptor, facilitates cell proliferation and differentiation, hence is vital for a successful 

normal pregnancy. In preeclampsia (PE), EGFR signalling is dysregulated leading to decline in 

blood flow to the fetus. Furthermore, aberrant EGF/EGFR signalling leads to deficient 

trophoblast development.  The Trans-Activator of transcription (Tat) protein, displayed in HIV 

inhibits EGF related processes. Since PE and HIV infection are the leading causes of both 

maternal morbidity and mortality in South Africa; this study focuses on examining EGF/EGFR 

signalling in HIV associated PE and their effect on downstream targets. 

Methods: Post ethics approval; this study selected 80 pregnant women from an archive of 

retrospectively stored serum samples. The samples were stratified by type of pregnancy and 

HIV status into the following groups: a) HIV negative preeclamptic women (n=20), b) HIV 

positive preeclamptic women (n=20), c) HIV negative normotensive pregnant women (n=20) 

and d) HIV positive normotensive pregnant women (n=20). Both EGF and EGFR were 

multiplexed in a Bioplex immunoassay technique to determine their serum concentration across 

study groups at term.  

Results:  Based on the clinical data, statistically significant differences were obtained across 

groups for gestational age (p < 0.001), birth weight (p < 0.001), systolic BP (p < 0.001), BMI (p 

= 0.048), diastolic BP (p < 0.001) and maternal weight (p = 0.002). However, no statistical 

significance was observed for maternal age across all study groups (p = 0.065). 

A significant decline in EGF levels were observed in PE compared to normotensive pregnancy, 

regardless of HIV status (p = 0.0214). Based on HIV status, no statistical significance in EGF 

concentration was observed (p = 0.6593).  

EGFR was significantly elevated in normotensive pregnant compared to preeclamptic women (p 

< 0.0001) (Figure 2A). In contrast, there were no significant differences of EGFR based on HIV 

status alone (p = 0.2092) (Figure 2B). However, a significant up-regulation of EGFR was 

observed between normotensive HIV positive compared to PE HIV positive women. 

Normotensive HIV negative was also significantly up-regulated compared to PE HIV positive 

(p < 0.0001). Normotensive HIV positive was significantly higher than PE HIV negative. Also, 

of note within the PE group, HIV negative EGFR levels were significantly up-regulated 

compared to the HIV positive group.  
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Conclusion: This novel study outlines a significant down-regulation of EGF and EGFR in PE 

compared to normotensive pregnant women; regardless of HIV status. No significant 

differences were observed based on HIV status alone for serum EGF levels. This could be due 

to immune reconstruction as all HIV infected patients received HAART, hence may have 

neutralised EGF levels. Furthermore, these findings may be attributed to the Trans-Activator of 

transcription (Tat) protein which prevents EGF related function.  However, for serum EGFR 

concentration there were significant differences within PE group based on HIV status. 

Significant differences were observed between normotensive and preeclamptic based on HIV 

status, except for normotensive HIV negative vs PE HIV negative. Furthermore, there was no 

significance in the normotensive group based on HIV status. The decreased levels of serum 

EGF/ EGFR could possibly be used as a biomarker for PE development during pregnancy.  
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OKUFINGQIWE 

Isendlalelo: I-Epidermal growth factor iyiphrotheni okuthi uma ihlangene ne-epidermal growth 

factor receptor, isiza ngokwandisa amaseli nokuwehlukanisa, yingakho ibalulekile 

ekukhulelweni okujwayelekile okuphumelelayo. Ku-preeclampsia (PE), ukusayinda kwe-EGFR 

kuyaphazamiseka okuholela ekwehleni kokugeleza kwegazi ku-fetus. Ngaphezu kwalokho, 

ukusayina kwe-EGF / EGFR ngendlela eyehlukile kunalena eyejwayelekile  kuholela 

ekushodeni  kwe-trophoblast. I-Trans-Activator of transcription (Tat) protein ivimbela izinqubo 

ezihlobene ne-EGF uma ihlangene neHIV. Njengoba izifo ze-PE kanye ne-HIV kuyizimbangela 

ezihamba phambili zokugula nokufa komama eNingizimu Afrika; lolu cwaningo lugxile 

ekuhloleni ukusayina kwe-EGF / EGF-R ku-PE ehlobene ne-HIV kanye nomphumela wazo 

uma zixhuma endaweni eziyihlosile maphansi neseli. 

Izindlela: Ngemva kokugunyazwa kokuziphatha; lolu cwaningo lukhethe abesifazane 

abakhulelwe abangama-80 kungobo yomlando yamasampula e-serum agcinwe ngokudlule. 

Amasampula ahlukaniswa ngohlobo lokukhulelwa kanye nesimo se-HIV emaqenjini 

alandelayo: a) abesifazane abakhulelwe abangenayo i-HIV kodwa abanomfutho wegazi 

ophakeme (n=20), b) abesifazane abakhulelwe abane-HIV nomfutho wegazi ophakeme (n=20), 

c) abesifazane abakhulelwe abangenayo i-HIV futhi abanomfutho wegazi ojwayelekile (n=20), 

kanye d) nabesifazane abakhulelwe abane-HIV kodwa banomfutho wegazi ojwayelekile  

(n=20). Kokubili i-EGF ne-EGF-R zacwaningwa ngendlela ye-Bioplex immunoassay ukuze 

kutholwe inani lweserum yazo kuwo wonke amaqembu ocwaningo ngesikhathi. 

Imiphumela: Ngokubuka idatha esungulwe yimtholampilo, umehluko obalulekile 

ngokwezibalo watholwa kuwo wonke amaqembu eminyaka yobudala (p <0.001), isisindo 

sokuzalwa (p <0.001), i-systolic BP (p <0.001), BMI (p = 0.048), i-diastolic BP (p <0.001) 

kanye nesisindo sikamama (p = 0.002). Kodwa-ke awukho umehluko omkhulu ngokwezibalo  

owabonwa ngeminyaka yobudala bomama kuwo wonke amaqembu ocwaningo (p = 0.065). 

Ukwehla ngokwezibalo okubalulekile kwe-EGF kwabonwa i-PE uma kuqhathaniswa 

nokukhulelwa kwe-normotensive, kungakhathaliseki isimo se-HIV (p = 0.0214). Ngokubuka 

isimo se-HIV, akukho ukubaluleka kwezibalo kwe-EGF okuphawulwe (p = 0.6593). 

Kungakhathalekile ukuthi ngabe i-HIV ithini, i-EGFR iphakanyiswe kakhulu kuma-

normotensive abakhulelwe ngokuqhathaniswa nabesifazanebe-preeclamptic (p < 0.0001). 

Ngokuphambene, kwakungekho umehluko ophawulekayo we-EGFR ngokusekelwe esimweni 

se-HIV (p = 0.2092). Kodwa-ke, ukulawulwa okubalulekile kwe-EGFR kwabonwa phakathi 

kwe-HIV positive normotensive uma kuqhathaniswa nabesifazane abakhulelwe abangenayo i-
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HIV (p = 0.001); ngaleyo nkathi  ukwehla okubalulekile kwe-EGFR kwaboniswe kuwo wonke 

amaqembu ocwaningo (p = 0.001). 

Isiphetho: Lolu cwaningo lwenoveli luveza ukwehla okubalulekile kwe-EGF ne-EGFR ku-PE 

uma kuqhathaniswa nabesifazane abakhulelwe abajwayelekile; kungakhathaliseki isimo se-HIV. 

Awukho mehluko omkhulu obonwe ngokusekelwe esimweni se-HIV. Lokhu kungase kube 

ngenxa yokwakhiwa kabusha kwamasosha omzimba njengoba zonke iziguli ezine-HIV zithole 

i-HAART, yingakho kungase kulinganise amazinga e-EGF/EGFR. Ngaphezu kwalokho, lokhu 

okutholakele kungase kubalulwe ku-Trans-Activator of transcription (Tat) protein evimbela 

umsebenzi ohlobene ne-EGF. I-down-regulation ye-EGF/EGFR ingase isetshenziswe 

njengokuhlola inkomba yokubikezela ukuthuthukiswa kwe-PE ngesikhathi sokukhulelwa. 
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1. BACKGROUND AND LITERATURE REVIEW 

 

 

1.1 HUMAN IMMUNODEFICIENCY VIRUS AND ACQUIRED 

IMMUNODEFICIENCY SYNDROME (HIV/AIDS) 

 

The Human Immunodeficiency virus (HIV) belongs to the Retroviridae family and is the 

causative agent of a life threatening disease (Seitz, 2016). The virus is transmitted through 

unprotected sexual intercourse, perinatal transmission, sharing of needles and by direct contact 

with HIV infected blood (Cohen et al., 2008). The virus degrades the human immune system by 

attacking white blood cells known as cluster of differentiation 4 (CD4) T helper cells. These 

cells protect the body from infection; hence, individuals become susceptible to the acquisition 

of new infections. If left untreated, HIV infection leads to Acquired Immunodeficiency 

Syndrome (AIDS) (Meulendyke et al., 2014). Acquired immunodeficiency syndrome is 

regarded as the final stage of HIV infection, as the infected individual is unable to fight off any 

infection due to a compromised immune system; which is too weak to function.  

