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Abstract
Purpose of Review Both HIV infection and preeclampsia (PE), a pregnancy-specific disorder of hypertension and multi-system
organ involvement, have high prevalence rates especially in low-to-middle-income countries. The immunoexpression of specific
renin-angiotensin-aldosterone system (RAAS) receptors in the placenta and placental bed interface may forecast the risk of PE.
Recent Findings Preeclampsia is a leading risk factor for mortality worldwide and remains a challenge in HIV-infected individ-
uals especially those on antiretroviral therapy (ART). Irregular RAAS stimulation may be linked to the pathophysiology of
hypertension in HIV infection and in PE. The AT1 receptor is expressed across all trimesters of pregnancy, within placental
tissue, eliciting vasoconstriction. This increased expression is associated with the severity of PE, implying that the increased
expression may be involved in the pathogenesis of this pregnancy disorder. The AT2 receptor expression in normotensive
pregnancies was shown to be lower as compared to non-pregnant individuals. Furthermore, in the PE placental bed, the AT2
receptor is the predominant receptor subtype and is found in extravillous trophoblast cells where they facilitate vasodilation.
However, AT4R in placentae of PE pregnancies are found to be significantly reduced compared to normotensives pregnancies.
Summary The data on the role played by the RAAS pathway in pregnancy is conflicting. Investigation into a tissue-based RAAS
with emphasis on immune-expression within the placenta and placental bed may help resolve this conundrum.

Keywords Renin-angiotensin-aldosterone system (RAAS) . Preeclampsia . Angiotensin II-type 1 receptor (ATR1) . Angiotensin
II-type 2 receptor (ATR2) . Angiotensin II-type 4 receptor (ATR4)

Background

Introduction

In order to maintain a homeostatic environment, the renin-
angiotensin-aldosterone system (RAAS) functions as a crucial

blood volume and blood pressure regulator. This system is
also an electrolyte controller and a systemic vasculature resis-
tor that influences cardiac output and arterial pressure [1]. The
main compounds in this multi-organ endocrine feedback sys-
tem are renin, angiotensinogen (AGT), angiotensin-
converting enzyme (ACE), angiotensin converting enzyme 2
(ACE2), angiotensin I (ANG I), angiotensin II (ANG II), and
aldosterone. The liver, lungs and kidneys produce AGT, ACE
and renin respectively while modulators of RAAS in the brain
affect cognition [2]. The dysregulation of RAAS leads to va-
soconstriction, cell proliferation, inflammation, and fibrosis
[3, 4]. Furthermore, the RAAS is implicated in the pathophys-
iology and progression of cardiovascular diseases, such as
atherosclerosis and hypertension related pregnancy disorders
[5].

Worldwide, approximately 800 women die each day from
complications related to pregnancy and childbirth [6]. Sub-
Saharan Africa (SSA) and Southern Asia account for 86% of
these deaths with the former accounting for two-thirds of the
total deaths (196,000) [7]. The latest maternal mortality ratio
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(MMR) for South Africa (SA) is 119/100,000 live births, a
dramatic improvement from 536/100,000 in 2016 [8].
Although, Human Immunodeficiency Virus (HIV) and
Acquired Immunodeficiency Syndrome (AIDS) are the larg-
est causes of maternal deaths in SA, epidemiological studies
show that preeclampsia (PE), a pregnancy specific disorder is
the main direct contributor of maternal mortality, accounting
for 18% of all deaths [9–13]. Preeclampsia is a multi-system
disorder characterized mainly by hypertension (systolic blood
pressure ≥140 mmHg or diastolic pressure ≥ 90 mmHg). One
or more of the following clinical signs may be involved: pro-
teinuria (≥0.3 obtained from a 24-hour urine test or a 1+ to 2+
on a urine dipstick), utero-placental dysfunction and maternal
organ dysfunction (kidney, liver and hemostatic system) [14,
15].

Sub-Saharan Africa has the highest global burden of HIV
infection. In 2020, the overall prevalence of HIV infection in
SA was 13% [16]. Unfortunately, women are disproportion-
ately affected; 26% of women are HIV infected compared to
15% of men [17]. The National Department of Health
Antenatal HIV and Syphilis surveillance study found that
the HIV infection rate among pregnant women was 17%
[18]. South Africa is therefore faced with both high HIV in-
fection and PE prevalence rates [18, 19]. The coinfection of
PE and HIV remains a concern to the South African healthcare
system. Moreover, the data on the association between HIV
infection and PE is conflicting because of opposing immune
responses. While pregnant women receiving highly active an-
tiretroviral treatment (HAART) have an increased risk for PE
development due to immune reconstitution, other reports sug-
gest no change in the frequency of PE when both conditions
co-exist [20].

In this review, we explore the role of RAAS in utero-
placental tissue of pregnancy, drawing attention to novel com-
bined effects of HIV infection and PE. Understanding the
mechanisms of RAAS at the placenta and placental bed level
of HIV infected women of African ancestry is important for
two reasons. Firstly, increased knowledge of the mechanisms
in which RAAS contributes to the clinical condition of both
mother and fetus is critical to improve public health efforts to
prevent hypertension, cardiovascular disease and premature
mortality. Secondly, the study of RAAS-specific pathophysi-
ology linked to PE may reveal important immunologic and
inflammatory pathways that could affect susceptibility to the
development of these high-risk pregnancies.

At present, there is a paucity of information on RAAS in
the placental bed particularly in women with both HIV infec-
tion and PE. This review will focus on signal transduction at
the placenta and placental bed in HIV infected women with
PE. More specifically, it will examine angiotensin II-type 1
receptor (ATR1), angiotensin II-type 2 receptor (ATR2), and
angiotensin II-type 4 receptor (ATR4) for greater understand-
ing of RAAS. Unraveling this pathway will aid in the

development of new preventative and therapeutic interven-
tions for women of African ancestry who have concurrent
HIV infection and PE.

The Role of Renin-Angiotensin-Aldosterone System
(RAAS)

Renin (an aspartyl proteolytic enzyme) is primarily released
from juxtaglomerular cells (JGC) of the afferent arteriole in
the glomeruli of the kidney. Renin release is stimulated by
either renal artery hypotension, decreased sodium delivery to
the renal tubules or sympathetic nerve activation (via the β1-
adrenoceptor) [21].

When renin is released into blood, it catalyzes the conver-
sion of angiotensinogen by cleaving it to form the
decapeptide, angiotensin I. Angiotensinogen is an α2-
globulin precursor of angiotensin, and a hormone produced
in the liver, kidney, adrenal glands, brain, heart and blood
vessels, and adipose tissues [22]. The lungs’ vascular endo-
thelium produces the angiotensin-converting enzyme (ACE),
which cleaves angiotensin I to form the potent octapeptide,
angiotensin II [23]. Angiotensin-converting enzyme 2
(ACE2) catalyzes the hydrolysis of angiotensin II (a vasocon-
strictor peptide) into angiotensin (1–7) (a vasodilator), thereby
lowering blood pressure [24]. The ACE2 has gained much
attention recently due to the coronavirus disease of 2019
(COVID-19) pandemic as it serves as the entry receptor for
the virus, severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2).

Renin-Angiotensin-Aldosterone System Signal
Transduction

The RAAS depends on several different receptors for signal
transduction. Widely researched receptors for signal transduc-
tion of ANGII, occurs via two main receptor types,
Angiotensin II-type 1 receptor (AT1R) and Angiotensin II-
type 2 receptor (AT2R). Both AT1 and AT2 receptors belong
to the seven transmembrane G-protein coupled receptors and
have an equivalent affinity to ANG II [25].

Angiotensin II-type 1 receptor (AT1R) is located in the
renal vasculature, glomerular mesangium, interstitial cells
and proximal tubules, lung, liver, brain, kidney, adrenal gland,
skin, and endometrium. It functions in a signaling pathway to
increase intracellular calcium absorption. Moreover, it is in-
volved in vasoconstriction, sympathetic activity (release of
noradrenaline from sympathetic nerve terminals), amplifying
vasoconstriction and increasing the rate and force of contrac-
tion of the heart [26]. The AT1 receptor also causes proximal
tubular reabsorption of sodium ions, secretion of aldosterone
from the adrenal cortex, and cell growth in the cardiac left
ventricle and in the arterial wall [26].
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Angiotensin II via the AT1R controls cellular growth, ad-
hesion, migration, and intercellular matrix deposition,
influencing chronic adaptive changes in vascular and cardiac
growth, remodeling, repair, and atherosclerosis. In vascular
smooth muscle cells and endothelial cells, ANG II acting via
the AT1R stimulates phospholipase A2 activity, leading to the
release of arachidonic acid and eicosanoids, which influence
vascular and renal mechanisms that are important in the reg-
ulation of blood pressure and cell growth [22].

The AT1 receptor promotes intracellular signaling path-
ways through the activation of various protein kinases, sub-
units of nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase, and growth factor receptor transactivation.
Alternately signaling is mediated by direct interactions with
AT1R proteins such as Janus kinase 2 (JAK2), phospholipase
C (PLC) γ1, AT1 receptor associated protein (ATRAP), type
1 angiotensin II receptor-associated protein (ARAP1) and
Guanine nucleotide exchange factor (GEF)-like protein
(GLP) [27].