Once HIV makes contact with a CD4 T cell, the glycoprotein spikes on its envelope 

(gp120) lock onto a CD4 receptor and a co-receptor, CC chemokine receptor 5 (CCR5). The 

gp41 protein of HIV is used to fuse the HIV envelope with the cell wall. This process of fusion 

allows the HIV capsid to enter the CD4 T cell (Wilen et al., 2012). Viral ribonucleic acid 

(RNA) and cellular enzymes are then released into the cytoplasm of the cell. The viral RNA is 

then synthesized by reverse transcriptase, which generates one strand of viral deoxyribonucleic 

acid (DNA), followed by a complementary strand of DNA. Integration of viral DNA occurs in 

the host cell’s DNA (Meulendyke et al., 2014). Viral RNA is then formed via transcription 

within the host cell. Replication of HIV subsequently occurs whereby long chains of HIV 

proteins are produced in the cell. The gene (gp120) begins to mutate, hence changing the co-

receptor legions from CCR5 to CXC chemokine receptor type 4 (CXCR4). The new viruses 

ultimately assemble at the surface of the cell where they bud out of the host CD4 T cell. Figure 

1.1 below depicts these nine stages of the HIV life cycle (Herrera-Carrillo et al., 2015). 
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 Figure 1.1: HIV life cycle depicting the nine stages of the virus. 1) Binding, 2) Entry, 3) Reverse 

transcription, 4) Nuclear import, 5) Integration, 6) Transcription, 7) Translation, 8) Assembly, and 9) 

Maturation   Adapted from (Herrera-Carrillo et al., 2015) 

 

There are three stages of the progression of HIV infection; which is similar to the stages of all 

diseases. The first stage is infection whereby the virus enters the body and begins to rapidly 

replicate whilst the body begins to generate antibodies.  During this time individuals usually 

acquire flu-like symptoms, including headaches, rashes or a fever during the first few weeks of 

infection (Vargas and Middleton, 2013). The CD4 cell count in infected individuals begins to 

drop during this stage and is approximately 200 cells/mm² of blood whilst healthy individuals 

contain between 500 -1600 cells/mm² (Gracia and Guzman, 2020). The second stage of 

infection is described as the asymptomatic period; during this stage viral load begins to 

decrease. Symptoms during this stage are generally latent however; the virus continues to affect 

new cells in the body. The final stage is identified as the stage of which the virus progresses into 

AIDS. This is the most severe stage and is identified by a rapid increase of viral load and is 

followed simultaneously with a dramatic drop of CD4 cells bringing the  CD4 
+T cell count  to 

below 200 cells/mm² (Vargas and Middleton, 2013). Figure 1.2 illustrates CD4 cells and viral 

load during HIV infection over time. 
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Figure 1.2:  Comparison of HIV infection and antibody response in human blood during the progression 

of HIV infection throughout years of exposure. (Red graph indicates HIV infection whilst blue represents 

antibody response). Adapted from (Oza, 2015) 

 

1.1.1. HIV Epidemiology 

 

The World Health Organization (WHO) African Region has over 25.7 million HIV infections 

making it the global HIV epicentre. The mid-year 2021 population estimates of South Africa 

(SA) reports an overall HIV prevalence rate of 13.7 % across its population. The total number of 

people living with HIV infection is 8.2 million. Moreover, almost 19.5% of the population in 

their reproductive age (15–49 years) are HIV positive (Stats SA, 2021; Clouse et al., 2020). 

Furthermore, women are disproportionately affected and are susceptible to HIV infection 

especially adolescent girls and young women (aged 15-24 years). Moreover, SA has the world’s 

largest antiretroviral treatment (ART) programme. This has increased life expectancy in SA, 

with males having an estimated 59.3 years  and 64.6 years in females for 2021 (Stats SA, 2021). 
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1.2 HIV ASSOCIATED PREECLAMPSIA 

 

Globally, approximately 37.7 million people were affected by HIV infection in 2020, with more 

than 53% been women and girls (UNAIDS, 2021). HIV is categorized as the leading 

immunosuppressive disorder in South Africa, of which 30% of antenatal woman are HIV 

positive (Kalumba et al., 2013). South Africa is therefore classified as the appropriate location 

for this study as maternal morbidity and mortality from HIV infection/AIDS and hypertensive 

disorders are high (Kalumba et al., 2013). Highly active antiretroviral therapy (HAART) is the 

prescribed standard of care treatment for HIV infected pregnant women (Eggleton and Nagalli, 

2020). The HAART treatment regimen is designed to improve the quality of life of infected 

individuals by reducing the morbidity and mortality rate thereby improving immunity and 

reducing the plasma viral RNA load (Oguntibeju, 2012). Prevention of HIV transmission is by 

far the most important benefit of the HAART treatment as this reduces the level of HIV type-1 

(HIV-1) RNA, which has proven to reduce the risk of sexual transmission to almost zero 

(Eggleton and Nagalli, 2020). All HIV positive pregnant women are urged to undergo HAART 

treatment, which drastically reduces the vertical in-utero transmission of HIV from mother to 

child. Moreover, it is debatable whether women with preeclampsia (PE), a hypertensive disorder 

of pregnancy have a lower/higher/neutral prevalence rate of HIV infection/AIDS compared to 

normotensive pregnancies (Kalumba et al., 2013; Mattar et al., 2004; Suy et al., 2006 and Frank 

et al., 2004).  

 

1.3 MATERNAL MORTALITY 

 

Hypertensive disorders of pregnancy (HDPs) are considered the leading direct cause of maternal 

deaths globally. It complicates 3-10% of all pregnancies, whilst accounting for 18% of maternal 

deaths globally (Mersha et al., 2019). In 2017, it was reported that approximately 86% of 

maternal deaths predominate in Sub-Saharan Africa and Southern Asia region. Moreover, in SA 

approximately 260 000 HIV infected woman give birth annually (Woldesenbet et al., 2019). 

The province of KwaZulu-Natal in SA has an astonishing 41.1% prevalence rate of HIV 

infection in pregnancy (Woldesenbet et al., 2019). Preeclampsia prevalence rate in KwaZulu-

Natal is 12% (Moodley et al., 2016).  
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1.4 PREECLAMPSIA 

 

1.4.1 Definition, signs and symptoms 

Preeclampsia (PE) is a hypertensive disorder, which occurs in pregnant woman around the 20th 

week of gestation. Patients with an abnormal blood pressure exceeding 140/90mmHg on two 

accounts at approximately four hours apart, in the presence/absence of proteinuria (urine 

excretion greater than 300 mg protein in a 24-hour urine collection)  are considered at high risk 

for the occurrence of PE development (Brown et al., 2018). The disorder may be accompanied 

by neurological complications such as eclampsia, stroke or visual scotomata; haematological 

complications and utero-placental dysfunction (Brown et al., 2018). Manifestation of severe 

headaches, vision changes, nausea and shortness of breath may also occur however, these 

symptoms may also be expressed throughout normotensive pregnancies; consequently, it is 

fundamental for patients to monitor their blood pressure throughout the duration of their 

pregnancy (Fondjo et al., 2019).  

Preeclampsia may lead to severe complications if left untreated, including fatality of both 

mother and child; hence early detection is vital (Salam et al., 2015). Pregnant woman should 

therefore timeously attend antenatal clinics in order to facilitate a healthy pregnancy.  

1.4.2 Pathogenesis 

Angiogenesis is the development of new blood vessels that facilitates efficient maternofetal 

blood exchange. Angiogenesis supports the development and survival of the fetus (Chen and 

Zheng, 2013). Failure of successful formation of these blood vessels may lead to complications 

in pregnancy. Angiogenesis is initiated by the vascular endothelial growth factor (VEGF) as 

well as the placental growth factor (PIGF). These growth factors are defined as pro-angiogenic 

growth factors (Naicker et al., 2019). The process of angiogenesis can be disrupted by a shift in 

the balance of anti-angiogenic and angiogenic factors which causes endothelial dysfunction, 

hence leading to PE development (Wallace et al., 2014). Moreover, in HIV-1 associated 

pregnancy angiogenesis is dysregulated (Paydas et al., 2009). Additionally, the administration 

of anti-retroviral drugs during pregnancy leads to adverse birth outcomes (Chen et al., 2012). 

During normal implantation, trophoblast cells migrate from the tip of the anchoring villi into the 

decidua and myometrium, this occurs in a set timed sequence. During this process of invasion, 

they physiologically convert decidual and myometrial spiral arteries into large bore flaccid 

conduits (diameter increases 5- to 10-fold). As the progression of pregnancy continues, utero-

placental blood flow increases from 45 mL/min to 750 mL/min at term. This vast increase in 
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blood flow is essential to sustain adequate placental function. Furthermore, increased blood 

flow is required to meet the high demands of the growing fetus (Staff et al., 2020). 

In PE however, placentation is shallow and defective (Lyall et al., 2013). There is reduced 

migration of interstitial trophoblast cells with an absence of physiological transformation of 

spiral arteries in the myometrium (Lyall et al., 2013; Naicker et al., 2003). As a result, the 

lumen is of small calibre and blood flow is reduced, hence leading to a hypoxic 

microenvironment. This reduced blood flow does not supply adequate oxygen and nutrients to 

the growing fetus, and ultimately leads to fetal complication such as growth 

restriction/retardation (Norwitz, 2006). Figure 1.3 illustrates the spiral artery modelling during 

normal pregnancy versus preeclampsia. In a normal pregnancy, the spiral artery is distensile 

permitting increased flow of blood and oxygen compared to a preeclamptic pregnancy.  