The expression of AT1 receptors is variable during path-
ophysiological conditions including, reno-vascular hyper-
tension, myocardial infarction, ventricular hypertrophy, and
bilateral nephrectomy [28]. Overexpression of the vascular
AT1 receptor occurs in hypercholesterolemic patients. These
findings may help to explain why hypercholesterolemia is
frequently associated with hypertension and why blockade
of the RAAS attenuates the progression of atherosclerosis
(Figure 1) [30]. The down-regulation of AT1 receptors in
sepsis is the main reason for the weakened responsiveness
of blood pressure and of aldosterone formation to ANG II
and, therefore, may contribute to the characteristic septic
shock [31]. AT1 receptors are found throughout life in all
tissues involved in the cardiovascular activity of Ang II [32,
33].

The AT1 receptor is expressed across all trimesters of preg-
nancy occurring within placental syncytiotrophoblast,
cytotrophoblast, Hofbauer cells, and the fetal vascular endo-
thelium [34]. Notably, majority of the components of the
RAAS are expressed in the placenta from early gestation on-
wards, suggesting that the RAAS may have a role in the hu-
man placenta throughout gestation [34].

Another study demonstrated significant increase of AT1
r e c e p t o r e x p r e s s i o n w i t h i n h uman p l a c e n t a l
syncytiotrophoblast cells and villous endothelium in
pregnancy-induced hypertension (PIH) [35]. This expression
increased with the severity of PIH, implying that the increased
expression may be involved in the pathogenesis of PIH [35].
The increased expression of AT1 receptor further supports the
hypothesis that a tissue-based RAAS exists where pro-renin
and its receptor act, potentially a novel pathway to understand-
ing the role of RAAS in the pathogenesis of preeclampsia
[36].

Angiotensin II-type 2 receptor (AT2R) is located in renal
vessels, glomeruli and tubules, and when activated inhibit cell
growth, initiate apoptosis, cause vasodilation and promote fe-
tal tissue development (Figure 2). The AT2 receptors are up-
regulated in various fetal tissue (kidney and intestine) suggest-
ing a possible role in modulation of growth and remodeling of
fetal vasculature [38]. However, their level of expression de-
clines remarkably after birth: in adults, they are found only in
a few organs, including the brain, adrenal gland, heart, and
myometrium with lower levels in fallopian tube. Post injury
and during wound healing, AT2 receptor expression increases
in limited tissues, including the heart, vasculature, and kidney
[32, 33].

Angiotensin II- type 3 receptor (AT3R) demonstrates un-
usual pharmacological action and interactions, with limited
gene information in humans. The AT3 receptor has been
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Fig. 1 Diagram illustrating the
activation pathway of AT1R and
pathophysiology of
overexpression of this receptor
(adapted from Fanelli et al., 2011
[29])
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identified in animal studies and shown to be a smooth muscle
receptor [39].

Angiotensin II- type 4 receptor (AT4R) has a high affinity
for membrane binding sites for [125I] Ang IV peptide. The
AT4R receptors occur predominately in the brain and to some
extent in heart, kidney, adrenal gland, and blood vessels. The
AT4R receptor is believed to be associated memory, regula-
tion of blood flow and vasodilation [40, 41]. There are limited
reports on AT4R receptors in humans, but extensive mamma-
lian studies show that these receptors are not serpentine G
protein-linked but rather an insulin-regulated aminopeptidase
(IRAP), a membrane-associated aminopeptidase that co-
distributes with the GLUT4 transporter (Figure 3) [42].
Furthermore, AT4 receptors have been found in endothelial
and smooth muscle cells and most importantly, in extravillous
trophoblast cells where they facilitate vasodilation synergisti-
cally with nitric oxide [43••]. Williams et al. (2010) investi-
gated the expression of AT4R in placentae of PE pregnancies
and found a significant reduction of AT4R at protein and
mRNA level in PE compared to normotensives which showed
high levels throughout pregnancy [43••]. The study also re-
vealed that AT4R staining of extravillous trophoblast cells in
early pregnancy showed higher AT4R levels implicating their
critical role in placentation and concluded that the contrary
may result in the development of PE [43••].

In an attempt to quantify levels of AT4R in plasma, Khaliq
et al. (2020) measured the concentration of plasma soluble
angiotensin IV receptor (sAT-4) on healthy normotensive
and PE pregnancies. They showed that plasma circulating
levels of sAT-4 in women with severe features of PE (identi-
fied as systolic blood pressure ≥160 mmHg and/or diastolic
blood pressure ≥110 mmHg, with proteinuria ≥2.0 g in a 24-h

urine test or ≥3+ on a dipstick) had lower levels than normo-
tensives and those with PE without severe features [44••].

MAS receptor is the main receptor for RAAS produced
angiotensin-1-7 [Ang(1-7)] with a similar structure to other
G-protein coupled receptors (Figure 2) [41]. The MAS recep-
tor when activated by binding Ang (1-7) counteracts several
effects of angiotensin-II activated angiotensin receptors.
Consequently, MAS receptor agonists have similar therapeu-
tic effects as angiotensin-II receptor antagonists which include
lowering blood pressure by promoting vasodilation [45].
Expressed on the endothelium, the MAS receptor binds with
Ang(1-7) further altering local redox balance, oxidative stress
reduction and anti-fibrosis [46]. The MAS receptors are also
expressed in the brain with moderate amounts in the heart,
kidney and vessels [46]. The heptapeptide Ang (1-7) elicits a
nitric oxide (NO) dependent vasorelaxation via the MAS re-
ceptor [47]. This evidence further supports the theory of the
two main axes of RAAS, which oppose each other to maintain
vascular homeostasis. This includes the classical vasoconstric-
tive axis, renin/ACE/ANGII/AT1R, and the opposing
vasorelaxant axis, ACE2/Ang(1-7)/MAS receptor [48, 49].

There are two main axes of the renin-angiotensin-aldoste-
rone system that counteract each other in terms of vascular
control, as illustrated in Figure 4.

Renin-Angiotensin-Aldosterone System Activation in
Pregnancy

During a normotensive pregnancy, the RAAS undergoes
changes to maintain a delicate balance for both mother and
fetus as dual contributors to the signaling cascade. There is a
generalized increase in renin and angiotensinogen, resulting in
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increased ANG II and aldosterone levels. This is a compensa-
tory mechanism to achieve the same vasomotor response as a

non-pregnant woman. The only RAAS compound that is de-
creased during pregnancy is ACE [51•]. Also there is an
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Fig. 3 Diagram illustrating the cellular signaling pathways of AT4R and
pathophysiology of overexpression of this receptor. AT1R inhibits
ACE2, but increases ADAM (A Disintegrin and Metalloproteinase).
CTGF, connective tissue growth factor; DAG, diacyl glycerol; Glut,
glucose transporter; IKK-β, inhibitor of nuclear factor-kappa-B kinase;
IP3, inositol triphosphate; JNK, c-Jun N-terminal kinases; MAPK,
mitogen-activated protein kinase; MMPs, matrix metalloproteinases;
MR, mineralocorticoid receptor; NOS, nitric oxide synthase; NOX,
NADPH oxidase; PAI-1, plasminogen activator inhibitor-1; PI3K,

phosphoinositide 3-kinase; PKC, protein kinase C; PLC, phospho lipase
C; PRR, prorenin receptor; ROS, reactive oxygen species; TNF-α, tumor
necrosis factor alpha (adapted from Hatip-Al-Khatib, I, et al., [37]). Ang
II acts directly on vascular smooth muscle as a powerful vasoconstrictor
and is able to alter renal sodium andwater absorption through its ability to
stimulate the zona glomerulosa cells of the adrenal cortex to synthesize
and secrete aldosterone. Ang II stimulates aldosterone release, followed
by fluid and salt retention and subsequent volume increase.
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Fig. 4 The RAAS system, adapted from Lubel et al. [50], has become
increasingly complex with alternative ways of angiotensin II (AngII)
formation besides angiotensin-converting enzyme (ACE) and a second
form of ACE (ACE2), angiotensin(1-9), and angiotensin(1-7). Clinically
important could be that Angiotensin II can also bind to AngII type 2

(AT2) receptors stimulating a greater degree of vasoconstriction, pro-
inf lammatory compounds, pro thrombot ic pathways, and
arrhythmogenic effects, whereas Ang1-9 and Ang1-7 bind to MAS
receptors to elicit vasodilation with overall antiproliferative, anti-
inflammatory, antifibrotic, and antithrombotic effects.
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increased level of plasma Ang-(1–7) in normotensive preg-
nancies compared to non-pregnant individuals in contrast to
decreased Ang-(1–7) in PE compared to normotensive preg-
nancies [52]. This indicates that in PE, the decreased plasma
Ang-(1–7) in the presence of elevatedAng II is consistent with
the development of hypertension [53].