Primary cilium which is formed in trophoblastic cells enables the stimulation of cell signalling 

pathways which is essential for cellular activities (Ritter et al., 2020). Ritter et al. reported an 

implication of primary cilium during PE which plays a vital role in the progression of PE as it 

enables communication between cell-cell and cell-environment in the human placenta (Ritter et 

al., 2020). 

 

 

Figure 1.3: Physiological transformation of the spiral artery in a) normal pregnancy vs. b) preeclampsia. 

Adapted from (Pratt et al., 2014) 



8 
 

Anti-angiogenic factors play a vital role for the pathogenesis of PE. The elevated levels of 

soluble fms-like tyrosine kinase 1 (sFlt1) is elevated in PE. Therefore, overexpression of sFlt1 is 

a key mechanism which enables placental dysfunction. Soluble endoglin (sEng) is noted as an 

anti-angiogenic biomarker which is also elevated in PE (Maynard and Karumanchi, 2011). A 

study by Maynard et al. identified sEng which amplifies vascular damage and is mediated by 

sFlt1 in pregnant rats (Maynard et al., 2011). Placental growth factor (PIGF) enables the 

stimulation of angiogenesis when under inflammation and is vital for treatment of PE as PIGF 

has pro-angiogenic effects on feto-placental circulation (Chau et al., 2017). 

1.4.3 Classification of Preeclampsia 

Based on gestational age, PE may be classified as early-onset (EOPE) and late-onset (LOPE) 

type. Early-onset PE occurs during the first 33 weeks of pregnancy whilst LOPE begins to 

develop after 34 weeks of gestation (Raymond et al., 2011). Notably, EOPE has more adverse 

outcomes compared to LOPE (Weitzner et al., 2020). The majority of maternal and fetal deaths 

are linked with EOPE development emanating from inadequate placentation (You et al., 2018). 

The incidence of EOPE (27.6%) is lower than LOPE (72.4%) (Gomathy et al., 2018). In 

addition Weitzner et al. reported increased levels of alpha fetoprotein (AFP) and unconjugated 

estriol (UE3) in EOPE; hence acting as an indicator of EOPE (Weitzner et al., 2020). 

 

1.4.4 Risk Factors Associated with Preeclampsia  

Factors which contribute to PE development include genetic factors (Williams and Pipkin, 

2011), as well as autoimmune disorders (Duckitt and Harrington, 2005). Other main risk factors 

that may lead to the onset of PE include being over the age of 35 years (Lamminpӓӓ et al., 

2012), obesity (Sibai et al., 1997) and a pregnancy in early teenage years (Pingel et al., 2017).  

Factors such as obesity, familial history, smoking, a history of PE in a previous pregnancy, 

sperm exposure, in vitro fertilization (IVF), age, race and co-morbid conditions increase an 

individual’s chance of acquiring PE. Obese individuals with a body mass index (BMI> 34 

kg/m2) display a higher risk level of developing PE (Sibai et al., 1997). Young pregnant women 

such as teenagers are at high-risk of PE development; whilst maternally advanced pregnant 

women (over the age of 35) are also high risk candidates. Women of Black ancestry have a 

higher chance of experiencing a PE related pregnancy compared to other race groups (Ghosh et 

al., 2015).  
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Individuals with a familial history of PE are identified as high-risk candidates for the condition. 

Females are more likely to experience PE during pregnancy if their mother’s had a preeclamptic 

pregnancy; whilst male individuals who had fathered a previous PE related pregnancy are more 

likely to undergo another PE related pregnancy with a different woman (Lie et al., 1998). 

Moreover, women who have experienced a previous PE related pregnancy, have a high 

possibility of undergoing PE in their subsequent pregnancies (Lie et al., 1998).  

Unlike various other external environmental factors, smoking during a pregnancy may lead to 

detrimental effects to the fetus such as stillbirth, fetal growth restriction and preterm labour 

(Karumanchi and Levine, 2010). However, women who smoke throughout her pregnancy or 

smoke during later stages of pregnancy have a reduced risk of developing PE (Wikstrӧm et al., 

2010). 

Sperm exposure has been proven to affect the onset of PE development. Women who had 

partner’s sperm exposure for more than 12 months before conception have a lower risk of 

developing PE during pregnancy; whilst individuals who used barrier contraceptive methods for 

approximately 4 months undergo a higher chance of the development of PE during pregnancy 

(Einarrson et al., 2003). In vitro fertilization (IVF) is regarded as a potential treatment for 

infertility however; IVF is associated with the development of PE compared to natural methods 

of conception. Woman induced with IVF were found to have a 2.6 fold increase in the 

development of PE (Gui et al., 2020). Maternal pre-existing comorbidities such as hypertension, 

gestational diabetes, renal disease and autoimmune diseases are at a greater risk of developing 

PE (Duckitt and Harrington, 2005). Other factors such as infertility issues, thyroid disorders, 

sickle cell disease and hypoglycaemia also contribute to the onset of PE development. Figure 

1.4 below highlights factors that decrease/increase the risk of a preeclamptic pregnancy. 
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Figure 1.4: Diagram displaying the decreased and increased risk factors of PE development. Adapted 

from (Kenny and Kell, 2018) 

 

 

1.4.5 The Progression of Preeclampsia into Eclampsia  

The continuous progression of PE ultimately evolves into eclampsia, with brain injuries and 

seizures, which may result in a coma (Spradley, 2020). Seizures can occur up to 4 weeks post-

delivery of the baby. Both PE and eclampsia are hypertensive disorders of pregnancy and are 

the leading causes of maternal and perinatal deaths across the world (Peres et al., 2018). 

Deterioration of the placenta can also occur at an accelerated rate during eclampsia (Peres et al., 

2018). During more severe cases, the placenta detaches from the uterine wall prior to delivery, 

which leads to fetal distress. Infants who undergo preeclamptic births have a high possibility of 

developing cardiovascular related diseases during their lifetime (Peres et al., 2018). 
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1.5 EPIDERMAL GROWTH FACTOR  

 

Epidermal growth factor (EGF) is a protein that stimulates cell growth and proliferation by 

attaching to its receptor, the epidermal growth factor receptor (EGFR) (Kupsamy, 2019). In 

1962, EGF was discovered by Stanley Cohen, whilst conducting research based on a nerve 

growth factor (Cohen, 1986). New-born mice were injected with a crude extract of EGF, 

causing their eyes and teeth to develop at an earlier stage compared to normal mice (Navis, 

2007). This growth factor acts as a primary messenger molecule in order to facilitate the EGF 

signal transduction pathway.  

 

1.5.1. Structure of Epidermal Growth Factor 

The molecular weight of EGF is 6045-Da and the crystal structure of EGF occurs at a pH 8.1. 

Epidermal growth factor is found in epidermal cells located in the dermis of the skin and within 

epithelial cells that line the entire interior of the human body. It is also present in saliva, urine, 

milk, blood as well as tears (Zeng and Harris, 2014). 

Epidermal growth factor is a mitogenic factor in humans and it encompasses a 53-amino-acid 

cytokine with three disulfide bridges, whereby six cysteines generate the formation of three 

intramolecular disulfide bonds (C1 and C3, C2 and C4, C5 and C6) (Figure 1.5) (Schneider and 

Wolf, 2008). The formation of these disulfide bonds enables the production of three structural 

loops (A, B and C loops) (Schneider and Wolf, 2008).These loops generate high-affinity 

binding further enabling binding of EGF to its receptor.  

Once bound to the receptor, the molecule stimulates an intrinsic protein-tyrosine kinase activity, 

which facilitates a cascade of events, allowing for the signal transduction to occur (Chen et al., 

2016). This event results in the cell undergoing various biochemical changes. These 

biochemical changes result in an increase of protein synthesis, an excess of intracellular calcium 

levels as well as increased glycolysis levels. These changes consequently enable DNA 

synthesis, cell proliferation, angiogenesis and cell signalling of proteins (Iwakura and Nawa, 

2013).  
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Figure 1.5: Animated image representing the structure of EGF. Disulfide bonds are represented in yellow. 

C1 –C6 represents the six cysteines which generate the formation of three intramolecular disulfide bonds. 

Adapted from (Silva et al., 2011)  

 

1.5.2. Function of Epidermal Growth Factor 

Binding of EGF to its receptor (EGFR) enables the facilitation of cell proliferation, 

differentiation as well as cell survival. Epidermal growth factor is a vital protein in the human 

body as it stimulates epidermal cells and fibroblasts; enabling rapid healing and regeneration of 

cells upon injury. Its therapeutic effects in skin healing are mediated by promotion of the 

growth of collagen, whilst keratinocytes enhance skin healing and endotheliocytes enhances 

vascular growth (Kim et al., 2015). Salivary EGF plays a vital role in healing gastroesophageal 

and oral ulcers; whilst also providing mucosal protection (Konturek et al., 1991).  

In pregnancy, EGF plays an essential role in placental growth acting as an autocrine factor by 

regulating the growth and function of the placenta (Lessey, 2002). Epidermal growth factor 

occurs at high concentrations during the early gestational period, whilst there is regulation in 

later trimesters (Ances, 1973).  
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1.6. THE EPIDERMAL GROWTH FACTOR RECEPTOR 

Epidermal growth factor receptor (EGFR) is a tyrosine-kinase receptor, which stimulates 

various biological key processes in the human body such as proliferation, tumorigenesis and 

homeostasis (Schneider and Wolf, 2008).  