Apart from the typical circulating RAAS compounds (nor-
mally involving kidneys and lungs); evidence shows a pro-
duction of RAAS compounds from other tissues like the brain,
ovary and placenta. Placental tissue expresses pro-renin, re-
nin, ACE, ANGI, ANG II, and the AT1R receptor [51, 54]. A
study on the corpus luteum (CL) of the ovary was conducted
to measure levels of the inactive form of renin, pro-renin; the
authors found that pro-renin and renin were lower in the ab-
sence of a CL and in particular pregnancies conceived in the
absence of a CL were more disposed to develop PE [55••].

RAAS Activation in the Placenta and Placental Bed of
Women with Preeclampsia

The exact etiology of PE has not yet been unraveled; but the
placenta is generally regarded as a role player in the patho-
physiology. This is based fact that PE can occur only in the
presence of a pregnancy and resolves after delivery of the
placenta. Histopathological findings indicate that PE is two
phased. The first phase is the failure in vascular remodeling
of spiral arteries into wide-bore channels within the placental
bed [56, 57]. This failure causes reduction of blood flow to the
placenta, thus initiating the second phase. Placental tissue
hypoxia, results in trophoblastic debris, necrotic tissue and a
cascading release of biomarkers such as soluble fms-like ty-
rosine kinase (sFlt-1) and soluble endoglin (sEng) into general
circulation [56, 57].

During PE, some evidence suggests that ACE levels re-
main relatively stable while the vasodilator, ANG (1-7) is
substantially reduced [51•]. However, elevated levels of
ACE-2 and Ang (1-7) in PE have also been reported, imply-
ing that the local expression of Ang-(1-7) and ACE2 may
have a principal role in the placenta, differing from the reg-
ulation of the circulating RAAS [58•]. Another study
showed AT1R expression did not vary with gestation and
the highest levels of AT2R expression was found in early
and mid-termination of pregnancy placentae compared to
term in normal versus PE pregnancies [43••]. In contrast,
expression of AT4R is significantly reduced in PE compared
to normotensive pregnancies [43••]. Moreover, in PE, it was
found that the AT1 receptor gene was 5-fold upregulated
within the decidua with a significant increase in an angioten-
sin II type I agonistic autoantibody (AT1-AA) in both moth-
er and infant [59•]. Gene expressions for renin, ACE, and
angiotensinogen are higher in the placental bed decidua than
placenta in both normotensive and PE, whereas the

expression of AT1R is 10-fold higher in placenta compared
to decidua in both groups [59•].

A study on placental chorionic villi showed ANGII
immunoexpression was significantly higher in PE pregnan-
c i e s , w i t h no d i f f e r enc e i n Ang (1 -7 ) l eve l s .
Angiotensinogen and AT1 receptor gene expression was sig-
nificantly higher in PE; however, no differences were ob-
served in renin, ACE, ACE-2, or neprilysin gene expression.
The MAS receptor (involved in vasodilation) mRNA in PE
patients was decreased with AT1 receptor being the predom-
inant receptor subtype in normotensive and PE chorionic villi.
These results suggest that the elevated angiotensin II, acting
through the AT1 receptor, may facilitate vasoconstriction in
placental chorionic villi and contribute to impaired fetal blood
flow and decreased fetal nutrition observed during PE [60••].

A similar study of uterine placental bed from normotensive
pregnanc ies , demons t ra ted tha t ang io tens in I I ,
angiotensinogen, ACE, AT1, AT2, and MAS receptor
immunoexpression were lower in comparison to non-
pregnant participants [61]. In preeclamptic uterine placental
bed, angiotensin II, renin, ACE mRNA expression were sig-
nificantly enhanced than normotensive pregnancies. The AT2
receptor was the predominant receptor subtype in the non-
pregnant fundus, whereas all angiotensin receptor binding
was undetectable within normotensive pregnant and pre-
eclamptic uterine placental bed compared with non-pregnant
fundus. These authors’ findings imply that the maternal uter-
ine placental bed may play an endocrine role by producing
AngII, which acts in the adjacent placenta to constrict fetal
chorionic villi vessels where AT1 receptors predominate, im-
plicating decreased maternal-fetal oxygen exchange and fetal
nutrition, a known characteristic of PE development [61].

Another study, showed no variation of placental AT1R
expression with gestation. An extremely elevated level of
AT2R expression was demonstrated in early and mid-
termination of pregnancy (TOP) placentae compared to term
pregnancy. Expression of AT4R was increased in term, with a
significant reduction in PE placentae. Additionally, a culture
with AngIV or AngII increased extravillous trophoblast
(EVT) invasion from placental explants, corroborating elevat-
ed trophoblast proliferation and reduced apoptosis.
Expression of AT1R, AT2R andAT4Rwas also characterized
in human placenta throughout normal pregnancy and in PE.
The latter study highlights an important role for both AngIV
and AngII in normal pregnancy [43••]. As noted in Table 1,
several studies have attempted to address the association of
RAASwith PE using either genotyping or immunohistochem-
istry analysis. Nonetheless, there are limited studies on utero-
placental tissue.

Some epidemiological studies which have investigated
AT1 and AT2 receptor gene polymorphisms in PE and normal
pregnancy based on ethnicity showed that the frequency of the
AT2R-GG genotype in the PE group was significantly greater
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than in controls for Afro-Caribbean women (49.3% vs 26.9%,
p=0.004), compared to an absence of a frequency difference in
Asian and Caucasian women [65]. These findings are support-
ed by another American study that spanned a 10-year period
and collectively found that the rate of diagnoses for all hyper-
tensive disorders combined and for PE individually were
highest among African-American women across all regions
regardless of economic status. Although hospitalization rates
for PE decreased over time for most groups, differences in
rates between Caucasians and African-American women in-
creased over the 10-year period. African-American and
Hispanic women were more likely than Caucasian women to
have diabetes and were at higher risk of PE development; the
PE prevalence rates were higher in these groups both with and
without diabetes than in corresponding groups of Caucasian
women [66].

Preeclampsia fosters the AT1-AA that stimulates the AT1
receptor [67]. The AT1-AA binds the AT1 receptor, leading to
stimulation of pro-inflammatory transcription factors such as
Tumor necrosis factor alpha (TNF-α) and reactive oxygen
species (ROS) [68]. Furthermore, AT1-AA/AT1R binding
promotes an upregulation of powerful vasoconstrictors such
as ET-1, sFlt-1, and sEng thereby dysregulating RAAS [69].
This suggests that the production of an autoimmune antibody
against AT1 receptor may contribute to the pathogenesis of
PE. Subsequent studies showed that AT1-AA obtained from
women with PE activates NADPH oxidase in vascular smooth
muscle and trophoblast cells, implying that AT1-AA is a ma-
jor mediator that increases oxidative stress, a pathologic phe-
notype found in placentas of PE women [70]. Another sup-
portive study verified the presence of AT1-AA in patients
with PE and showed that it induces plasminogen activator
inhibitor-1 production [71]. They also showed that AT1-AA
mobilizes intracellular calcium, activated the nuclear factor of
activated T cells and increased interleukin-6 and plasminogen
activator inhibitor-1 secretion frommesangial cells at a signif-
icantly higher level than that achieved with Immunoglobulin
G (IgG) from normotensive patients. [72]. The data from these
researchers imply that the AT1-AAmay be responsible for the
vascular lesions in PE [73]. Moreover, in another study over
80% of PE patients were AT1-AA positive, whereas less than
6% normotensive pregnancy were AT1-AA positive,
confirming that a high prevalence of AT1-AA is associated
with PE development [74]; these authors were also able to
provide evidence that AT1-AA isolated from PE patients
caused significant vasoconstriction in conducting arteries as
well as lower resistance arteries. Apart from this major break-
through, the authors also conclusively demonstrated that AT1-
AA induces vasoconstriction via activation of AT1 receptor
[74]. Collectively, this research implies that the adherence of
AT1-AA to the AT1 receptor may result in characteristics of
PE, such as increased peripheral vascular resistance, elevated

cardiac afterload, promoted cardiac hypertrophy and de-
creased blood supply.

Preeclampsia and HIV

The established list of risk factors for PE include primiparity,
previous PE, family history of PE, high maternal pre-
pregnancy body mass index, ethnicity where women of
African Ancestry are at higher risk, and underlying medical
conditions such as diabetes mellitus, antiphospholipid anti-
bodies, autoimmune, or renal disease and chronic hyperten-
sion [75]. Another risk factor is HIV infection. A 26-year
population-based retrospective study has shown that pregnant
women who are HIV positive were significantly more prone
to PE and more so on receipt of HAART [76, 77]. However,
this remains a debatable issue as there are conflicting studies
on the risk of PE development [20, 78]

In SA, KwaZulu-Natal is the most severely affected prov-
ince with just over 40% HIV prevalence [79]. The standard
HAART and Prevention of Mother to Child Transmission
(PMTCT) program has drastically reduced transmission of
HIV from mother to child to 3.8% however, not without its
own complications [17].