 

1.6.1. Structure of the Epidermal Growth Factor Receptor 

The epidermal growth factor receptor (EGFR) belongs to the family of epithelial tyrosine 

kinases, which includes three distinct receptors: EGFR (ErbB1), HER3 (ErbB3), and HER4 

(ErbB4) (Iwakura and Nawa, 2013).  

EGFR (ErbB1) is a 185 kDa transmembrane glycoprotein encoded by the HER1 oncogene 

located on chromosome 7p12. It contains ligands which are composed of type ׀ transmembrane 

tyrosine kinases (Schneider and Wolf, 2008). These proteins contain five regions or domains; 

the hydrophobic transmembrane domain, a juxtamembrane stalk, the carboxy-terminal 

fragment, the N-terminal extension and the EGF module (Schneider and Wolf, 2008; Nagy et 

al., 2010; Figure 1.6). This activity assists the cell during cell growth and proliferation, for the 

secretion of proteins, apoptosis and organ repair (Iwakura and Nawa, 2013). Figure 1.7 

represents the basic structure of EGFR and indicates the transmembrane proteins found inside 

the receptor. The receptor compromises of two domains; the extracellular domain and the 

intracellular domain. The extracellular domain is further divided into the ligand binding 

domains (LD1, LD2) and cytosine rich regions (CR1, CR2); whilst the intracellular domain 

consists of a catalytic tyrosine kinase (TK) and a carboxyl-terminal tail (CT) (Lv et al., 2016). 

The phosphorylation sites are located within the TK and CT regions. The short transmembrane 

spanning sequences divide the receptor into equal domains (Lv et al., 2016). 

The activation of EGFR occurs upon binding to the EGF ligand, the receptor then initiates a 

change known as dimerization. The inactive monomeric molecule changes into an active 

homodimer (Yarden and Schlessinger, 1987). As a result of dimerization, signals are sent to the 

nucleus of the cell from the cytoplasm via the binding of cytoplasmic messenger proteins to 

phosphorylated tyrosine residues. This in-turn triggers various biological responses such as 

apoptosis, cell survival, invasion and proliferation (Harari and Huang, 2001).  

Additionally, EGFR has approximately five domains, namely; the C-terminal tail, a tyrosine 

kinase domain, the extracellular domain, the juxtamembrane and the transmembrane alpha helix 

domain (Figure 1.6) (Nagy et al., 2010). Mutations caused around the tenth day of pregnancy, 
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occurring on the short arm of chromosome 7 can lead to fatalities of the development of an 

embryo; hence highlighting the importance of this receptor.  

  

 

 

Figure 1.6: Schematic diagram displaying the 5 domains of the EGFR protein. Adapted from 

(Thermofisher Scientific, 2017) 
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Fig 1.7 Basic structure indicating transmembrane proteins found in the epidermal growth factor receptor 

(EGFR). LD1 and LD2 in the extracellular domain represent the ligand binding domains, whilst CR1 and 

CR2 found in the extracellular domain represents cytosine rich regions. TM represents short 

transmembrane spanning sequences, whilst TK which is located in the intracellular domain represents a 

catalytic tyrosine kinase. CT which is also located in the intracellular domain is the carboxyl-terminal tail. 

The phosphorylation sites are indicated by the blue circled P’s and are located within the TK and CT 

regions. (Adapted from Lv et al., 2016) 

 

1.6.2 Epidermal Growth Factor Receptor and Signal Transduction 

 

Epidermal growth factor receptor is a type one single-pass tyrosine kinase transmembrane 

protein, which is activated by binding to its respective binding ligands (either EGF or the 

transforming growth factor α). Notably, a kinase protein has the ability to phosphorylate other 

proteins thereby leading to their activation. Once EGF is bound to EGFR, EGFR is activated 

thereby causing the initiation of a cascade of downstream signalling proteins.  

Growth factor receptor-bound protein 2 (GRB2) interacts with EGFR, which then activates the 

Son of Sevenless (SOS) protein; followed by the interaction of SOS with a rat sarcoma (RAS) 

protein (Orton et al., 2005). Thereafter; RAS is bound to guanosine diphosphate (GDP) which is 

replaced with guanosine triphosphate (GTP), this enables the protein to become active 

(Margolis and Skolnik, 1994). Mutations which arise in RAS  can trigger severe complications 

such as cancer, rapidly accelerated fibrosarcoma (RAF) protein then becomes activated, which 

in turn activates the mitogen-activated protein kinase kinase (MEK) pathway (Fernàndez-

Medarde and Santos, 2011). Finally, MEK activates a mitogen-activated protein kinase 

(MAPK) (Riesco et al., 2017) (Figure 1.8). The entire process is facilitated in the cytoplasm, 

once all proteins are active; the signal is then transferred to transcription factors which then 

enter the nucleus in order to enable genes responsible for growth and division responses.  
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Figure 1.8: Epidermal growth factor receptor (EGFR) and its downstream signalling proteins. EGF - 

epidermal growth factor; EGFR - epidermal growth factor receptor; PI3K,- phosphatidylinositol 3-

kinase;STAT- signal transducer and activator of transcription; P-phosphorylation; MAPK - mitogen-

activated protein kinase; JAK - Janus kinase;  Akt - protein kinase B. Arrows indicate activation whilst 

perpendicular lines indicate inhibition. Adapted from (Eitsuka et al., 2016) 

 

1.6.3 The Epidermal Growth Factor Receptor in Pregnancy  

 

The human placenta expresses high concentrations of EGFR; and contains high levels of EGF in 

comparison with other human non-malignant tissue (Hastie et al., 2019; Magid et al., 1985). 

Therefore, EGFR plays a vital role in placental development and aberrant EGFR signalling 

transduction is associated with PE development as well as other trophoblastic disorders (Hatsie 

et al., 2019). Also, the heparin-binding-epidermal growth factor (HB-EGF) enables the 

implantation of a blastocyst during the early stages of pregnancy (Lim and Dey, 2009). Failure 

of successful implantation results in miscarriage.  
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1.6.4 The Function of Epidermal Growth Factor Receptor in Human Diseases 

 EGFR plays a major role in human diseases, overexpression of EGFR results in tumor 

formation and progression to cancer. The most common places for tumour formation are the 

head and neck (Parkin et al., 2005). Lung and anal cancers have also been identified as a result 

of overexpression of EGFR (Walker et al., 2009).  

EGFR has also been identified as a vital component in the progression of wound healing. The 

process of wound healing facilitates the differentiation of fibroblasts into myofibroblasts and is 

regulated by the cytokine transforming growth factor-β1 (TGF- β1) (Midgley et al., 2013). 

EGFR is a key regulator for the facilitation of this process as the receptor interacts with other 

receptors [hyaluronan (HA) and CD44] in order to facilitate a cellular response (Midgley et al., 

2013). Other human diseases caused by EGFR include; malignant and inflammatory diseases 

such as eczema and psoriasis. These disorders are further caused by repeated deregulation of 

EGFR, hence resulting in the stimulation of malignant as well as benign skin disorders (Jost et 

al., 2000). Off note; EGFR stimulates the regulation of the endometrial function during the 

implantation stage of pregnancy. EGFR signalling in the endometrium is critical for successful 

progression of early pregnancy based on studies performed in EGFR knockout mice (Large et 

al., 2014).  

 

1.6.5 The Epidermal Growth Factor in HIV associated Preeclampsia  

The Trans-Activator of transcription (tat) protein is a regulatory protein which is found in HIV 

type 1 (HIV-1) and is encoded by the tat gene (Jiang et al., 2018). The protein is involved in the 

facilitation of viral transcription and plays a role in the pathogenesis of complications caused by 

HIV-1 (Jiang et al., 2018). Furthermore, the protein is also involved in other biological 

processes such as the stimulation of cell proliferation, entering cells and changing the gene 

expression of host cells (Nabell et al., 1994). The tat protein inhibits EGF related processes such 

as RAS/AKT and P13K/AKT pathways, hence inhibiting cellular responses (cell migration, 

adhesion, survival and differentiation) (Kim et al., 2011). The down-regulation of EGF in the 

presence of tat protein during HIV related pregnancy, may lead to negative trophoblastic 

development. This in-turn could enhance the development of PE. In addition, Tat contains an 

arginine and lysine rich sequence, which mimics the vascular endothelial growth factor-A 

(VEGF-A), Tat thereafter binds to FlK-1/kinase insert domain receptor (Flk-1/KDR), hence 

affecting angiogenesis (Albini et al., 1996). 
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Kamath et al. indicated the importance of platelets for the pathogenesis of PE, as platelet 

function analysis can serve as sensitive PE biomarkers. Platelets prevent bleeding during early 

stages of clot formation and enable haemostasis to occur during pregnancy (Kamath et al., 

2021). Placental vascular under perfusion or maternal endothelial damage are reported as the 

main causative agents of PE.  This results in increased platelet consumption during PE. Bone 

marrow is then triggered to produce more platelets which lead to an increase of platelet indices 

such as mean platelet volume (MPV) and platelet distribution width (PDW). It is therefore noted 

that platelet indices can be used as a tool for the prediction of PE (Kamath et al., 2021).   