A retrospective study in regional and tertiary hospitals of
SA evaluated the rate of HIV/AIDS infection in women with
PE. It was one of the first studies to report the rate of HIV
infection in women with preeclampsia in comparison with a
control group without preeclampsia and found that the rate of
HIV/AIDSwas significantly lower in women with preeclamp-
sia [80, 81]. The mechanism behind this outcome has not been
extensively researched but is believed that HIV has a protec-
tive function either via immune suppression or the HIV tat
protein strongly mimics vascular endothelial growth factor
(VEGF), it is plausible to assume that HIV infection may
enhance the angiogenic imbalance in PE [82]. Our research
team performed a small-scale study on soluble E-selectin (a
circulating adhesion molecule expressed on endothelial cells,
activated by inflammation or stress) demonstrating an eleva-
tion of sE-selectin in preeclamptic HIV uninfected compared
to the normotensive HIV uninfected group. However, when
stratified by HIV status, there was no substantial difference
observed between preeclamptic HIV infected and normoten-
sive HIV infected groups [83]. We also showed significant
elevation of another complement component, adipisin (com-
plement factor D that is a serine protease synthesized by adi-
pocytes and this enzyme activates the alternative pathway of
the complement, triggering the natural defense against infec-
tions) between HIV uninfected normotensive vs HIV unin-
fected PE as well as a difference between HIV uninfected
PE vs HIV infected PE [84]. This supports the theory that
immune suppressive action of HIV is beneficial in reducing
risk of PE. A prevalence study in Italy, of African-American
Black ethnic group demonstrated that pregnant women with
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HIV infection seem to be protected against gestational hyper-
tension and PE based on clinical presentation. Inferring that a
lowered immune response at conception of the HIV infected
women could account for unopposed trophoblast invasion
resulting in improved placentation [85]. Whereas, at the
University of Gondar specialized referral Hospital, the mater-
nal HIV infection, PE, and prematurity were associated with
low birth weight deliveries [86].

Conflicting results from a Soweto cohort of 2600 pregnant
woman showed no significant difference between risk of devel-
oping PE due to HIV seropositivity, also based on clinical pre-
sentation [87]. This confliction may possibly be due to the
administration of HAART. There are several studies claiming
that HAART increases the risk of PE development, like the
study in Western Cape, SA where extremely low birth weight
infants were delivered due to hypertension related disorder, PE
being the main cause. Although HIV infection showed no as-
sociation, mothers who were on 4 weeks of anti-retroviral ther-
apy were more likely to develop severe PE [88]. This was
further supported by a secondary analysis examination of insti-
tutional maternal-deaths data presented in the Saving Mothers
report 2014, which records maternal deaths in the nine prov-
inces of SA. The secondary analysis showed that although HIV
and AIDS remains the primary cause of death, it was still asso-
ciated with decreased risk of HDP; use of HAART increased
this risk [89]. Another elaborate review highlighted the crucial
role that biomarkers and immune cells including, natural killer
(NK) cells, cytokines and human leukocyte antigen (HLA-G)
play in predisposing HIV-infected women who are on HAART
into developing PE. That review provided evidence of PE being
less common in HIV infected treatment naïve pregnancies and
that data showed the risk of PE development in HIV infected
women is greater in those receiving HAART. However, there
are substantial unknown areas of research involving these im-
mune markers role in the development of PE in HIV associated
pregnancies [90]. A systematic review of 21,200 women in 13
different studies stated differing conclusions that there was in-
sufficient evidence to infer that women living with HIV receiv-
ing either HAART or ARTmonotherapy are at increased risk to
PE as pregnant women without HIV infection [20]. Bearing in
mind that a pivotal comparison was not drawn against HIV
infected pre-eclamptics not on HAART treatment.

The Role of RAAS in the Placenta and Placental Bed of
HIV Infected Pregnancies

Hypertension has been the leading risk factor for mortality
worldwide and remains a challenge in HIV infection especial-
ly those on ART [91]. Irregular RAAS stimulation may be
linked to the pathophysiology of hypertension and insulin
resistance in HIV infection [92]. It is now known that HIV
infected individuals present with elevated plasma renin activ-
ity as a result of increased RAAS upstream activation [93].