 

1.7. ALTERNATE PATHWAYS ASSOCIATED WITH EGF 

The epidermal growth factor and EGFR plays a role in tumorigenesis by promoting tumor cell 

proliferation and inhibiting apoptosis. Hypoxia- inducible factor (HIF-1)  is an essential 

transcription factor which stimulates cellular response to hypoxia (Swinson and O’Byrne, 

2006). Notably, PE is a hypoxic and oxidative stressed microenvironment (Swinson and 

O’Byrne, 2006). The stimulation of EGFR is induced by hypoxia, enabling EGFR to increase 

the cellular response to hypoxia. This is accomplished by increasing HIF-1α, which acts as a 

survival factor (Swinson and O’Byrne, 2006). Previously, our group has demonstrated increased 

placental expression of HIF-1α in PE compared to normotensive pregnancies indicating that 

placental hypoxia and endoplasmic reticulum (ER) stress are interrelated contributory factors to 

the pathogenesis of PE (Verma et al., 2017). 

Notably EGFR is also associated with the endoplasmic reticulum (ER) stress pathway. ER stress 

occurs during hypertension where EGFR enables the activation of ER stress, this occurs via 

angiotensin ׀׀ (Ang׀׀) which induces vascular remodelling (Liu et al., 2006). This is facilitated 

by the activation of EGFR and ER stress through an ADAM metallopeptidase domain 17 

(ADAM17) signal mechanism (Liu et al., 2006).  

In addition, Malik et al. reported reduced levels of EGF in preeclamptic women. Furthermore, a 

correlation was observed between leukemia inhibitory factor (LIF) and EGF. The study also 

highlighted the ability of EGF to stimulate invasion and motility of trophoblastic cells by 

activating MAPK, Akt and urokinase plasminogen activator (uPA) (Malik et al., 2017). The 

study additionally reported decreased levels of STAT3 in preeclamptic patients. The importance 

of STAT3 is further highlighted as it plays a crucial role in the invasion of trophoblast cells as 

well as in the activation of the JAK-STAT pathway (Malik et al., 2017). The significant 

phosphorylation of STAT1 and STAT3 at Ser 727 residues lead to a decline in total STAT1, 
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whilst inhibition of ERK1/2 phosphorylation which is caused by U0126 leads to a significant 

decline in EGF-mediated invasion. Hence, stimulating reduced phosphorylated forms of STAT3 

and STAT1 (Malik et al., 2017). 

Li et al. reported decreased levels of adrenomedullin (ADM) in PE due to a poor response to 

EGF (Li et al., 2003). This could be due to a failed compensatory increase in maternal serum 

ADM which occurs during PE. Furthermore, the study highlighted poor EGF response resulting 

from impaired spontaneous placental syncytialization and ADM reduction in PE (Li et al., 

2003).  

Based on a study by Malik et al. a decline of miR-92a-1-5p was observed in EGF which may be 

regulated by STAT1/ STAT3 and controls HTR-8/SVneo cell invasion by targeting MAPK8 

and FAS. This leads to the increase of MMP-2/ MMP-9 expression (Malik et al., 2020).  

A study by Feng et al. reported poor trophoblast cell invasion which is caused by the increase of 

KISS-1 expression and leads to the decline of EGF. This therefore results in the pathogenesis of 

PE. Kisspeptin and KISS-1 are placental derived hormones and are elevated during pregnancy 

(Feng et al., 2021). In addition EGF stimulates human trophoblast cell invasion. This occurs by 

decreasing ID3 mediated KISS-1 expression since the ID3 protein mediates the effect of PE 

which is done by reducing EGF and KISS-1 levels (Feng et al., 2021). 
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1.8. AIM 

 

To determine the serum concentrations of epidermal growth factor (EGF) and its receptor 

(EGFR) in HIV associated preeclampsia compared to normotensive pregnancies. 

 

1.8.1 Objectives 

 

 To investigate the effect of HIV status (HIV positive  vs. HIV negative) on EGF and 

EGFR levels, irrespective of pregnancy type  using a Bioplex immunoassay 

 To investigate the effect of pregnancy type (preeclampsia vs. normotensive pregnancy) 

on the concentration of EGF and EGFR levels, irrespective of HIV status using a 

Bioplex immunoassay 

 To investigate the effect of the synergy of HIV infection and pregnancy type on the 

level of EGF and EGFR across all study groups using a Bioplex immunoassay 

 To correlate EGF and EGFR levels with patient demographics  

 To correlate the concentration of EGF on EGFR and vice versa with regards to signal 

transduction in PE and normotensive pregnancies. 
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Abstract 

Aim - To determine the concentration of epidermal growth factor (EGF) and its receptor 

(EGFR) in HIV associated preeclampsia compared to normotensive pregnancies. In addition, 

this study investigates the effect of HIV status (HIV positive vs. HIV negative) and pregnancy 

type (normotensive vs. preeclamptic) on the expression of EGF and EGFR, using a Bio-Plex 

immunoassay.  

Methods and Materials – Serum samples were obtained from 80 pregnant women at term. The 

study groups were divided into normotensive HIV positive (n =20), normotensive HIV negative 

(n = 20), preeclamptic HIV negative (n = 20) and preeclamptic HIV positive (n = 20). The Bio-

Plex multiplex immunoassay method was used to analyse serum EGF and EGFR concentration. 

Results – A significant decline in EGF and EGFR levels were observed in preeclamptic 

compared to normotensive pregnancy at term. Based on HIV status, both EGF and EGFR, were 

similar between infected and uninfected women. However, for serum EGFR concentration there 

were significant differences within PE group based on HIV status. Significant differences were 

observed between normotensive and preeclamptic based on HIV status, except for normotensive 

HIV negative vs PE HIV negative. Furthermore, there was no significance in the normotensive 

group based on HIV status. 

Conclusion – This study indicates that the regulation of EGF and EGFR plays a vital role in 

HIV and preeclampsia (PE). Aberrant trophoblast survival and migration possibly emanates 

from dysregulation of EGF/EGFR signalling axis. In HIV associated PE both the ligand and its 

receptor are dysregulated in PE possibly due to immune restoration from antiretroviral therapy 

and/or the effect of the HIV-1 trans-activator of transcription protein. 

Keywords – EGF, EGFR, HIV, Hypertension, Preeclampsia  
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Introduction 

 

The global human immunodeficiency virus (HIV) pandemic affects 38 million people.1 More 

than 70% of HIV infections and acquired immunodeficiency syndrome (AIDS) related deaths 

occur in sub-Saharan Africa.2 In South Africa (SA), the HIV prevalence rate is approximately 

13.7% affecting 8.2 million people; of which 25% are in their reproductive age (15–49 years).3 

Clinical surveillance data from 37 countries report that 23.1% of people living with HIV who 

were hospitalized with COVID-19 demised.4 Pregnancy involves immunological and 

physiological adaptations that make women susceptible to viral infections.5 In light of the fact 

that hypertensive disorders of pregnancy (HDPs) account for 18% of all maternal deaths in SA; 

research into HIV associated preeclampsia (PE) is relevant, as approximately 30% of antenatal 

attendees are HIV infected.6, 7 

Preeclampsia (PE) is a hypertensive disorder of pregnancy (HDP) characterised by blood 

pressure ≥ 140/90 mmHg and presence/absence of proteinuria (≥ 300mg/d) after 20 weeks of 

gestation.8 Moreover, HIV infected preeclamptic women be susceptible to PE development 

however,  anti-retroviral therapy (ART) predisposes PE due to immune reconstitution.7 Off 

note, SA has the largest ART rollout in the world.9 

Angiogenic mediators have been implicated in viral infection as well as in PE development.10 

Activation of the Epidermal Growth Factor (EGF) and its receptor, Epidermal Growth Factor 

Receptor (EGFR) is known to increase angiogenesis.11 Moreover, early reports have associated 

both EGF and EGFR with an up-regulation of cytotrophoblast invasion via downstream 

signalling networks.12 

The binding of EGF to EGFR enables EGFR to dimerize which in-turn raises its intracellular 

tyrosine kinase activity. This activates a cascade of cell signalling events such as the rat sarcoma 

(RAS)-rapidly accelerated fibrosarcoma (RAF)-mitogen activated protein kinase (MEK)- 

extracellular signal regulated kinases (ERK)-mitogen activated protein kinase (MAPK) (RAS-
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RAF-MEK-ERK MAPK), Janus associated kinases (JAK)-signal transducer and activator of 

transcription (STAT) (JAK/STAT) and protein Kinase-B (AKT)-phosphoinositide 3-kinases 

(P13K)-mammalian target of rapamycin (mTOR) (AKT-P13K-mTOR) pathways.13, 14 These 

signalling events decrease apoptosis, permit cell proliferation as well as angiogenesis.15 

The HIV-1 accessory protein, trans-activator of transcription (Tat) inhibits the RAS/AKT and 

P13K/AKT pathways.16 Moreover, since both EGF and EGFR are integral to placentation and 

angiogenesis, this study aims to compare the serum levels of EGF and EGFR, in HIV associated 

preeclamptic and normotensive pregnant women.  

 

Methods and Materials 

Ethical Approval 

 

Institutional ethics and postgraduate approval, hospital manager’s support as well as informed 

consent were obtained (BREC/00002899/2021) prior to collection of samples. This study uses 

archived serum samples collected from a large regional hospital in eThekwini, KwaZulu-Natal, 

SA.  

Study Population 

 

A total of 80 samples were used to generate the study population. This was stratified by 

pregnancy type into normotensive pregnant (n=40) and preeclamptic pregnant (n=40) women. 

The groups were further divided into four sub-categories a) normotensive HIV negative (n=20), 

b) normotensive HIV positive (n=20), c) preeclamptic HIV negative (n=20), d) preeclamptic 

HIV positive (n=20). All HIV positive patients received ART.   

Inclusion criteria for PE included new onset high blood pressure (systolic blood pressure ≥ 

140mmHg or diastolic blood pressure ≥ 90mmHg) which occurs at or after 20 weeks of 
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gestation including one or more of the following conditions; proteinuria (urinary protein ≥ 

300mg per 24 hours) and/or maternal organ dysfunction. Exclusion criteria for the PE group 

included those with unknown HIV status, eclampsia, a previous hypertension history, chronic 

hypertension, chronic diabetes, polycystic ovarian syndrome, placental abruption, sickle cell 

disease, thyroid disease, asthma, chorioamnionitis, chronic renal disease and intrauterine death.  

Demographics and clinical data for the study group were collated into a spreadsheet. 

Sample Type 

 

Serum samples were stored in an ultra-freezer at -80°C until analysis. 

Immunoassay Method 

 

The Human Angiogenesis Growth Factor Panel 1 and the Human Angiogenesis Panel 2 

(Milliplex® Map Kit, catalogue no: HAGP1MAG-12K and HANG2MAG-12K) were 

respectively performed according to the manufacturer’s instructions. The standards were serially 

diluted. Samples for panel 1 and 2 were diluted 1:3 and 1:5 with assay buffer respectively. The 

controls and serum matrix for both panels were diluted with deionized water. 

Two separate 96 well plates were used, the first for EGF and the second for EGFR 

immunoassay. Assay buffer, standards and controls were added to respective wells. Matrix 

solution and diluted serum samples were added to designated wells. Antibody-immobilized 

beads for EGF and EGFR were added to each well and incubated overnight at 2-8˚C. Well 

contents were then removed and washed three times with wash buffer. Detection antibodies (1 

hour at room temperature) were added followed by Streptavidin-phycoerythrin (30 minutes at 

room temperature). Well contents were then removed and plates were washed three times with 

wash buffer. Drive fluid was then added to all wells and the immunoassay plates were both read 

by the Bio-Plex®MAGPIX™ Multiplex Reader (Bio-Rad Laboratories Inc., USA). The data was 
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then extrapolated from the multiplex analysis using the Bio-Plex Manager ™ software version 

4.1. 

Statistical Analysis 

 

Statistical analysis was conducted using GraphPad Prism 5.00 software for Windows (GraphPad 

Software, San Diego California USA). The Kolmogorov Smirnov test was used to test for 

normality. The Mann-Whitney U test was used to identify the statistical significance of the data. 

All results obtained are represented as the median and interquartile range (IQR).  Kruskal-

Wallis test was used together with the Dunn’s Multiple comparison post hoc test in order to 

determine the significance across all groups; whereby p < 0.05 was considered statistically 

significant. 
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in PE compared to normotensive pregnancy, systolic BP was significantly higher in PE than in 

normotensive pregnancy, BMI was significantly higher in PE than in normotensive pregnancy, diastolic 

BP was significantly higher in PE compared to normotensive pregnancy and maternal weight was 

significantly higher in PE compared to normotensive pregnancy. 

 

Serum Concentration of Epidermal Growth Factor 

 

Pregnancy Type: Serum EGF levels were significantly decreased in the preeclamptic (median 

= 218pg/mL, IQR = 131 - 350pg/mL) compared to normotensive pregnant (median =329pg/mL, 

IQR = 143 - 667pg/mL) women, irrespective of HIV status (Mann-Whitney U = 1454; p = 

0.0214; Figure 1A). 

 

HIV Status: In contrast, serum EGF concentration did not differ between HIV positive (median 

= 218pg/mL; IQR = 101 - 410pg/mL) versus HIV negative (median = 203pg/mL, IQR = 115 -

537pg/mL) pregnant women, regardless of pregnancy type (Mann-Whitney U = 2516; p = 

0.6593; Figure 1B). 

 

Across all groups: EGF expression did not differ across all study groups i.e., normotensive 

HIV negative (median = 301pg/mL, IQR = 90 - 675pg/mL) vs. normotensive HIV positive 

(median = 277pg/mL, IQR = 120 - 558pg/mL) vs. preeclamptic HIV negative (median = 

210pg/mL, IQR = 131 - 377pg/mL) vs. preeclamptic HIV positive (median = 277pg/mL, IQR = 

89 - 418pg/mL) (Kruskal-Wallis H = 0.3254; p = 0.9552; Figure 1C) 
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Figure 1: Serum Epidermal Growth Factor Levels (A) Serum concentrations of EGF was statistically 

significant between the normotensive vs. preeclamptic group, (p = 0.0214). (B) Serum concentrations of 

EGF were not statistically significant between the HIV positive and HIV negative groups, regardless of 

pregnancy type, (p = 0.6593) and (C) Serum concentrations of EGF were not statistically significant 

across all groups (normotensive HIV negative vs. normotensive HIV positive vs. preeclamptic HIV 

negative vs. preeclamptic HIV positive) (p = 0.9552). 

 

Serum Concentrations of the Epidermal Growth Factor Receptor 

 

Pregnancy type: Based on pregnancy type, serum EGFR was statistically different between 

normotensive pregnant (median = 2466pg/mL, IQR = 1915 - 2993pg/mL) women vs. 

preeclamptic (median = 1715pg/mL, IQR = 1010 - 2657pg/mL) women, regardless of HIV 

status (Mann-Whitney U = 1792; p < 0.0001; Figure 2A). 
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HIV Status: EGFR concentration was not statistically different between HIV positive (median 

= 1993pg/mL, IQR= 1164 - 2917pg/mL) vs. HIV negative (median = 2237pg/mL, IQR = 1512 -

3073pg/mL) women, irrespective of pregnancy type (Mann-Whitney U = 2616; p = 0.2092; 

Figure 2B). 

 

Across all groups: Serum EGFR concentration differed across the groups i.e., normotensive 

HIV negative (median = 2402pg/mL, IQR = 1665 - 2867pg/mL) vs. normotensive HIV positive 

(median = 2588pg/mL, IQR = 1969 - 3156pg/mL) vs. preeclamptic HIV negative (median = 

2112pg/mL, IQR = 1277 - 3349pg/mL) vs. preeclamptic HIV positive women (median = 

1352pg/mL, IQR = 886 - 2307pg/mL) (Kruskal-Wallis H = 58.23; p < 0.0001; Figure 2C). 
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Figure 2: Serum Epidermal Growth Factor Receptor Levels: (A) Serum concentrations of EGFR 

were statistically significant between the normotensive vs. preeclamptic group, (p < 0.0001), (B) Serum 

concentrations of EGFR were not statistically significant between the HIV positive and HIV negative 

groups, regardless of pregnancy type, (p = 0.2092), (C). EGFR concentrations were significantly 

different within PE group based on HIV status, showing an elevated level in PE HIV negative 





36 
 

Discussion 

 

This study demonstrates a significant down-regulation of serum EGF levels in preeclampsia 

compared to normotensive pregnant women, regardless of HIV status. This finding is analogous 

to studies conducted by Armant et al.; who also reported a down-regulation of EGF in 

PE.12Notably aberrant signalling of EGF may account for the deficient trophoblast invasion in 

PE since receptor-ligand binding of these growth factors facilitates activation of the RAS-RAF-

MEK-ERK MAPK and AKT-P13K-mTOR signalling pathways which regulate cell 

proliferation and invasion.14 

Similar to our study, Keating et al. also reported no differences in serum EGF 

concentration between HIV negative and HIV positive women.17  In PE, extravillous 

trophoblast apoptosis is increased; hindering placentation and causing systemic endothelial 

damage.18, 19 Endogenous heparin-binding EGF-like growth factor (HB-EGF) is apoptosis 

protective. However, metalloproteinases remove the exodomain of HB-EGF and induce 

autocrine signalling via human EGF receptor 1 and 4 (HER1 and HER4), in a positive-feedback 

loop, to restrict apoptosis.12 Also in PE, both HB-EGF and EGF are down-regulated supportive 

of poor EGF signalling with resultant defective extravillous trophoblast migration that is 

associated with elevated apoptosis.12, 20 Off note, plasma EGF levels are also significantly 

decreased in PE patients (p < 0.05).12 

In this study, we report low birth weight infants in PE compared to normotensive pregnant 

women (p < 0.001). It is widely accepted that a reduction of uteroplacental blood flow, results in 

low birth weight in PE.21 Moreover low birth weights may also reflect reduced gestational age 

in PE.22 Additionally; in our study a high body mass index was found to be associated with PE, 

notably obesity is a risk factor for the onset of PE development.23 

In our study, we report a significant down-regulation of EGFR in PE compared to normotensive 

pregnancy, regardless of HIV status. Our finding is corroborated by the study of Zaho and Jiang 
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who attributed the decline to an inhibition of the JAK/STAT signalling pathway.24 Furthermore, 

a related study by Shu et al. links the down-regulation of EGFR in PE to placental dysfunction, 

perinatal death as well as multi-organ dysfunction.25 In contrast to our finding; enhanced 

messenger ribonucleic acid (mRNA) levels were reported in the hypoxic state of PE.26 It is 

possible that polymorphisms of the EGFR gene occurs in PE, however EGFR tyrosine kinase 

inhibitors are promising therapeutic agents, albeit still requires extensive research for use in 

pregnancy.27 

Based on HIV status, there was no significant difference for both EGF and its receptor, 

irrespective of pregnancy type. Notably, the HIV accessory protein, Tat has a similar arginine- 

and lysine-rich sequence to Vascular Endothelial Growth Factor (VEGF), hence making the Tat 

protein a powerful angiogenic factor.28 The Tat protein however reduces EGF related processes 

such as RAS/AKT and P13K/AKT pathways.16 Moreover; the Tat protein enables the activation 

of increased apoptosis in HIV infected individuals.29 A retrospective study by Okuma et al. 