This anomaly is elaborated by the similarity between the struc-
ture of HIV-1 protease and that of renin [94]. An increased
renin production in immune cells occurs due the presence of
HIV, thereby activating RAAS. Furthermore, renin contrib-
utes to HIV replication via the renin signaling cascade and
through cleavage of the HIV Gag polyproteins [92]. The au-
thors also found that the viral capsid (core) p24 protein was
significantly increased in HIV infected cells incubated with
renin. Apart from abnormal RAAS activation, hypertension in
HIV infected individuals may include: microbial transloca-
tion, chronic inflammation, immune suppression and reconsti-
tution, viral tropism, lipodystrophy, adipokines, and HIV-
related renal disease [91]. In the event of HIV infection, preg-
nant women’s adherence to ART increases the risk of pre-term
birth (PTB) [95]. Kenyan researchers were able to show that
among preterm placentae, HIV infection was significantly as-
sociated with thrombosis, infarction, anomalies in cord inser-
tion, gross evidence of membrane infection, and reduced pla-
cental thickness. Overall, preterm placentas in both HIV in-
fected and HIV uninfected groups were associated with im-
mature villi, syncytial knotting, villitis, and deciduitis.
Features of HIV infected versus HIV uninfected placentas
included significant fibrinoid deposition with villus degener-
ation, syncytiotrophoblast delamination, red blood cell adhe-
sion, hyper-vascularity, and reduction in both surface area and
perimeter of the terminal villi. These results imply that HIV
infection and/or ART are associated with morphological
changes in preterm placentas that contribute to delivery before
37 weeks. Hyper-vascularity suggests that the observed pa-
thologies may be attributable, in part, to hypoxia [95].

Renin-Angiotensin-Aldosterone System and COVID-19

Of interest, SARS-CoV-2 infects target host cells by binding
to a single-pass type I membrane protein ACE2. This is facil-
itated by the spike (S) protein priming performed by the type
II transmembrane serine proteases (TMPRSS2) [96]. The
ACE2 is an aminopeptidase enzyme that has a physiological
role in degrading substances including angiotensin II, a key
protective mechanism in regulating blood pressure, vascular
and heart functions. It is found in most organs such as heart,
lung, kidney, vessels, brain, and others, including the placenta
[97]. Histopathology studies of COVID-19 positive pregnan-
cies have shown that ACE2membranous expression occurs in
the syncytiotrophoblast (ST), cytotrophoblasts, decidual
perivascular cells, and endothelial and vascular smooth mus-
cle cells of the chorionic villi [96]. The interlinkage between
SARS-CoV-2 and ACE2 is not simply a virus-receptor inter-
action, as numerous pre-existing comorbidities originate from
RAAS imbalance, thereby causing higher susceptibility to vi-
rus transmission or an increase in mortality risk after infection.
Cardiovascular injury is associated with greater frequency of
death and following a SARS-CoV-2 infection, the virus
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exacerbates the clinical condition because of its cytotoxicity,
uncontrolled inflammatory response and RAAS homeostatic
loss [98]. Of note, there had been a 30% increase in maternal
deaths during the Covid-19 lockdown (2020) in SA compared
with the same period in 2019 [99].

Summary

The AT1, AT2, and AT4 receptors are crucial in the regulation
of the RAAS. The AT1 receptor is expressed across all trimes-
ters of pregnancy, within placental tissue, eliciting vasocon-
striction. The increased expression of AT1 receptor further
supports the hypothesis that a tissue-based RAAS exists.
This increased expression is associated with the severity of
PIH, implying that the increased expression may be involved
in the pathogenesis of PE. In the uterine placental bed of
normotensive pregnancies, AT2 receptor expression was
shown to be lower as compared to non-pregnant subjects. In
PE uterine placental bed, AT2 receptor demonstrated predom-
inance as a receptor subtype. These findings imply that the
maternal uterine placental bed plays an endocrine role by
causing adjacent placental vasoconstriction of fetal chorionic
villi vessels. This may progress to decreased maternal-fetal
oxygen and nutrition exchange, a known characteristic of
PE. The AT4 receptors have been found in extravillous tro-
phoblast cells where they facilitate vasodilation. However,
AT4R in placentae of PE was found to be significantly re-
duced compared to normotensive pregnancies, which showed
high levels throughout pregnancy.

Information on these cascading pathways and interactions
of RAAS receptors in HIV infected preeclamptic women is
lacking especially in SA.

Conclusion

Unraveling the pathophysiology of PE remains contentious; a
mystery in particular a multifactorial clinical state that ad-
versely affects almost all vital organs of pregnant women.
Understanding the crosstalk of RAAS and its receptors at
the maternal fetal interface and the placental bed is important
in the control of hypertension and warrants urgent investiga-
tion. In light of the high prevalence of PE and HIV infection
globally, the control of RAAS at circulating and tissue level
may enable pharmacological intervention to control blood
pressure in preeclampsia thereby preventing harm to maternal
and fetal well-being.
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