reported a high incidence of EGFR (35.7 %) mutations in HIV-infection.27  

Additionally; HIV-1 Gag modulates EGF induced down-regulation of EGFR. This decline 

occurs via its internalization by clathrin-dependent endocytosis and its transport and degradation 

within lysosomes.30 Furthermore; EGF has been shown to augment the endocytosis of HIV-1 

virions via binding to human protein POB1.31 The similarity of EGF and EGFR between the  

HIV infected and non-infected groups in our study may be attributed to the use of ART. In a 

paediatric study of HIV associated nephrotic syndrome, urinary EGF levels were down-

regulated.32 Also since EGF initiates the phosphorylation of p38 and MAPKs, and not ERK1/2 

signifying that EGFR signalling augments infection in oral epithelial cells herpes infection of 

Kaposi sarcoma patients.33 However another report indicates that the matrix protein p17 of HIV-

1 elevates phosphorylation of EGFR with resultant effects on ERK1/2, focal adhesion kinase 

(FAK), phospholipase C-γ (PLC-γ) and protein kinase C-β (PKC-β) pathways. Concurrently, an 

EGFR inhibitor would impede angiogenesis and cell signalling.34 
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All HIV positive individuals in our study received highly active anti-retroviral treatment 

(HAART), to reduce HIV replication and to restore immune competence.7, 35 Furthermore, HIV 

infection could possibly act as a protective agent against the onset of PE development; however 

patients receiving HAART display a higher risk of developing PE.7, 36, 37 Notably HIV infected 

patients with advanced lung cancer and with EGFR mutations who receive EGFR-tyrosine 

kinase inhibitors with ART show extended survival.27 A synthetic antisense sequence of 

deoxyribonucleic acid (DNA) in EGFR has been shown to inhibit EGFR expression. 

Angiogenesis is dysregulated in PE and in HIV infected individuals receiving ARTs and is 

associated with adverse birth outcomes.38 A study by Conroy et al., highlights altered 

angiogenesis in HIV infected individuals on ARV treatment by gestational age particularly in 

the second and third trimesters of pregnancy.39 Moreover ARVs are associated with the 

development of metabolic disorders and endothelial dysfunction; leading to the onset of PE.40,41 

In addition, the non-nucleoside reverse transcriptase inhibitor (NNRTI) targets the protease of 

severe acute respiratory syndrome coronavirus (SARS-CoV-2), thus preventing the replication 

of the virus.42 Furthermore; gefitinib which is an EGFR inhibitor was observed to display a high 

receptor-ligand binding affinity to the main protease receptor.42 

It is noted that EGF is a prime candidate for the therapeutic progression in diseases.  In non-

small-cell lung cancer (NSCLC), EGFR is highly expressed. The development of EGFR 

inhibitors (gefitinib and erloyinib) were found to reduce tumour regeneration; however 

responders to treatment were observed to have mutations in the EGFR coding gene.43 

The limitations of our study were that all HIV positive women received ARTs and the small 

sample size of sub-groups. Furthermore; the study population was not stratified into late onset 

PE and early onset PE, as PE is confounded by gestational age.  
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 Conclusion 

 

Our study demonstrates a significant down-regulation of the expression of the ligand EGF and 

its receptor, EGFR in preeclamptic compared to normotensive pregnancy, regardless of HIV 

status. It is plausible that genetic mutations of either the ligand and/or its receptor affect 

trophoblast survival and/or aberrant signalling of EGF may account for the deficient trophoblast 

invasion in PE. Our study also shows similar EGF and EGFR expression in HIV infected 

compared to uninfected pregnancies which may emanate from the effect of the HIV-1 Tat, p17 

and the gag protein in inhibiting EGF- induced signalling processes. Moreover, the use of 

HAART, and its reestablishment of immune function may have altered EGF and EGFR levels in 

HIV infection.  

Future recommendation 

Serum and plasma EGF and its receptor levels are required in a large cohort study that includes 

the stratification of PE by gestational age and across the trimesters of pregnancy. Moreover it is 

important that evaluation of both EGF and EGFR genes elucidate the presence of single 

nucleotide polymorphisms in woman of African ancestry. Since both EGF tyrosine kinase 

inhibitor, and EGFR tyrosine kinase inhibitors are used to treat human cancers; they may in the 

long term require extensive study for their use in PE development.   
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3. SYNTHESIS 

 

3.1 PROBLEM IDENTIFICATION 

 Hypertensive disorders of pregnancy (HDP) contribute to approximately 14% of maternal 

deaths globally and are the leading causes of maternal deaths worldwide (Machano and Joho, 

2020). Preeclampsia is categorized as a HDP and affects nearly 2-8% of pregnancies worldwide 

(Machano and Joho, 2020). Severe cases of PE are more frequent in poor developing countries, 

with Sub-Saharan Africa accounting for nearly 16% of maternal deaths caused by HDPs 

(Hounkpatin et al., 2021). In SA, 18% of maternal deaths arise from HDP, the majority of 

which emanates from PE (Moodley et al., 2019). In SA, non-pregnancy related infections such 

as HIV/AIDS and hypertensive disorders are the commonest cause of maternal mortality and 

morbidity (Saving Mothers Report, 2017). It is a challenge that approximately 30% of antenatal 

cases are HIV positive (Kalumba et al., 2013).  

Moreover the onset of PE and HIV infection also leads to adverse maternal and fetal outcomes, 

preterm birth, fetal distress as well as placental abruption (Fox et al., 2019).  Hence, South 

Africa represents an ideal site for a study involving HIV and preeclampsia. 

This novel study investigates the expression of EGF and EGFR serum concentrations and their 

role in HIV associated PE. EGF binds to its tyrosine kinase receptor EGFR causing its 

activation. This activation drives cell cycle progression, enhances cell migration, and affects cell 

differentiation hence would be involved in trophoblast cell invasion in pregnancy. In addition 

EGF and EGFR act as protective agents against hypoxia, ensuring the development of adequate 

spiral arteries for the facilitation of nutrient and gaseous exchange between mother and fetus 

(Armant et al., 2015).  

 

3.2 PREGNANCY TYPE 

This novel study reports a significant down-regulation of serum EGF and its receptor (EGFR) in 

PE compared to normotensive pregnancies, regardless of HIV status. This finding is analogous 

to a study by Fang et al. who reported the down-regulation of EGF/EGFR signalling in PE and 

was correlated with poor trophoblast invasion (Fang et al., 2021). Signalling of EGF enables the 

RAS-RAF-MEK-ERK MAPK and AKT-P13K-mTOR signalling pathways which stimulates 

cell proliferation (Wee and Wang, 2017). Furthermore, the study identified an increase of the 

KISS1 human gene which encodes kisspeptin, with a concomitant down-regulation of EGF 

expression (Fang et al., 2021). 
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It is generally accepted that EGF/EGFR interaction promotes cell proliferation; yet EGF may 

paradoxically also inhibit proliferation and induces apoptosis in a transfected cell line 

expressing EGF receptor on its membrane (Zaho et al., 2006). Previous studies have shown that 

EGF may up-regulate EGFR protein expression via stabilizing EGFR mRNA and increasing 

EGFR mRNA transcription (Imai et al., 1982; McCulloch et al., 1998). 

In addition, a study by Jain et al., reports that HB-EGF stimulates trophoblast survival and 

invasion during the early stages of pregnancy (Jain et al., 2017). Preeclamptic pregnancies 

display a reduction of HB-EGF, hence having adverse effects during pregnancy. In contrast, a 

related study reported the increase of EGF like domain 7 (EGFL7) in preeclamptic pregnancies. 

The increase of EGFL7 levels is associated with the expression of PE (Massimiani et al., 2018).  

Deviant ligand expression and/or subsequent EGFR signalling is associated with fetal growth 

restriction, gestational trophoblastic diseases, and preeclampsia. Given the high expression of 

EGFR in the placenta, it is therefore not surprising that aberrant signal transduction pathways 

may trigger these placental diseases (Faxén et al., 1998; Fondacci et al, 1994; Balaram et al., 

1997; Armant et al., 2015). Additionally; low birth weight is observed in preeclamptic 

pregnancy compared to normotensive pregnancy. The reduction of placental blood flow results 

in the occurrence of PE; hence leading to reduced fetal growth (Xiong et al., 2002).  

Furthermore; gestational duration in conjunction with fetal growth rate account for birth weight 

of new-borns. It is evident that the gestational period is reduced in preeclamptic pregnancies 

hence accounting for low birth weight of new-borns (Xiong et al., 2002). High body mass index 

can additionally be used as an indicator of PE as obesity is associated with an increased risk for 

PE (Mrema et al., 2018). 

In addition, Clemente et al. reported increased levels of endothelial connexion 43 (Cx43) during 

pregnancy (Clemente et al., 2020). This enables vascular vasodilation; however during PE there 

is a decline in Cx43. Furthermore, the study highlights placenta derived exosomes positive for 

EGFR which may lead to endothelial dysfunction in women with PE (Clemente et al., 2020). 

Cigarette smoking is associated with a reduced risk for the development of PE during 

pregnancy. Jeyabalan et al. reported reduced maternal sFlt-1 concentrations which are 

associated with smoking during pregnancy (Jeyabalan et al., 2008). Furthermore, the risk of PE 

development is reduced from the exposure of cigarette smoke by moderating the anti-angiogenic 

phenotype which is located in the syndrome. Nitric Oxide; commonly found in tobacco acts as a 

protective agent against PE as it promotes vascular relaxation (Karumanchi and Levine, 2010). 

Lower circulating concentrations of anti-angiogenic proteins such as soluble fms-like tyrosine 



49 
 

kinase 1 (sFlt-1) and soluble endoglin (sEng) are reported from smoking during pregnancy, 

whilst higher concentrations of pro-angiogenic proteins such as the placental growth factor are 

observed (Karumanchi and Levine, 2010). 

In addition Weitzner et al. reported increased levels of alpha fetoprotein (AFP) and 

unconjugated estriol (UE3) in EOPE; hence acting as an indicator of EOPE (Weitzner et al., 

2018). Lan et al. reported increased serum concentration of sex steroid hormones in pregnant 

women, which act as regulators for placental function (Lan et al., 2020). The study highlighted 

that women with PE displayed decreased levels of steroid hormones such as estrogen. Estradiol 

and estrogen receptor-α were down-regulated whilst testosterone and estrogen receptor-β were 

elevated in preeclamptic pregnancy, hence playing a role in the pathogenesis of PE (Lan et al., 

2020). 

Additionally, Thomopoulos et al. reported the use of assisted reproductive technologies for the 

management of fertility issues (Thomopoulos et al., 2013). The study reported techniques such 

as in-vitro fertilization; however they are accompanied by an increased risk of PE development 

during pregnancy. Single embryo technologies may be used as a step which can reduce the rate 

of hypertensive complications during pregnancy (Thomopoulos et al., 2013). 

 

3.3 HIV STATUS  

Our study demonstrates an absence of a statistical significant difference of both EGF and EGFR 

between HIV infected and uninfected individuals, irrespective of pregnancy status. Similar to 

our study, Keating et al. also reported no differences in serum EGF concentration between HIV 

negative and HIV positive women (Keating et al., 2011).  Interestingly they noted a positive 

correlation between EGF and CD4 T cell count. Adherence to HAART increases survival by 

successful viral suppression and concomitant elevation in CD4 counts (Grabar et al., 2000).  

Notably all HIV patients in our study received HAART. It is possible that this similarity may 

emanate immune reconstitution from the use of ART. In SA, it is mandatory for all HIV 

infected individuals to receive HAART to prevent mother to child transmission of HIV 

(Wimalasundera et al., 2002). The usage of ART’s such as HAART is used to prevent vertical 

and sexual transmission of HIV. In addition the HAART regimen enables HIV positive 

individuals to have a manageable and nearly normal lifespan (Sansone et al., 2016). During 

HAART patients are administered with different drugs which inhibit viral replication. In 

addition HAART overall improves the quality of life of HIV infected individuals, prevents the 

transmission of HIV to others and improves immune function (Eggelton and Nagalli, 2020). It is 
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also possible that the HIV accessory Tat protein may have affected EGF levels. The effects of 

Tat and EGF are dose dependent (Nabell et al., 1994).The Tat protein enables transcription of 

HIV-1. Additionally, the Tat protein inhibits EGF/EGFR induced processes hence leading to 

adverse trophoblastic survival. Also, Tat stimulates apoptosis in HIV infected individuals (Chen 

et al., 2002). Numerous studies have reported increased incidence of EGFR mutations in HIV 

infected lung cancer patients (Okuma et al., 2015; Okuma et al., 2014; Créquit et al., 2016). 

The Gag polyprotein precursor of HIV-1 drives viral assembly and budding of virus-like 

particles (Freed, 1998).  HIV-1 Gag reduces the decline of EGFR (Valiathan and Resh, 2004), 

thereby affecting cell signalling via hyperactivation of the ERK/MAP kinase pathway; this may 

account for the similar concentration of EGFR by HIV status in our study. The lack of 

difference in EGFR concentration in our study could also be attributed to ART that would 

neutralize the hyperactivation of the signalling pathways. 

Since HIV-positive persons are predisposed to chronic kidney disease (CKD), Muiru et al. 

assessed recognized CKD risk factors with urine biomarkers and found that age correlated with 

a decline in EGF levels (Muiru et al., 2019). 

Furthermore, HIV-1 gp41 facilitates attachment to CD4+T cells. Human POB1 facilitates 

receptor-mediated EGF entry (Chao et al., 2013). HIV-1 gp41 promotes endocytosis of HIV-1 

by directly binding with human POB1 or indirectly via its internalization of EGF independently 

of CD4. This mechanism involves binding of EGF with its receptor with consequential signal 

transduction, and elevated POB1-mediated clathrin-dependent endocytosis (Tan et al., 2017). 

Therefore, HIV-1 gp41 promotes viral endocytosis by interacting with the host protein POB1. 

Naicker et al. reported the dysregulation of RAAS, angiogenesis, vascular dysfunction and 

apoptosis pathways in PE. The study outlines HIV-1 accessory and matrix proteins as 

protagonists which stimulate the increase of angiogenesis and oxidative stress (Naicker et al., 

2021). The study further highlights PE as an oxidatively stressed microenvironment with 

elevated NETosis and apoptosis; however angiogenesis is decreased. 

3.4 EPIDERMAL GROWTH FACTOR RECEPTOR ACROSS ALL GROUPS 

Normotensive HIV positive vs. Normotensive HIV negative –  This study reports a significant 

increase of EGFR in normotensive HIV positive pregnant women compared to normotensive 

HIV negative pregnant women ( p = 0.001). Elevated levels of EGFR in HIV positive 

individuals could be due to confounding EGFR levels due to HAART, as all HIV positive 

individuals were on the treatment. In addition HAART restores immune competence therefore 

leading to varying EGFR levels (Kupsamy, 2018). 
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Preeclamptic HIV positive vs. Preeclamptic HIV negative – A statistically significant up-

regulation of EGFR was observed in preeclamptic HIV negative pregnancies, compared to 

preeclamptic HIV positive pregnancy (p = 0.001). This observation is due to the presence of 

hypoxia which enables shallow trophoblast invasion, leading to PE during pregnancy (Zhou et 

al., 2013). In HIV, the Tat protein inhibits EGF related processes; hence EGFR expression is 

elevated in HIV negative individuals 

Additionally, mitochondrial dysfunction has being associated with preeclampsia development 

(Wang and Walsh, 1998).  Notably Hastie et al. reported that inhibiting the mitochondrial 

electron transport chain or activating downstream energy-sensing molecules AMP-activated 

kinase (AMPK), sirtuin 1 (SIRT1), and PPAR-γ co-activator 1 (PGC1α) which significantly 

downregulates sFlt-1 release from cytotrophoblast cells, without affecting downstream EGFR 

signalling (Bos et al., 2005; Hatsie et al.,2019; Nevo et al., 2006; Semenza, 2003; Wang and 

Walsh, 1998). This advocates that aberrant EGFR signalling or mitochondrial pathology 

underlies the pathophysiology of PE.  Therefore targeting these cellular pathways may be novel 

therapeutic approaches to prevent PE development. 

 

3.5 LIMITATIONS 

The limitations of this study includes small sample size per study group, all HIV positive 

individuals received ARV treatment which may have confounded the expression of EGF and 

EGFR. Furthermore, the duration of ARV treatment was not provided. Lastly, the heterogeneity 

of the study population (late onset and early onset PE) and across trimesters of pregnancy 

should be considered in future evaluation of EGF/EGFR  

 

3.6 CONCLUSION  

This novel study demonstrates a significant decline in serum levels of EGF and EGFR in 

preeclamptic compared to normotensive pregnant women, regardless of HIV status. A decline in 

serum concentration of EGF and EGFR levels may not be indicative of their down-regulation 

since no placenta specific gene expression analysis was performed. This observation may be 

attributed to aberrant EGF/EGFR signalling in PE which accounts for shallow trophoblast 

invasion. Compound mechanisms may be involved in the activation of EGFR signalling such as 

hypoxia, the production of EGFR-ligands by the hypoxic environmental milieu of PE, 

dysregulated EGF/EGFR expression and mutations. Additionally, similar concentrations of EGF 

and EGFR were observed in HIV infected and HIV uninfected individuals, regardless of 
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pregnancy type. This finding may be due to the HIV-1 accessory protein Tat, p17 and the gag 

protein which inhibits EGF/EGFR signalling. Furthermore, all HIV infected patients received 

HAART which may have confounded analyte expression for both EGF and EGFR. The 

expression of EGF/EGFR could therefore be used as a potential biomarker for the indication of 

PE. 

Future studies should be conducted on a larger sample cohort. The study population should be 

stratified by gestational age into late onset and early onset PE as well as across the trimesters of 

pregnancy. Furthermore, both EGF and EGFR inhibitors are of great importance in therapeutic 

studies such as cancer treatment but will require extensive research for their use in preventing 

PE development.  
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Appendix 2 – Standard curve EGF  
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Appendix 3 – Standard curve EGFR 
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